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FOREWORD

In a recent meeting held at ILCA headquarters in Addis Abeba, it was indicated that livestock 
in Ethiopia represented a huge investment, something in the order of 40 thousand million 
Ethiopian birr. Unfortunately, the return from this investment is very low. Hence, it is 
important to speculate on the possibility of exploiting this potential wealth.

Livestock are, of course, a major component of the agricultural scene in Ethiopia and 
provide a lot of products—traction, meat, milk and the by-products thereof. I wonder if we 
have assessed this monetary value of those products and by-products to the nation. I have 
heard it said that livestock contribute about 30% to the Ethiopian annual gross domestic 
product. Considering the huge numbers of head of cattle, sheep, goats, etc., in the country, 
that does not seem an impressive contribution. The issue now is how to change this state of 
affairs.

One of the major objectives of the National Livestock Improvement Conference is to 
address such issues. It can be noted from this proceedings of the Third NLIC that there was 
a genuine effort applied towards that end. It is encouraging to note that there is a clear 
awareness of the current situation and how to go about changing the status quo.

The other issue that needs to be raised relates to the national effort in livestock 
research—priority assigned, resources allocated, kind and relevance of the research programs, 
and results achieved to date. The national research system in general and the Institute of 
Agricultural Research in particular have been criticized for their apparent reluctance in 
assigning high priority to livestock research. Among IAR’s six broad areas of research (plant 
sciences, animal sciences, natural resources, plant genetic resources, agricultural economics 
and agricultural mechanization), livestock and related research takes second priority, 
following plant sciences. This in itself does not indicate the level of resources allocated. But 
it can be concluded that more resources are needed to strengthen our programs in livestock 
research.

In regard to achievements to date, quite a lot can be said. For example, there are concrete 
and useful results with respect to breed evaluation (indigenous, and exotic animals and their 
crossbreeds) in terms of meat, milk and traction. We have concrete and useful research 
results in livestock management as well as in animal feed resources. The national extension 
service needs to look at these data and this information for multiplication, promotion and 
eventual transfer. These proceedings, and indeed the previous two proceedings, carry a 
wealth of information for users. I suggest a more concerted effort in applying what is already 
known.

Seme Debela (Ph.D) 
General Manager, IAR
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WELCOME ADDRESS

Seme Debela

General Manager, !AR 
P.O. Box 2003, Addis Abeba

Comrade Yosef Muletta
Member of the Central Committee of Workers Party 
of Ethiopia
Minister of the Ministry of State Farms Development 
Invited Guests 
Conference Participants

On behalf of the Institute of Agricultural Research, I 
would like to welcome you to the Third National 
Livestock Improvement Conference.

Livestock constitutes an important component of 
agriculture in Ethiopia. Animal draft power accounts 
for the largest source of energy used in crop produc
tion. One could say that this is the greatest contribu
tion of livestock to the national economy. Considering 
the large number of livestock in the country, animal 
manure could be potentially a major item as a foreign 
exchange saver. I f  all the animal manure available in 
the country was to be used as a source of plant nutri
ents, an estimate over three-quarters of a million tons 
of nutrients would be available for crop production. 
To this, of course, the milk, meat and other by-prod
ucts that are routinely available for our daily use 
should be added.

Despite all these potentials, the contribution of our 
livestock to the national economy is much below what 
could be reasonably expected. There have been many 
reasons given to justify this poor performance, and 
these are associated with the genetic quality of the 
animals and the environmental management provided 
for them. It is, o f course, a fact that these alleged 
weaknesses are borne out by a large body of research 
data obtained through experiments conducted by our 
national research organizations.

This indicates that the exploitation of our national 
livestock potential depends, to a large extent, on the 
generation, dissemination and application of appro
priate technologies. This calls for a tripartite collabo
ration: the national research organizations should gear 
more of their energies towards generating technologies 
suitable to the objective conditions of the agricultural 
communities, the national extension service must make 
the known technologies more popular, and users must 
help themselves by adopting proven technologies. The

efforts of the above-mentioned groups will be support
ed by government material and policy.

Cde. Minister, I can speak on behalf of the technol
ogy generation. It would be fair to say that our invest
ment in livestock research is nowhere close to what it 
should be, considering both the current and potential 
contribution of livestock to the national economy.

But, we are aware of this imbalance and are im
proving the situation time after time. It should, of 
course, be noted that our rate of improvement very 
much depends upon the government’s budget and 
workforce allocation to research.

However, every effort should be made to promote 
livestock research relevant to livestock producers. IAR 
has already developed a strategic framework for live
stock research. Mostly because of workforce limita
tions, it has opted to concentrate its limited capacity on 
dairy cattle, beef cattle, sheep and goats only. The 
dairy, beef and sheep research programs are to be 
organized on a national commodity basis during the 
upcoming five-year plan. Because of its great impor
tance, range management is also to be given with a 
national commodity status during this period. It is our 
hope that this restructuring of our livestock program 
will result in generating technologies at a more rapid 
pace than in the past.

As noted earlier, generating technologies is only a 
part of a process in raising livestock productivity. 
Other important components should be integrated into 
the whole system. Otherwise, it will be like attempting 
‘to clap with one hand’, as the Amharic saying goes.

Cde. Minister, one of the major objectives of this 
conference is to get resourceful people to discuss and 
review these issues in a gathering of this kind. It is our 
belief that this sudden assembly will discuss these 
issues and come up with policy recommendations. 
Your willingness, Comrade Minister, to open this 
conference shows the importance you attach to this im
portant subject. It is, therefore, appropriate at this time 
to invite Cde. Yosef Muletta, Member of the Central 
Committee of the Workers Party of Ethiopia and 
Minister of the Ministry of State Farms Development 
to officially open the Third National Livestock Im
provement Conference. Thank you.



OPENING ADDRESS

Yosef Muletta

Minister, Ministry of State Farms Development 
P.O. Box 5765, Addis Abeba

Mr. Chairperson 
Conference Participants 
Comrades

It is widely recognized that varied agro-ecological 
conditions render Ethiopia a suitable reservoir for 
many breeds or types o f livestock. It is, therefore, no 
accident that the livestock population o f the country 
accounts for about 17% of the cattle, 15% of the sheep 
and goat, and 49% o f the equine populations in Africa. 
In addition, there are large numbers o f wild game, 
marine animals, and a sizable apicultural resources.

It is a well-known fact that the economic and social 
benefits of livestock is diverse. Aside from being used 
as a means of family security and as a source of direct 
subsistence in the form of meat and milk, more than 
90% of the food crop lands are cultivated with the aid 
of 6 million draft animals. Almost 100% of high- 
quality protein in the diet o f human population is 
obtained from animals. Animals also serve as a source 
of natural fertilizer and fuel. Furthermore, (the major 
transportation needs) in the rural Ethiopia is covered 
by pack animals. Economically, the livestock industry 
contributes about 30% to the total agricultural produc
tion of the country.

In the foreign trade sector, Ethiopia is ideally 
placed to export live animals to big markets of the 
Middle East and to small, but still substantial, markets 
of North and West Africa. However, despite its huge 
potential livestock contributes only 15% for the total 
Gross Domestic Product (GDP), since annual offtake 
is more than 8%. This is mainly because of the low 
productivity o f the Ethiopian livestock industry. It is 
the lowest among the East African countries.

Some major constraints have been identified by the 
Ethiopian government’s efforts to improve livestock 
production, and these constraints can be broadly cate
gorized as technical, socioeconomic and institutional. 
Technical constraints include shortage of feeds and 
nutrition, genetics factors, and widespread prevalence 
of diseases. Socioeconomic and institutional constraints 
include insufficient amount o f capita] investment and 
recurrent expenditure, lack of appropriate technical 
packages, underdeveloped marketing infrastructure, 
lack of qualified and experienced workforce, illegal 
live animal tracking across the borders,and lack of 
livestock development policy.

In view of the above major constraints the country 
has to take strong measures to improve livestock 
productivity. Among other things, this will require 
information exchange, the generation promotion, and 
application o f technology.

As some of us may recall, the First National Live
stock Improvement Conference (NLIC) was held in 
1987. The conference became successful by bringing 
together livestock and related researchers, teachers, 
and development and extension workers for the assess
ment of livestock and related research and develop
ment endeavors in Ethiopia. During the conference, 
several scientific papers were presented and the NLIC 
was inaugurated. The Second NLIC deliberated on 
development strategies and underscored important 
issues. In my opinion the creation o f the NLIC is an 
important milestone in livestock development. For a 
long time this was the missing link between research 
and development.

To tackle the aforementioned constraints and to 
enable animal resources to make their proper and 
potential contribution, some timely strategies are put 
forward:
1. As part o f the Ten-Year Perspective Plan, Ethiopia 

has started implementing a new national strategy to 
achieve national food self-sufficiency, with the 
main thrust of concentrating its resources and exter
nal support in the high-potential agricultural areas. 
This effort is applicable in that it reforms the prac
tices of resources allocation.

2. Another strategy o f high importance towards self- 
sufficiency is the resettlement scheme. Owing to 
excessive human pressure on the highlands, reset
tlement o f the population from the densely populat
ed, highly demanded and deprived regions of the 
country to the fertile plains is an essential step 
towards increased food production in Ethiopia.

Similarly, villagization is a program employed 
to further promote and improve the local standards 
of life through the provision o f services such as 
education, health, marketing, public utilities, and 
better extension services.

3. Excessive grazing has caused soil erosion and 
depletion o f soil fertility. Being fully aware of this 
fact, the country’s livestock development effort is 
geared towards a conservation-based on the national 
environment.
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4. The Ethiopian government’s ‘Mass Immunization 
Program’ over the past two decades against the 
major livestock diseases such as rinderpest and 
contagious bovine pleuropneumonia (CBPP) has re
markably held back livestock mortality.

5. To develop Ethiopia’s livestock industry, a draft of 
strategies and programs that highlights the trend of 
events of the succeeding years has been completed. 
To this effect, major livestock development projects 
are under implementation.

As when you attempt to implement development 
strategies it is important to bear in mind that you are 
dealing with a community with old tradition in certain 
livestock farming practices, of which full understand
ing is necessary before changes are implemented. The 
approach to introducing modification is often of more 
significance than the technical content of the changes. 
The approach to strengthening weak links in the exist
ing systems of production with the minimum of chang
es is rewarding in terms of both farmers’ acceptance 
and building necessary goodwill and trust, hence 
leading to gradual but steady improvement.

Any strategy in livestock development must be 
considered in the light of:

• the existing livestock, feeds, and other resources
• the extent these resources are presently utilized
• what production increases can be expected from 

their utilization and what are the possibilities to 
obtain higher levels of production through increased 
production of feed of higher quality?

After highlighting the strategies effected by the 
Ethiopian government, I would like to make emphasis 
on some of the recommendations to which participants 
should give careful consideration in the improvement 
of the livestock resources of our country.

To alleviate the shortage of food and feeds in the 
highlands, livestock improvement programs must be 
strengthened. Since crop and livestock productions are 
interdependent in the highlands, increases in the num
ber and improvement of the conditions of stock mean 
increased ability to cultivate more land and thereby 
more crop residue to feed animals. By and large, any 
livestock and crop farming necessitates that the devel
opment program should take a multifaceted approach.

The majority of population in Ethiopia is owned by 
individual peasants. Therefore, better-yielding live
stock inputs must be directed towards achieving 
changes in productivity at the farmer’s level. Pro
duction increases at the peasant level often results in 
increased cash income for the farmer. Hence, small- 
scale private farmers should be encouraged to pursue 
backyard farming.

Strict requirements of international health standard

6 /  Yosef Muletta

have impaired the country’s livestock export capacity. 
Many countries, which are free from foot-and-mouth 
and rinderpest diseases do not risk importing live 
animals from the disease-prone countries. Therefore, 
to meet these health requirements the need to establish 
a disease-free zone has increasingly become inevitable. 
This calls for new investment in infrastructure and 
diversion of the existing animal health personnel and 
facilities high-potential livestock regions.

In addition to improving the animal health condi
tion, service cooperatives are expected to share some 
of the responsibilities of the government in primary 
health care. Veterinary health service will be provided 
on the basis of prioritization and cost-effectiveness and 
cost-recovery in the handling of diseases.

Th^ rangelands in Ethiopia, covering about 60% of 
the total landmass, will continue to be the major 
source of livestock for meat and draft power. Owing 
to the poor and traditional pastoral management and 
expansion of cultivation, the condition of the range
lands has deteriorated in the past two decades. On the 
other hand, thanks to improved animal health services 
livestock population has increased. Therefore, alterna
tive programs for the management of communally used 
rangelands should be assessed. Given the country’s 
limited resources, an ultimate solution cannot be 
formulated. However, one alternative would be mod
ern ranch management system so as to raise the total 
production and productivity per animal. Emphasis on 
assisting and formulating guide lines for the identifica
tion and classification of the country’s livestock wealth 
for breeding, importation, and distribution of stock 
should be assessed. This conference is expected to 
discuss and put forward suggestions regarding the 
issues of crossbreeding, distribution of improved stock 
to farmers, and creation of disease-free zones in vari
ous parts of Ethiopia.

Although the aquaculture potential of the country is 
enormous, the present utilization of this resource is 
quite minimal with the opportunities for employment 
being surprisingly limited. Technologically-proven 
solutions should be readily available to develop the 
fishery resources.

Considering the economic and political stress of the 
country, I would like to stress that this conference 
examines the role the livestock sector plays towards 
fulfilling the food requirement of the growing popula
tion and further expanding export earnings in the 
shortest time possible.

Finally, I would like to thank the distinguished 
guests and participants for giving me this opportunity 
to make this opening address.

With this remark, Mr. Chairperson, I declare the 
Third National Livestock Improvement Conference 
officially open.
I thank you all.
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THE ETHIOPIAN LIVESTOCK INDUSTRY: 
RETROSPECTS AND PROSPECTS

Goshu Mekonnen,1 Teketel Forssido,2 Alemu Gebre Wold,3 
Zeleke Dagnachew,4 and Addis Anteneh5

'AUA, Debre Zeit Research Center, P.O. Box 32, Debre Zeit; 
2Awasa College of Agriculture, AAU, P.O. Box 5, Awasa; 

3IAR, P.O. Box 2003, Holetta; 4AFRDMD, MOA, P.O. Box 140, 
Addis Abeba; and 5ILCA, P.O. Box 5689, Addis Abeba

INTRODUCTION

Ethiopia is an agrarian country with an estimated 
population of about 47 million, growing at a 2.9% 
annual rate and is predominantly (about 80%-85%) 
rural. It has an area of 1.2 million km2, which is 
divided into 24 administrative and five autonomous 
regions. Agriculture is the dominant sector of the 
economy that accounts for over 50% of the GDP, 35% 
of the export revenue, and provides the livelihood for 
over 80% of its inhabitants. Livestock plays a major 
role in the Ethiopian agriculture as a direct source of 
food (meat, milk, eggs, blood), as a raw material for 
leather and carpet industries, as a crop production 
input (draft power, manure), and contributes heavily 
to the country’s export revenue earnings.

Although the livestock wealth of the country is 
enormous by sub-Saharan African standards, its contri
bution to the agricultural GDP is substantially low- 
about 33% (Jahnke 1982), which is projected to fall by 
28% as of 1990 and by 26% as of 2000 (FAO 1983). 
Major constraints to the livestock production are 
similar to those of the sub-Saharan Africa, perhaps 
more similar within the regions. This paper attempts 
to present an overview of the importance of the live
stock industry subsector to the national economy and 
the major constraints to identify priority areas of re- 
search-the intention is to generate thoughts and discus
sion on future livestock development strategies.

LIVESTOCK POPULATION, DISTRIBUTION, 
AND PRODUCTION SYSTEMS

Time and again it has been indicated that Ethiopia 
enjoys a considerable livestock wealth-first in Africa 
and tenth in the world. Although this may be true in 
general terms, the statistics available on the actual size 
of both large and small ruminants, equines, and camels 
is staggeringly inconsistent and does not provide a 
clear picture of our natural resource base. A baseline 
information on the production systems of a given 
macro or micro-environmental region is obviously a 
precondition for research and development planning, 
finance allocation, and workforce development.

L ivesto ck  Po p u la tio n  a n d  D istr ibu t io n

Today, there are no up-to-date and dependable data 
available that would indicate the livestock population 
and distribution of Ethiopia. The data often quoted are 
estimates obtained from various sources and therefore 
lack consistency (Table 1).

Estimates of large ruminants from various sources 
appear somewhat consistent while those of small rumi
nants are highly inconsistent. Over 60% of the cattle 
and sheep population is found in the highlands; the 
reverse is true in the case of goats and camels.

Table 2 indicates figures in which production para
meters are the bases for development planning in the 
livestock industry of MOA. Although these figures 
have been derived from field experience and previous 
available data, there is no clear evidence as to whether 
they provide absolute numbers. Thus, there is an 
urgent need to undertake an actual census of the live
stock resources in Ethiopia.

Live s to c k  Pr o duc tio n  Sy s te m s

There are three major livestock production system 
zones that can easily be identified—the cereal/livestock 
(highlands) system, the pastoral (dry lowlands) system, 
and the perennial/livestock (humid) production system.

In the mixed cereal/livestock farming system farm
ers keep cattle mainly for draft, meat, and milk, 
probably in that order of importance. Manure is an 
important by-product that is increasingly being used to 
substitute fast-depleting fuel wood supply. In this 
system of production, sheep are perhaps the major

Table 1. Estimated livestock population by species
Population ('OOP)

Cattle Sheep Goats Camel Source
26 232 12 679 11 263 987 FAO Year

book (1970)
27 000 24 000 18 000 1000 MOA/ARDD

(1976)
29 000 8 400 7 000 - IBRD (1976)
27 000 24 000 18 000 1000 World Bank 

(1984)

9
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Table 2. Projected livestock population

Species

Livestock population (’000)

1981
(E.C.)

1986
(E.C.)

%
±

Cattle 28 900 28 328 -2

Sheep 24 000 19 145 -20

Goats 18 000 14 421 -20

Poultry 53 000* -
Source: MOA (1984)
* 1982/83 E.C. census

source of meat supply. In the drier and semiarid pasto
ral areas cattle, including camels, are kept mainly for 
milk; goats increase both in number and importance as 
the major suppliers of meat and, to a lesser extent, of 
milk. In the more humid mixed perennial crop/live
stock systems (coffee-, enset- , c/7al-growing areas), 
livestock are more likely to be of much more impor
tance in producing meat, milk, and manure (for fertil
ization) than providing draft power. In this zone of the 
country, where such a system is prevalent, hoe-culture 
is the dominant form of cultivation.

THE ROLE AND CONTRIBUTION 
OF LIVESTOCK

In Ethiopia, as in many other developing countries, 
livestock play multiple roles. They produce direct food 
(meat, milk, eggs, blood) and nonfood (hides and 
skins, wool, hair) commodities. They provide inputs 
(draft power, manure) for the production of both 
human food and animal feed crops. Equines (horses, 
mules, donkeys) are important means of pack and 
human transport in most parts of the country. Camels 
are valued as food producers as well as transport 
animals in the pastoral areas of the dry lowlands of 
Ethiopia. Without taking account of the contribution of 
draft power and manure, it has been estimated that 
livestock contributed to about 33% of Ethiopia’s 
agricultural GDP in 1980 (Jahnke 1982). If the value 
of draft power and manure were considered, this 
contribution would have been much higher. FAO 
projections estimate this proportion to fall by 28% and 
26% by the years 1990 and 2000 respectively (FAO
1983). These projections are based on the assumptions 
that the crop sector would grow at a much faster rate 
than the livestock.

Exports of livestock and livestock products make an 
important contribution to the foreign exchange earn
ings of the country. Next to coffee, the export of live 
animals, meat, dairy products, eggs, and hides and 
skins is the second largest contributor to Ethiopia’s 
foreign earnings. In 1984, exports of live animals and

livestock products constituted 15 %—17% of the gross 
value of total merchandise (averagely USD 386 million 
between 1983 and 1985) and 17% of the agricultural 
exports (USD 349 million). Excluding coffee, 55% of 
the total agricultural exports was contributed by live
stock. Over 80% of the value of livestock-related 
exports was made up of exports of hides and skins 
(FAO 1986). Across production systems, livestock 
constitute an important form of profitable investment 
and savings. Mixed farmers often invest surplus mon
ey from crop farming in livestock.

Investment in livestock can yield high returns. In 
the Ethiopian highlands, Gryseels et al. (1988) estimat
ed that smallholder sheep enterprises (for meat) can 
yield annual rates of return of 16% whereas cattle (for 
milk und meat) yield 13%.

Livestock generate cash income which can be used 
to purchase food grain or to meet investment needs 
such as farm implements and current inputs. For 
example, surveys conducted by ILCA at Debre Birhan 
in 1980-1982 showed that the cash income from the 
sale of animal and livestock products averagely con
tributed 83% to the total farm cash income (Gryseels 
and Getachew 1985). Cash income from the sale of 
animals contributed 53%, 96% of which consisted of 
cattle and sheep sales. Overall, on-farm livestock 
production, excluding the value of draft power, pro
vided an average of 46% of the value of total farm 
output (In poor crop years this proportion rises sub
stantially (Gryseels et al., ILCA, 1988 unpubl.). When 
the value of intermediate outputs, such as draft power, 
is included the contribution of livestock increases by 
about 60% on the average (Gryseels et al. ILCA, 1988 
unpubl.).

In the southern rangelands, Borena pastoralists raise 
all their cash income from the sale of animals (90%) 
and livestock products and handicrafts (Cossins and 
Upton 1987). Cash income per caput per year averages 
about ETB 250 for Borena pastoralists as compared to 
ETB 80 for smallholder farmers in the highland areas 
around Debre Birhan (Cossins and Upton 1987).

Nationally, there are no reliable data that report the 
contribution o f livestock to energy intake and protein 
consumption. In 1983, in the sub-Saharan Africa as a 
whole, livestock contributed about 8% to overall 
calorie intake and 23% to protein consumption (FAO
1984). Studies by ILCA on mixed farming systems in 
the Ethiopian highlands show that livestock contribute 
about 5% to the energy intake and 9%-14% to the 
protein consumption of a typical smallholder family 
(Gryseels and Anderson 1983, Rodriguez and Ander
son 1988). In the Borena system, milk, which is the 
major food source, provides 56% of the energy intake; 
the rest comes from meat (6%) and purchased food 
items like cereals, sugar, etc. (38%).

Livestock serve not only as a stabilizing factor of
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food consumption but also as an income-stabilizing 
instrument. A recent study by ILCA on risk-retum 
trade-offs in the smallholder mixed farming systems at 
Debre Birhan showed that increasing the size of the 
sheep flock from 20 to 40 ewes plus followers can 
reduce the coefficient of variation of the income of 
highly risk-averse fanners to less than half (Rodriguez 
and Anderson 1988). In the same case, the introduc
tion of crossbred dairy cows into the traditional system 
(two-season crops plus 20 ewes and followers) could 
reduce the variation in farm income which, at the same 
time, increased because of the dairy enterprise.

Pe r f o r m a n c e  o f  t h e  L iv e s t o c k  S ec to r

Performance of the livestock sector in most African 
countries has been poor over the past 20 years. The 
technical constraints identified for this poor perfor
mance are broadly similar, probably more so within 
the same region (for instance Hast Africa). However, 
it seems that the performance of Ethiopia’s livestock 
sector has been much poorer than most other countries 
in East Africa as well as in the rest of sub-Saharan 
Africa. Table 3 gives comparative figures on the total 
output levels and growth rates of the major food 
commodities produced in the livestock sector.

With about 30% of the tropical ruminant livestock 
(camels, cattle, sheep, and goats) and 37% of the 
chicken population o f East Africa, Ethiopia’s rather 
high percentage of share in total output is not surpris
ing. In fact, during the last decade the relatively dis
mal growth record in output must have reduced this 
share substantially.

Between 1975 and 1985, the human population of 
East Africa is estimated to have increased at about 
3.3% annually (Addis et al. 1988), while that of Ethio
pia was estimated to have grown at about 2.7% 
(World Bank 1986). In the case of Ethiopia, except 
perhaps in poultry meat, .the growth of output in 
major livestock commodities was below the estimated 
population growth. In effect this means that output per

head of population has declined. The growth rate in 
the volume of output in almost every commodity in 
Ethiopia is lower than in East Africa and sub-Saharan 
Africa’s as a whole. It seems obvious that East 
Africa’s performance vis-a-vis the sub-Saharan has 
been adversely affected by the poor performance of 
Ethiopia’s livestock sector.

In most of the major livestock products, estimated 
yields have been low compared to other East African 
countries. Table 4 compares the average yield from 
Ethiopia against East and sub-Saharan Africa. Yield 
per animal in total herd rather than per productive 
animal (i.e. total output divided by all animals of one 
species in the different countries’ herds) take into 
account the age and sex structure of the herd and is 
likely .o be more representative of average perfor
mance. In this way the difference between perfor
mance in Ethiopia and most other East African coun
tries is even more pronounced (Table 5).

Growth rates between 1975 and 1985 in beef yield 
per animal in the total herd in Ethiopia were lower 
than in any other East African countries except Soma
lia. The growth rate in the yield of cow milk was 
lower than the average for both sub-Saharan and East 
African countries (ILCA 1987).

Despite this dismal picture, there is a potential for 
increasing productivity and income-introducing some 
innovations that are manageable at the smallholder 
level (for example, dairy production from crossbred 
cows). An example is provided by ILCA in a recent 
study on the Ethiopian highlands. It has been found 
that test farmers who participated in an on-farm dairy 
trial had higher cash incomes, on average, of 120% 
higher than the control farmers (Gryseels et al., 1988, 
ILCA, unpubl.). Control farmers were also small
holders practicing mixed farming and holding the same 
number of livestock. In 1985 the gross margin of the 
test farmers was found 44% higher than that of the 
control farmers. Livestock contributed 64% to the net 
cash income o f the test farmers and 44% to those of 
control farmers.

Table 3. Output volume and average annual changes

Volume COOO MT̂ Annual Growth (%1
East East Sub-Saharan

Commodity Ethiopia (%)* Africa Eth Africa Africa
Beef 214 (21} T02S 0.4 3.1 2.4
Mutton 86 (36) 237 2.2 3.0 3.1
Goat meat 66 (32) 209 2.2 1.9 2.5
Poultry meat 71 (38) 189 2.6 4.0 6.8
Cow milk 595 (14) 4323 1.1 4.3 3.5
Eggs 76 590 (35) 221 128 1.0 4.7 5.7
Hides and skins 70 542 (28) 251 020 0.5 2.5 2.1
Source: ILCA (1987)
•Figures in brackets are percent shares of Ethiopia’s outputs in East Africa (Ethiopia, Kenya, Somalia, the 
Sudan, Tanzania and Uganda).
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Table 4. Average yield per productive animal (1985)*

Commodity

Y i e l d (kq)

Ethiopia
East
Africa

Sub-Saharan
Africa

Beef 110 127 130

Mutton 10 12 12

Cow milk 219 343 329
* Per animal slaughtered or per cow milked

Table 5. Yield per total herd 1985

Country

Yield

Beef
(kg)

Mutton
(kg)

Cow
milk (I)

Ethiopia 8.2 3.7 23

Kenya 15.6 3.6 92

Somalia 11.7 1.2 39

. Sudan 16.5 5.1 85

Tanzania 10.9 2.7 30

Uganda 18.1 4.7 70
Source: ILCA (1987)

The need to deal with the major constraints of live
stock development remains valid.

CURRENT LIVESTOCK DEVELOPMENT 
PROJECTS/PROGRAMS

A considerable number of livestock and related devel
opment projects are being undertaken by various 
governmental and nongovernmental institutions. These 
projects include only the current development prog
rams under implementation and those which are stud
ied, documented and ready to be implemented through 
the Second Five-Year Plan. Most of these projects are 
financed by bilateral aids, nongovernmental sources, 
and the Central Treasury of the state proper. In terms 
of investment, cattle has received the most share 
(48%), followed by poultry (Table 6). As commodi
ties, dairy and poultry too are given due emphasis 
(Table 7).

Based on the financial indicators, perhaps the small 
ruminants, both sheep and goats, are not properly 
treated and need to receive more attention. On an 
institutional level, the MSFD takes the lion’s share 
(Table 8), which is perhaps justifiable in the light of 
its responsibilities to run commercial and large-scale 
animal farms and to provide animal products to the 
densely populated urban centers.

The comparison between the crop and livestock 
sectors (Table 9), in terms of financial investment, 
indicates considerable gaps; however, considering the 
basic needs of the population, which is subject to 
prolonged food shortage stress, the emphasis given to 
the crop sector can be warranted. And yet, over 80% 
of the crop production is dependent on animals for 
draft power.

SCIENCE AND TECHNOLOGY ACTIVITIES  
IN THE LIVESTOCK INDUSTRY

Institutions engaged in science and technology activi
ties the livestock subsector are IAR, MO A, MSFD and 
institutions o f higher learning like AUA. IAR is re
sponsible for generating, adopting, and diffusing 
technology and fostering scientific activities through 
national and international conferences, workshops, and 
seminars pertaining to the livestock sector. On the 
other hand, higher learning institutions are mandated 
to produce trained workforce to the subsector and to 
conduct research that would facilitate the teaching- 
learning process and that would also contribute to the 
development of the subsector. MOA, by large, is 
responsible for overseeing the development of the 
subsector, particularly among the peasantry. The 
ministry currently plays a dual role: generating and 
transferring technology. MSFD also has certain mis
sions: developing and operating on large commercial 
farms, processing and marketing livestock products, 
and running research projects pertaining to its specific

Table 6. Species financial investment share

Financial allocation
Species (’000 ETB) (%)

Cattle 229 909 48
Sheep and goats 79 871 17
Swine 12 634 3
Poultry 131 285 28
Fish 17 132 4

Sources: MOA (1989), MSFD (1989)

Table 7. Financial investment share by commo
Financial allocation

Commodity (’000 ETB) (%)
Dairy (cattle) 163 153 22
Beef 66 756 9
Sheep and goats 76 871 11
Swine 12 634 2
Poultry 131 285 18
Fishery 71 132 2
Agro-industry 117 472 16
Others* 148 798 20

* Feed, health, etc.
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needs.
Nevertheless, the activities of the institutions are 

not coordinated and interinstitutional linkages are very 
poor. As a result, there is a duplication of efforts and 
mismanagement of human and financial resources. All 
institutions, however, have one thing in common: they 
are ill-equipped and underbudgeted to meet the need 
for scientific and technological advancement in the 
livestock industry. The workforce engaged in agricul
tural research in Ethiopia is presented in Table 10.

The development in science and technology infor
mation in Ethiopia is very low. In all institutions of 
higher learning and the ministries, information services 
such as indexing, abstracting, and computer processing 
are almost nonexistent and conventional methods 
prevail in most o f their libraries and documentation 
centers. Some institutions are on the process of build
ing up their information and documentation facilities, 
mainly IAR and the universities.

Because of poor interinstitutional linkage, the 
interaction between research and development and 
production has remained very low. The main users of 
research results are MOA, MSFD and RRC.

The developmental activities of these ministries are 
not coordinated with the research activities of IAR and 
the universities. Since there is no formal linkage or 
established mechanism between research result users 
and technology producers, the adoption and diffusion 
of research results has remained poor so far. Efforts 
have been made toward this direction-establishing the 
Research-Extension Liaison Committee (RELC); yet 
much has to be done perhaps at a higher level, so that 
interinstitutional and research-extension linkages could 
be strengthened to bring about a substantial change in 
the livestock industry. Perhaps, this means a close 
examination of the structural and organizational setup 
of the existing institutions and restructuring some of 
them.

MAJOR CONSTRAINTS TO THE 
LIVESTOCK INDUSTRY

Livestock industry in Ethiopia is still in its infant stage 
Governmental efforts have been made to improve this 
sector, though there has not been any substantial 
change in the industry as a whole. There are various 
reasons for this: technical, technological, socio-eco
nomic, institutional, financial, and workforce are 
among the major drawbacks of the industry.

T e c h n ic a l  C o n s t r a in t s

The technical problems in the livestock development in 
countries such as Ethiopia could be classified into four 
major areas: feed and nutrition, genetic factors, animal 
health and diseases, and inadequate qualified work

force (Addis et al. 1988).
In Ethiopia, the major sources of animal feeds and 

nutrition is the natural pasture, that covers about 64 
million ha o f the land-51% of the total area of the 
country (MOA 1983/84). This led to an average stock
ing rate of roughly 2 ha/TLU. This indicates how 
grazing areas are scarce mainly in the drier areas; so 
more land is required to sustain the productivity of the 
animals.

The shortage of animal feeds in the high-potential 
agricultural areas is caused by the s encroachment of 
crop production on the grazing areas and, in certain 
areas, failure to utilize agricultural by-products as 
animal feed. In the lowlands there are two major 
reasons for livestock feed scarcity: shortage of water 
and the prevalence of animal diseases such as trypano
somiasis. In areas where apparent feed shortage is not 
the problem, the quality may be poor either because of 
overmaturity in which case the digestibility is greatly 
reduced or the material is deficient in trace elements 
and vitamins. The remedy for such problems is allot
ting more grazing lands and traditional promotion of 
conserving agro-industrial by-products (AIBP) for 
animal feeds.

Basically, the Ethiopian livestock population con
sists of the indigenous stock which is characterized by 
its very low productivity. The capacity to produce 
more milk, meat, eggs, wool/hair, and draft power 
could, of course, be increased by selection, cross
breeding, or simply by importing exotic breeds. But as 
the potential for productivity increases the resistance 
to diseases and the tolerance to adverse conditions 
decreases. Therefore, the genetic factor is a more 
complex problem that impedes the improvement of the 
livestock sector of the country. The complexity is

Table 8. Financial distribution by institution

Institutions
Share 

(’000 ETB) <%)
MOA 232 718 32
MSFD 489 349 67
Nongovernmental
institutions

12 034 1

Total 734 101 100

Table 9. Crop/livestock financial comparison

Share
Sector (’000 ETB) (%)

Crop production 1 192 362 62

Livestock production 734 101 38

Total 1 926 463 100
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heightened by the need for improving animal feed, 
health and management before upgrading livestock to 
a better productivity level.

The Ethiopian livestock industry really suffers from 
animal diseases, because Ethiopia is one of the coun
tries in Africa where many of the diseases prevail. 
Although a number of diseases are suppressed by 
vaccination, there are still diseases like rinderpest, 
foot-and-mouth disease (FMD), and contagious bovine 
pleuropneumonia (CBPP), which are not yet eradicat
ed, and their presence adversely affects the country’s 
international trade in animals and animal products.

Trypanosomiasis and its cyclical vector (tsetse fly) 
are the biggest bottlenecks for livestock production in 
the lowlands of southern, western and northwestern 
parts of Ethiopia. In these areas there are large state 
farms focusing mainly on crop production. In these 
farms thousands o f metric tonnes of agricultural by
products, which could be utilized in livestock produc
tion, are simply wasted. One of the main reasons for 
this wastage is the presence of animal trypanosomiasis. 
Actually a total land area of about 98 025 km2 in 
Ethiopia, much of which is savannah, is under tsetse 
infestation. It is estimated that such land could have 
accommodated 20 cattle, 21 sheep and 36 goats per 
km2. In other words because of tsetse and trypanoso
miasis prevalence, a vast area of fertile land, which 
would otherwise has supported 2 million cattle, 2 
million sheep and 3.5 million goats, could not be used 
for livestock production.

Internal and external parasites, including tick-borne 
diseases, are also found here and there in the country. 
These parasites inflict harm to the animals by their 
pathogenicity, sharing their nutrients and by predispos
ing them to other diseases. All these effects have 
adverse impacts on livestock production.

Traditionally, livestock production system in Ethio

pia is extensive. In the mixed farming system of the 
mid- and highland areas, crop and livestock production 
are complementary. In most of these areas crop resi
dues are stored for use as animal feeds in the dry 
season while animal power is used for plowing and 
manure is used for fertilizing the crop fields. In the 
lowlands where pastoralism is practiced animal excreta 
are wasted.

Be that as it may, the present level and types of 
livestock management in most cases of the sedentary 
and pastoral areas is so poor that it does not warrant 
livestock upgrading, especially by crossbreeding. 
Therefore this problem has to be solved together with 
the scarcity of animal feeds and the problems of ani
mal health before trying to improve livestock produc
tivity per se by changing the genetic constituents.

T e c h n o l o g ic a l  C o n s t r a in t s

Introducing new technology is easy, but it is difficult 
to fully adopt and sustain it. Few technologies that can 
alleviate the constraints to livestock development have 
been introduced into Ethiopia: vaccine production, 
tsetse control by means of nonpollutant techniques, 
tick control by application of tickcides, propagation 
and dissemination of forages, water resources develop
ment, feed conservation and storage, and artificial 
insemination could be cited as good technological 
introductions. However, there are still other techniques 
that should be adopted but, owing to lack of invest
ment and expertise, it has not been possible to make 
them materialize.

S o c io -E c o n o m ic  C o n s t r a in t s

The Ethiopian peasant communities earn their living 
either from crop production (84%), livestock produc
tion (1%) or both (85%) (MOA 1986/87). This indi

Table 10. Workforce engaged in agriculture

Institution

Qualification

PhD MSc DVM BSc Dip Total

AAU 4 14 10 na* 23 na

AUA 14 56 2 52 50 174

AU 3 8 - 23 - 34

ESTC 2 2 1 9 1 15

IAR 23 70 3 164 313 573

MOA 5 240 200 809 6239 7493

MSFD 5 95 8 119 69 296

Total 56 485 224 na 6695 na

Source: ESTC (1987/88)
na = data not available or no exact figures are known

/
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cates that the majority of the rural dwellers are mixed 
farmers, producing about 95.4% (Table 11) of the 
subsistence crop of the country (PMGSE 1983/84).

Subsistence farmers give priority to ensuring the 
food supply for their family (Preston 1986). This is an 
indicative statement for being careful in the introduc
tion of new innovations to effect changes in the tradi
tional systems, because the majority of farmers are 
reluctant to take risks that might jeopardize their liveli
hood. For instance, the Ethiopian society by and large 
has no interest in rearing swines and rabbits and there 
are religious/cultural curbs that prohibit the consump
tion of equine and swine products, nor are most people 
keen to consume goat milk. It is, therefore, important 
to study social beliefs and customs of the different 
communities before attempting to introduce new tech
nologies. This presupposes careful consideration in 
selecting appropriate technology.

When it comes to price policies, of course higher 
prices for producer’s, commodities can be incentives 
for increasing production. But the producer’s price in 
Ethiopia is too low to motivate fanners to raise pro
duction. For instance, the price of milk at collecting 
sites was ETB 0.50 I'1 (DDE, MSFD, pers. comm.); 
the average price of beef in Addis Abeba, Nazret, 
Dera, Alemaya, Harer and Jijiga was ETB 1.65 per kg 
of body weight; and the wholesale and retail prices of 
eggs in and around Addis Abeba were ETB 2.00 and 
ETB 2.40 per dozen respectively.

Actually, the policies of most African governments 
favor consumers rather than producers. Data are 
lacking to substantiate this statement in Ethiopia. But, 
it is likely that low producer’s prices in Ethiopia do 
not enhance livestock production and may even invite 
contraband livestock trade across the borders of the 
neighboring countries.

On top of this, deficiencies in livestock marketing 
infrastructures, inadequate information, and stringent 
health requirements imposed by importing countries 
are some of the constraints against earning foreign 
exchange from this sector.

In s t it u t io n a l  C o n s t r a in t s

Governmental institutions such as MOA, MSFD, IAR, 
and institutions of higher learning like AUA are re
sponsible for developing the Ethiopian livestock indus
try. ILCA also contributes to the livestock industry 
development in Africa by coordinating its research 
activities with related national institutions. However, 
there is no clear demarcation between the responsibili
ties of the aforementioned national institutions; and yet 
it is considered that IAR and institutions of higher 
learning conduct research, MSFD runs commercial 
livestock enterprises, and MOA renders livestock and 
veterinary services to the peasants and regulates all 
activities concerning livestock development and trade 
at l a r i .

The growth of livestock industry in any country 
depends on research, extension, and implementation. 
In accomplishing these activities in Ethiopia, there are 
various deficiencies in terms of infrastructure, sup
plies, finance, and educated and experienced work
force in the sector. The activities of MOA could be 
cited as an example in this respect. In MOA, there are 
two national and eight zonal veterinary laboratories; 
two other national laboratories, one for diagnostic and 
another for veterinary quality control purposes, and 
two more specialized laboratories for the production of 
rabies and FMD vaccines in the pipeline (Table 12). 
The existing infrastructures are highly deterred by lack 
of supplies, poor finance, and inadequate workforce.

In countries like Ethiopia, where existing technolo
gy allows only rainfed agriculture and small-scale live
stock production, the encroachment of crop production 
into the livestock grazing land must be given serious 
consideration by all concerned bodies. Coordinated 
effort and activity amongst all concerned institutions is 
desirable to promote the livestock industry.

The coordination of livestock development in terms 
of research, extension, and implementation of develop
ment plans and programs could be maximized only 
when a governmental institution responsible for live
stock development is established. Countries like Ken-

Table 11. Area of cultivated land and grain production in 
1983/84 _____ ______

Cultivated land Grain production
Institution ('000 ha) (%) (’000) (%)
Peasant asso

ciations 6600.0 95.5 88 900.0 95.4
Producers co 4

operatives 92.9 1.3 1322.7 1.4
Settlers 21.0 0.3 169.8 0.2
MSFD 202.8 2.9 2840.0 3.1
Total 6916.7 100.0 93 232.5 100.0
Source: PMGSE, (1983/84)
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Table 12. Veterinary infrastructures

Purpose Operational Planned

Biological production 1 (NVI) 2 (rabies 
and FMD)

Tsetse and types 
investigation

1 (NTTIC) 2 (satellite 
stations

Diagnostic veterinary 
laboratories 8 (Zonal) 1 (NDIC)

Veterinary clinics 3 (Awraja) 44 (awraja)

Up-to-date 11 (Wereda) 100 (wer
eda)

ya, Cameroon, Mali, Niger, Somalia, and Chad, 
whose livestock contribution to their national economy 
is relatively small, have formed specialized ministries 
that combine the activities of animal health and pro
duction.

This at least allows us to look into the merits and 
demerits of having such a ministry as an autonomous 
organization for livestock development.

Fin a n c ia l  C o n s t r a in t s

The livestock sector has a substantial contribution to 
the national economy. Crop production heavily de
pends on livestock, i.e. about 95.4% of the grain 
production depends on draft power. Besides, livestock 
are the sole sources of animal protein ^nd come only 
second to coffee in foreign currency earnings. But the 
recurrent expenditure on livestock from 1976/77 to 
1980/81 indicates (Table 13) that not only it is gradu
ally decreasing in absolute quantity but also relative to 
the total agricultural expenditure (Addis 1983).

The capital expenditure is not included here. But 
even if it were it is unlikely that it will offset the 
picture depicted by the recurrent expenditure.

During the first four years of the Ten-Year Perspec- 
tive-Plan the staff expenditure increased steadily while 
the investment and operation expenditure of the veteri
nary services fluctuated (Table 13). Although there is 
a clear indication of declining trend, the coefficient of 
efficiency remained within the recommended range 
(50/50 percent).

In countries like Ethiopia where the number of 
technical personnel is iciaiively small the coefficient of 
efficiency cannot be an appropriate yardstick to evalu
ate the quality of veterinary services. The amount of 
nonstaff expenditure per veterinary livestock unit 
(VLU) is a good indicator of efficiency. A World bank 
Bank technical report indicated that USD 1.00 (USD
0.75 for drugs and USD 0.25 for services) per VLU 
per year is actually a conservative estimate of veterit

nary services expenditure. In the Ethiopian case, the 
average expenditure in the last four years is about ETB
0.17/VLU as compared to the above estimate of ETB 
2.07/VLU.

W o r k fo r c e  C o n s t r a in t s

The workforce available and deployed to livestock 
services is inadequate in terms of both quantity and 
quality. This could be best exemplified by taking the 
staff of the veterinary services of the country.

Inadequate workforce in the veterinary services can 
be examined in terms of the level o f education and 
experience of the staff (Table 14), i.e. they could be 
categorized as high-level (veterinarians and special
ists), .niddle level animal health assistants, laboratory 
technicians, meat inspectors and tsetse officers, and 
low-level animal health technicians (vaccinators), assis
tant laboratory technicians, assistant meat inspectors, 
and assistant tsetse officers (fly-boys).

Research in veterinary medicine, both at zonal and 
national levels, is greatly handicapped as there are 
only a handful of specialists and research officers in 
the field.

Inadequate field staff can also be measured by the 
veterinarian to livestock ratio. For instance, for pre
ventive and curative services the normal ratio ranges 
from 5000 VLU to 30 000 VLU per veterinarian in 
modern (dairy and feedlots) and traditional systems 
respectively (FAO 1978). But the available staff in the 
veterinary services is far from adequate (Table 15); in 
1987/88 the ratio was 1:142 075. This situation is 
aggravated by shortages of supplies, petty cash, and 
transport.

PRIORITY AREAS OF RESEARCH IN THE 
LIVESTOCK INDUSTRY

Research is a necessary ingredient of development. 
The link between research and development (produc
tivity and economic growth) should be well estab
lished. Research decisions are essentially investment 
decisions on people and resources. A well-defined 
research base, set on the socio-economic needs of the 
nation, is a prerequisite to the development of any 
sector. So far, the research base of the livestock sector 
in Ethiopia has been poor. Indeed, there have been 
research activities undertaken here and there, usually 
by institutions of higher learning, IAR, and some 
development-oriented ministries. These research activi
ties, however, are undertaken in a fragmented and 
uncoordinated manner and therefore lack clear vision.

There is a need to formulate research programs that 
will take into account farmers’ circumstances: program 
relevance to national development objectives, resource 
base, resource allocation to commodities based upon
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Table 13. Government recurrent expenditure on livestock
* Expenditure fOOO ETB)

Item 1976/77 1977/78 1978/79 1979/80 1980/81
MOA , 25 336 29 237 32 954 31 570 31 591
Livestock
service 3 376 3 167 3 570 1 368 1 160
Percentage 13.3 10.8 4.3 4.3 3.7
Source: Addis Anteneh ILCA, 1985 unpubl. data)

Table 14. Staff pattern of the veterinary services

Category 1983/84 1984/85 1985/86 1986/87 1987/8*

High level (HL) 74 87 140 200 255

Middle level (ML) 370 434 501 567 624

Low level (LL) 736 736 736 935 935

ML/HL 5.0 5.0 4.6 2.8 2.4

LL/ML 2.0 1.7 1.5 1.6 1.5

ML+LL/HL 14.9 13.4 8.8 7.5 6.1

Table 15. Ratio of veterinary personnel to livestock
Ratios 1983/84 1984/85 1985/86 1986/87 1987/88
HL:VLU 489 581 416 425 . 258 779 181 145 142 075
ML: VLU 97 916 83 477 72 313 63 896 58 059
LLVLU 49 224 49 224 49 224 48 748 38 748
All levels: VLU 30 703 28 822 ! 26 310 21 286 19 972

VLU: veterinary livestock unit; 1 VLU = 1 cow, 1 camel, 2 horses, 
2 donkeys, 2 pigs, 10 small ruminants, 100 fowl 
Total VLU of Ethiopia = 36 229 000

the likelihood of success and potential impact, and 
program determination — whether should be based on 
commodity, region, or discipline.

R es ea r c h  O b je c t iv e s

In setting research priorities and objectives in the 
livestock subsector the following should be considered.
• Enhancing and facilitating an in-depth understand

ing of the existing animal production practices and 
problems

• Stimulating increased productivity and product 
handling

• Assessing the economic impact of some important 
diseases and laying out grounds for priorities in 
disease control programs

• Monitoring the performance of indigenous, exotic 
and crossbred animals under improved management 
systems

• Promoting self-reliance by generating technologies 
relevant to Ethiopian agriculture (this needs to be 
based on the socio-economic needs of the country)

• Stimulating increased foreign revenue earnings and

savings from the livestock subsector
• Promoting local industries through the provision of 

raw materials (such as to eather, wool, feed, car
pet, etc., industries)

C r ite r ia  fo r  Res ea r c h  P r io r it y  S e t t in g  
The available resources (workforce and finance) need 
to be allocated in such a way that benefits are maxi
mized on a given cost. This allocation indeed requires 
the choice of one species over the other or one com
modity over the other. Even though there are different 
methods with varying degree of sophistication to set 
research priority, simple judgment and checklist meth
ods are employed in setting the following criteria:
• To sustain/promote food self-sufficiency, including 

milk and dairy products, meat, eggs, confectioner
ies, etc.

• To provide raw materials for local industries
• To generate sources o f foreign revenue through

a) direct earning (through the export of live animal,
canned meat, by-products, etc.)

b) savings from import substitutes (powdered milk, 
canned fish, ghee, etc.)
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• To devise sources o f employment in relation to re
source management on issues of '
a) crop/livestock interdependency in the highlands
b) total dependency on livestock in mid- and low- 

altitudes
c) better use of land resources (soil fertility, bal

anced ecosystem, etc.)
• To assess the current research emphases and direc

tions (limited activities in dairy, small ruminants, 
fodder and pasture* etc.)

PRIORITY AREAS OF RESEARCH

Research programs are designed on commodity bases 
and therefore the following research priority areas are 
set in accordance with the criteria outlined earlier.

1. Dairy cattle (milk and milk by-products)
. nutrition
. health
. breeding and reproduction 
. processing and marketing

2. Beef and draft animal (beef and draft)
. processing and marketing
. nutrition 
. health
. breeding and reproduction

3. Small ruminants (meat and milk)
. nutrition
. health
. breeding and reproduction 
. processing and marketing

4. Poultry and swine (meat and eggs)
. nutrition
. breeding *
. health
. processing and marketing 
. management

5. Apiculture (honey and wax)
. management
. breeding
. processing and marketing

6. Fishery (meat and feed)
. management
. breeding 
. health
. processing and marketing, etc.

7. Pack animals (transport), meat and milk from 
camel

8. Feed resources (feed)
. fodder and pasture
. rangeland 
. crop residues 
. industrial by-products

9. Health (services)
. parasitism

. tropical diseases 

. reproductive disorders
10. Processing and marketing 

. product development 

. equipment development 

. product distribution 

. market information

Commodities listed from 1-7 follow an aggregate 
approach where disciplines within commodity contain 
their own team of researchers. However, given the 
currently available trained workforce and financial 
capabilities of the country, such arrangements are not 
feasible for the time being. Rather, commodities like 
feed resources and health may have their own teams 
but still can be members in other commodities like 
dairy, i.e. working in dairy nutrition or health.
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INTRODUCTION

I am indeed honored that I have been invited to ad
dress this important gathering. The subject of dairying 
is of abiding interest to all who are inclined seriously 
towards development issues. My perceptions will be 
those of a development administrator rather than of a 
specialist; of one who at a policy level is continually 
attempting to ensure that the objectives o f dairy devel
opment are more closely subserving equity consider
ations.

Since this seminar is being held in a country well 
known for its cattle economy and pastoral traditions in 
Africa, I may begin by painting a comparative picture 
of the status of dairying in Africa and India, albeit 
with a broad brush as well. We have much to learn 
from each other, but I dare say there may be areas 
where the Indian experience may be not only interest
ing but also a guide in livestock development strate
gies. Globally, we find that 11% of the world’s total 
population is found in Africa as compared to 15% in 
India. Again, 10% percent of the world’s total cattle 
population is in Africa as compared to 20% in India 
(cows and buffaloes put together). African milk pro
duction contributes a mere 3 % to the world’s total as 
against the Indian contribution of 9%. Africa imports 
nearly a third of its dairy product requirements; the 
Indian figure is as low as 1% of its total needs. Afri
can imports have been growing over a period of time, 
from 1.7 million tonnes between 1972 and 1974 to 5.2 
million tonnes between 1985 and 1987.

Although the story of dairy development in India is 
too a large theme to compress within the confines of 
a single lecture, I will attempt to deal with it under 
four broad headings:

1. Dairying in its macroeconomic setting and symbi
otic relationship with land and agricultural systems

2. Nature of the dairy economy—pattern of growth, 
trends and regional characteristics

3. The Indian strategies of dairy development in terms 
of institutional choices, milk production enhance
ment, and distribution and use of food aid as an 
instrument of development

4. Impacts of dairy development strategies and the 
future lines of development

DAIRY IN ITS MACROECONOMIC SETTING

To begin with, I would like to reiterate some facts. 
About 75% of the population of India is dependent 
upon agriculture. The contribution of livestock to the 
agriculture GDP is 26% and to the total GDP is 8.1 %. 
Land ownership is split up among various holdings and 
production is carried on in a fragmented manner. A 
survey conducted on 6 million households in 1984 
showed that nearly 60% of the rural households owned 
two to three milk animals. Again, 72% of these fami
lies, who held less than 5 acres of land, owned some 
61% of the total animals and produced 45%-50% of 
the milk.

The pattern of cattle ownership is less skewed than 
that of land. One of the special features of the Indian 
context is the ‘human-land-animal relationship’, which 
tends to optimize the total resource potential. This 
must be clearly understood if we are to throw light on 
the strategies that have evolved.

NATURE OF THE DAIRY ECONOMY PATTERN 
OF GROWTH, TRENDS, AND REGIONAL 

CHARACTERISTICS

As is conventionally understood in the western coun
tries, dairy in a land-based economy is essentially a 
subsidiary household activity rather than a commercial 
one. Cattle are multipurpose capital assets employed 
for myriads of purposes and are exploited in various 
forms. They serve as draft power, both in farming and 
in transporting products from villages to markets; their 
dung is used as fuel; and they produce milk. Cattle 
and a farming system are thus bound in a chain of 
input/output relationships. Cattle account for 67% of 
the total energy input in farming and 85% of the 
energy input for motive power.

Another distinguishing characteristic of the cattle 
economy is that animals are maintained on:

• crop residues from farming
• grazing
• fodder collection from forest and community 

lands
• market purchases
Milk production in India is thus marked by low- 

yielding and nondescript cows and buffaloes, millions

20
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of small producers with little or no land holding, the 
use of crop residues and natural herbage, and scarce 
land for pasture and forage production. Therefore, 
Indian bovine breeds have been developed mainly on 
the basis of their ability to survive on low nutrition. 
The best of the breeds are thus to be found in agricul
ture-prosperous areas, where crop residues are readily 
available and where there is less pressure on the land.

Milk production is also seasonal. The peak is 
reached after the monsoon when availability of green 
fodder is improved. It is not, therefore, surprising that 
calving coincides with the arrival of the rains and thus 
yield and reproduction are influenced by season. The 
pattern and distribution of milk production throws up 
another interesting feature. Between 1986 and 1987, 
90% of the total milk production was from the 12 
states of India. Within those 12 states, the bulk of milk 
production is confined to 140 districts that produce 
82% of the total milk. The same pattern prevails in 
production of food grains as well. These are the very 
states which also account for most of the agricultural 
output. These geographical variations in milk produc
tion across regions have resulted in a compulsory 
movement of milk surplus to deficit areas. A study 
was conducted on the trend between population struc
ture and milk production from 1951 to 1982 and some 
important conclusions were drawn from the data 
obtained:
• Rearing of cattle was mainly for bullocks.
• Rearing of buffaloes was for milk production.
• Between 1970 and 1980 wheat production increased 

by 50% and rice by 32%. Correspondingly increas
es in milk production can be seen as a function of 
availability of improved by-products from agricul
ture.

I would like to sum up the results of the analysis, 
in terms of policy and other imperatives that went into 
the making of the dairy development programs in the 
Indian context. These are a predominantly rural sector 
dealing with small and uneconomical holdings of land 
and other assets; small-scale production that resulted, 
with no access to technological packages, in poor 
performance; and weak financial status and inability to 
compete in the market.

Together with these are several other deficiencies 
that arise from what could be called primary and 
secondary infrastructures and undeveloped delivery 
systems. The dairy scene before the outset of the 
Operation Flood Programme was characterized by a 
largely unorganized system of milk production, pro
curement, and distribution. Fluid milk supplies to the 
urban areas were provided by small cattle colonies 
within the urban limits. Supplies from rural'areas were 
procured by middlemen operating in the hinterland of 
urban centers. The limitation of this dairy development

model is characterized by cattle colonies, contractors 
and intermediaries that exploit illiterate and ignorant 
rural producers. These mechanisms offered little scope 
either to the play of equity or for long-term sustainable 
growth.

Therefore, it became necessary that a systematic 
strategy of dairy development be devised. At this 
stage, considering the linkages between dairying and 
agricultural systems and the clientele involved, it was 
obvious the programs that would be designed would 
significantly affect the lives of millions of rural house
holds in terms of employment and income generation. 
Hence, dairying obviously holds the key to rural 
development and becomes one of the strategies to 
empower rural people to take care of their own devel- 
opmf.it. Thus it became clear that any design should 
incorporate the following objectives:
• To ensure returns that correspond to efforts, stable 

and remunerative prices should be set up.
• To achieve improvements in productivity through 

domestic production rather than imports, organized 
dairying should be encouraged.

• To assure future growth on a firm foundation, a 
basic infrastructure in terms of technical inputs, 
marketing, processing, extension and research must 
be established.

It is against these imperatives that the Operation 
Flood strategies took shape nearly two decades ago 
and what is known as the Anand Pattern evolved.

The Anand Pattern is a cooperative model, the 
basic design of which is quite simple. Milk producers 
of a village are organized into a village milk coopera
tive managed by their elected representatives. These 
elected representatives must themselves be milk pro
ducers. The village societies federate themselves into 
a district union run by the elected representatives of 
the village societies. The unions, in turn, are federated 
into a State Dairy Federation, which is managed by the 
elected representatives o f the district unions.

The village milk societies collect milk twice a day 
from milk producers and pay for it at regular intervals 
on the basis of its quality. The societies also make 
arrangements for veterinary aids, artificial insemina
tion facilities and sale of balanced cattle feed amongst 
the producers. The district milk unions, in addition to 
processing and marketing milk, manage the cattle feed 
plant, the stud farm and the artificial insemination 
station, and the veterinary services. The federation 
undertakes the collective marketing of milk and milk 
products and controls their quality.

The Anand Pattern, in short, combines the power 
of the people with professional management in a 
vertically integrated structure that establishes a direct 
link between rural producers and urban consumers. 
The story of Indian dairy development is in fact the
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story of replication of the Anand Pattern. The National 
Dairy Development Board was set up in 1965 with a 
mandate to replicate Anands throughout India.

This was the period that coincided with the piling 
up of milk powder and butter surpluses in many of the 
European countries. This coincidence was seized as an 
opportunity to import these commodities by means of 
gifts and then use them to generate funds to finance a 
large-scale dairy development program. This program 
came to be called ‘Operation Flood’, which was 
launched in 1970 with funds generated from the sale of 
donated milk powder and butter oil from the World 
Food Programme. The program continued to grow 
with funds generated from donated dairy commodities 
received from the European Economic Community 
(EEC) and funds provided by the World Bank. The 
program is currently in its third phase of implementa
tion and will be concluded in 1994.

What have been the highlights and achievements of 
this program? The Anand Pattern has been replicated 
in 173 milksheds covering 250 districts. Nearly 6 
million producers are covered by cooperatives and 
receive over USD 700 million as payment for the sale 
of their milk. Most of these producers under the Oper
ation Flood Programme are small and marginal farm
ers or landless laborers. It is estimated that a fifth have 
no land and nearly two-thirds belong to small and 
marginal categories with less than 4 ha of land. Over 
70% of these families have only two milk animals or 
less.

The Operation Flood Programme, which is one of 
the most significant rural employment schemes in the 
country, has developed an institutional framework 
linking nearly 6 million producers in 57 000 villages 
throughout India, with markets in towns and cities. As 
of January 1989, nearly 10 million liters of milk was 
collected every day from farmers and about 70% of it 
was marketed in urban centers, which effectively 
established a milk grid that moved milk from the 
producers to the consumers through an infrastructure 
of insulated road/rail tankers and processing plants. 
The establishment of a cooperative structure as a ready 
and regular buyer of milk has generally improved the 
price tags to farmers. Consequently, the exploitative 
mechanism of private trade has been arrested, since it 
has now to compete with the cooperatives.

I would now like to turn to a more detailed exami
nation of the five aspects of Indian dairy development 
experience, which I believe can be of relevance to 
African countries:

Organization
Program linkages
Food aid and fund generation
Status o f women
Leadership

ORGANIZATION

The choice of cooperatives has come out of the neces
sities of development rather than from fancy or ideolo
gy. The need for a participative structure at the prima
ry level became an imperative from the point of view 
of the clientele involved and the prevalence of demo
cratic institutions at national and state levels.

The Anand Pattern was not a result of top-down 
imposition but an organic entity evolved from an early 
experiment that was undertaken in the Kaira District of 
Gujarat.

Today’s rural development literature is replete with 
references to the need to organize people, to enable 
them to take development into their own hands, and to 
create structures that will make them participate in 
decision-making processes so that people as a whole 
grow and not diminish as a result of development 
processes.

The Anand experience has been a learning process 
in rural empowerment and an exercise in grassroots 
democracy of a kind that is now increasingly recom
mended for replication in rural development programs. 
The unique features of this system need some recapitu
lation.

1. It is an integrated set of operations covering the 
entire range required to link the rural producers 
with the urban consumers. The entire gamut of 
production, procurement, processing, and market
ing systems are involved in it.

2. Although the primary product, milk, is the result of 
small and discrete operations carried out by thou
sands of farmers, the benefits of scale operation are 
made available to farmers.

3. Cooperative ownership ensures that the value added 
to the primary product, milk, is passed on to the 
producers and not absorbed elsewhere.

4. The creation of single-commodity cooperative struc
tures enables the buildup of professional and techni
cal capabilities with a concentrated focus. The dis
advantages of conventional governmental programs, 
which are usually marked by diffusion, conflicting 
goals, and lack of coordination, are avoided.

All these do not mean that the model has not been 
subjected to academic critique that has not always been 
disinterested. The model undoubtedly has a strong bias 
towards marketing linkages and has led to the genera
tion of cash income regardless of whether from sur
pluses or from diversions from household consump
tion. It must, however, be recognized that milk and 
milk products are one o f the most expensive forms of 
nutrition, and under the Indian context the ability to 
generate cash from its sale has been a more compelling 
consideration than deploying it for self-consumption.
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Academics have projected the alternative scenario 
of self-contained rural households, operating inde
pendent of market mechanisms and forces, as an 
ecologically and economically sounder model of 
growth. These are idyllic options that are no longer 
available to us at this stage of our development effort. 
Rural communities are as inexorably caught up in the 
processes of change as any other segment of the econ
omy. And to think of going back over time and setting 
up self-contained village republics, which function 
independent of the outside world, is to indulge in 
fantasy. If our task is to raise the productivity of sub
sistence farmers, it becomes necessary and inevitable 
to link new technologies with distant markets with 
regard to ensuring the viability of operations.

There is a view that the organizational choices in 
dairying are dictated by the nature of the commodity 
that it handles. Undoubtedly, the special features of 
milk in terms of daily production and perishability 
assisted the growth of an organization form that led to 
close and intimate contact amongst the rural producers. 
Personally, 1 see no reason why this form cannot be 
replicated for other agricultural commodities like 
cotton and jute, where primary producers could fash
ion a structure in which they can be owners of textile 
plants and the like. The cooperative form is the answer 
to any sector of agricultural activity that requires back
ward and forward linkages.

PROGRAM LINKAGES

Another important feature of the dairy economy has 
been the inherent instability of fluid milk markets in 
terms of flow of milk, producer prices, and the capaci
ty to respond to market changes. Fluid milk production 
is bound up with lactation and calving; it is produced 
twice a day and is subject to annual seasonality involv
ing flush and lean seasons. All this, in conjunction 
with the highly perishable characteristic of milk, gave 
rise to a host of problems that were tackled by an 
integrated arrangement involving remunerative prices 
to the producers, efficient disposal of outputs from the 
standpoint of farmers, and distributed linking of pro
duction centers with markets. Thus, twice a day milk 
has to be moved off from the village society rapidly 
and transported to both milk marketing centers and to 
processing dairies that are involved in the manufacture 
of dairy products. This called for investment in trans
portation through rail or road tankers, collection 
centers, chilling plants, etc.

FOOD AID AND FUND GENERATION

The organizational and linkage infrastructure require
ments called for high capital investment that led to the

imaginative use of food aid, realized through the 
donation of surplus dairy products by WFP/EEC, 
which was used to generate seed capital to develop the 
dairy infrastructure. These funds were made available 
to the various implementing state-level federations on 
a 70% loan and 30% grant basis. A stage has been 
reached when the generation of internal resources 
through recycling appears encouraging. Food aid 
commodities have been used without destabilizing the 
local markets or depressing milk prices or discourag
ing milk production. This has become possible because 
of sound price and import policies. An import policy 
that prevented the dumping of products together with 
a pricing policy that included remunerative producer 
prices and economic consumer prices have been the 
launching pads for successful dairy development. Food 
aid, I need hardly emphasize, if used unimaginatively, 
can act as a strong disincentive to dairy development. 
Operation Flood by all accounts has provided a model 
for other food aid-assisted dairy development projects 
throughout the world.

STATUS OF W OMEN

There is universal agreement about the favorable 
impact that milk cooperatives have made on the status 
of women. The participation of women in this eco
nomic activity has raised their standing in community 
life and has given them a role in decision making. A 
visit to any village milk cooperative in India would 
bear this out. About 740 000 women are members of 
these societies, pulling their weight along with others, 
caring for animals and collecting daily payments for 
the milk they supply. As a result of this process their 
status has been enhanced very subtly. These changes 
at the village level constitute a silent revolution.

LEADERSHIP

Finally I would like to touch upon the question of 
leadership-professional, cooperative and political— 
which is so relevant to the success of any development 
program. From the beginning, the government o f India 
has backed the Anand Pattern of development. In 
1964, when the then Prime Minister of India visited 
the Amul cooperative, he decided that the Anand 
Pattern should be replicated nationally. Hence the Na
tional Dairy Development Board was set up with this 
mandate. Over the years, this commitment has been 
backed with the right kind of policy decisions encour
aging farmer-owned organizations at various levels. 
The National Dairy Development Board has recently 
been declared as an institution of national importance 
by virtue of parliamentary status. In other words, the 
government fully supports this organization.

This is only one part of the story. The other part
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concerns the cooperative and professional leadership 
that initiated the effort in the beginning and piloted it 
through many perils and crises. I am referring here to 
the extraordinary leadership provided by Tribhuvandas 
Patel and Dr Kurien, who formed a duo combination 
of cooperation and professionalism, fuelling and driv
ing the organization to an ever-greater height of 
achievement. Someone has referred to democracy as 
an economic input in the developmental system; the 
same could be said of leadership. Except for vision 
and clear-headed guidance, the ship of dairy develop
ment would have foundered on the rocks of private 
trade, such as multinationals and unimaginative im
ports. Today the strength of dairy development in 
India essentially derives its success from the strength 
of its participative and democratic structure fashioned 
at various levels.

What then of the future? The government has 
recently set up the sixth of the National Technology 
Missions on Dairy Development. Dr V. Kurien, the 
man behind India’s ‘White Revolution’, will chair the 
Dairy Mission. So far increases in milk production 
have largely been the result of better feeding and 
management of livestock, made possible by the steady 
and remunerative prices obtained through cooperatives. 
What is required now is to give the movement add
ed acceleration in terms of technological intervention 
and better coordination among the various agencies in
volved, governmental and nongovernmental.

Improvements in rural employment and incomes are 
also targeted. By 1995, about 150 000 village cooper
atives are to be set up as against 58 000 at present.

The essential element in enhancing milk production 
is raising animal productivity. The Dairy Mission will 
work on improving livestock breeds through selective 
rearing and crossbreeding, providing livestock with 
appropriate and economical feeds, and implementing 
protective measures against disease. The research 
program covers such projects as embryo transfer tech- 
nology, handling and processing systems (including 
energy-efficient plants), and nonconventional energy.

I would like to conclude by saying that perhaps I 
have not exhaustively discussed the Indian dairy devel
opment experience. Many aspects have been left out 
like t'.t impact of dairying in improving the capabili
ties of Indian dairy industry and in promoting indige
nous technology. The many innovations undertaken 
with respect to animal feeds, like urea, molasses lick, 
and protein by-pass technology, and the lessons learnt 
since the Operation Flood Programme was implement
ed have not been presented. I would be content, how
ever, if I have managed to convey the kernels of our 
experience in dairy development, which I dare say is 
now recognized the world over as one of the most 
remarkable rural intervention schemes. Particularly, 
the less-advantaged groups have been enlightened 
about their rights and role in development.
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BACKGROUND

Like most countries in sub-Saharan Africa, Ethiopia is 
currently unable to meet the increasing demand for 
milk and other dairy products for its increasing popu
lation. The population of Ethiopia was estimated at 
about 44.7 million in 1986 and is growing at about 
3.0% per year. More than 85% of the people live in 
the rural areas, and the highlands account for about 
70% of the national human and livestock populations. 
At present, Ethiopia is obtaining assistance from WFP 
in the form of skimmed milk powder and butter oil for 
reconstitution at Shola and Asmera milk plants.

During the past two to three decades, a number of 
initiatives have been undertaken with a major objective 
of implementing dairy development programs that 
could lead to a sustainable increase in milk production. 
Generally, the aim of such programs has been to 
increase the availability of milk and milk products to 
all classes of consumers and also to enhance the in
come-earning capacity of farmers in the rural areas.

It has long been recognized that the Ethiopian high
lands possess a high potential for dairy development. 
These areas, occupying the central part of Ethiopia, 
largely contain a plateau of at least 1500 m. The 
highlands cover about 40% of the country (approx
imately 490 000 km2) and are the largest of their kind 
in sub-Saharan Africa.

Statistical data indicate that Ethiopia has the largest 
livestock population in Africa, with approximately 26 
million head of cattle, including around 6 million draft 
oxen, 24 million sheep, 18 million goats, 7 million 
equines, 1 million camels and 52 million poultry 
(Gryseels and de Boodt 1986). In the highland areas 
agricultural production systems are predominantly 
subsistence smallholder mixed farming, with crop and 
livestock husbandrytypically practiced within the same 
management unit. However, agro-climatic conditions, 
especially cold or frost, hinder the cropping activity 
(Gryseels and Anderson 1983). The climatic conditions 
of the Ethiopian highlands, in general, can be 
described as highland equatorial. Using development 
potential and resource base as criteria, Amare (1978a)

has differentiated the major agro-ecological zones of 
the area into three types. They are the high-potential 
cereal/livestock zone, the low-potential cereal/livestock 
zone, and the high-potential horticulture/livestock 
zone. The major characteristics of these major agro- 
ecological zones are summarized in Table 1.

In all three zones, especially in the high-potential 
cereal/livestock zone, there is the potential to increase 
livestock productivity, especially dairy. The mild cli
mate favors the introduction of high-yielding crossbred 
animals and appears suitable for cultivating forage 
crops. It is for these reasons that the central highlands 
have been a major area of focus for dairy development 
in Ethiopia.

HISTORICAL MILESTONES 

Pa s t  S it u a t io n s

The development of modem commercial dairying in 
Ethiopia dates back to the colonial days of Eritrea 
before the Second World War when some Channel 
Island breeds and Friesians were introduced by both 
individuals and religious organizations. Artificial 
insemination was also first introduced around this time 
by the Italians but mainly for use as a breeding tool 
for horses. It was only later that Al was strengthened 
and expanded to serve the mushrooming commercial 
dairy industry in the Eritrean region.

Under the postwar relief program Ethiopia was also 
able to obtain dairy cattle through the United Nations 
Relief and Rehabilitation Administration. These ani
mals served as the nucleus for the establishment of the 
present Holetta dairy farm and the former Shola dairy 
farm in Addis Abeba.

The establishment of the agricultural colleges (Am- 
bo Junior College of Agriculture in 1939, Jima Junior 
College o f Agriculture in 1954, and Alemaya College 
of Agriculture in 1955) also made some contribution 
to dairy research and development programs. The 
building of milk processing plants in Asmera and 
Shola (Addis Abeba) in the late 1940s and early 1950s 
was also an important milestone in the development of 
the dairy industry in Ethiopia.
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Table 1. Characteristics of the major agro-ecological zones of the Ethiopian highlands
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Z O N E
Characteristics High-potential

cereal/livestock
Low-potential
cereal/livestock

High-potential
horticulture/livestock

Area (kmz) 140 300 162 920 186 200
Population density
(persons/km) 32 32 33

Livestock density 53 28 32
(head/km) humid/subhumid subhumid/semiarid humid

Climate humid semiarid
Topography rolling plateaus mountains/

escarpments/low
plateaus

dissected
plateaus

Main crops cereals cereals tree crops/
pulses/livestock pulses/livestock livestock

However, unfortunately none of the above-men
tioned efforts had any significant impact on dairy 
development at the national level. This was owing to 
the lack of clearly defined national dairy development 
strategies. These limitations were recognized during 
the 1950s and 1960s and comprehensive approaches 
and programs began to emerge, whose overall aim was 
transforming traditional peasant agriculture in genera) 
and promoting dairy development in particular. Most 
of these approaches, however, tended to use the pack
age program to develop commercial farming (Gryseels 
and Anderson 1983).

The Chilalo Agricultural Development Unit 
(CADU) was established in 1968. The livestock devel
opment component of this project focused on the 
distribution of crossbred in-calf heifers to small tenant 
farmers so as to improve the milk production potential 
of the country and raise the incomes of the farmers. 
The project was jointly financed by the Ethiopian and 
the Swedish governments. The activities of CADU 
included research and extension programs, marketing 
services, and credit and input supplies for the small
holder farmers. Availability of veterinary and Al 
services and the introduction o f improved pasture and 
forage crops were important components of this pack
age for livestock.

The Wolaita Agricultural Development Unit 
(WADU) project adopted a similar approach, but 
instead of crossbred heifers bull service stations were 
established to upgrade local indigenous cattle using 
both bulls and "AL-

The response o f Arsi farmers to the introduction of 
crossbred heifers was enthusiastic and the adoption 
rate of the packages was high. In Wolaita, however, 
the WADU project had less success since the use of Al 
and bull service stations was low. Nevertheless, it can 
be said that the impact of WADU and CADU projects 
in the two areas was positive and the intention was to

start similar projects in other parts of the country in 
later years. Implementation cost and the workforce 
needs of the projects, however, were such that it be
came impossible to expand the scope nationally. The 
land tenure system of that period, which did not give 
adequate security to farmers and did not encourage 
them to invest in land improvement and farm infra
structures, was also a major constraint.

In 1970, the Minimum Package Programmes 
(MPPs) were initiated following the experiences of the 
CADU- and WADU-type projects. The programs 
provided small farmers with a minimum package deal 
that could enhance land productivity while demanding 
significantly less investment per recipient.

The success of these programs was accelerated by 
the agrarian reform which followed the 1974 revolu
tion in which the Ethiopian land tenure system 
changed drastically. On the other hand, there was a 
limited supply of crossbred heifers for distribution and 
this restricted the anticipated expansion of smallholder 
dairying.

Development programs that have taken place and 
that have affected dairying in Ethiopia include live
stock development projects funded by the World Bank. 
The first livestock development project was com
menced in 1970 with a credit of USD 5 million. This 
development project was designed to set up large-, 
medium-, and small-scale private dairying, and to 
provide Al, veterinary and extension services, and 
forage and fodder production components. It also 
included the development of milk marketing and 
processing infrastructure and the strengthening of 
state-managed dairy enterprises.

The National Artificial Insemination Service (NAIS) 
was reorganized in 1980 under one center within 
MOA. The service is under reconstruction, being re
vamped to avoid its previously fragmented and uncoor
dinated nature.
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The Ten-Year Perspective Plan for promoting 
agricultural development in Ethiopia as a whole was 
drafted in 1983. This plan is to be implemented under 
two five-year periods: the first one covers the period 
between 1985 and 1990. Priorities and overall strate
gies and programs for dairying are included under this 
plan.

In 1987, following a review o f the livestock sub- 
sector, projects were evolved. The major project 
among these is the Dairy Rehabilitation and Develop
ment Project (DRDP) sponsored mainly by the African 
Development Bank (with USD 27 million). This proj
ect is nationwide in scope and provides support to both 
the peasant and the state farm sectors. It is now the 
major dairy development project being implemented at 
a national level.

Projects linked with DRDP have been supported by 
the Finnish International Development Agency over 
the period from 1985 to 1990. These projects include 
strengthening milk collection services by the establish
ment of milk-cooling centers, providing bulk refriger
ated trucking, implementing the peasant dairy develop
ment pilot project in the high-potential livestock/cereal 
belt of the Ethiopian highlands, and supporting NAIS. 
WFP is also producing counterpart funds from skim 
milk powder and butter oil reconstitution, which are 
also used to support Al service and smallholder dairy
ing within the country.

HISTORICAL DEVELOPMENT 

C u r r e n t  S itu a t io n s

The main source of milk production in Ethiopia is the 
cow, but small quantities of milk are also obtained 
from goats and camels in some regions, particularly in 
pastoral areas. Four major systems of milk production 
can be distinguished within Ethiopia:
• Traditional smallholder systems
• Dairy cooperatives
• State dairy farms
• Private small- and medium-scale dairy farms in

backyards in and around towns and cities

The traditional sector predominates, accounting for 
over 97% of the total milk production. In this sector 
indigenous breeds are the major source of milk. Milk 
from the traditional sector is produced mainly for 
subsistence farm household requirements, though in 
many cases it can be an important source of cash 
income.

In the other three production systems, milk and 
milk products are produced commercially. This com
mercial sector is growing and is mainly based on the 
use of purebred exotic breeds or their crosses with 
indigenous breeds. Friesian X indigenous breed cross

es are the most common. Currently the commercial 
sector consists of some 200 dairy cooperatives, 14 
state dairy farms and private producers in the peri
urban and urban areas.

The potential for significantly increasing dairy 
production in Ethiopia lies in commercial production 
systems in the central highland plateau in which cross
bred and purebred exotic dairy breeds can be used. 
The productivity of indigenous breeds is low as a 
result of their inherent low genetic capability for milk 
production and poor traditional management systems, 
which lead to inadequate nutrition, particularly during 
the dry season. An example of the low productivity of 
indigenous breeds is illustrated in the study of the 
productive performance of indigenous cattle in the 
Debre Zeit area by Mukassa-Mugerwa et al. (1983). 
They estimated the average weight of mature females 
to be 200 ±  29 kg, and of mature males 273 ±  45 kg. 
Average age at first calving was 53 months and calv
ing intervals averaged 25 months with a herd calving 
rate of 46/yr. Cows had three to four calves before 
leaving the herd at 11-13 years of age. The average 
cow lactation yield was 524 1 for 239 day lactations, 
of which 238 1 was offtake for human use while 286 1 
was suckled by the calf. Mean calf birth, weaning and 
yearling weights were 21 kg, 46 kg, and 56 kg respec
tively.

Research undertaken by IAR (1976) has indicated 
that, even with improved feeding and management, 
these indigenous zebu breeds have only a limited 
potential for milk production.

Re s e a r c h  S e r vic e s

The first effort by the Ethiopian government to estab
lish agricultural research and experimental facilities 
dates from 1952. However, agricultural research in 
Ethiopia was not institutionalized until the establish
ment of IAR in 1966.

When livestock research eventually gained a foot
hold in IAR programs, the initial concentration in 
respect to dairying was on the evaluation of indigenous 
cattle for milk production under improved manage
ment. Following recognition that improvement of milk 
production by indigenous breeds through selection and 
improved management was very limited (IAR 1976), 
the research effort was redirected towards investigation 
of crossbreeding indigenous cattle with exotic dairy 
breeds. At the same time, research on forage and 
fodder crops was initiated.

Currently, the crossbreeding research program is 
still in progress. The major objective is now to investi
gate how the various levels of exotic blood in various 
crossbreeds respond to different levels of management 
and in different agro-ecological zones. In addition, the 
evaluation of the nutritive value of Ethiopian feedstuffs
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for milk production proceeds, including their use in 
fattening trials. Studies on cultivated forage crops and 
pasture are also being pursued.

In an attempt to improve Ethiopia’s geographical 
and agro-ecological coverage IAR has recently reor
ganized itself in a commodity program and agro-eco
logical zone approach.

ILCA, headquartering itself in Addis Abeba, also 
began research activities in Ethiopia in 1976. The 
center has concentrated its Ethiopian research in two 
major stations: at Debre Zeit and Debre Berhan in the 
highlands, but it has also conducted research at a 
range of sites in collaboration with various Ethiopian 
institutions. Since its inception, ILCA’s main effort in 
dairy research has been concentrated on assessing the 
productivity of cattle for milk production on-farm 

N using a farming systems approach (Gryseels and An- 
^ i derson 1983, Gryseels and de Boodt 1986). It has also 

; been analyzing data from experiments on the perfor- 
f mance and productivity of indigenous breeds and their 

crosses with exotic dairy breeds (Kiwuwa et al. 1983).
In its new strategy and long-term plan ILCA (1987) 

has reinforced its determination to collaborate closely 
with national institutions. In this regard, closer coop
eration and joint projects are now being established 
with MOA agencies, IAR and MSFD.

MAJOR CONSTRAINTS AGAINST IMPROVED 
DAIRYING IN ETHIOPIA

Generally speaking, smallholder dairying is more 
developed in some of the eastern and southern African 
countries, including Ethiopia, than in western and 
central African countries. The major problem of small
holder dairy farmers across Africa is that they have 
poor access to the resources needed to enable them 
achieve the necessary transition from the use of tradi
tional management practices to quasi-modern systems 
of production. In part, the problem is also due to the 
fact that the majority of African smallholders keep 
cattle for many purposes with milk production not 
their main economic activity. The constraints the 
farmers face are largely socioeconomic and infrastruc
tural as well as technical problems.

S o c io e c o n o m ic  a n d  In f r a s t r u c t u r a l  
C o n s t r a in t s

Issues include the level of monetary investment in the 
dairy sector in Ethiopia, the provision of technical 
services to support the development of dairying, the 
availability of marketing and related infrastructure, 
pricing policies, land tenure implications, and the 
approaches used in providing research support to dairy 
development. In discussing these issues, it is important 
to recognize that the Ethiopian Revolution of 1974 and

the Land Reform Proclamation that followed it in 1975 
led to a transformation of the institutional and socio
economic basis of agricultural production systems in 
Ethiopia. It may, therefore, only be profitable to 
discuss the socioeconomic and infrastructural con
straints that are relevant to the period since 1975. 
Studies such as that of Alula and Dessalegn (1976), 
Ayele (1978) and Amare (1978b) that relate to the 
period before 1975 do not, therefore, have much 
relevance to the present situation.

Technical services include the development of 
adequate veterinary and extension support, which are 
major constraints at present. In large measure, the 
problem is lack of an adequately qualified and experi
enced workforce to effect these services properly. The 
need for continuous training (both formal and inser
vice) cannot be overemphasized.

Lack of the provision of an efficient Al service for 
smallholder producers is another constraint at present. 
Problems in this area include lack of adequate mobility 
of inseminators to farms when they are needed and 
lack of accurate heat detection, especially in the case 
of those smallholders with only a few cows.

Marketing and pricing of dairy products is also a 
problem in most eastern and southern African coun
tries, and Ethiopia is no exception. Currently only two 
milk processing plants, in Addis Abeba and Asmera, 
are in operation. The areas from which fresh milk can 
be collected are, therefore, determined by accessibility 
to these processing plants. In addition, only those 
farmers located near all-weather roads are able to 
benefit despite expansion in the construction of milk 
collection centers with bulk milk cooling tanks and the 
provision of refrigerated transport.

It is enough to say that as in many countries, prob
lems of land tenure, especially allocation and use of 
grazing land, are major impediments to the adoption of 
improved management practices.

T e c h n ic a l  C o n s t r a in t s

Assessment of the past dairy development efforts in 
Ethiopia and elsewhere in eastern and southern Africa 
indicates that the major technical constraints against 
improved dairying can be grouped into four broad 
categories: '
• feed availability and quality
• reproductive inefficiency
• breeds used and breeding policies
• health and disease

Although these constraints are discussed separately it 
is important to recognize that there are significant 
interactions between them. Their effects on the perfor
mance of dairy animals are ultimately influenced by 
the type of husbandry or management practices.
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Feed availability and quality

Feed availability and quality is the most serious con
straint to improved dairying. The availability of ade
quate feed supplies in the form of grass, forage, and 
crop materials is influenced by the availability of land, 
the fertility of the soil, and more importantly by the 
seasonality and amount of rainfall in a particular area. 
Feed availability and quality, therefore, depend largely 
on the season of the year and associated agro-climatic 
factors.

In Ethiopia, the principal available feeds or feed 
sources include native pasture, grazing or hay from 
fallow land, hay from seasonally flooded bottom lands, 
crop residues (straws, stover, etc.), and weeds and 
stubble left on the land after crop harvest. In addition, 
materials such as grain residues from harvesting or 
milling and by-products of local traditional beer brew
ing can also be available locally.

All these feeds are usually deficient in protein and 
essential mineral elements; their level of metabolizable 
energy (ME) is highly variable and is usually at or 
below the maintenance requirements of dairy cattle. It 
is only when these feeds are supplemented that they 
can form the basis of productive rations for dairy 
cattle. Supplementation, however, is constrained by 
the cost and availability of the supplements needed. 
These supplements usually include forage legumes and 
fodder from multipurpose trees, oilseed cakes and 
other industrial by-products and mineral supplements.

Use of native pasture

Native pastureland in the Ethiopian highlands has been 
estimated at 7.3 million ha in areas receiving more 
that 700 mm annual rainfall (Lulseged 1985). This 
land area was also estimated to be carrying 24 million 
livestock units (LUs). Most of this native pasture is 
confined to degraded, shallow upland soils, to fallowed 
cropland, and to soils that cannot be successfully 
cropped because o f physical constraints such as flood
ing and waterlogging. Native pastures, are, therefore, 
an important feed source for animals and some re
search has been carried out that has focused on the 
improvement of these pastures, especially those found 
on flat, deep, clay soils which exert less stringent 
constraints on plant growth compared to the shallow, 
degraded, upland Vertisols (Jutzi, Haque and Abate 
1986). Their trials at Debre Zeit and Debre Berhan at 
an altitudes of 1900 m, 2400 m and 2800 m used 
interventions that included plant nutrient suppliers, 
forage legume oversowing, and soil ripping to improve 
aeration and accelerate nutrient mineralization. The 
major conclusions from these trials were that the above 
treatments did not result in highly significant improve
ments in pasture yields or in their legume proportion, 
indicating that highland native pastures are in general

ecologically stable.
Simulation of overgrazing, which is regarded as a 

major problem in the highlands, revealed that the total 
dry matter production is reduced to about half by 
overgrazing. In addition, overgrazing tends to reduce 
the effectiveness of inputs o f N into the pasture from 
either fertilizers or legumes. There was also no evi
dence from these studies that exotic grasses perform 
any better than the highly specialized native species, at 
least under the traditional management practices of 
farmers in the highlands. An important conclusion that 
could be drawn from these studies was that the natural 
grassland o f the highlands at best can provide a maxi
mum of about one half of animal feed requirements. 
The remainder has to be in the form of crop residues 
and supplements.

Use of legume forages and fodder trees

Much research work has been carried out in recent 
years on the potential use of legume forages and 
fodder from multipurpose trees as supplements for 
crop residues (Tothill 1988). In Ethiopia this work is 
now being spearheaded by the Forage Network of 
Ethiopia, in which several government agencies, uni
versities, colleges and ILCA are participating. A news
letter is published by ILCA on behalf o f the network 
in which progress reports of trials conducted across the 
country are published and articles relating experiences 
from elsewhere are occasionally included.

In terms of fodder production on arable land of the 
highlands, experiments have shown that oat and vetch 
(Vicia villas a) combinations lead to increased yield and 
quality o f the resulting feed after harvest (Jutzi et al. 
1986, Abate and Woldeab 1988). Other legume-based 
cereal production • systems are being investigated. 
There are several approaches for integrating legumes 
into crops. These include intercropping legumes with 
cereals, relay cropping whereby a cereal crop is nor
mally relieved by undersown legume, so-called se
quential cropping in which a crop follows another crop 
immediately in the same season, and alley cropping 
with multipurpose trees.

Integrating legumes into crops also results in in
creased food crop productivity, thus also increasing the 
amount o f crop residues available for animal feeding. 
Unfortunately, however, improving the supply of 
animal feed in this way also demands increased capital 
by the farmer. The farmer can only be expected to 
make such an investment if he is assured of an imme
diate return. It is more likely he will get immediate 
return on his investment from his crops rather than 
from the production of animal feed. On the other 
hand, investment in crops will also have a payoff for 
his livestock enterprise in terms of more crop residues 
for animal feed.
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Use of agricultural by-products

In improved animal performance the benefits obtained 
from the use of supplements such as oilseed cakes, 
molasses and urea mixtures have been demonstrated 
many times in many African countries. In most cases, 
however, it is the availability and cost of these supple
ments that make them economically impractical for 
smallholder farmers. It is the relationship between the 
prices of these inputs and the prices of product (in this 
case dairy products) that will influence their use. The 
challenge, therefore, is to devise feeding packages that 
may include these types of supplements at as low a 
cost to the farmer as possible while guaranteeing 
improved production.

Given the current prices o f dairy products in Ethio
pia, it would appear that the most economical ap
proach to improved milk production is through the 
exploitation o f the existing potential and the increasing 
quantities of crop residues whose quality is provided 
by legumes and upgraded by using N.

Reproductive inefficiency

Reproductive inefficiency in this context refers to 
delayed puberty and extended postpartum anestrus 
periods in female cattle resulting in advanced age at 
first calving and long calving intervals respectively. It 
also refers to low calving rates, which may also be 
related to low bull fertility or inefficient Al. Problems 
of calf mortality and morbidity, which can be regarded 
as components o f reproductive performance, are dis
cussed later. Reducing reproductive inefficiency by 
tackling these factors would lead to an increase in the 
number of calves weaned per cow yearly, which in 
turn would enable farmers to increase their number of 
animals or their replacements.

^Age at first calving is generally high in animals 
kept by smallholders in Africa. Among indigenous 
animals it can exceed 50 months. Where crossbred 
animals are used under more improved management 
conditions this figure is reduced but still remains high. 
At Debre Zeit, for example, Gryseels and de Boodt 
(1986) recorded average age at first calving of 32.3 
months for 50% crosses and 33.9 months for 75% 
crosses. In Arsi, Kiwuwa et al. (1983) for crossbred 
heifers with various levels of the blood of exotic and 
indigenous cattle, found an average age at first calving 
of 32.9 months. For similar types of animals in Mala
wi, Agyemang and Nkhonkera (1986) recorded a fig
ure of 37.7 months.

With respect to calving interval, the figures from 
the above studies were Gryseels and de Boodt (1986), 
451 days for 50% and 75% crossbreeds; Kiwuwa et 
al. (1983), 459 days; and Agyemang and Nkhonjera 
(1986), 510 days.

In both cases, the figures from Malawi are higher 
than the Ethiopian. The causes of this reproductive 
inefficiency may vary but are likely to be significantly 
related to the level and quality of feeding, failure to 
detect heat, inefficiency in the Al service, and in some 
cases the reluctance of smallholder farmers to allow 
early breeding of their cows. Certainly in Tanzania, 
where calving intervals of about 528 days have been 
recorded (FAO 1986), there was a belief among some 
farmers that there would be a drop in milk yield when 
the cow became pregnant.

In addition to the factors mentioned above, several 
systemic, genital and nonspecific infectious diseases of 
the reproductive tract could have also been responsible 
for inducing fertility problems.

Breeds used and breeding policies

The major issues in developing breeding policies are 
lack of adequate characterization of cattle breeds 
(indigenous, crossbreeds and exotic breeds) for milk 
production under African smallholder conditions, 
unavailability of suitable animals for dairy enterprises 
either as foundation stock or as replacements, and lack 
of an appropriate level of exotic germplasm in cross
breeds where these have been found to be the animals 
of choice for dairy development.

In eastern Africa, Asia and Latin America, quite a 
few studies have been reported in which the perfor
mances of milk-producing animals ranging from indig
enous crossbreeds to exotic breeds were compared 
(Kiwuwa 1987, McDowell 1988). The traits measured 
included lactation milk yield, lactation length, dry 
period, calving interval and age at first calving. In 
Ethiopia, a number of such studies were carried out as 
well. For example, in the Arsi Administrative Region, 
the productivity of crossbred dairy cattle was investi
gated in a study that started in 1967/1968 (Kiwuwa et 
al. 1983). IAR initiated a long-term crossbreeding pro
gram in 1974 in which the performance of crossbreeds 
produced from three exotic sire breeds (Friesian, 
Jersey and Simmental) and three Ethiopian zebu dam 
breeds (Boran, Barka and Horo) was compared in four 
climatically and environmentally different zones (Galal 
et al. 1981). ILCA has also examined the performance 
of crossbred cows at Debre Zeit (Gryseels and de 
Boodt 1986) and Debre Berhan (Gryseels and Ander
son 1985).

All these and other studies have been prompted by 
the need to produce a type of animal that would be 
suitable for improved milk production in smallholder 
production systems, especially as found in the Ethiopi
an highlands. As discussed earlier, it is recognized that 
indigenous cattle breeds have poor dairy potential and 
that exotic temperate breeds do not perform satisfac
torily under smallholder management in the tropics.



Status of Dairying in Ethiopia /  31

This is why most African countries are pursuing the 
use of crossbred germplasm between exotic and indige
nous breeds. The idea is that this will permit gradual 
adaptation of exotic breeds to the slow-changing farm
ing conditions and practices of smallholder farmers.

There is still controversy, however, concerning the 
appropriate level of exotic germplasm in crossbreeds. 
Some advocates of crossbreeding believe that the 
crossing or upgrading of local breeds should not go 
beyond 75% of exotic germplasm. Others question the 
suitability of using large-sized exotic breeds such as 
the Friesian instead of smaller breeds such as the 
Jersey which require lower levels of feeding for main
tenance. The argument against upgrading the exotic 
germplasm beyond 75% is that the performance of 
such animals begins to decline under smallholder 
management conditions. The data shown in Table 2 
illustrate this argument. The major traits shown are 
age at first calving, calving interval and lactation milk 
yield. Breeding efficiency, lifetime calf production, 
and milk per unit of breeding efficiency are derived 
measures of dairy merit arising from a combination of 
the three major traits. The main points that emerge 
from Table 2 are:
• Indigenous breeds of Africa and Asia are charac

terized by a late age at first calving and low breed
ing efficiency, which leads to an extremely small 
calf crop and very low milk output per unit of 
breeding efficiency.

• Among of crossbreeds, the performance of cows of 
the Jersey cross is generally superior to that of the 
Friesian cross in terms of age at first calving, calv
ing interval, breeding efficiency and hence lifetime 
calf crop numbers.

• The Jersey purebred also outperforms the Friesian 
in having an earlier age at first calving, a shorter 
calving interval, a higher breeding efficiency coef
ficient and a larger lifetime calf crop. The Friesian 
breed, however, is superior to the Jersey in lacta
tion milk yield.
These results tend to support the current trend in 

Ethiopia to import Jersey germplasm since it appears 
that the Friesian breed may not satisfy all the compo
nents of dairy productivity under local conditions.

Health and disease

The incidence of disease and the need for improved 
hygienic management is also a major constraint against 
improved dairy production in Ethiopia. Animal prob
lems that are important in dairying in Africa have been 
discussed in many reports (Brumby and Scholtens
1985).

In the highlands the diseases that are o f major con
cern are those that cause calf morbidity and mortality 
and those connected with infertility in females. Rear

ing calves under unsanitary conditions and inadequate 
nutrition increases their susceptibility to disease. For 
example, in their Debre Zeit study, Gryseels and de 
Boodt (1986) found overall mortality up to the age of
2 years, including abortions, to be 32% for 75% 
Friesian cross calves and 67% for 87% crosses. Abor
tion was responsible for 21% of the calf mortality, 
15% of calves died during the first 30 days of life, 8% 
between 1 and 3 months of age, 21% between 6 and 
12 months, and 23% between 1 and 2 years of age. 
Causes of calf death varied but were due mainly to 
pneumonia, blackleg, liverfluke, tick-borne diseases 
and diarrhea.

Principal infertility problems are anestrum, abortion 
and endometritis in females and epididymitis in males 
(Tekl)e and Kasali 1988). Abortion, endometritis and 
epididymitis can be caused by infectious disease while 
anestrum occurs mainly due to inadequate nutrition 
and endocrine imbalances. Brucellosis in females and 
epididymitis-vaginitis (epivag) in males are major 
causes of infertility. Streptothricosis has also been 
found in certain areas of Ethiopia in certain years. 
During 1984, at Debre Zeit (Gryseels and de Boodt
1986) it became a major problem, and over a 6-month 
period, a death rate of 17% was recorded among 
cows.

Another important factor with respect to disease 
occurrence is the influence of the seasons. Increasing 
rainfall tends to increase disease incidence and mortali
ty, probably because of a higher incidence of parasites 
such as ticks and insects. The type of management 
used is also important. Closed management systems, 
such as in zero grazing in which no animal is brought 
in from outside sources, greatly limit the likelihood of 
infection by many diseases, and viral and bacterial 
infections that are spread by contact can be prevented.

STRATEGIES FOR DAIRY DEVELOPMENT IN 
ETHIOPIA

Development strategies in dairying are geared to the 
alleviation of the major constraints discussed above. 
Due to the biological nature of dairying and various 
agro-climatic conditions, these strategies will need to 
be reviewed and modified from time to time.

Id e n t if ic a t io n  a n d  D e l in e a t io n  o f  Po t e n t ia l  
D a iry in g  A re a s

As part of the general effort to stratify agricultural 
production in Ethiopia as a whole, baseline data on 
climate, soil types, underground and surface water 
reserves, farming systems, socioeconomic structure, 
and demography are being collected and analyzed by 
different government departments and international 
organizations. This will ultimately result in a more
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Table 2. Comparative performance of exotic, crossbred and indigenous dairy cattle around the tropics

Cattle breeds

Age at 
first calv
ing (mo)

Calving
interval

(d)

Lactation milk 
yield 

(kg)

Breeding
efficiency
unit®

Lifetime calf 
crop per 10 
cow herdb

Average milk 
yield per unit 

of BE (kg)c

Indigenous
African 48 365 1045 0.75 60 791
Asian 48 441 1561 0.71 57 1008

Crossbred6
Jersey 31 389 2227 - 82 2272
Friesian 36 426 — — 72 2298

Exotic
Jersey 28 385 - - 88 2627
Friesian 34 429 — — 74 2718

Source: Kiwuwa (1987)
•Breeding efficiency (BE) = unit number of calves per calving year of 396 <"*ys starting at 32 months of age
b Assumes eight years life before cows are disposed of 
cMilk output per 396 days starting at 32 months of age
dExotic indigenous crosses: combine from 50% to 75% of the Jersey or Friesian germplasm

scientific delineation of the various agro-economic 
zones in the country. On finalization of the baseline 
data analysis, an attempt will likely be made to define 
areas suitable for different livestock enterprises.

Broadly speaking, Ethiopia is divided into high-, 
k medium- and low-potential areas in terms of agricul

tural production.
High-potential areas generally fall within 1800- 

2500 m contours, with a temperate climate and well- 
distributed rainfall. Feed availability is good from both 
pasture and crop residues and by-products. Disease 
incidence is low. Because o f economic activity, com
munications are good and there is a well-developed 
infrastructure with markets and an established exten
sion service.

Medium-potential areas fall between 1500-1800 m 
and 2500-2800 m. Temperature and rainfall con
straints are more prevalent. Disease incidence, espe
cially of vector-transmitted diseases, particularly at the 
lower end o f altitude range, tends to be a problem. 
Generally the infrastructure is not as well developed as 
in the high-potential areas. However, with improved 
animal health services and the use of improved agri
cultural practices, productivity can be greatly in
creased.

Low-potential areas fall outside of the limits as
cribed to the high- and medium-potential zones. A 
combination o f extremes of temperature, in some cases 
low rainfall, are not conducive to farming or livestock 
production.

Most of the dairy development is currently concen
trated on high- and medium-potential areas, which are 
characterized as mixed crop/livestock systems. The 
actual geographic limits of these areas will be further 
refined when results of baseline surveys and studies 
currently in progress become available.

Level  o f  S p e c ia l iz a t io n  in  A g r ic u l t u r a l  Pr o 
d u c t io n  S y s t e m s  a n d  Pe r iu r b a n  A r e a s

Within the context of developing dairying in the agro- 
ecological zones described, efforts are being made to 
develop a degree of specialization in the dairy indus
try, proportional to the demand for and the availability 
of milk and milk products. These efforts involve 
particularly:
• a well-defined policy on the use of specialized and 

crossbred dairy stock
• improvement in the feeding of dairy cattle
• the creation of a basic market infrastructure for 

milk and milk products

Animal breeds and breeding

The availability and quality of land and o f supplemen
tary feeds, together with the standard of management, 
affect the profitability of a dairy enterprise. Production 
systems vary at one extreme from grazing an exten
sive, forage legume-based pasture with little supple
mentary feed to the other extreme of intensive systems 
where cattle are mostly stall fed on brought-in rough
age and purchased concentrates.

In the extensive pasture system, crossbred cattle 
predominate, while in the semi-intensive and intensive"' 
systems, specialized dairy breeds such as the Friesian 
are popular. In urban and peri-urban areas where 
liquid milk commands a high price, the Friesian with 
its high yield potential is suitable, while in more rural 
areas where feed is scarce and butter is the primary 
product, the Jersey breed with small body size and 
high butter fat is most satisfactory.

Currently the dairy herd is largely based on cross
bred cattle with various levels of Friesian blood. But
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future strategies will introduce Jersey-cross heifers in 
rural areas in the medium-potential zone and in areas 
where land availability is a particular constraint. By 
metabolic weight, the Jersey breed produces more 
butter fat than does the Friesian. The Friesian cross 
will retain priority in high-potential areas near to 
population centers where liquid milk is the primary 
product.

Pure breeds will largely be confined to the special
ized and highly developed dairy farms run by MSFD 
and the private sector.

In future dairy development in Ethiopia, IAR will 
make preliminary evaluation of high-producing dairy 
breeds other than Friesian and Jersey. Those breeds 
found suitable for Ethiopian conditions will undergo 
intensive adaptability trials with MOA and the Dairy 
Development Enterprise before being distributed to 
commercial farmers and dairy cooperatives.

A pyramid structure of dairy herds will be set up, 
with elite herds of specialized dairy breeds at the top, 
producing breed stock that will be made available to 
both private and state commercial dairy farms in the 
high-potential areas. The offspring from the commer
cial purebred herds will be made available to the 
existing crossbred dairy herds to increase the levels of 
exotic blood, and the higher grade bulls from the 
crossbred herds will then be made available to produc
er cooperatives and peasant farmers for crossing with 
indigenous stock in the medium-potential areas.

Im p r o v e d  H eifers  f r o m  a  C r o s s b r e e d in g  
Pr o g r a m

A program to improve heifers through crossbreeding 
is being carried out mainly on ranches operated by 
MOA. The Abemossa and Adami Tula cattle improve
ment ranches in the central zone, Gober ranch in Arsi, 
and Andassa Ranch in Gojam have been the major 
source of Fj crossbred heifers in the past. A recent 
innovation in this field has been the introduction of a 
contract crossbreeding program, under which service 
cooperatives coordinate the collection of a group of 
cattle, which are then bred by Al using improved 
bulls. The cattle are held in collection areas until 
inseminated, and pregnancy is confirmed by veterinary 
inspection.

The strategic for producing and distributing cross
bred heifers will continue, and two additional ranches 
are being established under the Ten-Year Perspective 
Plan: Metekel Ranch in Gojam for Fogera crosses and 
Begi Ranch in Kefa for Horo cattle.

In c r e a s in g  th e  Pr o d u c t io n  Po t e n t ia l  
o f  In d ig e n o u s  C a t t l e

Milk from indigenous cattle is currently estimated to

be more than 96% of the national production. If there 
is to any meaningful expansion of milk production, 
therefore, improvement in the yields of indigenous 
cattle must be pursued alongside with the production 
of crossbred stock. Indigenous cattle can survive in 
low-potential and the less favored medium-potential 
areas whereas crossbred and exotic stock cannot—and 
this constitutes a large portion of the country.

In addition, the short- and medium-term emphasis 
in the low-potential areas will be on the improvement 
of indigenous stock rather than the introduction of 
exotic blood. So breeding stock from elite herds of 
indigenous breeds will be made available to farmers 
and livestock owners to upgrade their animals.

Improvement in milk yield will be only one criteri
on for selection of indigenous breeds. Draft power is 
equally important to fanners in the mixed crop/live
stock farming system of the high-potential zones while 
for stock owners in the low-potential zones, the ability 
to survive and produce on Iow-quality roughage with 
limited water supplies is equally important.

In terms of general strategy for the low-potential 
areas, improvement of management practices (feeding, 
veterinary care, etc.) will receive priority, and as a 
follow-on, selected breeding stock from nucleus herds 
will be made available to maintain the momentum of 
improvement. Inevitably, this process is slow, but it is 
the path to sustainable improvement and the key to 
long-term success.

Programs and projects that contribute to an im
provement in animal health services and pasture and 
forage improvement, including the nationwide soil and 
water conservation measures which incorporate fodder 
development, are already under way.

The existing MOA crossbreeding ranches and those 
currently under development will maintain nucleus 
herds of the best indigenous breeds in their geographic 
locations, based on a rigorous system of selection 
using initially an open nucleus herd and later a closed 
herd system. Parallel with the development of elite 
herds of specialized exotic dairy breeds, elite herds of 
the best indigenous breeds will be set up. The rationale 
for this approach is that for the foreseeable future, 
dairy production on producer cooperatives and on 
peasant farms will be based on crossbred cattle, so it 
makes sense to select the best indigenous breeds for 
back-crossing when it becomes necessary to inject 
those qualities of hardiness and disease resistance 
developed by generations of exposure to the Ethiopian 
conditions.

The possibility also exists for female offspring from 
this herd to be crossed with other improved, Bos 
indicus breeds for use in less-favored medium-potential 
zones. Indigenous breeds that show potential for im
provement are the Boran, the Barka, the Fogera, and 
the Horo.
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N a t io n a l  A r t if ic ia l  In s e m in a t io n  S er vic e

NAIS plays an important role in designing a dairy 
development strategy. One of the major constraints 
that deter the expansion of Al in developing countries 
is poor heat detection. But in dairy herds, which are 
under close supervision and handled regularly, heats 
are normally observed.

The major use of Al is the ability to extend the use 
of well-proven sires to a large number of females 
whether these sires are from purebred elite herds or 
from crossbred sires. In particular, Al has a role to 
play in the initial screening of exotic breeds, which 
may or may not prove suitable under Ethiopian condi
tions. Al offers the possibility of importing semen 
from top quality bulls from overseas without the 
difficulties associated with purchasing and transporting 
livestock. When satisfactory crosses have been identi
fied, then consideration can be given to importing a 
nucleus herd of the breed of choice to establish an elite 
herd within Ethiopia.

Al also provides an improvement tool for areas 
where it is difficult to keep a purebred or upgraded 
bull because of health and environmental problems, 
such as in the less-favored parts of the medium-poten- 
tial zones where crossbred cows could be expected to 
survive, but high-grade bulls would find it difficult.

With regard to the use o f Al as an improvement 
tool at farm level, the organization of the Al field 
service is of crucial importance. Currently the NAIS 
service operates at three levels:
• daily rounds dealing with the technician calling at

roadside crushes
• static points, serving where the cattle are brought to

the technician
• telephone call-outs

Telephone call-outs are restricted to the larger 
population centers, and this limits their availability to 
urban and peri-urban dwellers who maintain a small 
number of pure or crossbred dairy breeds, mainly 
Friesian blood lines.

Because of the small number of cattle being pre
sented for service and the relatively long distances to 
be covered, daily rounds prove uneconomic in prac
tice. The approach currently being given emphasis is 
the use of static points (holding grounds) based at 
service cooperatives or peasant associations where 
farmers are encouraged to bring their cattle for a 
period of time. On arrival, a veterinarian or technician 
checks each animal to ensure it is not already pregnant 
and checks body condition and size for age. Each day 
the technician checks all animals. Those on heat are 
inseminated and the cow’s identification and the date 
are recorded. Following a positive pregnancy diagno
sis, the animals are returned to the owner. This ap

proach is being tried out in a high-potential area for 
dairying because it is in dairying that the most rapid 
improvements can be evidenced.

Training of technicians is critical to the expansion 
of the Al service. A new departure for NAIS is the 
proposed training of farmers to carry out insemination 
at peasant associations and in the village, and thus 
widen the scope of the Al service in rural areas.

As an ongoing part of the Al service, records are 
kept on farms that regularly use Al and which are 
potential suppliers to the service o f breeding bulls, 
both purebred and crossbred.

Such records enable NAIS to tabulate the perfor
mance of bulls in service and to record the perfor
mance of potential bull dams. It is hoped to introduce 
a system of progeny testing in the near future.

Im p r o v e m e n t  in  Pr o d u c in g  A n im a l  Feed

A major constraint against dairy development in all 
areas is the lack of high-quality animal feed. Concen
trate feeds are available in and around the largely 
populated centers of the high-potential areas where 
crop by-products such as wheat bran and oilseed cake 
make up the great part of the ration. The animal feed 
industry, however, is not well developed in terms of 
the range of products, particularly in the formulation 
of feeds such as calf starter rations and weaning ra
tions, which demand high protein and mineral levels. 
Furthermore, concentrate feeds bring cattle into com
petition with human demands, which is quite unsatis
factory when food supplies are limited.

While it makes sense to use concentrate feed when 
available, the basic policy adopted is to expand pasture 
and forage crop production and at the same time 
improve utilization of crop residues that are unsuitable 
for human consumption.

Currently adopted forage strategies are directed 
towards making optimum use of available land, bear
ing in mind that the priority in land use is given to 
crops for human consumption. The expansion of 
forage, especially legume production, is seen as the 
key to improving the productivity of dairy cattle. 
Better nutrition not only improves milk yields but also 
means more regular breeding performance and fewer 
health problems. The use of forage legumes to supple
ment crop residues will contribute significantly to their 
utilization by cattle, especially when the coarser and 
more fibrous materials are mechanically broken down 
by chopping or grinding.

C r e a tin g  a  M a r k e t  In f r a s t r u c t u r e

In marketing the milk, the introduction o f bulk milk- 
cooling tanks and refrigerated transport will also bring 
dairy cooperatives and peasant farmers in some of the
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more rural areas within range of urban markets. Fur
ther expansion of the Dairy Development Enterprise 
milk collection network is anticipated in the near 
future.

Expansion of dairying in remote areas where the 
demand for liquid milk is low will be concentrated on 
setting up small-scale rural milk-marketing and pro
cessing centers. The aim of these centers is to bring 
the benefits of bulk marketing to small individual milk 
producer whereby, by pooling milk production, a 
sufficient amount of milk is collected to warrant mar
keting at more distant population centers and where 
prices are high. Alternatively, the liquid milk can be 
processed into butter, cheese, etc., and marketed in 
larger cities.

Im p r o v e d  S e r v ic e s

The Ethiopian government gives priority to the estab
lishment of a specialized and highly proficient dairy 
support service. To this end, MOA, universities, and 
international organizations provide training for special
ized extension staff, which will be deployed in the 
areas defined as being suitable for dairy development 
and give maximum support to farmers. It is planned to 
open a specialized in-service training center that will 
emphasize practical and management skills for person
nel who have recently joined the staff and will give 
refresher courses to train the existing staff in new 
technology. Training in all aspects of dairy science 
will have a top priority. The center will also be able to 
evaluate new techniques before they are recommended 
to farmers by the extension service. MOA’s program 
to train farmers in dairying will also be strengthened.

Re s e a r c h  S t r a t e g y

Research and development strategy has been directed 
towards and emphasizes factors seen to be limiting 
production. In particular, dairy-related research topics 
include animal nutrition, with analysis of local crops 
and crop residues, production-related diseases, and 
investigation into improving forage and pasture pro
duction. These topics are being pursued by IAR, 
universities, and international organizations, together 
with concerted efforts to introduce techniques and 
improve management standards so as to increase 
productivity at all levels in the dairy industry.

Breed in g  S t r a t e g y

As part of the strategy for dairy development, MOA 
and other institutions involved in animal production 
have prepared a national breeding policy, which is 
pending a final decision. An ongoing review of new 
advances in animal reproduction technology will also

be actively pursued by interested organizations so that 
all the options open to government in regard to the 
expansion of dairy productivity through breed im
provement are kept up to date.

In particular, the options of importing new and 
improved breeds of dairy cattle, either as breeding 
stock or as germplasm, are kept under careful review 
within the context of the national breeding strategy.
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SUMMARY

Here are summarized the present situation, the con
straints and the prospects of small ruminant production 
in Ethiopia. Great advances have been made in recent 
years to develop workforce and facilities, and to define 
some of the areas in which there are potentials to in
crease present levels of productivity. However, much 
remains to be done, particularly there is a need to 
recognize small ruminants as a national commodity, to 
develop a national policy and a national coordinating 
team, to increase workforce recruitment and training, 
and to expand support services. If this can be done, 
then attention to on-station and on-farm development 
programs that integrate management, veterinary, and 
feed resource improvements can lead to substantial 
future increases in national small ruminant production.

SHEEP AND GOAT PRODUCTION IN ETHIOPIA

Ethiopia has one of the largest livestock herds in 
Africa; it ranks tenth in the world. The role of cattle 
as the major traction power in agricultural production 
systems has overshadowed the contribution of small 
ruminants to the economy. It is, nevertheless, clear 
from Table 1 that sheep and goats constitute an impor
tant part of the livestock subsector. They provide 46% 
of the value of national meat production and 58% of 
the value of hide and skin production (which is, after 
coffee, the second most important source of agricultur
al export income).

The central highlands, which include regions over 
1500 m altitude and receiving over 700 mm of rain
fall, account for 75% of the sheep and 28% of the 
goat populations. Regions below 1500 m and receiving 
less than 700 mm of rainfall, considered as lowlands, 
account for 72% of the goat and 25% of the sheep 
populations.

Except for some wool breeds in the central high
lands, sheep are reared for meat and goats for both 
meat and milk. In mixed agricultural systems, sheep 
and goat production relies on communal grazing, 
fallow lands and crop residues. A few animals in the 
flock, usually castrates, are supplemented with grains 
and pulses for sale during feast periods. In pastoralist

Table 1. Estimated value of livestock production,
excluding manure value

Value (ETB '000 000)

Product Cattle Sheep Goats
Cam
els Total

Draft 1404 - - - 1404
Meat 428 231 165 36 860
Milk 409 - - 44 453
Hides
and
skins 48- 39 29 2 118

Wool
and
hair - 2 - - 2

Total 2289 272 194 82 2837
Source: MOA (1984)

systems, production is characterized by grazing and 
browsing on rangelands. In both systems animals are 
heavily exposed to the cyclical effect of dry and wet 
seasons and the related availability of feed.

In the absence of sufficient feed supplies and proper 
management and health care, the on-farm productivity 
of small ruminants is relatively low. Annual wool 
production from highland sheep is only about 0.5 kg 
(Agyemang et al. 1985), and goat milk production 
averages only about 0.3 kg (Galal and Getachew 
1977). A survey conducted around Debre Birhan 
showed a reproduction rate of 1.03 lambs born per 
ewe yearly with a lambing interval of 11.5 months 
(Agyemang et al. 1985), but average national offtake 
rates are about 30% from sheep and 36% from goats 
(MOA 1984). Carcass evaluation of traditionally 
managed sheep shows yield between 30% and 35% 
from carcasses usually weighing 9-10 kg, giving a 
mean yield of 3 kg (Galal 1980).

Table 2 presents the average productivity of differ
ent livestock species surveyed on highland farms 
(MOA 1989). Despite their low productivity, small 
ruminants are an important component of the farming 
system. Small ruminants provided 12.5% of the value 
of livestock products consumed on the farms and 48% 
of the cash income generated by livestock production, 
though they represented only 6.6% of the capital 
invested in farm livestock.

37
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Except for a few regions under the pastoralist 
system and in state-owned enterprises, sheep and goat 
production is not a specialized business venture. It is 
often considered as a secondary activity of the agricul
tural production system. In the absence of a proper 
marketing infrastructure, farmers are heavily depen
dent on middle men who pressure the farm gate price 
to increase their profit margin. Even though it is an 
important cash-generating component, the financial 
return from sheep and goat production is not impres
sive enough to the farmer to motivate additional inputs 
and improve productivity.

faculties of Addis Ababa University (AAU), have con
ducted management-oriented studies on small rumi
nants. However the impact of all these studies on the 
productivity of small ruminants in Ethiopia is not fully 
assessed.

In the following section, some results are presented 
of past research activities on small ruminants and 
current programs at the four major institutions, AUA, 
IAR, ILCA, and MOA, where there are active small 
ruminant research and development programs.

Pa s t  Re s ea r c h  a n d  D e v e l o p m e n t

PAST AND PRESENT SMALL RUMINANT 
RESEARCH AND DEVELOPMENT

Ethiopia has a large resource of small ruminants which 
as yet is not fully exploited. Research and development 
efforts made so far to develop this subsector of the 
livestock economy are far from being adequate.

Some efforts have been made by various institutions 
to improve the productivity of small ruminants in the 
country. Nearly a dozen sheep breeds or types have 
been described but less than half of these have been 
characterized to any extent. IAR has been studying 
Adal, Horo, and Black Head Somali (Ogaden) sheep, 
and Adal goats. The institute has recently started an 
improvement program on Menz sheep.

MOA has sheep crossbreeding programs at Amed 
Guya and Debre Berhan, where Menz sheep are 
crossed mainly with the Corriedale and Awassi breeds. 
The ministry also has recently started a crossbreeding 
program at Jijiga where Black Head Somali sheep are 
crossed with imported Dorper sheep. AUA is studying 
Black Head Somali sheep and their crosses with the 
Corriedale, Awassi and Hampshire breeds. The uni
versity has also started a dairy goat crossbreeding 
program using imported Anglo-Nubian and indigenous 
Somali goats. ARDU of MOA has been studying Arsi 
sheep. ILCA is studying Menz type, Horo and Welo 
sheep at its Debre Berhan station. Other institutions, 
notably junior colleges of Awasa and Jima and some

Breed evaluation

Bree .̂ evaluation has been carried out at IAR, MOA 
and ILCA on some of the sheep and goat breeds and 
types. The performances of Adal, Horo, Black Head 
Somali, Menz and Arsi sheep and Adal and highland 
goats are shown in Tables 3 and 4. Results of these 
investigations show productivity under improved 
management conditions and do not necessarily reflect 
production under farmers’ conditions.

The Horo sheep looks to be the most prolific of the 
local breeds so far evaluated, having more than a 30% 
twinning rate (Table 3). They have also produced a 
greater weight of lambs per lambing than any other of 
the other local breeds. Although Adal, Menz and Arsi 
sheep were kept in different environments, the perfor
mance of ewes in terms of lambs produced per lamb
ing seems to be similar. Highland goats seem to have 
produced more kids per kidding than the Adal due to 
a high twinning rate. Again the two environments are 
totally different and the productivity of these goats 
under farmer conditions has not been assessed.

Growth performance of lambs and kids born at 
various experiment stations is shown in Table 4. 
Although the comparisons may be influenced by envi
ronmental and management differences, Horo Iambs 
seem to be heavier at birth and keep their superiority 
over the other breeds up to yearling age. It is noted 
that the 6-month weights of Adal, Horo and Black

Table 2. Average productivity of different livestock species on highland farms*

Livestock
species

Livestock
farms
(%)

Average 
capital 

value per 
far m 
(ETB)

Livestock
capital

(%)

Average value 
of livestock 
products 

consumed per 
farm (ETB)

Livestock
product

consumption
(%)

Average 
net cash 
income 
per farm 

(ETB)

Livestock
cash

income
(%)

Cattle 91 889 88.5 88 86.9 23 88.4
Small ruminants 57 69 6.6 13 12.5 19 48.0
Equines 54 79 6.6 10 - -4 -9.3
Poultry 34 3 0.3 <1 0.6 1 2.8

Source: MOA (1989)
•Survey data from 314 farms covering nine awrajas in four regions
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Table 3. Means of economically important ewe doe traits in Ethiopian sheep and goats

Per female joined Per female lambed/kidded

Female
conceived/

female
mated

No. of 
lambs 

kids born

No. of
lambs/kids

weaned
Born Weaned

Litter 
weight at 

birth 
m

Litter weight 
at weaning

(kg)

Sheep
Adal 0.78 0.76 0.70 1.05 0.95 2.80 12.60
Horo 0.87 1.22 1.18 1.35 1.30 3.90 19.50
Black Head 

Somali 0.63 na na 1.04 na na na
Menr na 0.61 na 1.05 na na na
Arsi 0.92 1.03 0.78 1.05 0.98 na na

Goats
Adal 0.83 1.07 0.95 1.37 1.30 2.20 _
Highland 0.83 1.41 1.19 1.51 1.30 3.00 —

Source: Galal (1982, 1983), Galal et al. (1982b,c), Brannang et al. (1987), Sisay et al. (1988, 1989), Kassahun et al. (1989) 
na = not available;

Table 4. Means of economically important lamb/kid traits in Ethiopian sheep and goats

Lamb/kid

Birth
wt

(kg)

Weaning wt
(kg) 6-month wt 

(kg)

Yearling
wt

(kg)

Weiaht aain (a Aft 
Birth to Wean- 6 mo to 
weaning ing to 6 yearling 

months

Survival 
to wean
ing (%)

Sheep
Adal 2.5 13.0 18.4 25.8 117 60 41 93
Horo 2.9 15.0 19.7 33.5 134 52 77 93
BHS 2.7 14.2 17.7 24.8 128 39 39 94
Menz 2.4 15.6 na na 110 ^ na na 89
Arsi 2.8 13.5 na na 89 na na 92

Goats
Adal 2.2 8.9 12.8 21.9 /  74 42 51 90
Highland 2.2 9.0 na na 76 na na 99

Source: Galal and Kassahun (1981a), Galal (1982), Galal et al. (1982a), Brannang et al. (1987), Sisay et al. (1988, 1989) 
na = not available

Head Somali lambs were equal to the average yearling 
weights at which farmers’ sheep are usually marketed.

Breed  Im p r o v e m e n t  by C r o s s b r e e d in g

Information on the performance of crossbred ewes and 
does is much more scanty, particularly so under the 
farmers’ management. Available crossbred production 
data are presented in Tables 5 and 6. The reproductive 
rate of Awassi X Menz ewes seems similar to that of 
pure Menz ewes. On the other hand, crossing seems to 
have improved reproduction in Arsi sheep. Similar 
trends were observed in the goat crossbreeding pro
grams. First-cross Saanen X Adal goats could not 
survive even under research-managed conditions at 
Melka Werer. The quarterbred Saanen X Adal goat, 
however, produced more kids and more milk than the 
pure Adals. Saanen X Highland goats also had higher 
reproductive and productive performances than pure 
highland goats.

As expected, crossbred lambs and kids were heavier 
at birth, weaning and yearling ages and also had a 
higher average post-weaning daily gain than the pure 
locals (Table 6). However, it is not known whether the 
crossbreds keep their superiority at all levels under 
farmers’ conditions.

In c r e a s in g  S l a u g h t e r  W e ig h ts

Local breeds of sheep and goats have also been evalu
ated in feedlot studies at IAR and ILCA (Table 7). 
These studies show that the live weight of young sheep 
and goats can be increased substantially by lot feeding. 
It seems that Horo sheep had the highest carcass 
weights and dressing percentages, followed by Adal 
and Welo sheep.

In another related study at Bako (Demissie et al. 
1988), attempts were made to show the effects o f cas
tration on the growth performance of young Horo 
lambs. In a short fattening period, entire lambs per
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Table 5. Means of economically important ewe/doe traits of crossbreed sheep and goats
Per female joined Per female lambs/kidded

12-week 
milk yield 
(kg)

Annual
grey
fleece w t 
(kg)

W t at 4 
years of 
age (kg)

Female
con-

„  ceivedBreeds (%)

Lambs/ 
kids born 
(no.)

Lambs/kids I 
i weaned \ 

(no.)

Bom Weaned 
Ino.) (no.)

Litter w t at 
birth (kg)

Litter w t 
at wean
ing (kg)

Sheep
Awassi x Menz

50% na 0.62 na 1.04 na na na na 0.98 41.4
75% na 0.59 na 1.02 na na na na 1.33 41.0

Corriedale x Menz
50% na na na 1.05 na na na na na na
75% na na na 1.11 na na na na na na

BDM x Arsi
50% 82.7 na na 1.21 1.10 na na na na na
75% 65.3 na na 1.38 1.25 na na na na na

Goats /
Saanen x Adal

25% 88.0 1.36 0.95 ;2.00 1.90 na na 31.0 - 32.9
Saanen x Highland

50% 86.0 1.10 1.00 1.50 1.40 3.6 12.4 52.0 - na
75% 47.0 0.47 0.67 1.30 1.20 3.7 15.7 48.0 - na

Sources: Galal et al. (1982b), Brannang et al. (1987), Sisay et al. (1988, 1989), Zelalem (1988), Kassahun et al. (1989)
na = not available; BOM = Bleu de Maine

Table 6. Means of economically important lamb/kid traits of crossbred sheep and goats
Birth wt Weaning Growth rate Survival to Yearling

Breeds (kg) wt to weaning weaning wt
(kg) (9/day) (%) (kg)

Sheep
50% Awassi x Menz 3.0 17.6 122 na 28.8
75% Awassi x Menz 3.8 21.5 148 na 32.8
75% Corriedale x Menz 2.8 19.3 150 na na
75% BDM x Arsi 3.9 16.0 101 90 na
50% Hampshire x BHS 3.5 16.2 106 na na
50% Dorper x BHS 3.8 17.9 117 na na
50% Awassi x BHS 3.9 17.8 116 na na
50% Corriedale x BHS 3.7 17.5 115 na na

Goats
25% Saanen x Ada) 2.2 9.7 83 83 22.3
50% Saanen x Highland 2.6 9.9 81 92 24.0
75%*Saanen x Highland 2.9 13.3 117 82 23.1

Sources: Galal et al. (1982a), Brannang et a!. (1987), Zelalem (1988), Kassahun et al. (1989), Sisay et al. (1988, 1989), Getachew 
(1989)

BDM = Bleu de Maine; BHS = Black Head Somali; na = not available

formed better than castrates in almost all of the impor- 
portant growth and carcass parameters measured. The 
castrates probably were not able to recover from the 
castration shock and at the same time put on weight 
within the 3 months of the experimental period. It is, 
however, a well-known fact in the country that cas
trates get heavier and fatter, and this could perhaps be 
demonstrated if castrated and entires were compared 
for a longer period of time than in the above study.

\

M a t in g  M a n a g e m e n t

An IAR study was conducted to see the productivity of 
Horo ewes under 8- and 12-monthly mating systems 
(Kassahun et al. 1988). The results showed ewes in the 
8-monthly system had higher productivity than those 
in the 12-monthly mated group. The former allows 
three instead of two lambings over a 2-year period.
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Table 7. Growth and fattening performance of some Ethiopian sheep and goat breeds
Mean age (mo) Liveweight (kg)

Breeds Beginning End Beginning of End of Mean Mean Av.
of expt. of expt. expt. carcass wt dressing daily

ept. (kg) (%) gain
(9)

Sheep
Adal 6 12 18.0
Arsi 6 12 16.0
Highland 12 15 20.6
Horo 9 12 26.0
Menz 6 12 13.2
Welo 6 12 16.0

Goats
Highland 7 10 13.4

W e a n in g  M a n a g e m e n t

Lambs are almost entirely dependent on their dams’ 
milk production for their growth, particularly in the 
first 6 weeks after birth. There are several weaning 
practices to be followed, depending on the production 
system. In an 8-monthly mating system it may be 
necessary to wean lambs at about 3 months of age to 
give the ewes a reasonable resting period before the 
next reproduction cycle begins. In intensive sheep 
production systems with highly prolific ewes, lambs 
could be weaned a few days after birth and reared 
artificially. At present, there is no need for implement
ing such a system in this country.

IAR follows a 90-day weaning system while MOA 
and AUA wean lambs at 120 days of age. A study on 
the effects of weaning age on subsequent lamb growth 
performances were undertaken (Solomon 1989) at 
Bako Research Center, where IAR maintains the Horo 
sheep. The results indicated that there was no signifi
cant body weight difference between lambs weaned at
3, 4, 5, and 6 months of age. However, lambs weaned 
at two months o f age were significantly lower in body 
weight at all stages than lambs in the other weaning 
age groups.

CURRENT SMALL RUMINANT  
RESEARCH AND DEVELOPMENT

MOA, IAR, ILCA and AUA are the major institutions 
involved in small ruminant development programs, 
which can be broadly classified into four areas of 
study: breed evaluation, breed improvement by genetic 
selection, breed improvement by crossbreeding, and 
management studies. Fields of study and breeds being 
studied are shown in Table 8.

Results of preliminary studies at IAR, AUA and 
ILCA indicate that it is possible to greatly improve the 
productivity of indigenous small ruminants by employ

36.7 18.2 49.3 13
32.4 15.8 48.6 115
34.7 16.6 47.0 141
38.0 18.3 52.3 133
28.6 13.8 48.2 93
34.5 17.2 49.8 109

18.3 8.9 48.6 50

ing improved management interventions that are within 
the reach of the farming community. Such practices 
include integrating food crop/pasture/livestock produc
tion, and manipulating mating seasons so that lambs or 
kids are dropped when there is adequate green grass 
for the young stock. Attempts to fatten or finish sheep 
using locally available feedstuffs such as oilseed cakes, 
poultry litter and high-quality forages have shown 
encouraging results.

The need for genetic improvement programs 
through either selection or crossbreeding arises from 
the need to correct deficient traits like growth rate, 
conformation, wool, and milk production. Increased 
production, however, requires more inputs, and the re
quirements and consequences of crossbreeding pro
grams should be well realized in advance to implemen
tation. A crossbreeding program that is aimed at 
increasing productivity requires large areas, better 
feeds, higher levels of management, and a well-devel
oped marketing infrastructure.

Flock management

The available infrastructure and finance are the most 
important factors affecting the productivity of any 
small ruminant production system. Small ruminant re
search and development activity thus should be direct
ed towards management problems rather than cross
breeding programs. This does not mean that cross
breeding is unnecessary, but it should be conducted 
only under controlled environments and for specific 
objectives.

CONSTRAINTS ON INCREASING PRODUCTION

La c k  o f  Ba s e l in e  In v e n t o r y  a n d  A s s e s s m e n t

Published estimates of sheep and goat populations vary 
widely, though annual offtakes and skin exports indi
cate that recent population estimates of 24 million
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Table 8. Current small ruminant research aod development programs 02 \o hr >' rltv̂ cnO X a'dVf
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sheep and 18 million goats (MOA 1984) are perhaps' 
near the mark. Reliable information is fundamental to 
a sound development planning and scarcity of informa
tion concerning the Ethiopian livestock industry makes 
it difficult to plan policy, programs and projects and 
then predict their outcomes. A careful study on each 
livestock species and the relationships between them 
must be conducted, including estimated numbers, 
productivity, and socioeconomic importance. This kind 
of information is generally not available for sheep and 
goats in Ethiopia.

Production C onstra in ts  

Highlands

Sheep and goats are kept in smalijjjiumbers, and thus 
it is difficult to execute effective genetic or manage

ment programs (Galal 1982). Production is constrained 
by disease, parasitism and limited feed resources and 
exacerbated by seasonal changes in the availability of 
both forages and crop residues. Furthermore, sheep 
and goat genotypes are geared towards survival rather 
than production. This may not be a limitation in the 
present situation, but it could become so when disease 
and nutritional constraints are corrected.

In mixed cropping/livestock systems, the consider
ation given by farmers to their crop production gener
ally outweighs considerations relating to ruminants. 
This results in less interest and inadequate experience 
in livestock management. Even within the livestock 
subsector, the importance of draft power puts small 
ruminants at a disadvantage to large ruminants, parti
cularly in the allocation of feed resources (MOA 
1984).
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Rangelands

Pastoral ists are generally better livestock managers 
than agropastoralists or fanners, and they may be said 
to show a sophisticated response to a resource that is 
always short in supply (Wilson 1986). Thus the major 
constraint against increasing production in the range
lands is possibly the environment itself, which might, 
however, be modified by increasing water supplies and 
improving management strategies.

Marketing constraints

Sheep and goat production is a traditional farm enter
prise which is often considered as a secondary activity 
of the agricultural production system. In the absence 
of a proper marketing infrastructure, farmers are at the 
mercy of middlemen who take a large share of the 
profit margin.

Lack of marketing structure, long-distances treks 
to markets without adequate resting, feeding and 
watering facilities, seasonality in the demand for meat, 
and lack of financial services are some of the major 
problems facing the domestic market (Kassahun and 
Getaneh 1986) — marketing cooperatives that bypass 
the middlemen need to be strengthened (Addis 1982).

Since the Ethiopian government’s intervention in 
setting price has an effect on both the supply and the 
demand for live sheep and goat exports, the results 
have been disappointing. Ethiopia’s sheep and goat 
exports to the Middle East countries represent only 5 % 
of those provided by Somalia and Sudan, despite our 
relatively high population of small ruminants. This 
seems to be a consequence of inappropriate internal 
price structures and poor marketing services (Addis 
1982).

Health constraints

The economic loss of sheep and goat production 
caused by parasitism and disease is thought to be 
considerable. Routine husbandry and veterinary inputs 
to improve animal health are not available to many 
farmers, and the decision to treat sick animals may 
depend on the availability of cash to pay for the treat
ment (Agyemang et al. 1985).

There is insufficient coordinated effort among exist
ing organizations to identify and tackle the major 
diseases that bring about significant economic losses to 
the sheep and goat industries. Limited development of 
disease surveys, investigation and diagnostic work, and 
lack of information on which to base sound extension 
in a range of production systems are aspects to be 
tackled before increased productivity is realized.

Nutritional constraints

As in other livestock systems, small ruminant produc
tion suffers from feed shortages at all levels. It is 
estimated that there is a 40% deficit in the national 
feed balance, which is aggravated by seasonal avail
ability of forage and crop residues in the highlands and 
by erratic rainfall in the lowlands.

Natural grazing lands have poor productivity, and 
fanners have little experience in growing animal fod
der. Active involvement of the farmers in Harerge 
provides evidence that forage development programs 
could work positively towards alleviating feed shortag
es in the highlands. Communal land tenure and grazing 
systems currently operating are disincentives to indi- 
vidup’a or groups to institute measures such as fencing 
and controlled grazing for better land utilization. 
These constraints would become more significant in 
situations involving substantial investment for forage 
development or where large areas of improved perma
nent pasture were to be established (MOA 1984).

There is an absence of comprehensive feed invento
ries that could provide quantitative information on all 
crop residues, agro-industrial by-products, and non- 
conventional feed resources available throughout the 
year. These feed resources could then be used more 
widely and beneficially on farms, provided that there 
are also more concerted demonstration feeding trials ^ 
and intensified extension services to provide appropri
ate feeding packages for the farmers.

Institutional constraints

Lack of a national plant which could serve as a guide
line for small ruminant research and development is 
considered to be a major constraint on the national 
sheep and goat industries. Furthermore, national insti
tutions involved in research development and teaching 
are not provided with the necessary forum to coordi
nate the planning and implementation of problem- 
oriented research. Research undertakings and findings 
are, therefore, fragmented and isolated from the devel
opment process. These shortcomings can and should 
be eliminated by forming a representative national 
small ruminant team which will first formulate an 
integrated plan for national development based on an 
exhaustive examination of all information currently 
available and then continue to coordinate an ongoing 
national research and development program.

Insufficiency of trained personnel is another con
straint against the whole livestock production system. 
There are too few people trained and experienced in 
planning and implementing small ruminant research 
and development and these few tend to be overbur
dened with bureaucratic responsibilities. An expanded 
national sheep and goat program will not be possible
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without additional staff recruitment and training.
Agencies providing stock, credit, technology trans

fer and production inputs need to be developed further 
to support an increase in small ruminant production.

PROSPECTS FOR INCREASING 
PRODUCTION

Bio l o g ic a l  Pr o s p e c t s

The importance of improving animal health and in
creasing feed resources as the primary means of in
creasing small ruminant production cannot be overem
phasized. These aspects are being covered in other 
papers and so are not discussed further here.

Another obvious means of increasing production at 
the national level is to increase the total small rumi
nant population. This might be achieved in the long 
term as prospects for increasing forage resources are 
realized. It is not considered appropriate for the pres
ent, however, since the most effective use of initial 
increases in forage resources would be to increase 
production from the existing population.

A further aspect which must be taken into account 
is the wide range of agro-environmental conditions 
under which Ethiopian small ruminants are maintained. 
Prospects for improvement are possibly greater in 
higher rainfall mixed farming systems than in semiarid 
rangeland systems though this may vary according to 
which particular aspect of improvement is being con
sidered. It is beyond the scope of this discussion, 
however, to consider prospects for improvement on a 
region-by-region basis.

A final preliminary point to be mentioned is that 
prospects for improvement can only be considered in 
relation to existing information. Knowledge of regional 
variation in the productivity of farmers' flocks and 
herds is incomplete, and the production potential of 
many Ethiopian small ruminant breeds has not yet 
been assessed. Further information on, for example, 
supposedly high-producing Bonga or Gesha sheep in 
the southwest, wooled sheep with high twinning rates 
in the southern highlands, or high milk-producing 
Shukria goats in the north could well affect perceived 
prospects for increased national productivity.

With these points in mind but without considering 
them further, we turn to general prospects for increas
ing the production of small ruminants for meat, skins, 
milk, and wool. The scarcity of information concern
ing the Ethiopian livestock industry, however, makes 
it difficult to plan policy, programs and projects lead
ing to such increases.

Meat production

Potential increases in meat production from the present

small ruminant population could be achieved by in
creasing the annual offtake rate, or increasing the 
carcass weight of animals slaughtered, or combining 
both.

Increasing the annual offtake rate. Assuming that 
just under one half of a static small ruminant popula
tion comprises breeding females, which have an annual 
mortality rate of 20%, then the estimated annual 
offtakes of 33% from sheep and 38% from goats 
represent annual reproductive rates (viable progeny 
produced per 100 breeding females per year) of around 
80% for sheep and 90% for goats. These estimates 
compare reasonably with world figures for extensive 
small ruminant production under poor environmental 
conditions. However, the 120% and 130% annual 
reproductive rates which have been recorded from 
intensively managed Horo and Menz ewes respectively 
indicate that there are good prospects for increasing 
reproductive rates in at least some regions.

Reproductive rates are a function of age at first 
breeding, conception, embryo mortality, twinning rate, 
mating frequency, and progeny mortality.

Age at first breeding. At least two indigenous 
breeds, Menz and Horo, are capable of mating suc
cessfully at yearling age. Early breeding can, however, 
be limited by poor nutrition and disease or parasite 
burdens, which restrict early growth as well; subse
quent reproduction may be affected adversely if feed 
resources are insufficient to meet the dual demands of 
continuing growth of the immature dam and the in
creased nutrient requirements of the first pregnancy 
and lactation. Thus prospects for increasing repro
ductive rates by exploiting the capability for early 
breeding will largely depend on the development of 
improved management systems.

Conception. Little information is available on con
ception rates, and prospects for improvement are thus 
a matter of conjecture. Population statistics show that 
there are a sufficient number of mature males to ade
quately mate the breeding female population. Severe 
undernutrition of the breeding females can inhibit 
conception; though this may be a seasonal problem in 
some areas, it would not limit annual conception rates 
except perhaps during periods of extended drought. 
Thus there is no reason to suspect widespread prob
lems with conception that would show prospects for 
large improvements in reproductive rates.

Embryo mortality. The degree of embryo mortality 
in Ethiopian small ruminants is again an unknown 
factor. Management generally has little effect on the 
maintenance of pregnancy, and there is no reason to 
suspect that embryo mortality is a particular problem 
in Ethiopian flocks and herds. Apart from the control 
of abortion-inducing diseases, which occur from time 
to time, there is little prospect of increasing reproduc
tive rates by reducing embryo mortality.
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Twinning rate. Menz, Adal, and Black Head Somali 
sheep have twinning rates of only about 5 %, and there 
are apparent prospects here for increasing reproductive 
rates through increased twinning rates. Although 
twinning rate has a relatively low heritability, if it was 
advantageous to the population it might be expected to 
increase slowly through natural selection. However, 
favorable environments are needed to counteract the 
propensity for high mortality and slow growth in 
twinbom progeny, and the continuing low-twinning 
rates of the breeds mentioned above could, therefore, 
be a reflection of the harsh environments in which 
they are maintained. Prospects for increasing repro
ductive rates in these breeds by increasing their twin
ning rates would probably depend on prior or con
current improvement in health and nutritional manage
ment.

There is no need to consider the introduction of 
exotic genotypes to increase twinning rates if the 
necessary management improvements can be devel
oped. At least one indigenous breed, the Horo, has a 
twinning rate of between 30% and 50%, which is high 
enough for all but the most sophisticated intensive 
management systems, and it seems to be appropriate to 
Ethiopian development in the immediate future.

The only information available on indigenous goats 
is the 10%-30% twinning rate recorded in the Adal 
breed. As a generalization, which, of course, has its 
exceptions, twinning is relatively common in goats. 
For instance it is possible that the higher national 
offtake estimates for goats in relation to sheep are 
largely a reflection of their higher twinning rate. 
Therefore the prospects for increasing reproductive 
rates in goats by increasing their twinning rates are not 
much, particularly since the majority of goats are 
maintained in the lowlands where the potential for 
management improvements is limited.

Mating frequency. Seasonally polyestrous temperate 
sheep and goat breeds are restricted to seasonal breed
ing because of fluctuating day length. Many tropical 
breeds, on the other hand, are able to breed through
out the year; at least two Ethiopian sheep breeds, 
Menz and Horo, have a demonstrated capability of 
breeding regularly at approximately 8-month intervals. 
The expression of this capability was the main contrib
utor to the high reproductive rates referred to earlier 
in these two breeds.

It is not clear whether goats and lowland sheep 
breeds are able to breed regularly at less than annual 
intervals. Even if such a capability exists, it may not 
be productive to exploit it under harsh rangeland 
conditions. The seasonal availability fluctuations in 
forage are also potential problems in the better produc
ing highlands. Nevertheless, the development of man
agement systems that can exploit the capability for 
frequent breeding in highland sheep seems to be a

major prospect for increasing reproductive rates.
Progeny mortality. Mortality in young sheep and 

goats can be reduced to as little as 5% in intensive 
management systems. But a more realistic expectation 
for extensive management ranges between 10% and 
20%. Estimates recorded in indigenous breeds vary 
from 12% in Menz sheep to 27% in Adal goats and 
32% in Horo sheep. These estimates from research 
stations are not a reliable indication of mortality in the 
farmers’ flocks and herds. Mortality is influenced 
markedly by genotype, management and environment. 
Therefore, prospects for increasing reproductive rates 
through reduced progeny mortality, and the means by 
which it might be achieved, are likely to show consid
erable local and regional variation.

Increasing slaughter weights: the existing geno
types. The average body weight of small ruminants at 
slaughter age is only about 20 kg, whereas the mature 
male body weights of even the smallest indigenous 
breeds are 30 kg or more. This fact indicates that 
national meat production could be increased substan
tially by growing the existing animals to higher body 
weights before they are slaughtered.

Increases in body weight from around 20 kg to 30 
kg over a short period of intensive concentrate feeding 
have been achieved experimentally. This potential 
needs to be realized through applied regional research 
programs, which will develop simple concentrate ra
tions based on locally available materials that can be 
used profitably by farmers to rear their animals to 
greater body weights before slaughter. At the same 
time, the development of legume-based forages and 
pastures and improved utilization of legume grain crop 
residues should be investigated as a potentially cheaper 
means of fattening than concentrate feeding.

Although there are obvious problems of available 
feed resources and possible reluctance of producers or 
consumers to marketing heavier animals, the prospects 
for increasing national meat production from heavier 
slaughter weights are considerable.

Improved genotypes. Slaughter weight could be in
creased by developing larger and faster growing geno
types, either by selection within indigenous breeds or 
by crossbreeding. This, however, should be ap
proached with caution when the available feed resourc
es are limited. Certainly, faster growing animals are 
more efficient than slower growing animals because 
they use proportionally more of their intake for body 
weight gain than for maintenance. This advantage may 
be lost, however, if the quantity or quality of the 
available feed is insufficient to support a greater gene
tic potential for growth. Further, faster body weight 
gain is often associated with greater mature body size, 
and this requires increased feed resources for the 
maintenance of adult breeding animals. Prospects for 
increasing slaughter weights form improved genotypes
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are thus dependent on the development of improved 
feed resources.

Ethiopia has at least one first-rate sheep breed for 
meat production, the Horo. It can breed at an early 
age and at frequent intervals and has a high twinning 
rate. Mature body weights of around 35 kg for ewes 
and 40-50 kg for rams are already reasonable and, in 
view of the high heritability of mature body weight in 
most animals, could almost certainly be increased by 
selection within the breed if this was required. There 
are possibly other suitable indigenous breeds which 
have not yet been evaluated. Thus, there are good 
prospects for increasing slaughter weights from im
proved genotypes, at least in the highlands, where the 
prospects for improving feed resources are also seen 
to be good.

Indigenous goat breeds are not well characterized, 
and prospects for increasing slaughter weights of 
improved genotypes are difficult to assess. However, 
the points already mentioned about the need for in
creased feed resources for improved genotypes are 
particularly relevant. The present level of goat meat 
production is sustained without substantial management 
inputs, and the capability of the existing genotypes to 
survive on poor-quality roughage and browse which 
will not support cattle or sheep is an important attrib
ute in times of feed scarcity or drought. The rearing of 
more productive goats, either by selection within 
indigenous breeds or by crossbreeding with exotics, is 
likely to diminish these advantages because of the 
requirements of higher producing genotypes for greater 
management inputs and feed resources. The prospects 
for doing this in lowland environments, where the 
majority of goats are maintained, appear to be limited.

Skin production

Sheep and goat skins are valuable export commodities. 
Nevertheless, they are only by-products o f slaughtered 
animals, and therefore prospects for increasing pro
duction are limited.

There are, however, prospects for improving skin 
quality. Some 50% of processed skins are said to be 
downgraded because of defects incurred mainly before 
slaughter. Protection of skin quality might be incorpo
rated into improved management systems that are 
developed primarily for other aspgcts of small rumi
nant production. On the opposite side, the suggestion 
that crossbred skins are of inferior quality to indige
nous purebred skins should be noted as a possible 
disadvantage in breed development programs.

Milk production

Sheep milk is rarely used for human consumption.

Goat milk, on the other hand, although not consumed 
by the majority of the population in the central high
lands, is important to lowland pastoralists and to agri
culturalists in parts of the Rift Valley and the eastern 
highlands. It is of particular value, both as a source of 
income and as a high-quality supplement to the family 
diet, to poor smallholders who have neither the capital 
nor the physical resources to purchase and maintain 
large ruminants.

The Shukria goat of northern Ethiopia is reported 
to produce up to 1 kg of milk per day. Average daily 
milk yields reported in other indigenous breed are 
commonly only from 0.2 kg to 0.4 kg. This shows 
considerable prospects for improvement. The inputs 
required are, however, also considerable. Selection for 
increased milk production from such a low level in the 
base population would take a long time to achieve 
appreciable results; so crossbreeding with high-yield
ing genotypes is the only feasible approach, although 
this in itself would not be sufficient. In view of the 
disease and parasite problems encountered in earlier 
dairy goat crossbreeding programs, increased veteri
nary inputs need to be an integral part of milk produc
tion development. Because milk production in high- 
yielding animals is so sensitive to nutrient intake, im
proved feed resources would also be essential.

Woof production

Wool production in Ethiopia should be more than a 
by-product of meat production. However, the country 
is at present an importer of wool or of raw materials 
for textile manufacture that could be replaced by wool. 
This situation gives a justifiable reason for developing 
wool production among the 3-4 million wool-bearing 
sheep in the highland regions where wool is already 
recognized as a usable product. Although it is not an 
immediate aim, the potential of wool as a source of 
income through export should not be ignored. If the 
present population of wool-bearing sheep in the high
lands were adapted to Corriedales and not local types, 
their annual wool production at current world prices 
would have an export value in excess of USD 50 
million.

Prospects for increasing wool production in the 
temperate highlands are good. Two hardy, dual-pur
pose, meat- and wool-producing exotic breeds, the 
carpet-wooled Awassi and the apparel-wooled Cor- 
riedale, have already been introduced into the country 
and have shown preliminary evidence of increased 
meat and wool production in the highlands. They have 
the potential to increase ̂ annual wool production per 
sheep from the current level of around 0.4 kg in 
indigenous sheep to 2-4 kg depending on the level of 
crossbreeding that the environment can sustain.
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P h y s i c a l  P r o s p e c t s  

National coordination

There is already a high degree of collaboration among 
individual small ruminant specialists from different 
national institutions. In the hear future, it is expected 
that this collaboration will further develop into an 
officially recognized national coordinating team when 
small ruminants are given national commodity status. 
It will then be possible to promulgate a national devel
opment policy and coordinate a national program so 
that limited and fragmented resources can be utilized 
to maximum effect.

Workforce

The number of the small ruminant workforce is in
creasing, but not uniformly. For example, IAR has 
now allocated eight scientists with various levels of 
training to the small ruminant program. ILCA, with a 
responsibility extending beyond Ethiopia, has around 
12 scientists committed to small ruminant develop
ment. There is little cause for concern here. On the 
other hand, MOA and MSFD have small ruminant 
expansion programs planned or in progress with seem
ingly insufficient numbers of trained scientific staff. At 
present, there are few fully trained persons to provide 
effective on-the-job training. Sending staff abroad for 
postgraduate training is only a stopgap solution. The 
situation is likely to remain unsatisfactory until AUA 
is able to develop a specialized MSc program devoted 
exclusively to small ruminant production.

Infrastructure

Facilities for small ruminant development have in
creased substantially over the past few years. The 
major ones are the development of IAR’s sheep station 
at Sheno, the increasing concentration on sheep pro
duction at ILCA’s Debre Berhan station, the new 
MOA sheep stations in Bale, Welega, Welo and 
Gojam, and an expanded goat program at Adami Tulu 
by IAR. Provided that these facilities are adequately 
staffed and funded, future prospects in this sphere will 
be good.

The infrastructure for transfer of technology is 
poor. More emphasis must be given to on-farm verifi
cation and development work, with particular attention 
to integration with the whole farming system and ex
panding and training the extension staff. The newly 
developing facilities mentioned above must have active 
on-farm involvement in integrated management, veteri
nary, and feed improvement programs if the full 
potential for increasing national small ruminant pro
duction is to be realized.
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INTRODUCTION

Among the serious constraints to livestock production 
in Ethiopia is the high prevalence of various diseases, 
mainly of viral, bacterial, and parasitic origin. In 
Ethiopia, where farm animals are kept on pasture 
throughout the year and climatic conditions are favor
able for the development .and survival of infective 
stages or vectors, helminth parasites are recognized as 
a major cause of economic loss. Although vaccines are 
available for most viral and bacterial diseases, en
abling the undertaking of preventive measures, the 
control of parasitic diseases has made little progress.

The loss caused by parasitic diseases is often under
estimated, primarily because of the absence of climatic 
signs in comparison with most viral and bacterial 
diseases.

Research work conducted in the past by many para
sitologists has confirmed the negative impact of clini
cal as well as subclinical parasitism on animal produc
tion and productivity.

The limited data available on parasitic diseases of 
ruminants in Ethiopia have also indicated a negative 
impact. The fact that there is fragmentary or no infor
mation on most helminth diseases adds to the short
comings involved in making an exhaustive assessment 
on the subject. Hence, the objective of this paper is to 
provide a general picture of helminthiasis of ruminants 
in Ethiopia with due emphasis on epidemiology, pro
duction impact, and control.

EPIDEMIOLOGY OF HELMINTH PARASITES

Detailed epidemiological studies should be made to 
assess the total animal health condition and to incorpo
rate effective preventive measures. Lack of such epi
demiological baseline data prevents researchers and 
animal health workers from fully assessing the spread 
of animal diseases and their vectors, and this, in turn, 
delays the disease control program.

Diseases caused by helminths can be grouped into 
three major categories:

Diseases caused by trematodes
• fascioliasis
■ paramphistomiasis
• schistosomiasis
Diseases caused by nematodes
• gastrointestinal strongylosis
• pulmonary strongylosis
• filariasis (tissue strongylosis)
Diseases caused by cestodes
• diseases caused by adult cestodes
• diseases caused by larval forms of cestodes

Generally, ruminants are affected to a high degree 
by all these parasitic problems. Major factors that 
contribute to the multiplication and sustainability of 
parasites are climate, ecology, and system of animal 
production.

D is e a s e s  C a u s e d  by  T r e m a t o d e s

Fascioliasis is caused by infection inflicted by Fasciola 
spp. Fasciola hepatica is a species mainly associated 
with temperate areas, but it is also prevalent in eastern 
and southern Africa. Its distribution is closely linked 
with the presence of its intermediate hosts. Two snail 
species, the amphibian Limnea trancatula and the 
aquatic Limnea natalensis, are recognized as serving 
as the intermediate hosts for Fasciola hepatica and 
Fasciola gigantica respectively. Other snail species 
may also serve as intermediate hosts of Fasciola spp., 
but this needs further investigation.

It is indicated (Graber 1973) that F. hepatica is 
found alone in altitudes between 1800 m and 2000 m 
and in association with F. gigantica between 1200 m 
and 1800 m, whereas only F. gigantica is found below 
1200 m. Fascioliasis is a problem throughout Ethiopia 
at various degrees of intensity. Preliminary surveys 
conducted earlier by many research workers showed 
that about 8% of the cattle population in Eritrea was 
infected with fascioliasis. Higher infection rates were 
recorded in other parts of the country: 53% in Wo- 
laita; 36% in Asela; 90% in Shewa, Welo, Gojam and
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Gonder; and 30% in the Borena area. The average 
infection rate recorded at the Dire Dawa abattoir was 
16.3%. Most of these figures are somewhat exagger
ated as the survey techniques used by Graber are 
controversial.

Incidence of fascioliasis increases during the wet 
season, and the disease occurs mainly around springs, 
water ponds, and riverbanks during the dry season. 
This situation is related to the multiplication and 
colonization of larger and smaller areas by snail inter
mediate hosts in which the development of Fasciola 
spp. takes place. Floods from highland areas carry 
infected snails to the lowlands where they shed cercar- 
iae. This is a very likely source of infection with F. 
hepatica in lowland areas.

Paramphistomiasis is the infestation o f the digestive 
tract of livestock by various species o f Paramphisto- 
mum which affect small and large ruminants. Adult 
parasites attached to the mucosal membrane of rumen 
and reticulum cause no serious damage but the imma
ture stages can produce severe lesions in the small 
intestine.

Schistosomiasis is infection caused by different 
species of Schistosoma. Schistosomiasis or bilharzia is 
of public health importance. It has been found in 
ruminants in Adwa, Lake Tana areas, Ziway, and in 
the irrigated areas of the Awash Valley. Molluscs of 
the Bulinus group serve as intermediate hosts of Par- 
amphistomum and Schistosoma.

The two most important animal schistosomes in 
Africa are Schistosoma bovis, commonly found in 
cattle and sheep, and S. matheei, normally parasitic in 
sheep. S. bovis, with wider distribution, has been re
corded in Ethiopia only in slaughterhouses; postmor
tem examinations have been conducted in 10 adminis
trative regions (Lo and Aklilu 1975, Graber 1975, 
Yasuraoka 1973).

D is e a s e s  C a u s e d  by N e m a t o d e s

Gastrointestinal strongylosis is the infection caused by 
many species of strongyles, commonly known as red 
worms. Various species of this group affect the ab
omasum, the small and large intestine of ruminants. 
Haemonchus and Trichostrongylus spp. are found 
widely spread throughout Ethiopia. Other species such 
as Bunostomum, Cooperia, Oesophagostomum, Cha- 
bertia, and Trichuris are also prevalent in many areas. 
Incidence of ascaridiasis in calves is very high in the 
western part of the country where the climate is hu
mid.

Gastrointestinal parasites are also found in drier 
areas such as Jijiga and Yabelo and in other lowland 
areas of the country. The peak incidence of these 
parasites is during the rainy season. The shortage of 
feed that usually occurs during the dry season renders

animals more susceptible to parasitic infections.
Although it is mainly the young animals that are at 

risk, some research workers have recorded a high 
level of infection in older animals as well.

Pulmonary strongylosis is a verminous bronchitis 
caused primarily by Dictyocaulus spp. in domestic 
ruminants. Protostrongylus and Muellerius spp. infect 
sheep and goats and are found in some highland re
gions of Ethiopia. Dictyocaulus viviporus was recorded 
in some areas of Tigray and Welo administrative re
gions. The infection rate in these localities ranged 
approximately from 6% to 18%. Dictyocaulus filaria , 
the common lung worm of sheep, is found widely 
spread in highland regions.

Filariasis (tissue strongylosis) is the infection 
cause i by different species of filarial worms. The 
predilection site of these worms is the tissue of differ
ent organs where the female worm develops and gives 
birth to microfilaria. Filarial cases have been reported 
from Eritrea, Shewa, Tigray, Harerge and Welo. 
Geographical distribution of filariasis could even be 
greater than that presented here if investigation was 
done in the western region of Ethiopia, where the 
climate is conducive to the multiplication of interme
diate hosts of these parasites. Thelaria, Onchocerca 
and Parafilaria spp. are some of the common filarial 
worms recorded.

D isea se s  C a u s e d  by C e s t o d e s

Cestodiasis is the infection caused by adult tapeworms 
belonging to the group Anoplocephalidae. The tape
worms with their intermediate hosts (oribatid mites) 
are widely spread throughout Ethiopia. Infections are 
common in the young of both large and small rumi
nants. It has been indicated (Bergeon 1972) that most 
prevalent cestodes in large ruminants were Moniezia 
spp. and in small ruminants the Thysanosomae group 
such as Avitellina and Stilesia were predominant. .

Cysticercosis is the infection caused by larval forms 
of the group Taenidae. The muscles and parenchymatic 
organs of large and small ruminants are affected by 
various species of tapeworm cysts. Reports from 
different slaughterhouses indicate that the infection rate 
of cysticercosis ranges from 20% to 30%. The same 
figure was also reported for hydatidosis. The habit of 
eating raw meat and unsanitary waste and offal dispos
al in the rural and even in some urban areas makes the 
dissemination of tapeworm infection rampant.

ECONOMIC IMPACT OF HELMINTH  
PARASITES IN RUMINANTS

Economic losses result from mortality, morbidity, 
lower meat/milk yields, reduced wool/hair growth, 
poor reproductive efficiency and work performance,
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condemnation of affected organs and carcasses, as well 
as the cost of treatment whether met by the fanner or 
by the government.

In Ethiopia, as in many developing countries, the 
magnitude of the direct and indirect productive impact 
has not been fully recognized nationally, though frag
mentary abattoir studies and epidemiological surveys 
in some administrative regions have come out with 
rough estimates.

Failure to precisely measure the impact of helminth 
parasites on the national economy is primarily because 
of the following factors:

a) Helminth parasites usually cause chronic diseas
es expressed by a cumulative morbidity, with in
creasing mortality after years of infection

b) Complex infections are being seen in most areas, 
where other parasitic and microbial diseases are 
not only involved but also feed shortages and 
drought, and assessing animal health and the 
economic impact of helminth parasites has be
come difficult

c) Standard methodology for comprehensive and 
reliable measurement of their economic impact 
on an individual or a national basis is lacking

d) Awareness of the effects of parasitism on the 
natural economy is lacking

Despite these difficulties, there are indications that 
a large parasitic population, showing a definite season
al pattern, exists and helminth parasites have long been 
recognized as major factors that affect animal produc
tion in tropical countries. In Ethiopia a rough estimate 
indicates that there is an annual economic loss of over 
'ETB 700 million as a result of parasitic infection. 
Based on common production parameters, over ETB 
200 million is lost annually due to bovine fascioliasis.

These limited studies indicate the economic impor
tance of parasitic diseases, which constrain many 
farmers from utilizing the potential of their animals 
fully and generally affect the nation’s enormous animal 
resource.

However, it is preferable to seek a logical series of 
important consequences rather than to give an exhaus
tive account of the different helminth parasites and 
their various effects on the whole productivity or on 
the national economy.

It has been experimentally shown that helminth 
parasites severely limit animal performance even in the 
absence of clinical signs. These losses include:

Bo d y  W e ig h t  Lo s s

The most serious production impact of helminth para
sites is loss of both live and carcass weight. It has 
been shown that parasitized animals can lose between

30% and 50% or even more of their liveweight. This 
results partly from some of the following factors.

Reduction in the voluntary food intake or lack of 
appetite

A general feature of many infections with gastrointesti
nal parasites is the loss of appetite. The effect may 
range from a progressive decrease in chronic infections 
to almost complete anorexia in acute diseases. Reduc
tion in food intake limits growth rate, because of the 
need for a large energy component that is required for 
maintenance.

Fat deposition is reduced as a result of reduction in 
food intake, a reduction of between 30% and 50% in 
the gross efficiency of utilizing metabolizable energy 
for growth.

Decreased efficiency of feed utilization

It has been experimentally shown, by comparing the 
infected and worm-free animals, that there is a de
crease in efficiency of feed utilization in the parasit
ized animals. Apparent digestibility of N can be low
ered by 25%. Another common feature is an increase 
in urinary excretion of N. Nitrogen is an important 
element and its lowered retention is often reflected in 
decreased deposition of protein.

La c k  o f  M in e r a ls  fo r  G r o w t h

Adequate skeletal growth is essential for better animal 
production as the size of the skeleton partly determines 
the amount of muscle deposited. It has been recog
nized that the rate of mineral deposition in the skeleton 
of parasitized animals decreases, and there is also 
evidence that the absorption of minerals from the 
intestine is impaired.

Re d u c t io n  o f  Energ y

Apart from lack of appetite, the major factor that 
reduces the performance of animals is a reduction in 
the utilization efficiency of digested energy that could 
have easily been used for growth and power. All the 
above factors severely hinder meat/milk, wool/hair, 
and p ow er production.

Parasites also affect organs and tissues in which 
adults or developmental stages are residing. This 
results in partial or total contamination of organs and 
carcass.

Since helminth parasites share nutrients, their para
sitic effects become immense when nutrition is poor. 
It is therefore necessary to have a higher level of 
nutrition to enable animals to withstand infections. 

Animals with higher levels of nutrition and better
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body condition can resist infections, because resistance 
increases with the availability of good pasture.

Low Re p r o d u c t iv e  Eff ic ie n c y

All factors mentioned above that affect the perfor
mance of animals also affect their reproductive perfor
mance. It has also been shown that impaired endocrine 
function is one of the changes induced by parasites in 
the physiology.

Lack of systematic economic impact and cost-bene- 
fit analysis in Ethiopia becomes a constraint against a 
comprehensive and quantitative evaluation of the 
subject at this moment. Nevertheless, it is believed 
that the existing data on abattoir surveys and animal 
movements, epidemiological studies, and understand
ing parasitic effects on hosts can indicate the nature 
and extent of the problem and provide animal health 
workers and policymakers with useful information.

CONTROL OF HELMINTH PARASITES 

G en er al

Approaches to helminth control vary depending on the 
species of parasite, type of livestock, and livestock 
management practices. There are, however, certain 
basic and universally applied principles. So, a thor
ough understanding of these principles is essential to 
design and implement a parasite control program.

Ep id e m io l o g ic a l  C o n s id e r a t io n s

Records of clinical cases from various veterinary 
clinics and investigations conducted so far indicate that 
helminth parasites are quite prevalent in Ethiopia. This 
general information needs to be supplemented with 
more specific data to formulate efficient helminth 
control programs in the different regions of the coun
try. An important epidemiological aspect for control is 
the availability of data on the distribution of diseases.

Ecological and climatological data can also give 
valuable hints on parasite distribution. For instance, 
the presence of aquatic landscapes suggests the exis
tence of snail vectors and consequent fluke infestation.

Other epidemiological information such as the mode 
of transmission and seasonal fluctuation of diseases is 
very helpful in determining where and when to make 
control interventions. A veterinarian in charge of 
certain regions needs basic epidemiological data to 
advise stock owners on management practices and 
chemotherapeutic interventions required to minimize 
the impact of parasites.

Nationally information such as this becomes essen
tial in setting up priorities in designing national control 
strategies.

Fo r m u l a t io n  o f  S tr a t e g ie s

Once there are basic epidemiological data on a certain 
parasitic disease, it is possible to formulate short- and 
long-term control strategies. For parasites requiring 
vectors for transmission, a decision has to be made as 
to whether intervention should focus on the vector or 
on the parasite. Measurements directed against the 
parasite usually find immediate application; in most 
cases vector control is integrated in long-term pro
grams. Helminth control, therefore, could combine 
control of vector, parasite, and introduction of new 
husbandry practices known to minimize host parasite 
contact.

C h e m o t h e r a p y

Currently, a number of anthelmintic drugs are avail
able in the world market. These drugs have a wide 
range of activities and can be selected as effective 
drugs against different categories of parasites. The 
most appropriate drug, according to the cases and with 
accurate diagnosis, can be prescribed by a veterinary 
professional. But in most cases, a broad-spectrum ant
helmintic, though expensive, is the choice of most 
veterinarians irrespective of laboratory findings; these 
practices should be discouraged as far as possible. In 
areas where gastrointestinal nematodes or only flukes 
are problems, it is a waste to use a broad-spectrum 
anthelmintic. However, under Ethiopian field condi
tions the choice is mostly dictated by availability. 
Annually, the Veterinary Service Department imports 
anthelmintic drugs amounting, on the average, to 
1-1.5 million cattle doses. These by no means reflect 
the national demand for such products, and a continual 
shortage of anthelmintic drugs is experienced.

RECOMMENDATIONS

The availability of conventional anthelmintic drugs is 
becoming increasingly unreliable and the price of such 
drugs is continually escalating. Alternative approaches 
that would supplement our national capability to deal 
with the problem of the current deficiency in the use 
of anthelmintic drugs should be explored.

Ex p a n d e d  U se o f  T r a d it io n a l  H erbs

Herbal medicine is widely used in veterinary therapeu
tics in countries such as India and China. In Ethiopia 
different herbs have also been used from time imme
morial for treating human and animal ailments. In 
contrast with the Far East countries, herbal medicine 
has not been developed, especially in veterinary thera
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peutics. Some research works have been conducted in 
Ethiopia by expatriate and national professionals to 
identify and determine the efficacy of certain herbs in 
curing various livestock diseases. Among these, the 
most notable is the work done at the Institute of Patho- 
biology on the use of Phytolacca dodecandra, locally 
known as endod, in destroying snail infestation. Recent 
research work conducted at Asela regional veterinary 
laboratory has shown encouraging results on the use of 
Glynus lotoides, locally called metere, and Hagenia 
abbysinica, locally known as koso, against Moniezia 
parasites. Research in the area o f herbal medicine 
should be encouraged. It is also essential to make use 
of experiences of other countries in these areas to 
expand the use of traditional herbs to control parasitic 
and other diseases.

Introduction of Improved Husbandry 
T echniques

The problem of helminth parasites is more severe in 
the highland areas where the climate and the livestock 
management systems are more favorable for parasitic 
infestation.

Ancient methods such as rotation of grazing are 
very effective in breaking the life cycle o f the parasite 
and in controlling parasitism as well* Rotation of 
grazing can easily be applied in government ranches 
and in cooperative farms. However, because of the 
communal ownership of grazing lands, rotation of 
grazing is difficult to practice in the peasant private 
sector. Controlled hillside grazing and the introduction 
of the cut-and-carry system could contribute to the 
control of parasitism. The nutritional status of the host 
is a determining factor in the pathogenicity of parasitic 
infections. Livestock with a high level o f nutrition is 
less susceptible to parasitic infections. Supplementary 
feeds such as mineral licks, which are now being

produced in Awash town, are among other things 
useful to increase the host defence system and to 
minimize the impact of infection.

Most aged animals become resistant to parasitic 
infection; it is the young animals that are usually 
susceptible to internal parasites. Therefore, the atten
tion of the stock owner should focus on them.

Strict sanitary measures in slaughterhouses are vital 
in controlling parasitic diseases such as echinococcus, 
which is of major public health importance. In this 
respect, proper disposal of condemned organs and 
fencing of slaughterhouses should be given due consid
eration.

Last, but not the least, a continuing veterinary 
extension program should be initiated to make the 
stock owners aware of the economic and public health 
importance of parasitic diseases and of ways of con
trolling these diseases through chemotherapy and im
proved management practices.
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acceptability to farmers. Additional potential benefits 
are maintenance or improvement of soil fertility and 
decreased period required for a regenerative fallow.

Because of its widespread acceptance by farmers 
and its most convenient introduction to controlled 
utilization o f forage, developing backyard forage, 
particularly tree legumes and productive grasses such 
as elephant grass, is extremely important in any at
tempt to intensify livestock management systems.

STABILIZATION AND LIVESTOCK CONTROL

Promoting these forage development strategies, i.e. 
improving exclusion areas, establishing forage strips, 
undersowing, and practicing backyard forage, facilitate 
the successful withdrawal of livestock from degraded 
areas, which help their channeling become more con
trolled and much more productive. More significant
ly, it can facilitate long-term sustainability of crop
ping. But the range of strategies can be helpful only 
with a very close control of livestock movements.

The shift will be greatly assisted, initially, by 
linking profitable enterprises such as fattening and 
dairying with forage development and livestock con
trol. However, only a relatively small proportion of 
farmers will have access to profitable markets for milk 
and for fattened stock; a livestock program must reach 
far more widely than to only those farmers if the 
degradation issues are to be addressed seriously.

The crucial question is whether systems within 
farming communities in erosion-prone areas can be 
evolved quickly enough to effect and maintain the 
degree of livestock control that is central to sustainable 
agriculture. The answer to this, clearly, is NO,

To enable the control of livestock in degrading 
areas, particularly to enable the absolute exclusion of 
stock from severely eroding slopes, legislation should 
be set out. The components of such an approach are:

• Defining and delineating areas with serious erosion 
problems that are significantly attributable to the 
uncontrolled movement of livestock;

• Introducing programs to be undertaken in pilot 
areas with good prospects of success. Here, ade
quate supervision is available, alternative forage 
sources are available to effect the destocking of 
slopes, and the local community has a strong com
mitment to sustainable production;

• Assisting the community to levy penalty systems;
• Strengthening animal health support services.

The shift towards cut-and-carry management does 
not necessarily imply corraling; in fact, tethering in 
crop areas is strongly advocated owing to its benefits 
in terms of soil fertility and of more efficient labor 
utilization.

W HA T IS THE IMPACT?

The major effects of a shift to livestock control, forage 
development, and cut-and-carry feeding systems are 
the following:
• Livestock are shifted into a much more productive 

mode;
• The number o f livestock becomes more equitably 

distributed, with numbers per household roughly 
matched to labor availability;

• Unproductive stock are culled; a more rational herd 
structure develops, and there is a higher degree of 
specialization, similar, for example, to that of the 
flow of oxen from rangelands through the Harerge 
draft and fattening programs;

• There is a cost-effective utilization of surplus labor;
• Containment of soil erosion is effected through the 

revegetation of protected slopes and through protec
tion of erosion control mechanisms such as forage 
strips;

• More sustainable agroforestry systems can be rapid
ly introduced.

W HAT TO DO NEXT?

If the issues are as serious as claimed in this paper, it 
is obvious that a series of measures should be under
taken urgently. These measures include:
• Developing a more effective delivery mechanism, 

which must rely heavily on the mass media for the 
promotion of conservation-oriented packages;

• Absorbing appropriate conservation approaches 
used in mainstream rural development programs, 
including cropping, forestry, and livestock pro
grams;

• Shifting research emphasis towards systems of pro
duction and towards constraints to the adoption of 
potentially valuable systems;

• Paying attention to tree legumes;
• Emphasizing species and strategies with good pros

pects for spontaneous adoption or rapid natural 
spread;

• Establishing a forum to discuss a livestock control 
policy, and subsequently establishing a task force to 
plan and supervise the phased implementation of 
such a policy;

• Immediately introducing scattered pilot programs 
that can be effectively monitored and that can act as 
nuclei for the basis of subsequent expansion; it is 
imperative that these initial sites be adequately 
supported to ensure their success, and hence their 
usefulness in further demonstration.
All of us are responsible to attempt to bring for

ward sustainable production systems in the long run 
and to avert the catastrophe that is imminent.
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/ INTRODUCTION

Agriculture is the major source of income in Ethiopia. 
Animal production is an important sector of the agri
cultural system. The livestock population of Ethiopia, 
which is the largest in Africa, holds a prominent part 
of the country’s national wealth. However, livestock 
production in Ethiopia is characterized by low milk 
yield, low growth rates, extended calving or lambing 
intervals, relatively late age at maturity, etc. Many 
factors are responsible, among which nutrition holds 
the first place.

Natural grazing provides the predominant source of 
feed for ruminants in Ethiopia. Crop residues and 
agro-industrial by-products also represent a large 
amount of feed resources, most of which are underutil
ized. The very high growth rate of human population 
increases the pressure on the land for crop production, 
resulting in less and less land available for grazing and 
leading to an increased utilization o f crop residues as 
animals feed.

Ruminants can use these farm residues without any 
competition with humans for cereal grains. Moreover, 
where only the grain is used, the overall utilization 
efficiency of a crop such as maize is low. When only 
the grain is used for human consumption or for live
stock feed, only about 39% of the energy and 20% of 
the protein are utilized.

If optimal utilization of this resource can be 
achieved, considerable increase in animal production 
will follow, helping to reduce the acknowledged ani
mal protein deficit.

This paper assesses the availability and possibilities 
of and constraints to utilization and the work done in 
this direction on crop residues and agro-industrial by
products in Ethiopia.

CROP RESIDUES

A v a il a b il it y

There have been no studies on the availability of crop 
residues in relation to their potential for feeding live
stock in Ethiopia. The availability of crop residues is 
closely related to the farming system, the crop pro
duced, and the intensity of cultivation (Kossila 1988).

Yearly estimates of crop residues produced in

Table 1. National estimates of crop residues produced
per annum (7 years’ average, 1979/86)

Residue Factor*
Quantity6 
(million t 

DM)
Pulse 1.0 0.76
Wheat 0.8 0.56
Barley 1-2f 1.16
Maize 2.0 2.87
Sorghum 3.0 3.52
Millet 3.0 0.61
Oats 1.2 0.06
Tef 1.0C 1.17
Total ? 10.71

Sources: "adapted from Nordbloom (1988); bdata on crop yields 
for 1979/86 (Central Statistics Office 1987) were multiplied by 
the factors to derive these values; 
c estimate of UNDP/FAO (1984)

DM = dry matter

Ethiopia are shown in Table 1. Tef, wheat and barley 
straws are the major residues used in the highlands 
while residues of maize and sorghum form the bulk in 
the lowland areas. Many Ethiopian farmers regularly 
conserve crop residues for use during the dry season 
as the sole feedstuff for animals.

Availability of crop residues in relation to livestock 
distribution is shown in Table 2. It can be seen in this 
table that, of the annual production of crop residues, 
22% is produced in the central zone (Shewa) where y 
some 20% of the ruminant population is found. How
ever, comparisons o f availability of fibrous crop 
residues per livestock unit should be interpreted with 
care because great differences exist, among ruminants 
in their feeding behavior and nutritional physiology 
(Van Soest 1982).

Owing to the lack o f statistics, it is difficult to give 
a percentage breakdown on the utilization. However, 
it is fair to state that a good deal is wasted or de
stroyed, especially on large-scale farms. Crop residues 
are alternatively used for firewood, building material, 
land fertilization, etc. In the central zone (Shewa) 
about 63% of cereal straws is used as feed, and 7%, 
20%, and 10% are used for bedding, fuel, and house ' 
construction respectively (Zinash and Seyoum 1989). 

The common practice in utilizing crop residues is

57
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Table 2. Regional estimates of crop residues in relation to 
livestock population*

Region
Total crop 
residue1*
(t 106)°

AU
(106)c

Residue per 
AU per 
annum

Arsi 0.60 1.78 0.34
Bale 0.15 2.26 0.07
Eritrea 0.42 1.27 0.33
Gamo Gofa 0.18 1.13 1.16
Gojam 1.15 3.15 0.36
Gonder 0.84 1.96 0.43
Harerge 0.93 3.19 0.29
llubabor 0.67 0.77 0.87
Kefa 0 53 1.72 0.31
Shewa 2.41 7.04 0.34
Sidamo 0.34 3.45 0.10
Tigrai 0.40 2.57 0.16
Welega 0.95 2.31 0.41
Welo 1.12 2.99 0.37
Total 10.69 35.59 5.54

Source: •Animal Resources Development Department, Ministry of 
Agriculture, July 1982; b computed from grain yield data of 7 
years' average (CSO 1987) using conversion factors (Nord- 
bloom 1988)

c 1 AU (animal unit) = 1 cow, 5 sheep, or 5 goats (Nordbloom 
1988)

to feed them untreated in the long-dry form. As such, 
they are low in palatability, digestibility and intake 
when they are fed as the only roughage. Animals can 
hardly obtain subsistence levels of nutrients from them 
(Table 3). They are low in protein and energy and 
may also be deficient in important mineral nutrients.

Cell wall estimated as neutral detergent fiber ac
counts for as much as 80% of the dry matter in cereal 
crop residues and represents a large source of energy

for ruminants. However, the ability o f rumen microor
ganisms to digest cell wall polysaccharides (cellulose 
and hemicellulose) is limited by the presence o f pheno
lic and other aromatic compounds, generally referred 
to as lignin. The digestibility of the crop residues will 
be correlated with the nature and amount of phenolics 
associated with their cell walls and the influence of the 
environment on phenolics (Hartley 1981).

Table 4 presents average chemical composition and 
digestibility of crop residues. The primary nutritional 
limitations when crop residues are fed alone to rumi
nants can be summarized as follows:
• low in protein, energy and, mineral contents
• low and slow rate in total digestibility
• low intake

Other constraints

Crop residues are often left in the field or accumulated 
in places where the crop is threshed but far from 
where animals are kept. This means either the animals 
must be brought to the field or crop residues have to 
be transported to the animals. Transporting crop resi
dues, even over short distances, is difficult and uneco
nomic because of their bulky nature.

Production of crop residues is seasonal,’i.e. they 
are available in very large quantities right after harvest 
and they are not available during other periods.

They have other uses such as fuel and building 
materials (crop residues) and as exports (agro-industri
al by-products).

AGRO-INDUSTRIAL BY-PRODUCTS

Agro-industrial by-products (AIBPs) result from the 
processing of crops such as oilseeds, sugarcane, sisal, 
citrus and from slaughterhouses during the processing 
of livestock and fish.

Table 3. Energy and protein supply from an average quality straw when fed alone to 
ruminants8

Animal
LW
(kg)

DM intake 
{% LW)b

Nutrient
supply
energy
(Mj/day)

Protein
(kg/day)

Maintenance 
requirement 

Energy Protein

Sheep 15 3.0 3.7 0.024 3.0 0.036

25 2.6 5.4 0.034 4.3 0.053

35 2.4 7.0 0.044 5.6 0.068

Cattle 250 1.8 37.5 0.237 30.9 0.337

350 1.6 46.5 0.294 40.9 0.432

450 1.5 56.0 0.355 49.5 0.528
Source: “ Seyoum and Zinash (1989); b adapted from Kearl (1982) 
LW = live weight; DM = dry matter
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Table 4. Chemical composition, digestibility, and energy 
values of some crop residues

Chemical composition (%) In vitro
Residue CP NDF ADF Lig OMD(%)
Cereal 4.5 79.4 47.1 7.3
straw
Pulse 7.0 62.9 47.1 10.4
straw
Oil 5.4 66.3 56.2 10.9
crops
straw

Source: Seyoum and Zinash (1989)
C P  = c ru d e  p ro te in ;  N D F  =  n e u tra l d e te rg e n t f ib e r ;

ADF = acid detergent fiber; Lig = lignin;
O M D  = o rg a n ic  m a tte r  d ig e s t ib i l i ty

A v a il a b il it y

Table 5 shows annual availability of agro-industrial by
products in the country.

Most of the oilseed meal, meat and bone meal that 
could be used as protein supplements is not used 
locally. Of the total production of oilseed cakes only 
25% is locally used. Productivity of animals in the 
temperate regions is achieved expensively by import
ing quality feeds from tropical regions, which the can 
do because of their high purchasing power.

N u t r it iv e  V a l u e  o f  A g r o - in d u s t r ia l  
By - p r o d u c t s

The chemical composition and in vitro digestibility of 
some agro-industrial by-products is presented in Table
6. It can be seen from this table that the chemical 
composition of AIBPs in terms of their useful nutrients 
and digestibility is very good, suggesting that there is 
a potential for using these resources as supplementary 
feeds.

Data available on animal performance studies 
including or supplementing AIBPs also indicate that 
AIBPs are good sources of nutrients. Adnan (1988) 
indicated that brewers’ grains could be included in 
layer rations up to 40% of the total ration without 
having ill effects on production. Inclusion of brewers’ 
dried grains up to a level of 15% is possible in chick 
starter rations without any adverse effects on growth 
(Ali 1985).

Studies by Lockhart et al. (1971) also indicated that 
noug seedcake can be included in layer’s rations up to 
a level of 50% of the total ration. ILCA’s experience 
in the Ethiopian highlands also indicated using noug 
seedcake as a supplement can increase milk yield of 
crossbred cows by about 11 1/day. The extra milk 
yield obtained was reported to be economically very 
beneficial to the farmers (Little et al. 1987).

Table 5. Amounts of agro-industrial by-products in Ethiopia

AIBP
Production

M
Export
(t)

Local use 
(t) Balance Source

Molasses 51 000 29 000 5000 17 000 Ministry of 
Industry

Bagasse 300 000 0 300 000 300 000 Ministry of 
Industry

Milling by-product 48 000 0 48 240 0 Ministry of 
Industry

Oilseed meals 40 000 28 100 10 000 2400 Ministry of 
Industy

Brewers grains 5 970 0 5 970 0 FAO (1989)
Coffee pulp 30 000 0 0 30 000 O’Donovan

(1980)
Meat and bone meal 2 410 1 400 1000 0 Ethiop. Meat 

Corp.*
Bone meal 113 0 113 0 A.A. Municipality*
Blood meal 14 0 14 0 A.A. Municipality*
Grain screening

i ------------ .1____1— __---------

30 000 0 30 000 0 O'Donovan
(1980)



60 /  Alemu et al.

Table 6. Chemical composition of some agro-industrial by-products"
By-product DM EE Ash CP NDF CSM ADF Ug. Hemi. IVOMD(%)
Noug cake 93.2 7.5 12.7 37.7 33.7 66.3 25.8 7.5 7.9 68.9
Peanut cake 92.4 12.5 11.3 35.8 61.5 38.5 49.7 7.0 11.8 56.1
Sunflower cake 94.2 3.6 6.0 30.8 32.2 67.8 24.8 8.6 7.4 63.5
Wheat bran 93.4 4.6 4.4 18.8 53.1 46.9 8.3 - 44.8 88.9
Wheat middling 95.5 6.3 4.8 19.2 45.1 55.0 13.4 1.8 37.9 83.5

Source: Seyoum and Zinash (1989)
NDF = neutral detergent fiber; CSM = cell-soluble matter; DM = dry matter; ADF = acid detergent fiber; 
EE = ether extract; Lig = tignin; CP = crude protein; Hemi = hemicellulose;
IVOMD = In vitro organic matter digestibility 
* - expressed in dry matter

IMPROVEMENT OF CROP RESIDUE 
AND AIBP UTILIZATION

From the previous discussion on the potential feeding 
value of crop residues, it is evident that they are 
poorly utilized owing to their nutritional limitations. 
Various methods of intervention have been tested to 
overcome these limitations. These methods are sum
marized in Figure 1.

S ele c tio n

Variations in feeding value of straws between varieties 
were reported by different researchers (Jayasuriva and 
Perera 1982, Capper et al. 1988), and these differen
ces were attributed to variations in chemical composi
tion and digestibility of botanical fractions of the plant. 
The differences among varieties need to be explored 
by plant breeders, particularly in areas where crop 
residues are a large component of feeds fo r rum inants.

T r e a t m e n t s

Many treatment methods have been tested as a means 
of improving the feeding value of crop residues. Treat
ments to improve the biodegradation of fibrous materi
als can be classified into physical, chemical, physico
chemical and biological methods.

Physical treatment

Soaking. Contrasting results have been reported by 
various researchers concerning the nutritional signifi
cance of this treatment. Decreases in in vitro and 
nylon bag digestibilities of rice straw were reported by 
McManus and Choung (1976) as a result of soaking.

Ibrahim and Pearce (1982) using barley straw and 
pea straw or sunflower hulls reported decreases in both 
in vitro digestibility and cell soluble material. The 
available evidence indicates that soaking or wetting 
alone is unlikely to result in significant improvement 
in straw intake, and it is difficult to justify this type of

treatment in practical situations.
* Chopping. Chopping can reduce wastage and facili
tate feeding but it cannot alter the cell wall structure. 
There are conflicting views on the effects o f chopping 
to improve dry matter intake and digestibility.

Grinding and pelleting. Despite a depression in in 
vivo digestibility, digestible dry matter intake is usual
ly increased by grinding. There is no clear evidence 
that pelleting as such affects feeding value. Not only 
its technical feasibility but economic constraints re
strict the use of grinding or pelleting by small-scale 
farmers.

Chemical treatments. A number of chemicals have 
been tested for their ability to increase digestibility and 
voluntary intake. Sodium hydroxide treatment is most 
effective but its use by farmers is not feasible due to 
economic considerations, availability and side effects. 
Asian experience on the treatment of rice straw sug
gests that urea/ammonia treatment can be an immedi
ate alternative to sodium hydroxide.

A study by Solomon (1984) indicates that digestibil
ity and voluntary intake of dry matter, organic matter, 
crude protein, acid detergent fiber, neutral detergent 
fiber, cellulose, and hemicellulose was markedly 
elevated as a result of spraying sorghum panicles with 
4% fertilizer grade urea. Chemical treatment also has 
positive effects on animal productivity (Table 7).

Data generated so far also suggest that the addi
tional cost incurred by urea treatment could be paid 
back by extra production, especially of milk.

Biological treatments. Limited research has been 
directed towards the use o f bacteria, fungi or enzymes 
in upgrading the nutritive values of fibrous residues. 
Much of the work is centered on the use of wastes for 
production of a single cell protein to be used as a 
feedstuff for non-ruminants (Ibrahim 1981).

S u p p l e m e n t a t io n

The principal objective of supplementing crop residues 
is to overcome the nutritional limitations of these 
resources so that optimal animal productivity can be



Figure 1. Methods that have been tested to improve feeding value of crop residue (Ibrahim 1981)
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Tabls 7. Performance of zebu and Holstein x zebu cows 
on basal diets of untreated or 
ammonia-treated rice straw

Untreated Treated
Local -87 49
Crossbred -211 168
Milk yield
(kg/98 days)
Local 54 204
Crossbred 165 255

Table 8. Effects of supplementing tef straw with urea on 
feed intake, nutrient digestibility and rumen an»* 
monia concentration

Amounts of urea
Parameters (a/head per dav)

0 3
Feed intake
(g DM/day) 341 354

Apparent
digestibilities

DM 43 46.7
NDF 51.7 - 55.6
N 16.6 21.8

Rumen ammonia
concentration (%) 3.4 6.6

Source: Nuwanyakpa and Butterworth (1987)
DM = dry matter; NDF = neutral detergent fiber; N = nitrogen

Table 9. Effects of protein supplements on liveweight
gains of zebu bulls kept on a basal diet of maize
stover

Stover intake
Parameters Liveweight (kg/day per

(9/day) animal)

Basal diet -8 4.16

Cottonseed cake 154 4.12

Leucaena 236 3.25

Cottonseed cake.+
leucaena 325 3.70

Source: Wegad and Ndumbe (1987)

achieved. Supplementation is perhaps the best suited 
method of improving the utilization of crop residues 
by the small-scale farmer. A thorough investigation is 
required to decide the type and quantity of the supple
ments.

The supplements required for crop residues are 
divided into three groups, i.e., energy, protein and 
minerals.

••Protein supplements

Crop residues are generally low in protein and this 
retards microbial growth, thereby impeding degrada
tion of cell wall components. Adequate rumen micro
bial synthesis and activity can be attained if  a diet 
contains 11 %—14% crude protein or 2% N. According 
to Krebbs and Leng (1984), 15-20 m g/100 ml ruminal 
ammonia is required for optimal utilization of fibrous 
feeds. To obtain such levels of protein or ruminal 
ammonia, crop residues should be supplemented with 
sources of fermentable nitrogen (urea, poultry manure, 
or legume forage). For a high growth rate and produc
tion of milk, the demand for essential amino acid is 
higher than what can be produced by an optimized 
rumen fermentation; therefore supplements of by-pass 
protein (fish meal, oilseed cakes) are required.

Supplementing tef straw with urea was reported to 
increase feed intake, nutrient digestibility and rumen 
ammonia concentration (Nuwanyakpa and Butterworth 
1987). As shown in Table 8, the boost in rumen 
ammonia concentration resulting from addition of urea 
could have contributed to increase feed utilization.

Experience in Cameroon (Wegad and Ndumbe
1987) indicates that significant differences on weight 
gains of zebu bulls could be achieved when maize 
stover is supplemented with oilseed cakes and/or 
forage legumes (Table 9).

Energy supplements

In the absence of fermentable energy substratum and 
other exogenous nutrients, about 60% of the ruminal 
bacterial population and 30% of lysis die within 2 h 
because of starvation (Hespell 1979). It is, therefore, 
essential to supplement crop residues with readily fer
mentable carbohydrates such as molasses or concen
trates.

Advantages of readily fermentable carbohydrates 
could be achieved if, first, the nitrogen required for 
efficient microbial activity is ensured by a readily 
fermentable nitrogen source (Table 10).

High levels of concentrate feeding (in excess of
0.5% body weight) are detrimental to the intake of 
roughage and to cellulose digestibility. However, a 
ration based on untreated fibrous residues for produc
tive animals needs supplementation up to 50% of the 
ration dry matter (Table 11).

CONCLUSIONS

Crop residues when fed alone can only fulfill submain
tenance requirements for the ruminants; agro-industrial 
by-products have potential when used as supplementa
ry feed.
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Table 10. Effects of supplementing tef straw with urea, mo
lasses or molasses-urea on feed intake and 
nutrient digestibility ______

Supple
ment

Feed intake Apparent 
(a DM/dav) draestibiffties 

Total
Straw feed DM NDF N

Control 341 341 43.0 51.7 16.6
Urea 354 354 46.7 55.6 21.8
Molasses 326 393 40.8 37.3 15.1
Urea + N 354 428 53.1 53.1 37.6

Source: Nuwanyakpa and Butterworth (1987)
DM = dry matter; NDF = ineutral detergent fiber;
N = nitrogen

Table 11. Potential of crop residues for cattle fattening
with concentrates at 50% of the diet

Daily Daily Feed Cash
Roughage gain feed in- per kg per kg
Source <g) take LW LW

(kg) (ETB)
Tef straw 628 69.0 11.0 0.34
What straw 325 5.0 14.2 0.44
Oat straw 430 5.5 12.8 0.60
Oat silage 449 9.5 25.5 0.60
Maize stover 409 6.1 14.9 0.60
Maize cobs 541 7.4 13.7 0.42

Source: IAR (1976)
•- The concentrate supplement was composed of 20% molasses,

25% noug cake, 4% bone meal, and 1% salt.
L W  = liv p w e ig h t

Optimal utilization of these feeds require treatment 
and/or supplementation. Under the Ethiopian condi
tions, greater reliance should be placed on the use of 
agro-industrial by-products and forage legumes in 
supplementing low-quality feeds such as crop residues.

The supplementary values of agro-industrial by
products and legumes have to be studied first by using 
bioassay methods of evaluation. Dose response studies 
using the target animals would help to determine the 
optimum level of supplement and to develop a feeding 
package for the farmer.

On-farm diagnostic surveys and characterization of 
crop residues and agro-industrial by-products need spe
cial attention.

The use of forage legumes and browses to improve 
crop production and residue utilization needs to be 
studied.
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DEVELOPMENT OF ANIMAL FEED RESOURCES 
AND THE IMPORTANCE OF AGROFORESTRY 
IN RELATION TO LIVESTOCK PRODUCTION

John C. Tothill 

ILCA, P.O. Box 5689, Addis Abeba

INTRODUCTION

This paper largely concerns the work being conducted 
by ILCA in relation to the development of agroforestry 
materials and their utilization in the typical mixed 
crop-livestock farming systems of Ethiopia and broad
er Africa. The scope of the agroforestry program at 
ILCA is necessarily focused on farming systems in 
which animals play an important role. The concern of 
agroforestry at ILCA is in the various roles it can play 
in meeting the feed quality and soil fertility constraints 
on productivity in the various farming systems. This 
does not mean that it ignores other roles that agro
forestry materials can play. The primary focus is on 
crop-1 ivestock feeding and soil fertility building. The 
objectives of the agroforestry program are firstly to 
evaluate germplasm of multipurpose trees for a range 
of environments and identify best-bet lines for im
proved feed resources, improved management of soil 
fertility, and other purposes such as fuelwood and 
wood resources; secondly to develop methods of 
managing these resources in alley farming systems for 
improved livestock nutrition and soil fertility mainten
ance.

In developing the roles of multipurpose trees in 
sub-Saharan African farming systems, it is first neces
sary to research the genetic resources for their envi
ronmental adaptation, productivity and general suitabil
ity and then to look at the tree-crop-livestock interac
tions, which are such an integral part of the production 
and nutrient cycle of these mixed crop-1 ivestock sys
tems.

The first role is in livestock feeding, particularly in 
terms of forage quality,where the forage is used as a 
feed supplement to low quality animal diets, which are 
very common in farming systems. They comejmostly 
from crop residues and standover nature) forages such 
as dry grass. The second role is in soif‘fertility main
tenance. Tree legumes can provide a ready resource 
for material that may be cut and used as green manure 
by mulching onto the soil for soil fertility building and 
soil structure maintenance. There are a number of 
ways for this to be carried out, which will be dis
cussed later in this paper.

A further important role is the provision of fuel-

wood. It is generally a by-product of the feed and 
green manure production but it can play a sizeable part 
in meeting the requirements for household fuelwood. 
Building materials, in terms o f the production of poles 
and stakes, are very important in many farming sys
tems, particularly where crops such as beans are being 
intercropped with cereal crops. Multipurpose trees 
play an important role in landscape conservation and 
are very suitable for planting on contour banks and 
bunds, helping to stabilize such structures, controlling 
the rate of soil erosion and water runoff. They can 
also be used as windbreaks in places where winds are 
an important soil erosion or exposure problem, pro
vide a fence or a barrier for the control of livestock, 
and also be concentrated in plantings as intensive feed 
gardens in areas not likely to be used for any other 
purpose.

ENTRY POINTS FOR TREE LEGUMES

Having looked at potentially likely materials for use in 
these farming systems and also identified the roles that 
they can play, we must now look for the entry points 
by which we can bring these materials into existing 
farming systems (Table 1). A number of these are 
particularly relevant with tree legumes, perhaps the 
most important being that of alley farming.

A lley Fa r m in g

Here the trees are grown as hedgerows with the space 
between, or alley, growing the crop. In this context 
the hedgerows may provide green manure as a mulch 
for the crop in the early stages o f growth when it is 
necessary to keep down the competitive interaction 
between the tree and the crop. At a subsequent time 
when the crops are maturing and much taller, the trees 
may be allowed to grow and the material cut or kept 
for livestock feeding, particularly for the better utiliza
tion of the crop residues that are also coming from the 
same system. Such a system is for maintaining fertility 
and is not necessarily used for regenerating soil fertili
ty from an area that has been cropped and its fertility 
exhausted.
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Table 1. Entry points for agroforestry in farming systems

Types System

Alley farming hedgerow for forage/supplementary 
feeding, mulching for maintenance of 
soil fertility for crops

Feed gardens mono- or multilayered forage reserves

Interplanting pruning of lower part of tree, 
pollarding upper

Fuelwood by-product of most of these uses

Conservation designated stock exclusion zones, 
contour bund planting on slopes, 
windbreaks, gully control

Plantation herbaceous legumes under tree
crops, e.g. coffee

Natural trees mostly interested in fruits, need for 
management, regeneration

Feed Gardens

Feed gardens are a mono- or multilayered forage 
reserve, which can be developed in nonarable land in 
areas that might otherwise be wasteland. They can also 
be established on fallow land if it is expected that the 
extent of the fertility regeneration phase is long 
enough to warrant the establishment of trees. Inter- 
planting of cropland can be done by scattering trees 
throughout a crop field, pruning the lower part of the 
tree so that the branches are not interfering with the 
crop and pollarding the upper part of the tree to pro
vide mulch or forage for livestock. Fuel wood is a by
product from most of the above-mentioned uses of 
trees in farming systems.

Conservation

Trees can become a useful part of various areas that 
have been designated stock exclusion zones because of 
a serious degeneration of the landscape in that particu
lar zone. They may be used for stabilizing contours 
and bunds or simply planted on slopes to provide soil 
protection. Windbreaks are an important element in a 
number of places, and trees can be used in gulley 
control very effectively.

Fencing

Fencing can be live; it can also be multitiered so that 
the basic trees can be grown along with other forage. 
The forage uses the lower parts of the tree to climb 
on.

Plantation Intercropping

Another form of agroforestry is plantation tree crops, 
where it is possible to complement the trees with 
herbaceous legumes under them. This procedure can 
well be done with coffee.

Natural Savanna

Trees appear naturally in the savanna, more often in 
drier zones. Mostly the trees found in suqh situations 
are various species of acacias, producing seedpods and 
sometimes dried leaves that can be stored for dry 
season feeding. The branches can be used as fenceline 
materials if they have heavy thorns. The trees of such 
systems are usually decreasing due to the demands for 
fuelwood and the role that trees play in harboring 
birds leading to depredations of croplands by birds.

RESEARCH IN AGROFORESTRY

. Gene Bank Holdings

The first element to consider in establishing a gene 
bank is whether appropriate genetic resources exist or 
not. Many parts of the world have yielded useful 
materials for a variety of agricultural systems, and 
many more exist in traditional farming systems. Thus, 
the role of a gene ,bank is an important one in getting 
access to these materials; in bringing the materials to 
the recognition of scientists through active collection; 
in providing by interchange of information with other 
centers a secure store for such materials so that they 
do not deteriorate or get lost; in securing seed produc
tion so that seeds can be made available for others to 
use; and in screening for adaptation and the potential 
for on-farm use.

Presently the ILCA gene bank contains a consider
able holding of materials numbering around 50 genera, 
14 of which have a substantial representation, being 
the most likely materials of use for agroforestry appli
cation. Some of these have already been established as 
best-bet materials. For Ethiopia there are rather broad
er adaptation requirements than in other lowland 
tropical areas becasue of the range |n  elevations that 
have to provided for. In Table 2 it will be seen that 
there are a number of species which span this range, 
and ILCA’s work is therefore looking at these materi
als.

Present Best-Bet Genera and  Species

Leucaena leucocephala, a very important species used 
widely around the world, is largely a lowland tropical 
species, but it does range up to about 1700-1800 m in



Animal Feed Resources and Agroforestry /  67

Table 2. Woody species/browse germplasm at the tLCA
gene bank

Genera
No. of 

species Accs. AEZ
Acacia 64 113 A-SA
Aeschynomene 9 94 H-SH, HL
Albizia 5 16 H-SH, HL
A/trlp/ex 17 35 SH-SA
Cajanus 1 106 SH-SA
Cassia g 14 H-SH
Casuarina 7 11 SH'SA
Chamaecytisus 2 30 SH-HL
Desmanthus 7 105 SA-SH
Erythrina 10 49 H-SH, HL
Gliricidia 1 87 H-SH
Leucaena 16 160 H-SH
Prosopis 7 14 A-SA
Sesbania 20 337 H-SH, HL
Other genera (32) 92 135

Accs = accessions, AEZ = agroecological Zone, A = arid, 
H = humid, HL = highlands {> 1500 m),
SA = semiarid, SH = subhumid

Ethiopia. Some new accessions and species of L. 
leucocephala, L. pallida , and L. diversifolia and 
others, collected from the highlands of Mexico, appear 
to extend this range to around 2000 m. Out of these, 
13 selected lines from L. pallida (paniculata), L. 
leucocephala, L. diversifolia, L. revoluta, L. 
leucocephala, and L. diversifolia are being evaluated 
at Debre Zeit and Sodo for productivity in both an 
alley farming/hedgerow context and an optimum dry 
season feed production context.

Gliricidia sepium, similar to L. leucocephala in its 
restriction to the lowland tropics, is being researched 
mainly at ILCA's tropical lowland site at Ibadan, 
Nigeria. A further search for materials from higher 
altitudes and drier regions are presently being collected 
by the Oxford Forestry Institute (OF1).

Sesbania is a relatively new species to agroforestry 
research. It is basically an African genus in terms of 
the potentially useful species of S. sesban and S. 
goetzei and it looks as if its altitude is up to 2500 m.

Presently the gene bank contains over 200 acces
sions of S. sesban, most of which have been locally 
collected in Ethiopia, Kenya and Tanzania. A compre
hensive evaluation of these materials is presently under 
way with main evaluation sites at Debre Zeit and 
Sodo. Complementary work is also being carried out 
in Kenya and through the PANESA network.

Chamaecytisus palmensis is a temperate tree le
gume, commonly called tagasaste\ its range in Ethio
pia is from around 1500 to 3000 m. It requires a very 
well-drained, particularly a sandy soil, which discounts

it from quite a large part of the highlands of Ethiopia.
Erythrina, another genus that has some interest for 

us, is presently used in some areas of Ethiopia as an 
agroforestry material. Its range is not well established 
but it appears to go to about 2300 m. It is also of 
interest in Central America and perhaps there is mate
rial there that we can acquire that could be evaluated 
against the locally indigenous materials.

Naturally occurring species of the drier zones are 
Acacia albida, Acacia seyal and Acacia tortilis, rang
ing from lowlands up to round a 2000 m. However, at 
the moment there is very little research being carried 
out on these materials. Early work at ILCA was main
ly to do with natural species. The publication Browse 
in Africa by Le Houerou (1980) was the result of an 
international meeting. In terms of the rangeland appli
cations of agroforestry, there is a considerable amount 
of information on feed quality of browse materials, 
particularly in the area of protein content, fat, and 
minerals. But more recent research indicates the im
portance of such antinutritional characteristics as 
phenolic compounds in tannins.

RESEARCH RESULTS

A g ro no m y

Alley farming is an area to which a considerable 
amount of attention has now been paid, not only in 
Southeast Asia, where perhaps there is the most ad
vanced work but also in the IITA/ILCA program in 
the lowland tropics o f West Africa based on Ibadan 
(Sumberg 1984). IITA’s work was mostly concerned 
with the crop and soil fertility-related aspects of these 
materials. However, with ILCA’s joining IITA in this 
zone the animal production element was introduced to 
the alley cropping concept to make it alley farming. 
Leucaena and Gliricidia are the two species being used 
here, producing up to 6.5 DM/ha of dry matter from 
hedgerows in alleys of from 4 m to 5 m spacing 
(ILCA 1986). Such production levels can be readily 
partitioned for green manuring and for supplementary 
livestock feeding during the dry season. As much as 
75% increase in crop yield has been achieved by the 
use of all of the mulch for green manuring of crop
land, and it seems that there was not a limit to the 
amount of mulch that can be put into such low-fertility 
soils. However, if part of these materials is to be used 
for livetock feeding, there needs to be a strategy for 
the most effective partitioning of the material for 
mulch and for livestock feeding. Research work at 
Ibadan has indicated quite clearly that mulching at the 
early part of the wet season gives the greatest benefits 
to crop production, which allows the later season 
growth to be used or stored for dry season feeding of 
livestock.
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In terms of the agronomy of materials in the alley 
farming systems at Debre Zeit, the hedgerows can 
yield up to 1 t DM ha'1; this can be improved to 4.6 
t if they are grown in a block on broadbeds and fur
rows on seasonally waterlogged bottomland. The 
average protein content o f Sesbania sesban grown in 
this environment can be 25%, which yields up to 175 
kg N ha '1 if all the material is used as a mulch. Table
3 provides an indication of the effectiveness of 
Sesbania prunings applied on sorghum in terms of dry 
matter yield at Debre Zeit. It can be seen here that the 
time of application o f green manure is important. As 
also found in the Ibadan work, mulching before plant
ing the crop had a higher effect on crop yield than 
mulching at planting or even later at thinning/first 
weeding.

Initial agronomic evaluation carried out on sesbania 
at Debre Zeit, Ziway and Shola has indicated that 
there are potentially more productive materials in 
Sesbania sesban than in the local variety that has so 
far been used in these trials. Table 4 indicates the 
magnitude of this in the second year of growth. It also 
shows the effect of altitude on the productivity of these 
materials. Another species, Sesbania goetzei> is show
ing considerable promise as an alternative species, 
resistant to attack by the beetle Mesoplatys ochroptera. 
This pest is now indicated widely in East Africa as a 
problem, and some evidence o f its presence in West 
Africa has recently emerged.

Feed in g  T r ia l s

S’, sesban has shown itself to be an effective supple
mentary feed for livestock on poor-quality basal ra
tions. Reed, (1988, unpubl. data) has shown, in a 
feeding trial with sheep on low-quality straw crop 
residue supplemented with Sesbania, that growth rates 
were high when compared with a number of other 
leguminous trees such as Acacia cyanophylla, Acacia 
sieberiana and Acacia seyal, as shown in Table 5.

When examining a wide selection of genotypes in
S. sesban var. nilotica, a broad range of nutritional 
characteristics is evident as shown in Table 6. Protein 
levels were high, ranging from 17% to 30%; in vitro 
digestibility was uniformly high at 780% lignin content 
and polyphenolic compounds ranging widely from 
noninhibitory to a content likely to bring about a 
considerable reduction in feed digestibility. Most of 
these characteristics, except for the tannins and poly
phenolic materials, are environmentally modified. 
Variation of these characters within and between lines 
provides hope that selection and breeding can be 
effective for improving feed quality.

The existing very broad collections of S. sesban, 
which now number more than 200, provide us with an 
invaluable resource o f germplasm from which to

Table 3. Dry matter and grain yield of sorghum as affected 
by timing of pruning applications on an upland 

____ soil in Debre Zeit, Ethiopian highlands, 1988
Time of 
mulching

Dry matter 
yield (kg ha’1)

Grain yield 
(kg ha'1)

3 weeks before planting 9321" 3703*
2 weeks before planting 9593” 3689*
1 week before planting 9435® 3788*
At planting 747Q*b 32228b
4 weeks after planting 
(thinning) 8521 *b 4138*
Control 6Q3b 2447b

Source: ILCA 1989
Means followed by the same letter do not differ significantly 
(p > 0.05)

Table 4. Initial performance of S. sesban and two S.
goet2i elite accessions under three cutting 
regimes at two sites over the wet season, 1988

Leaf DM yield (q/treel
Cutting frequency (wks) 6 12 24
Debre Zeit (1850 m) mean 
of seven highest 
production lines 773 698 1317

Control 205 295 391
Highest production lines 52 52 78
Control 17 34 115

Source: ILCA 1989

select. A very vigorously selected group of about four 
lines from S. sesban and S. goetzei have already been 
identified for further agronomic studies; advanced 
evaluation over a range of soil and climatic environ
ments, defoliation frequencies and nutritional investi
gations are being carried out at Debre Zeit on Alfisol/ 
Vertisol and at Sodo on Nitosol.

PROBLEMS IN AGROFORESTRY

Some of the main factors governing the use o f trees, 
or the reluctance to use them, are;

• Farmers are not accustomed to using trees. There 
are often problems in raising and establishing trees 
due to the farmers’ lack of basic expertise

• Policy and land tenure problems reduce farmers’ 
incentives to plant or manage trees. In many coun
tries the state owns all trees and their use is gov
erned by the forestry department. Insecure and 
long-term land tenure is not conducive to planting 
trees

• There is a tendency to contain high levels of 
antinutritive materials, especially polyphenolic and 
tannin compounds, which reduce digestibility even 
if protein levels are high
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Table 5. Growth rate and N balance in sheep fed browse in combination with straw ____

Acacia
cyanophylla

Acacia
sieberiana

Acacia
seyaf

Sesbania
sesban

Standard 
error 

of means
Growth rate (g/day) 

Entire trial -11“ 20b 21b ** CD
n 3.6

Last 7 weeks -14s 26b 45° 46° 4,2
N intake (g/day) 6.5* 5.4* 8.4b 8.8b 0.4
Fecal N (g/day) 5.8" 3.8b . 6.0* 4.4b 0.3
Urinary N (g/day) 0.9* 1.0“ 1.2“ 3.2b 0.3
Retained N (g/day) -0.2* 0.6b 1.2b 1.2b 0.1

Source: J. Reed, 1988, unpubl. data
Means followed by different letters are significantly different (p < 0.05)

• Slow establishment leads to increased labor inputs 
in maintenance, susceptiblility to predators (brows
ers), and impatience

* Pests and diseases. Presently the beetle Mesoplatys 
spp. is a widespread and sometimes devastating pest 
of sesbania in many parts of East Africa and in 
West Africa. Nematodes are also a problem. The 
leucaena psillid, while not yet present in Africa, 
could be a serious threat. Research experience is 
relatively limited except in leucaena and gliricidia. 
Trees are also slower to research than herbaceous 
forages.
In spite of these problems trees have a very promis

ing role to play in crop and livestock production. In 
most cases they are truly multipurpose in their role, 
providing a wide range of important uses such as

fodder, green manure, fuelwood, poles, fences, and 
land stabilization. They can fit well into smallholder 
fanning situations, playing out these roles separately 
or collectively.
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ADVANCED REPRODUCTION METHODS 
IN CATTLE BREEDING 

AND THEIR PRACTICAL RELEVANCE
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INTRODUCTION

The slow rate o f reproduction in cattle places strict 
limits on the number of progeny that may be obtained 
from any single female by conventional breeding. 
Embryo transfer (ET) allows a selected female to be 
excluded from supporting her offspring during the fetal 
and postnatal period. Instead she may be stimulated to 
increase her ovulation rate. The embryos are then 
collected and transferred to recipients of a less desir
able genetic background. ET also offers unique op
portunities for the study of developmental, biological 
and Reproductive physiology, and until 1970 the proce
dure was used almost exclusively for research purpos
es.

Nowadays ET and related techniques are also 
accepted as tools for improving the efficiency of 
livestock production. Many excellent reviews exist on 
the subject (1,5,13,14), but it is hoped that by further 
stressing the strengths and weaknesses of ET and the 
related techniques, the understanding of the areas of 
relevant application will be increased.

TECHNIQUES

The following techniques form part of the practical 
application of embryo transfer (ET).

Production of Embryos by Superovulation

In cattle, ultrasound studies have demonstrated that 
follicular growth occurs in waves (6). During each 
wave one follicle becomes dominant while the others 
regress. Superovulation depends upon the subversion 
of the mechanisms involved in the selection of the 
single dominant follicle. Today follicle-stimulating 
hormone and pregnant mare serum gonadotropin are 
used for the induction of superovulation in cattle with 
highly variable results. Therefore, further detailed 
investigations are necessary if the yield of fertilizable 
oocytes is to be made uniform. Measurable parameters 
that may be related to oocyte quality are steroid con
centrations in follicular fluid and blood (3).

Recently bovine follicle-stimulating hormone pro

duced by recombinant deoxyribonucleic acid technolo
gy has showed promising results (10).

Production of Embryos by In V itro Fertilization

Significant progress has been achieved in obtaining 
viable cattle embryos by in vitro fertilization of 
oocytes obtained from ovaries of slaughtered cattle and 
then matured and fertilized in vitro or in vivo (2).

C ollection  o f Embryos (

Nonsurgical procedures to collect of embryos between 
6 and 8 days were developed in 1976. Filtration of the 
flushing medium has since been adopted as a routine 
procedure, significantly reducing the time necessary to 
locate the embryos.

Handling and Short-T erm Storage In V itro

The conditions under which embryos are held in vitro 
are among the most inconsistent parts of current proce
dures; considerable evidence does suggest that in
creased embryonic mortality occurs as a result of 
applied in vitro procedures. This is clearly reflected in 
the results obtained after cryopreservation of embryos 
that have been stored for a prolonged period (about 
2 h) at room temperature before being frozen. In 
general, a 60% pregnancy rate is considered to be 
acceptable to reflect a 40% mortality rate of embryos 
with a comparable morphology.

Evaluation  of Embryo V iability

An ultimate test of embryo viability will always re
main the production of healthy progency. It is, howev
er, obvious that an objective measure of viability 
would be extremely useful. Nowadays, morphological 
criteria allow a statistical linkage between morphologi
cal assessment and survival. Various tests are under 
development using exclusion, retention or metabolism 
of various dyes or measurement of energy metabolism 
by individual embryos.

Such tests would only be o f limited value in the 
daily practical work with ET, but they improve the

70
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embryo handling environment by allowing an accurate 
analysis of the factors involved in short-term embryo 
storage (2).

Embryo Sexing

The development of methods for embryo sexing has 
been rather slow. The following subtechniques are 
currently available:
• chromosome analysis
• immunological detection o f male-specific genes on 

the embryonic cell surface (by use of H-Y antigen)
• detection o f the Y chromosome by species-specific 

DNA probes

Especially the use of DNA probes is expected to 
develop into a practically applicable technique in the 
future (4).

M jcromanipulation of Embryos

Procedures for the production of identical twins using 
micromanipulative techniques were developed in 
Cambridge in the early 1980s. These techniques were 
rapidly deployed in practical ET work because of the 
relative ease with which late morula and blastocyst 
stages may be divided into viable half embryos, since 
the procedures developed have been used to produce 
interspecific chimeras between sheep and goat and also 
manipulate match between throphoblast cells and 
recipient. In this way goats have given birth to sheep 
and vice versa.

In the technique of nuclear transplantation, separat
ed blastomeres are fused with an enucleated activated 
oocyte (16). The resulting embryos, each containing an 
identical cell nucleus, may then be cultured and the 
process repeated. This procedure is currently used in 
commercial work with ET (S.M. Willadsen, 1989 
pers. comm.)

Transgenic livestock production by injection of 
^pronuclear fertilized oocytes is another field of appli
cation which uses micro manipulatory skills combined 
with IVF and embryo culture techniques.

Cryopreservation of Embryos

Cryopreservation of bovine embryos is established as 
a routine procedure in commercial FT work.

Embryo freezing involves cooling at controlled 
rates in the presence of a cryoprotective agent to 
secure dehydration o f the embryonic cells as the tem
perature is lowered, avoiding the formation of lethal 
intracellular ice crystals. Development work has sim^ 
plified procedures in recent years and has increased 
background knowledge and understanding of the 
cryobiology of the bovine embryo. The results ob

tained after transfer o f frozen/thawed embryos are 
10% less than the results after direct transfer (9).

Vitrification has recently been used successfully 
with cattle embryos (11).

Transfer of Embryos

Nonsurgical/transcervical transfer procedures are 
currently used worldwide, using equipment which is 
designed basically for Al. This procedure with experi
enced hands brings pregnancy rates from 50% to 60% , 
whereas surgical transfers will increase average results 
by about 10%.

Commercial organizations, which have now trans- 
fered a considerable number of embryos, confirm the 
necessity of good synchrony between donor, recipient 
and stage of embryonic development (7).

The use of prostaglandins for synchronization of 
estric cycles has considerably simplified management 
of recipients but should not be used as an alternative 
to careful observation and record keeping.

Transfer of trophoblastic vesicles together with 
embryos may be used to increase pregnancy rates, 
indicating that the trophoblast cells produce substances 
that may be supportive of the establishment of preg
nancy (8). v

AREAS OF APPLICATION 

Embryo T ransfer as a Research T ool

Baste research and its practical application have been 
the relationship that has developed the ET industry to 
what it is today. The technology of ET is used in the 
study o f the preattachment embryo and its environ
ment, providing general information to the cattle man 
regarding the background for early embryonic mortali
ty and repeat breeding.

Genetic Improvement Programs

Superovulation and ET have been used to increase the 
reproductive rate of many cattle breeds of commercial 
interest.

In dairy cattle, ET is now widely used for contract 
matings of bull mothers, which increase the number of 
bull calves but have little effect on the rate of genetic 
change. However, ET becomes useful in selecting 
response by reducing the generation interval in proge
ny testing schemes by using young females selected 
either on parental merit or after their first lactation. 
Higher rates of genetic gain may be'obtained within 
elite nucleus herds bred by multiple ovulations and ET 
(MOET) (12).

In Europe, seven such MOET-based breeding 
programs are presently in operation. It is calculated



72 /  Lehn-Jensen

that the costs of ET will have to be reduced by a 
factor of 5-10 before it can be economically justified 
to improve commercial herds (2).

In this connection, it is interesting to note that 
sophisticated MOET schemes may be particularly 
useful in developing countries, which lack the record
ing systems essential to more transitional methods of 
livestock improvement (15).

INTERNATIONAL MOVEMENT OF LIVESTOCK

The growing use of ET in the international movement 
toward disease-free livestock is also an important 
contribution to the possibility of exploiting improved 
livestock in other countries.

Recently more than 6500 deep-frozen embryos have 
been imported into France from the United States as 
part of a breed improvement program for the Al 
centers. Similar schemes are being operated in the 
United Kingdom, West Germany, Holland, and Den
mark.

Commercial ET companies have obtained contracts 
in a number o f third world countries. The contracts 
are related to embryo sales, multiplication of local 
breeds, and training of personnel. And yet the out
come of such schemes has varied considerably.

CONCLUSION
\

Today ET in cattle is a useful tool in certain aspects of 
livestock production. But superovulation remains the 
weakest link in the long chain of manipulations that 
lead to success. Therefore, further improvement in this 
procedure is necessary.

Micromanipulation of embryos has led to remark
able improvements in procedures for twinning, sexing, 
cloning, and in vitro fertilization. Similarly, cryop- 
reservation procedures have been improved during the 
last decade but room is still left for improvement.

International trade with live cattle is today restricted 
and tightly controlled by veterinary legislation in order 
to prevent accidental import of contagious agents.

Research on disease control by the use of ET has 
provided procedures that will prevent disease transmit
tance.

Acceptance of these procedures on a worldwide 
scale will make the international movement of live

stock easier and safer. But it is only a limited alterna
tive to the movement o f live cattle.

The use of ET by animal breeding strategists is 
encouraging and in the near future molecular biologists 
will provide more genetic tools for livestock improve
ment. It should, however, be kept in mind that ET 
techniques can be applied successfully only in a cattle 
herd in which feeding, breeding, disease control and 
management are all well attended to.

Furthermore, it should be remembered that applica
tion of Al with semen from bulls of established genetic 
superiority is becoming the main tool for genetic 
progress worldwide.

Although ET development is still in its infancy, it 
has provided us with a sueful supplement to the use of 
Al and redlated research, and has also helped us know 
much more about life in its infancy.
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ABSTRACT

Effects of age at weaning on growth and mortality of 6-month-otd Horo lambs, born in a 12-day 
period, were studied. Approximately equal group of lambs were weaned at 2, 3 ,4 , 5, or 6 months 
of age. Growth and mortality records up to 6 months of age were taken. Total mortality rates of 
lambs were 46%, 23% , 21%, 15%, and 25% weaned at 2, 3, 4, 5, and 6 months of age 
respectively. The difference in mortality between those weaned at 2 months and at later ages was 
or approached a significance [p <  0.05} after 3 months of age. Average body weight at 6 months 
was 11.3 kg for lambs weaned at 2 months of age, 18.7 kg at 3, 18.4 kg at 4, 16.5 kg at 5, and
14.9 kg at 6. Lambs weaned at 3, 4, and 5 months of age were significantly heavier than those 
weaned at 2 months of age. Horo lambs can be weaned safely at 3 -4  months of age, especially 
where preferential grazing is available for weaned lambs and where good condition of ewes is 
required for high fertility in frequent breeding systems. It was found that no advantage could be 
gained by weaning later than this age.

INTRODUCTION

The choice of weaning age is an important decision 
and can vary over a wide range (1). Given the oppor
tunity, a young lamb within a few days of birth will 
nibble at and consume various solid objects. The 
transition from the initiation of eating to substantial 
consumption of solid feed is, however, strongly influ
enced by milk intake. Restriction of milk intake causes 
an early acceleration in solid feed consumption (5). 
But this may seriously depress growth unless the 
quality of the solid feed offered is very high, or unless 
there is a well-developed rumen.

Owing to the fact that the precise age at which 
measurable solid feed intake occurs may vary with 
genotype (5), knowledge of the weaning age that gives 
the best compromise between the decreasing milk 
supply and whatever preferential grazing lambs get by 
being weaned is important in sheep management. 
Having this in mind, a trial on Horo sheep was initi
ated with the objectives of assessing the effect of 
weaning age of lambs on their body weight gain and 
mortality up to 6 months of age.

MATERIALS AND METHODS

A n im a l s

A total of 65 lambs of the Horo breed born from seven

age groups of dams, of both sexes and o f two birth 
types (single and twin), were used for the trial. All 
lambs used in the experiment were bom over a 12-day 
period. These lambs were stratified on the basis of 
weight at 6 weeks of age, sex, and type o f birth, and 
were randomly assigned into five different age groups 
of weaning: 2, 3, 4, 5, and 6 months. Because lambs 
in each treatment group were weaned on a single day, 
and not when each individual reached the designated 
weaning age, the actual mean ages of the five groups 
at weaning were 52, 89, 125, 158, and 180 days. All 
lambs were run together as a single group. At each 

v weaning time the appropriate dams were removed, but 
their lambs were kept in the group so that all lambs re
ceived similar grazing and feed supplementation 
throughout the experiment.

M a n a g e m e n t

Lambs and their dams were housed during the night 
and were fed in groups a concentrate rate of 200 g/d 
for each lamb plus a 400 g/d for each dam split into 
two equal morning and evening feedings. Hay was also 
offered during the night at the rate of 1.0 k g -1.5 
kg/ewe. During daytime ewes and Iambs were allowed 
to graze together for 8 hours on a good natural pas
ture, which stayed green and abundant throughout the 
experiment.
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RESULTS AND DISCUSSION

Mean square values from the least squares analysis of 
lamb body weights are shown in Table I .

There were no significant weight differences be
tween male and female lambs. Single-born lambs were 
significantly heavier than twins at 2 months, but not at 
later ages. Lambs from 2-, 3-, and 4-year-old ewes 
were found to be heavier at 2 months than lambs from 
older ewes, but this was largely a result of a large 
proportion of twin births from older ewes and declin
ing body condition in the extremely old ewes. In this 
experiment these factors were balanced in the initial 
randomization of lambs to the different weaning age 
groups and so did not affect the weaning age compari
sons.

Mean lamb body weights at birth and at each wean
ing age are shown in Table 2. There were no signifi
cant differences between the five treatment groups in 
birth weight or weight at 2 months of age. From 3 
months of age onwards, lambs weaned at 2 months 
were for the most part significantly lighter than lambs 
weaned at later ages. There were no significant differ
ences at any stage between lambs weaned at 3, 4, 5 or 
6 months of age, but at 6 months of age lambs weaned 
at 3 or 4 months tended to be heavier than those 
weaned at 5 or 6 months.

Cumulative lamb mortality is shown in Table 3. 
After 2 months of age there was a tendency for higher 
cumulative mortality in lambs weaned at 2 months than

in those weaned at later ages, which was significant at
4 and 5 months (p <  0.05) and approached signifi
cance (p <  0.10) at 6 months of age.

The general principle of weaning is to wean lambs 
late when high-quality pasture is plentiful and the 
lambs do not compete with ewes (1). However, to 
ensure high conception and ovulation rate from ewes 
in frequent breeding systems, early weaning of lambs 
onto solid feed is useful (6) since suckling leads to a 
reduction in body condition of the ewe which, in turn, 
may cause very significant reduction in conception and 
ovulation rates (3). Furthermore, in areas where pas
ture is limited, early weaning may allow lambs prefer- 
ent:al grazing on quality pasture or other sources such 
as fodder banks. But for whatever reason that early 
weaning onto solid food is chosen, the most important 
physiological factor determining successful early 
weaning is the state of rumen development, which in 
turn is influenced by intake o f solid food, as volatile 
fatty acids resulting from fermentation o f solid food in 
the rudimentary rumen stimulate rumen development 
(4), The result of this study shows that early weaning 
at about 2 months of age was not beneficial, which 
might have resulted from poor rumen development. In 
addition, the reducing tendency of mean weights at 6 
months of age with increased age of weaning from 3 
months of weaning onwards may be related to the 
declining lactation curve in relation to increasing body 
weight of the lamb and the inhibitory effect of milk 
intake on timely rumen development, as restriction of

Table 1. Summary of mean squares from least squares analyses of lamb body weights
Age (no)

Source of 
variation DF

Body
weight

(kg) 2 3 4 5 6
Type of birth 1 0.06 42.39* 4.01 < 0.30 6.02 26.03
Dam age 6 0.12 22.87* „ 9.21 16.94 22.15 5.88
Sex 1 0.12 0.00 3.35 18.29 2.60 31.68
Weaning age 4 0.35 1.93 20.80 37.35* 40.79* 56.11*
SE 52 52 42 39 38 37
*p  < 0.05

Table 2. Mean lamb liveweights at birth and at each weaning age (kg)
Aae (mo) at weiaht measurement

BW 2 3 4 5 6
Weaning 
age (mo) N X N x N X N X N X N *

2 13 2.8 13 10.0 9 9.8a 7 9.8 7 9.9a 7 11.3a
3 13 2.3 13 9.6 11 15.0b 10 15.0 10 15.4 10 18.7
4 14 2.5 14 9.1 12 16.6ab' 12 16.6b 11 16.5b 11 18.4b
5 13 2.7 13 9.0 11 12.58b1 11 12.5ab 11 13.7 11 16.5b
6 12 2.7 12 9.3 11 14.1b 10 14.1b 10 14.1 9 1 4.9®b

Means with different superscripts are significantly different (p < 0.05) 
BW = birth weight
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Table 3. Cumulative percentage of lamb mortality

Age at
weaning
(mo) Initial no.

Mortality rate [%) at aae (mo)

2 3 4 5 6
2 13 0 31 46 46 46
3 13 0 15 23 23 23
4 14 0 14 14 21 21
5 13 0 15 15 15 15
6 12 0 18 18 17 25
X2 2.01 2.01 41.16* 3.50

'p < 0.05

milk intake causes an early acceleration in solid feed 
consumption (2). So it can safely be assumed that 
more weight gain than that shown in this study can be 
realized if lambs are allowed preferential grazing on 
good quality pasture, since in this study weaned lambs 
grazed together with the unweaned group.
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ABSTRACT

Purebred Menz, first cross (50%1 Awassi x Menz, and second cross (75%) Awassi x Menz sheep 
were bred and reared under common environmental and management conditions. Reproductive 
data and mature body weights were recorded over a 6-year period between 1982 and 1987. Over 
all genotypes and years, the average percentage of ewes joined that lambed was 54%, the 
average percentage of twin births 4%, and the average number of lambs born per ewe 0.55. All 
of these reproductive parameters varied between mating seasons and between years, but none of 
them differed significantly between the three genotypes. Average yearling body weights in Menz 
(27.4 kg) and first cross ewes (28.8 kg) were significantly lower than in the second cross ewes 
(32.8 kg). Average mature body weights of the 50% and 75% Awassi crossbred ewes were 
similar (41.4 kg and 41.0 kg respectively), but both were significantly heavier than mature Menz 
ewes (31.6 kg).

INTRODUCTION

One of the objectives of the Ministry of Agriculture 
sheep breeding station at Debre Birhan is to study the 
performance of indigenous and crossbred sheep. Since 
its establishment in 1968, the breeding program has 
used imported Merino, Corriedale, Hampshire, 
Romney, and Awassi rams crossed with local Menz 
and Horro ewes. Farmers have been particularly 
interested in the Awassi x  Menz crossbred sheep.

Menz sheep are indigenous to northern Shewa and 
parts of Welo and thus are well adapted to the Ethiopi
an highlands. Ewes are capable of breeding at any 
time of year with an average lambing interval of about 
8 months, but ewe body weights are only about 30 kg 
and annual wool production is only about 0.5 kg 
(Galal 1983, Agyemang et al. 1984). Awassi sheep are 
widely distributed in southwest Asia and are capable of 
utilizing rangeland and wasteland in harsh environ
ments for meat, milk, and wool production (Epstein
1985). Under normal farming conditions, ewe body 
weights are around 50 kg and annual wool production 
is about 2 kg (Thomson 1987). For various reasons, 
the superior production capacity of exotic breeds in 
their original habitats is not always evident in the 
productivity of their crossbred progeny in a new 
environment (Turner 1982). The birth weights, wean
ing weights, and wool production of Menz and Awassi

f

X  Menz sheep have already been reported (Sisay et al.
1988). This paper compares reproduction and mature 
body weights in purebred Menz ewes and their 50% 
and 75% crosses with the Awassi breed in an Ethiopi
an highland environment.

MATERIALS AND METHODS

Sheep were maintained at the Ministry of Agriculture 
sheep breeding station at Debre Birhan, located 130 
km northeast of Addis Abeba at an altitude of 3800 m. 
The average annual rainfall is approximately 1000 
mm, with a bimodal distribution of short rains in 
March and April and long rains in June through Sep
tember.

The animals grazed natural pasture during the day 
and were confined to open-fronted slatted-floored pens 
at night. A concentrate supplement comprising 59.5% 
wheat bran, 40.0% noug meal, and 0.5% common salt 
was offered at rates of up to 450 g/head per day from
2 weeks before until 3 weeks after each mating period, 
and from 2 months before until 2 months after the 
beginning of each lambing period. In addition, during 
the dry seasons preceding the short rains, when pas
ture availability was limited, the sheep were given 
350-400 g wheat bran/head per week and ad lib hay 
made from natural pasture or forage oats. All animals
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were vaccinated against anthrax, pasteurellosis and 
sheep pox, drenched three times a year for internal 
parasite control, and dipped twice yearly for external 
parasite control.

Initially, there were two mating seasons in each 
year, one in April/May and the other in October/- 
November, so that lambings coincided with pasture 
growth from the long and short rains respectively. In 
the later stages o f the program there was only a single 
mating in October/November each year. At each 
mating ewes were grouped, with between 30 and 50 
ewes per ram, for a period o f 40 days. At other times, 
animals of different genotypes were run together 
within their various age and sex classes.

Reproduction and body weight data were analyzed 
using a microcomputer least-squares program (Harvey 
1987). Reproductive data were treated in two subsets. 
The first, covering the years 1982-1984, included two 
mating seasons in each year but only two genotypes, 
since at this stage of the program few 75% Awassi x 
Menz ewes were available. The second subset, cover
ing the years 1986-1987, included all three genotypes 
but with only one mating season in each year. Ewe 
body weights were recorded at yearling age and then 
at the beginning of the mating periods. However, 
yearling weights were not recorded from all matings 
nor in all years, so mating season and year effects 
could not be assessed. Also, few purebred Menz ewes 
were born in the program because of the heavy empha
sis on crossbred production, so data on purebred 
yearling weights were particularly limited. Again, 
because most of the purebred ewes were purchased at 
unknown age, age-specific body weights at mating 
were available only for crossbred ewes.

RESULTS AND DISCUSSION

The reproductive performance of purebred Menz and 
50% Awassi crossbred ewes in the years 1982-1984 is 
summarized in Table 1. There were no significant 
differences between the two genotypes and no signifi
cant genotype X  mating season or genotype X  year 
interactions. Crossbred ewes were on average younger 
than purebred ewes, and this possibly accounts for 
their marginally, though insignificantly, lower repro
ductive rate. There was no significant variation in 
twinning rate between mating seasons or years. How
ever, both the percentage o f ewes lambing and the 
mean number of lambs born per ewe joined were 
significantly lower from April/May than from 
October/November joinings. Agyemang et al. (1985) 
also have reported seasonal variation in reproduction, 
though in their case the highest lambing rate came 
from June/July joinings. The significantly lower repro
ductive rate in 1984 than in the preceding 2 years was

probably a consequence of severe drought in that year.
Reproduction data from the years 1985-1987 are 

summarized in Table 2. There was significant variation 
between years, but no significant differences between 
purebred Menz, 50% Awassi, and 75% Awassi ewes. 
This contrasts with observations by Brannang et al. 
(1987) that reproductive rates in local Arsi ewes 
tended to decrease with increasing levels of exotic 
breeding, though increasing age of the rams used may 
have been a contributing factor. It is possible, too, that 
crosses with European breeds may be less well suited 
to Ethiopian conditions than crosses with breeds such 
as the Awassi, which have harsher environmental 
ougins.

The absence of significant genotype X  year interac
tions throughout the 6-year period o f comparison 
indicates that crossbred ewes maintained their repro
ductive equality with purebred ewes in the poorer as 
well as in the better environmental years. Reproductive 
rates in all genotypes were, however, lower than the 
average annual reproductive rate of 1.03 lambs born 
per ewe recorded in farmers’ flocks o f Menz-type 
sheep by Agyemang et al. (1985). Reasons for low 
reproductive rates in this investigation are not clear, 
but the use of young rams in large mating groups of 
up to five ewes may have been a contributing factor. 
The management practice of separating rams from the 
ewes while they grazed for approximately 8 h each day 
during the mating periods may also have reduced 
conception rates. /
0 Ewe body weights at yearling and later ages are 
summarized in Table 3. The significant increase in 
yearling weight with increasing level of Awassi geno
type reflected differences in birth and weaning weights 
recorded previously (Sisay et al. 1988). The body 
weights of both the 50% and 75% Awassi crossbred 
ewes increased up to 18 months but did not change 
further at later ages. Crossbred ewes reached 
70%\-80% of their mature body weight at yearling 
age, whereas purebred ewes reached 87% of their 
mature body weight as yearlings. This suggestion of 
earlier maturity in purebred ewes remains open to 
question, however, because the estimate of purebred 
yearling weight was based on only a few observations, 
and age specific body weights at later ages were not 
The mature body weights of purebred ewes were 
higher than those recorded in farmers’ flocks by avail
able. Agyemang et al. (1985), possibly reflecting 
differences in nutritional management between experi
mental and farm flocks. There was no significant 
difference in mature body weight between the 50% 
and 75% crosses, but both were significantly heavier 
than purebred ewes.

A previous report (Sisay et al. 1988) showed that 
both early growth and mature wool production in 
Menz sheep were increased progressively by cross-
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Table 1. Effects of genotype, mating season, and year on ewe reproduction
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(1902-1984)
Number of
ewes
joined

Ewes lamb
ing (%)

Twins 
births (%)

Lambs born 
per ewes 
joined

Overall means 1386 50 4 0.51
Genotype
Menz 1106 53 5 0.55
50% Awassi 280 47 3 0.48
Joining season
April/May 477 41s 5 0.43*
October/November 909 58b 3 0.60b
Year /
1982 662 55a 4 0.57*
1983 279 55° 5 0.57*
1984

. . . .
445 39b 4 0.40b

There were no-significant interactions between any main effects. Means with different 
superscripts are significantly different (p < 0.05).

Table 2. Effects of genotype and year on ewe reproduction (1985—1987)
1 h 

4

Number of 
ewes joined

Ewes lamb
ing (%)

Twin births 
(%}

Lambs born 
per ewes 
joined

Overall means 768 60 4 0.63
Genotype
Menz 277 61 5 0.64
50% Awassi 295 62 4 0.64
75% Awassi 196 59 2 0.60
Year
1985 181 46b 1“ 0.74b
1986 276 48b 1* 0.47
1987 311 61c 10b 0.67*°
There were no significant genotype x year interactions. Means with different superscripts are
significantly different (p < 0.05).

Table 3. Mean body weights of ewes at yearling and later ages

Age

Mean bodv weiaht (ka)
50% Awassi

Menz
75%

Awassi
12 mo 27.4* (7) 28.8° (42) 32b (16)
13-24 mo (aver. = 18) na 41.2 (11) 40.1 (94)
25-36 mo (aver.= 28) na 41.7 (29) 43.6 (38)
37-48 mo (aver. = 41) na 41.2 (18) 43.8 (10)
>48 mo na 42.0 (30) 41.5 (6)
All ages >12 mo x 31.6* (83) 41.4b (93) 41.0b (180)
Number of observations contributing to each mean is shown in parentheses. 
Means within rows with different superscripts are significantly different (p < 0.05). 
na = not available
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breeding with the Awassi breed up to the 75% level. 
A suggestion that even higher levels of crossbreeding

* might be investigated is supported by the present 
report, since this has shown no evidence of depressed 
reproductive capability in crossbred ewes and no 
significant increase in ewe body weight with the pro
gression from the 50% to the 75% level of crossbreed
ing. In terms of practical application, however, the 
higher body weights and therefore greater feed re
quirements of crossbred ewes must be taken into 
account. Indeed, it is being said that crossbred sheep 
already distributed to farmers in some highland areas 
are failing because of inadequate feed resources. On- 
farm evaluation of crossbred productivity and of any 
veterinary interventions and increased feed resources 
that may be necessary to sustain their production 
potential should precede any widespread distribution of 
crossbred sheep to farmers.
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ABSTRACT

To evaluate their productive and reproductive performance over a 5-year period, 352 pure Adal 
and crossbred Saanen x Adal does were used. The average percentage of does that kidded was 
79%, of multiple births 39%, kids born per doe joined 1.12%, and kids weaned per doe joined 
from annua! matings 0.95% . There was no significant difference between the two genotypes in 
any of these parameters. Quarterbred Saanen x Adal does produced significantly more milk during 
a 12-week lactation than purebred Adal does {31 kg and 24 kg respectively ip <  0 .001). Mature 
doe body weight did not, however, differ significantly between the two genotypes. It was 
concluded that crossing local Adal goats with Saanen to the quarterbred level could increase milk 
production in the existing pastoral system without any reduction in other aspects of productivity 
and without a need for improved management inputs or increased feed resources.

INTRODUCTION

Goat milk is an important component of the subsis
tence diet of many nomadic pastoralists in the Ethiopi
an lowlands, where an estimated 75% of the total goat 
population of some 18 million is maintained (Ministry 
of Agriculture 1984). The productivity of indigenous 
Ethiopian goats is not well documented. Limited 
evidence suggests that individual does may produce 
more than 1 kg milk/day, but average daily production 
is probably more commonly in the range of 0.2-0.4 kg 
(Galal and Getachew 1977).

The development of genotypes capable of producing 
more milk within existing environmental constraints 
appears to offer the most promising means of increas
ing production in the pastoral regions, since the poten
tial to increase milk production through improved 
management inputs or increased feed resources is 
severely restricted. Even though milk production is 
moderately heritable, it would take a long time to 
achieve substantial increases by genetic selection 
within existing genotypes because the initial level of 
production is so low. More rapid increase might be 
expected from crossbreeding with high-producing 
exotic genotypes. A substantial increase in milk pro
duction has been demonstrated at the 50% level of 
crossbreeding between Saanen and Ethiopian highland 
goats (Galal et al. 1982). However, first-cross Saanen 
X  local lowland goats have had problems adapting, 
indicating that a lower level of crossbreeding might be 
more suitable for the harsher lowland environment.

This paper reports a comparison of the productivity 
of purebred Adal and quarterbred Saanen X  Adal 
goats in an Ethiopian lowland environment.

MATERIALS AND METHODS

The investigation was conducted at Melka Werer 
Research Center, Institute of Agricultural Research. 
Melka Werer is situated in the Rift Valley, approxi
mately 180 km ENE of Addis Abeba at an altitude of 
750 m. Although the center itself is partially irrigated 
from the Awash River, the surrounding country is 
semiarid pastoral land with an average annual rainfall 
of 540 mm. Average monthly maximum temperatures 
range from 31°C in December to 38°C in June.

A herd of local Adal goats was established at the 
center in 1976. New bucks were introduced for mating 
in the second year to broaden the genetic base, but the 
herd was then closed to outside introduction, and 
replacement bucks and does have since been selected 
from within the herd on the basis of their dams* milk 
production. Four Saanen bucks imported from Israel 
were mated to part of the initial Adal herd. Four 
first-cross bucks from the progeny of this mating were 
then mated to Adal does to produce 1/4 Saanen X  3/4 
Adal too progeny. This quarterbred herd, was then 
closed to outside introduction, and replacement bucks 
and does have since been selected from within the herd 
on the basis of their dams* milk production. The data 
presented here for purebred Adal and quarterbred 
Saanen X  Adal goats are from a 5-year period begin
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ning in 1982, when a sufficient number of crossbred 
does were first available for meaningful comparisons.

All animals were treated regularly for the control of 
internal and external parasites. Purebred and crossbred 
animals were run together within the separated age and 
sex categories of adult males, adult females, weaner 
males and weaner females. All animals were penned at 
night and allowed to graze during the day on natural 
vegetation and herbage around roadways and irrigation 
channels, with occasional access to degraded irrigated 
Chloris gayana pasture. Breeding does remained 
penned in single-sire mating groups for a 5-week 
mating period in June/July each year. During these 
periods they were fed freshly cut grass or hay, with a 
daily supplement of 150 g concentrate mixture per 
animal.

Dam milk production was measured on one day of 
each week for the first 12 weeks postpartum. Dams 
were separated from their progeny in the late after
noon when they came in from grazing. Early next 
morning, one half of the udder was milked by hand, 
and the kids were then allowed to suck to satiety 
before being separated again. In the afternoon, 24 h 
after the initial separation on the previous day, the 
other half of the udder was milked. Total milk record
ed from the morning and afternoon milkings was 
doubled (to allow for only one half of the udder hav
ing been milked) to give an estimate of daily milk pro
duction.

Dam reproduction parameters and milk production 
were analyzed using a microcomputer least-squares 
program (Harvey 1987). Out of a total of 352 kiddings 
recorded over the 5-year period, 20 were from chance 
matings outside the planned annual mating seasons. 
Data from these out-of-season kiddings were included 
in analyses of reproductive traits, since reproductive 
performance otherwise would have been understated. 
Milk production from out-of-season kiddings was not 
recorded.

RESULTS

Least-squares means of reproductive traits are shown 
in Table 1. There were no significant differences 
between purebred and crossbred does in any of the 
reproductive traits recorded. The number of kids, both 
born and weaned, increased significantly (p <  0.001) 
with increasing dam age up to 6 years. This was a 
consequence of increasing multiple births with increas
ing age (p <  0.001), and an increase in conception 
rate {p <  0.05) which was most pronounced between 
the first kidding at 2 years of age and the subsequent

* kiddings. There were no significant differences be
tween years except in the incidence of abortion (p < 
0.05),‘Which was higher in the first year of the com
parison than in the subsequent years. The only signifi
cant interaction was a breed X year effect on concep
tion rate ip <  0.05). Purebred and crossbred does that

Table 1. Effects of dam breed, age, and year on reproductive traits
Does
mated
(no.)

Conceived
(%)

Aborted
(%>

Kidded (%)
Multiple
births
(%)"

Kids per doe 
mated 

born weaned
Means 352 84 7 79 39 1.12 0.95
Breed
Purebred 232 83 6 78 35 1.07 0.95
Crossbred 120 88 8 B0 42 1.16 0.95
P ns ns ns ns ns ns

Age (yr)
2 96 78 7 65 8 0.70 0.67
3 91 88 8 80 20 0.95 0.85
4 73 84 8 75 41 1.07 0.92
'5 41 82 4 78 43 1.17 0.84
6 29 88 3 84 69 1.45 1.38
7 22 100 10 90 51 1.35 1.10
P ns ns *** *** ***

Year
1982 41 92 17 75 33 1.02 0.89
1983 53 85 8 77 47 1.17 0.98
1984 76 89 2 87 34 1.15 0.99
1985 84 83 4 79 36 1.10 0.96
1986 98 80 3 77 44 1.14 0.92
P

V.__
ns * ns ns ns ns

1 All were twin births apart 4rom four sets of triplets (3 purebred and 1 crossbred) born to 4, 5, and 6 year-old dams 
ns = not significant; *** = p  < 0 .001; *  = p < 0.05
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conceived were 93% and 91% in 1982, 84% and 85% 
in 1983, 96% and 82% in 1984, 66% and 99% in 
1985, and 77% and 83% in 1986. There is no obvious 
reason why conception rates were seemingly higher in 
purebred than in crossbred does in 1984 and lower in 
1985.

Least-squares means of milk production during a 
12-week lactation (the total of the 12 weekly measure
ments of daily milk production, each multiplied by 7) 
are presented in Table 2. There were no significant 
breed x  age or breed X year interactions. Crossbred 
does produced significantly ip <  0.01) more milk than 
purebred does; production increased significantly (p <
0.01) with age up to the third lactation at 4 years of 
age. An apparent further increase between 6 and 7 
years of age is considered more likely to be a conse
quence of prior culling of lower producing does than 
to an effect of age per se. There was significant (p <
0.05) variation in average production between years.

Least-squares means of postpartum doe body 
weights recorded within the first month after parturi
tion are also shown in Table 2. There was no signifi
cant difference in body weight between purebred and 
crossbred does, and no significant breed X age or 
breed x  year interactions. Body weight increased 
significantly (p < 0.001) with age, but once again the 
increase beyond 5 years of age is considered more 
likely to be a consequence of prior culling of poorer 
animals than an effect of age per se. There was a

small but significant {p <  0.01) variation in post
partum body weight between years.

DISCUSSION

Significant effects recorded during the study such as 
those o f increasing reproductive rate and milk produc
tion with increasing dam age are well-known aspects 
of small ruminant production that do not merit further 
discussion. Similarly, the significance between year 
variation recorded for most productivity measurements 
is not discussed, except to point out that 1984 (during 
which most production parameters were below aver
age) was also a year of widespread drought in Ethio
pia. The fact that there were no significant breed X 
year interactions in any production parameters indi
cates that the superior productivity of crossbred does 
discussed below was evident in the poorer as well as 
the better environmental years of the comparison.

The 12-week doe milk yields of Adal goats record
ed here were similar to those reported in the initial 
stages of the breed characterization program at Melka 
Werer (Galal and Beniam 1982). Reproduction para
meters are not strictly comparable because of a change 
from an 8-monthly to a 12-monthly mating manage
ment system. The 35% incidence of multiple births 
was considerably higher than an estimated 10% in 
pastoralists* herds (Wilson 1982), possibly owing to 
the concentrate feeding practiced during the mating

Table 2. Effects of breed, age, and year on total milk production from a 12-week lactation, and on 
postpartum doe body weights

Observation
(no.)

Total milk 
production (kg)

Postpartum body 
weight (kg)

Means 200 27.5 33.0
Breed

Purebred 122 24.0 33.0
Crossbred 78 31.1 32.9
P ns *** ns

Age lyr)
2 41 22.1 27.0
3 55 25.7 30.8
4 42 28.1 33.2
5 32 27.8 33.5
6 19 28.4 35.0
7 11 33.1 38.2
P ns **

Year
1982 21 24.1 34.6
1983 30 27.5 34.0
1984 56 25.9 32.3
1985 37 28.9 32.6
1986 56 31.2 31.3
P ns *

> n M ^ Anc
*



periods of the present investigation.
Quarterbred Saanen x  Adal does did not differ 

significantly from purebred Adal does in mature body 
weight, and their reproductive performance was simi
lar in all aspects except for significantly higher milk 
production- The average 12-week milk yields of 24 kg 
for purebred does and 31 kg for quarterbred Saanen 
does were comparable with yields of 19 kg and 50 kg 
reported for highland and halfbreed Saanen X high
land does respectively (Galal et al. 1982), if it is 
assumed that the superior productivity o f the halfbred 
would be reduced by about half in the quarterbred and 
that there would also be some loss of heterotic effects 
in the backcross.

The milk yields recorded for both genotypes in this 
comparison were probably far less than their genetic 
potential. Sands and McDowell (1978) have pointed 
out that a nutrient intake near to 2.5 multiples of 
maintenance is required for maximum milk yield, and 
potential yield is likely to be reduced by 50% or more 
in tropical environments where the vegetation rarely 
allows a nutrient intake of above 1.5 times mainten
ance Even so, a higher level of crossbreeding than the 
quarterbred used in this study would be recommended 
for any goat milk improvement program that could 
incorporate higher management inputs and improved 
feed resources. For the seminomadic pastoralists 
around Melka Werer, however, the quarterbred Saanen 
X Adal doe has much to offer, since milk production

was increased by some 30% without any loss of 
reproductive capacity, increase in mortality, or in
crease in mature body size which would necessitate an 
increase in feed resources for herd maintenance.
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Comparisons were made on birth weight, weaning weight, 6-mohth weight, yearling weight and 
viability of 308 purebred Adal and quarterbred Saanen x Adaf kids born over a 5-year period, 
1982 to 1986. All kids, were born in the same season, October to December of each year, aWd 
were grown under the.sarcie management and environmental conditions. The average birth weight 
of progeny, from birth tQ.weaning ?t 3 fTio of age Was '2,2 kg; their Mortality-rate from1 birth to 
weaning was 14%, between ages 3'mo and 6 mo 6%, and between 6 mo and 12 mo 4%. There 
were no significant differences between the two'genotypes in any of these parameters. Quarter- 
bred Saanen x Adal kids, were significantly heavier than purebred Adal at 3 mo of age (9.7 kg and
8.9 kg respectively, p < 0.01) and at 6 mo (13.6 kg and 12.8 kg respectively, p <  0.01}, but not 
at 12 mo. In both genotypes the males grew faster and were.heavteir at all'stages than the fe
males. The singles were heavier at birth and grew fastef than the twins.

INTRODUCTION

. In the drier lowlands of Ethiopia, goats are of great 
importance as a source of milk and meat for the no- 

jinadic pastoralists, where an estimated 75% of the 
total goat population of some 18 million is maintained 
(Ministry o f Agriculture 1984). Even though the vast 
majority of the goat population in the country is locat
ed in this region, productivity is considered low. 
Among many factors, poor genetic potential can be 
cited as a reason for the low productivity of the indig
enous Ethiopian goats (Kassahun 1985).

It would take a long time to achieve substantial 
increases in productivity by genetic selection within 
the existing genotypes, because the initial level of 
production is low. More rapid increases might be 
expected from crossbreeding with high-producing 
exotic genotypes (Galal 1980).

In an attempt to improve milk production, the 
contribution of fast growth and reduced mortality rate 
of kids is o f paramount significance. Performance of 
the local lowland x  exotic crossbred progeny is not 
yet clearly known in the country. However, in the 
lowland at Melka Werer 50% Saanen X  Adal kids 
markedly outweighed the purebred Adals by 25% at 
birth, 79% at 90 days, and 43% at 180 days (Galal et 
al. 1977). Later on these 50% crosses showed adapta
tion problems, indicating that a lower level o f cross
breeding might be more suitable for harsher lowland 
environments.

The development of genotypes capable of showing

better performance and producing more milk within 
existing environmental constraints appears to offer the 
most promising means of increasing production in the 
pastoral regions, since the potential to increase produc
tivity through improved management or increased feed 
resources is severely restricted. Therefore, this paper 
reports a comparison of the performance of purebred 
Adal and quarterbred Saanen X  Adal progeny in an 
Ethiopian lowland environment.

MATERIALS AND METHODS

The investigation was conducted at Melka Werer 
Research Center, Institute o f Agricultural Research. 
Melka Werer is situated in the Rift Valley, approxi
mately 180 km ENE of Addis Abeba at an altitude of 
750 m. Although the center itself is partially irrigated 
from the Awash River, the surrounding country is 
semiarid pastoral land with an average annual rainfall 
of 540 mm. Average monthly maximum temperatures 
range from 31°C in December to 38°C in June.

A herd o f local Ada] goats was established at the 
center in 1976. New bucks were introduced for mating 
in the second year to broaden the genetic base, but the 
herd was then closed to outside introduction, and 
replacement bucks and does have since been selected 
from within the herd on the basis of their dams’ milk 
production. Four Saanen bucks imported from Israel 
were mated to part of the initial Adal herd. Four first 
cross bucks from the progeny of this mating were then
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mated to Adal does to produce 1/4 Saanen x 3/4 Adal 
progeny. This quarterbred herd was then closed to 
outside introduction, and replacement bucks and does 
have since been selected from within the herd on the 
basis of their dams’ milk production. The data present
ed here for purebred Adal and quarterbred Saanen X 
Adal goats are from a 5-year period beginning in 
1982, when sufficient number of crossbred does were 
first available for meaningful comparisons.

All animals were treated regularly for internal and 
external parasite control. Purebred and crossbred 
animals were run together within the separated age and 
sex categories of adult males, adult females, weaner 
males, and weaner females. All animals were penned 
at night and allowed to graze during the day on natural 
vegetation and herbage around roadways and irrigation 
channels, with occasional access to degraded irrigated 
Chloris gayana pasture. Breeding does remained 
penned in single-sire mating groups for a 5-week mat
ing period in June/July each year. During these peri
ods they were fed freshly cut grass or hay, with a 
daily supplement of 200 g-350 g concentrate mixture 
per animal. The does also remained penned with their 
newborn kids for the first two weeks after kidding, 
during which time they were fed freshly cut grass or 
hay with a daily supplement of 150 g concentrate 
mixture per animal.

Every day during the kidding periods, newly bom 
kids were identified with their dams and then were 
tagged and weighed. Progeny body weights were then

recorded at a fortnight interval until weaning at 3 
months of age and at monthly intervals thereafter. 
Progeny growth and mortality were analyzed using a 
microcomputer least-squares program (Harvey 1987). 
Out of a total of 352 kiddings recorded over the 5-year 
period, 20 were from chance matings outside of the 
planned annual mating seasons. Progeny bom out of 
season were excluded from growth and mortality 
analyses because of their unknown genotype.

RESULTS

Least-squares means of progeny body weights at birth 
and at 3, 6, and 12 months of age are shown in Table
1. There were no significant interactions between any 
main effects. Breed did not affect birth weight. Cross
bred progeny were significantly (p <  0.01) heavier 
than purebreds at 3 and 6 months of age, but by 12 
months the difference had decreased to a small and 
insignificant level. Male kids were significantly (p <
0.001) heavier than females, and single-bom kids were 
significantly (p <  0.001) heavier than multiple-born 
kids at all stages up to yearling age. Birth weight did 
not vary significantly between years, but there were 
significant {p <  0.001) between-year differences in all 
later body weight records.

Least-squares means of the percentages of progeny 
that died before yearling age are shown in Table 2. 
There were no significant differences in mortality 
between purbred and crossbred kids and no significant

Table 1. Effects of breed, sex, birth type, and year on progeny body weights
Proaenv bodv weiaht fkq)

Birth 3 mo 
(weaning)

6 mo 12 mo

Breed
Purebred 2.2 (192) 8.9 (173) 12.8 (156) 21.9 (138)
Crossbred 2.2 (116) 9.7 (94) 13.6 (89) 22.3 (84)
P ns ** 4 * ns

Sex
Male 2.3 (172) 9.8 (149) 14.1 (136) 23.6 (121)
Female 2.1 (136) 8.8 (118) 12.2 (109) 20.5 (98)
P 4 44 444 444 4 4 4

Birth type
Single 2.3 (161) 10.2 (149) 14.0 (137) 22.7 (121)
Multiple 2.0 (147) 8.4 (118) 12.4 (108 21.4 (101
P 44  4 4 44 4 44 4 44

Year
1982 2.0 (31) 9.8 (29) 14.6 (26) 23.8 (24)
1983 2.2 (49) 9.7 (41) 14.0 (40) 21.4 (39)
1984 2.1 (70) 8.3 (58) 11.4 (47) 23.4 (37)
1985 2.3 (73) 9.5 (68) 12.7 (67) 20.4 (63)
1986 2.2 (85) 9.3 (71) 13.2 (65) 21.4 (59)
P ns 444 4 44

Mean 2.2 (308)1 9.3 (267) 13.2 (245) 22.1 (222)
* numbers in parentheses indicate observations 
ns = not significant; ** = p < 0.01; *** -  p < 0.001
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Table 2. Effects of breed, sex, birth type, and year on 
progeny mortality to yearling age (al! 
percentages based on numbers of kids born, 
shown with birth weights in Table 1)

Prooenv mortality
Birth 12 Birth 3-6 6-12
mo 3 mo mo mo

Breed
Purebred 26 10 9 7
Crossbred 23 17 3 2
P ns ns ns ns

Sex
Male 24 14 6 4
Female 23 14 6 5
P ns ns ns ns

Birth type
Single 18 9 6 4
Multiple 29 18 5 4
P * * 7

ns
ns

Year
1982 12 7 6 0
1983 20 17 1 2
1984 44 19 14 13
1985 11 6 1 4
1986 30 20 7 3
P 4 44 * 4 4

Mean 24 14 6 4
NS = not significant; * -p < 0.05; ** - p < 0.01; 

< 0.001

differences between males and females. Preweaning 
mortality was significantly (p < 0.05) higher in multi
ple-born than in single-bom kids, but there was also a 
significant (p <  0.05) breed X  birth type interaction. 
Preweaning mortality of purebred kids was 10% for 
single bom and 11% for multiple bom, and the rate 
for crossbred kids was 8% for single bom and 26% 
for multiple bom. Birth type did not significantly 
affect mortality after weaning. There was significant 
between-year variation in mortality at all stages be
tween birth and yearling ages.

DISCUSSION

Although breed did not affect birth weight, crossbreds 
were significantly heavier than purebreds at 3 and 6 
months. Quarterbred Saanen X  Adal kids have shown 
higher preweaning growth as a result of high milk 
production of their dams. Males outweighed females 
and singles were heavier than twins at all stages up to

yearling age, as shown by Galal et al. (1977). The 
significant effect of year of birth on preweaning 
growth rate and weaning weight in goats has also been 
reported (Khombe 1985). Progeny body weights of 
Adal goats recorded in the present study were similar 
to those reported in the initial stages o f the breed 
characterization program at Melka Werer (Galal and 
Beniam 1982).

Preweaning mortality among twins was significantly 
higher than among singles, also in agreement with 
published results (Galal et al. 1977). Physiological 
starvation resulting in small and weak offspring at 
birth was suggested the major cause o f death among 
twins (Khombe 1985). Sex differences were not signif
icant in the survival rates of kids.

Genotypes developed by crossing local Adal goats 
with Saanens to the quarterbred level could be used for 
better milk production than the local stock in the 
existing pastoral system around Melka Werer without 
adaptation problems and without a need for improved 
management inputs or feed resources.
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ABSTRACT

A dairy goat development program has recently begun, implemented jointly by the Ministry of 
Agriculture, Alemaya University of Agriculture, and the Institute of Agricultural Research. The 
program, sponsored by a British nongovernmental organization, FARM Africa, aims to  increase the 
incomes of women in areas of poor arable crop production and high population densities. Goats 
will be provided on credit to women who have already planted forage with the assistance of the 
Fourth Livestock Development Project. Goats will be tethered and fed feeds cut and carried to 
them. After training in animal husbandry and health practices the women will be supplied w ith 
crossbred does. Inputs will be supplied through service cooperatives. The crossbreeding program, 
will be carried out at Alemaya University of Agriculture, where a goat house has already been 
constructed and breeding stock purchased. It is also hoped that the project will stimulate a range 
of activities associated w ith goat production such as the production of contagious caprine pleuro
pneumonia vaccines, competence in the artificial insemination of goats and a raising of awareness 
within the country on the value of goats. A national goat breeds survey will also be carried out to
evaluate Ethiopia's indigenous breeds. All levels

INTRODUCTION -

There are estimated to be approximately 18 million 
goats in Ethiopia. This population is distributed 
throughout the country with about 27% being kept in 
the highland areas of Shewa, Tigray, Gonder, Welo, 
and Harerge and the remaining in the rangeland areas. 
Goats provide their owners with a range of products 
and services including milk, meat, skins, manure; they 
are insurance against crop failure, to be sold in times 
of need, and are a form of savings and investment. As 
is the case throughout Africa, goats tend to be kept by 
the poorer sectors of the Ethiopian society. While 
goats represent a valuable resource for the country and 
are of immense value to individual farmers, it is 
widely recognized that little support is given to them 
by policymakers or by those working in agricultural 
research and development.

A dairy goat development program, aimed at in
creasing the incomes of the rural poor in areas of poor 
arable crop production and high population pressure, 
was begun at the end of 1988. The program is particu
larly focusing on women since they are traditionally 
responsible for milk production and, in most cases, for 
the sale of dairy products. Women are often excluded 
from the development process although their share of 
labor in the agricultural sector is large and they are 
responsible for the welfare of their families. Increas-

of participants in the program will be trained.

ingly, policymakers are realizing the value of directing 
development efforts towards women and many such 
efforts have yielded quite spectacular results (UNIFEM
1986), ^

The program is adopting a stepwise approach to the 
development of competence in dairy goat production 
in Ethiopia at both farm and institutional levels and is 
well aware that long-term support is required if the 
program is to achieve sustained improvements. The 
components of the program and how they relate to 
each other, together with the recent progress of the 
program, will be described in this paper.

COMPONENTS OF THE DAIRY GOAT 
PROGRAM

The components of the program and how they relate to 
each other are outlined in Figure 1 and include the 
following:

• Establishment of pilot goat centers sponsored by 
FARM Africa, other NGOs, and in the future by 
AIDBANK.

• Crossbreeding exotic breeds with locals for on-farm 
evaluation of their performance

• Forage and feed program for pilot goat centers 
under FLDP
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• Veterinary program including the production of 
Contagious Caprine Pleuro Pneumonia (CCPP) 
vaccine

• National survey of indigenous breeds of goats to 
evaluate their present and potential performance

• Training program for different categories of partici
pants including farmers, development agents and 
specialized staff of MOA/AUA/IAR and NGOs

• Public awareness campaign

DEVELOPMENT OF PILOT GOAT CENTERS

The main purpose of the first phase of the program is 
to establish goat centers under the auspices of service

cooperatives through which women can receive goats 
on credit. The main criterion for a woman’s participa
tion in the program is that she is enthusiastic and 
agrees to plant some forage around her house or in her 
fields before receiving a goat. Emphasis is placed on 
assisting the poorest members of the community. 
Advice and seed is provided under FLDP. The women 
then receive 2-3 local goats on credit through their 
service cooperative and are expected to pay a small 
insurance premium of 5% of the value o f the animals. 
It is preferable if the goats can be purchased in the 
local market, so allowing women to select their own 
goat. They will then receive training in husbandry and 
health, emphasizing the need to tether their goat and

TRAINING PILOT GOAT PUBLIC
CENTERS

---------- 1-----------  . .
AWARENESS

EXTENSION
[MOA/NGO]-

FORAGE BREEDING HEALTH
[FLDP/MOA] [AUA] [MOA]

CCPP
[MOA]

NATIONAL BREED Al
SURVEY [MOA]

[AUA/IAR/MOA]

Figure 1. Components of the dairy goat program
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cut and carry feed to it in preparation for when they 
receive a crossbred dairy goat. Further training will be 
provided to encourage the participants to spend money 
on livestock, drugs and other inputs, purchased from 
their local service cooperative, in order to obtain the 
fullest returns from their improved animal. The pro
gram will then assist the women and the service coop
eratives in marketing the milk and dairy products. It is 
expected that this stepwise approach to improved 
management will improve the chances of the long-term 
success of the program. These steps are described in 
Figure 2.

So far the program has started two goat groups and 
two more are about to begin. Tfie first group was 
started in Gursum in cooperation with CARE and 
MOA. A total of 35 women has so far received local 
goats on credit after they had planted some forage

crops in the previous wet season. Many of the goats 
were pregnant when purchased and have subsequently 
given birth, encouraging the women to start paying off 
their original loan in only, 3-4 months after receiving 
it. The enthusiasm of the women is clearly demon
strated by the sorts of feeds they provide as supple
ments, which included maize grain, green sorghum 
heads, and leftover injera. One woman even cooked 
pumpkins for her goats.

The second group is at Dengego where 60 women 
have registered to receive goats, have already planted 
some forage crops and will receive local goats soon.

BREEDING PROGRAM AT ALEMAYA 
UNIVERSITY

Initially the crossbreeding component of the program

MARKETING
Service

cooperatives

CROSSBRED
GOAT

Credit + insurance

TRAINING
Vet. care, etc.

LOCAL GOAT
Credit + 
insurance

FORAGE
Precondition 
to receiving 

goat

Figure 2. The developmental path of a dairy goat center
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will be conducted at Alemaya University of Agricul
ture. A foundation flock of 200 Somali does has been 
purchased from the Ogaden area and 8 Anglo-Nubian 
bucks have been imported from the United Kingdom. 
The Anglo-Nubian breed was selected because of its 
previous widespread success in the tropics (Devendra 
1962, Devendra and Burns 1983, Sands and McDowell 
1978). Later this year more Anglo-Nubian bucks and 
does will be imported through a donation from goat 
farmers in the United Kingdom. Most of the does in 
the newly purchased foundation flock are pregnant and 
so mating will not begin for several months. A goat 
house has been constructed and the land has been 
planted with forage crops.

The performance of the crossbred progenies will be 
evaluated on-farm and then decisions will be made 
concerning whether to increase the proportion of 
exotic blood or to stabilize the level at 50%.

NATIONAL GOAT BREED SURVEY

A major constraint to the development of goat produc
tion in Ethiopia is the lack of reliable quantitative 
information about the characteristics of indigenous 
breeds. Although it is not well known yet, there may 
be sufficient variation in milk production amongst 
indigenous breeds to present a viable opportunity for 
improving milk production through selection. There is 
some anecdotal evidence on the existence of superior 
types but all the same there is a need to document the 
characteristics of local breeds in a systematic way.

Hence, it is intended that in the coming three years 
most of the goat production areas of Ethiopia will be 
visited and the physical characteristics of the breeds 
found will be recorded together with some assessment 
of their management and production levels.

This work will be conducted by graduate students 
studying at Alemaya University of Agriculture. Since 
these students represent the many different institutious 
in the country, the experience they will gain out of 
such work will also be a benefit to their institutions.

VETERINARY PROGRAM

Frequently the so-called failure in introducing exotic 
blood into the tropics has really been the failure to 
provide the necessary level of management required to 
maintain the improved stock, particularly the level of 
health care. It is therefore intended that the program 
will emphasize the training of veterinary officers in 
specific health problems of goats and the training of 
development agents and farmers in preventive mea
sures.

The viral disease CCPP is widely thought to be of 
considerable economic importance in Ethiopia but little 
evidence exists to confirm this although MSFD has in

the past reported heavy losses from a disease thought 
to be CCPP (Shimendes, pers. comm.). It is hoped 
that the Dairy Goat Program will stimulate renewed 
efforts in determining the incidence o f the disease and 
will eventually assist in the production o f the vaccine.

FORAGE DEVELOPMENT

The Dairy Goat Program is fortunate to be able to 
work closely in the field with the Forage Development 
Program of the FLDP. The Dairy Goat Program is 
already working in sites that have adopted the forage 
development strategies promoted under the project. 
The strategies that are likely to be most suitable for 
goats include backyard forage, particularly tree 
legumes, forage strip establishment and undersowing 
of crops.

ARTIFICIAL INSEMINATION OF GOATS

Although there have been short courses run on the Al 
of sheep, their impact has been negligible largely 
because the semen has all been imported and therefore 
expensive, discouraging its use by the newly trained 
technicians lacking extensive practical experience. If 
the semen is collected in-country, thus reducing its 
cost, there is a much greater chance for technicians to 
develop competence in the insemination techniques of 
both sheep and goats. The facilities exist at the NAIC 
for semen handling and storage and the Dairy Goat 
Program has provided the equipment for semen collec
tion and insemination. It is planned that two of the 
bucks to be imported later this year will stand at the 
Al center for semen collection, allowing the use of 
relatively cheap semen for training purposes, and later 
these skills can be used in the breeding program of the 
project. This will provide the program with a greater 
scope in the use of breeds and genotypes within 
breeds.

PUBLIC AWARENESS CAMPAIGN

So much irrational negative publicity surrounds the 
goat that there is a need to highlight the important role 
the goat already plays in the Ethiopian economy and 
emphasize its potential to make an even greater contri
bution if it is given due regard in the environment. To 
this end the Dairy Goat Program plans to use a variety 
of media to reach policymakers, extension workers, 
school children, college students, and farmers.

CONCLUSION

The Dairy Goat Program will be reviewed after three 
years. At that time there should be goat groups estab
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lished in several regions of Ethiopia. Most groups 
have received a crossbred doe which should haVe had 
at least one lactation. At this stage it should be possi
ble to evaluate the strengths and weaknesses of the 
program and make suggestions for its future develop
ment. It is essential that support to the program is sus
tained for a period of time that allows a fair assess
ment of its worth. The activities described are intended 
to be part of a long-term, continuing program involv
ing different organizations in performing activities in 
support of the overall program. It is hoped that these 
activities will become habitual as part of the country’s 
efforts to develop goat production.
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ABSTRACT

One hundred and eighty zebu heifers and non-lactating cows were collected for artificial 
insemination. After remaining for more than 4 months under observation for heat detection, 43 
animals were inseminated and 137 were not inseminated because they had not shown heat 
(anestrus). Reasons foranestrus were sought by rectal palpation of genitals. Thorax circumference 
of each animal was measured and body condition was evaluated to  find possible relationships 
between the parameters and anestrus. The diagnosed reasons for anestrus in the noninseminated 
animals were the following: 45.1 % were not cyclic, 30.7%  were pregnant, and 24.2%  were cyclic 
but failed to show external signs of heat. No ovarian cysts or other pathological conditions were 
found. Acyclic animals were smaller in body size and poorer in body condition than the cyclic ones. 
About 80%  to 100% of the animals w ith a thorax circumference of 135 -140  cm and reasonable 
or good body condition were cyclic. Unobserved heat could not be shown to be related w ith  body 
size or condition. It was concluded that more animals could be inseminated if the proportion of 
acyclic animals was minimized by selecting animals having only reasonable body condition and 
thorax circumference of more than 135-140  cm and if pregnant animals were excluded.

INTRODUCTION

Visible estrus is a prerequisite for successful artificial 
insemination (Al). The present paper deals with Ethio
pian zebu heifers and cows that were collected for Al. 
After remaining for more than 4 months under obser
vation for heat detection, only a quarter of the animals 
had shown visible signs of heat and were inseminated.

Lack of heat, anestrus, may be caused by (a) lack 
of cyclic ovarian activity (acyclicity) or (b) failure to 
show and/or detect the external signs of heat (unob
served heat).

Cyclic ovarian activity is absent in heifers before 
the animal reaches sexual maturity (pre-pubertal acy
clicity). The time of puberty is determined rather by 
the body weight than age in years (1). Cows are acy
clic for a certain period of time after parturition 
(postpartum acyclicity). Loss of body condition and 
negative energy balance during the postpartum period 
may delay the initiation of cyclic ovarian activity (2, 
3). Acyclicity may also be caused by pregnancy and 
by pathological conditions such as ovarian cysts or 
uterine infection.

Unobserved heat is related to inefficient heat detec
tion. In Bos taurus breeds 59%-90% of the actual heat 
can be detected by the herdsmen. The more frequently 
the animals are observed the more heats can be detect
ed (4, 5). In zebus (Bos indicus) the relatively short

estrus and the poor manifestation of secondary signs 
make heat detection more difficult (6).

In the present survey, reasons for anestrus were 
studied in heifers and nonlactating cows that were 
collected for Al. The aim was also to study if the body 
size and condition of the animals could be related to 
the occurrence o f different types o f anestrus. The 
possibilities of using body size and condition as crite
ria in selecting animals for Al are discussed.

MATERIALS AND METHODS

The material consisted of 180 Ethiopian highland zebu- 
type animals that had stayed more than 4 months at an 
AT site in the Debre Birhan area. Age of the animals 
was not known, but most of them were heifers, and 
none of them were lactating.

One herdsman looked after the animals and detected 
heats. An Al technician visited the site daily and 
inseminated the animals that showed heat. The animals 
were grazing during the daytime and were taken into 
a bam for the night. No bull contact was allowed. The 
study was performed at the end of the dry season (in 
June 1988), at which time the pasture was very poor. 
No additional feeding was available.

Genitals were palpated rectally to define whether 
the animal was cycling or not. Presence of a palpable 
corpus luteum or prominent follicular activity with
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muscular tone, in the uterus was regarded as a sign of 
cyclicity. Animals with very small, symmetric ovaries 
and atonic uterus were classified as acyclic. Pregnan
cies and other findings were recorded.

To define the body size of the animals, thorax 
circumference behind the scapulae was measured. 
Body condition of each animal was scored from 1 to 5 
(1 being very thin, 5 very fat) according to the East 
Scotland College of Agriculture scale. The unpaired f- 
test and the chi-square test were used in the statistical 
analyses of the data.

RESULTS

Forty-three animals (23.8%) were inseminated. The 
remaining 137 (76.2%) had not shown heat.

The diagnosed reasons for anestrus in the non
inseminated (n =  137) animals were tfie following:

60 (45.1%) were acyclic
44 (30.7%) were pregnant
33 (24.2%) were cyclic but with unobserved heat

No ovarian cysts or other pathological conditions 
were found. Relationships between thorax circumfer
ence, body condition, and reproductive status are 
shown in Tables 1 and 2.

DISCUSSION

The differential diagnosis between cyclicity and acycli
city was based on a single rectal examination. In 
normal postpartum cows the method would not have 
been accurate enough because cyclic animals also have 
several days in their estrus cycle when the corpus lute- 
um cannot be palpated (7). Most of the animals in this 
study were heifers; the cows had given birth a long 
time previously. The genitals were involuted and 
evaluation of uterine tone was easy. If the animals had 
been cyclic, some difference in the size of the ovaries 
and some tone in the uterus would have been expected. 
As long as no hormonal analysis is available, the very 
small and symmetric ovaries and a flaccid uterus in 
connection with lack of external signs of heat have to 
be regarded as indications of acyclicity.

The most common reason for anestrus was lack of 
cyclic ovarian activity. Since the acyclic animals were 
smaller in thorax circumference and had a lower body 
condition score than the others, those parameters could 
have been used as criteria while selecting animals for 
Al. The proportion of acyclic animals could be mini
mized if only animals with a thorax circumference of 
more than 135-140 cm and a body condition score of 
2-3 were selected. It is important also to maintain the 
body condition at 2-3 during the stay at the Al site, or 
the animal may stop cycling.

One should bear in mind that on the basis of the

Table 1. Mean thorax circumference and body condition 
of inseminated and noninseminated animals 
divided according to reasons for anestrus 

Thorax Body
Animals circumfer- condition (%)
(no.) ence (cm) j £3

Inseminated 
Non inseminat

43 137* 15.6 84.4"

ed:
Pregnant 44 139* 11.4 88.6*
Unobserved 33 136s 19.4 80.6*

heat
Acyclic 60 131b 46.7 53.3b

* b values with different superscripts within each column differ
significantly ip < 0.01)

Table 2. Percentage of animals cyclic (unobserved heat, 
inseminated, and pregnant regarded as cycling) 
in different groups of thorax circumference and 
body condition

Animals cyclic (%)
(total number of animals}

Thorax Condition Condition
circum. (cm) 1 2-3

<130 18.2a(11) 33.3®(12)
130-134 33.3"(15) 61.3b(31)
135-140 50.0® (14) 78.6b(56)
>140 60.0" (5) 100.0C(36)
*’ b' c percentages with different superscripts within each para
meter differ significantly ip < 0.0S); (b-b p = 0.00)

present data, the above-mentioned dimensions can be 
applicable only to the highland zebus types. More 
research is needed to find out if the figures are valid 
for other zebu or crossbred animals.

A third of the animals that were not inseminated 
were pregnant by copulating with a bull before enter
ing the Al site. Pregnancy diagnosis is an essential 
part of selection of animals for AI. However, all the 
pregnant animals could not have been excluded even 
if they had been checked when entering the site. A 
second examination would have been needed to identi
fy those animals which were in an early stage of preg
nancy during the first check.

Twenty-five percent of the noninseminated animals 
were found to be cycling but had not shown heat. It 
was not possible to recognize those animals on the 
basis of their body condition or thorax circumference. 
It is therefore obvious that the proportion of animals 
that are cycling but do not show external signs of heat 
cannot be reduced by selecting the animals in terms of 
the methods used here. Instead, the possibilities of 
making heat detection more effective by using marker 
bulls or by tail painting should be studied.
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ABSTRACT

Using pure Friesian semen, an insemination trial on 158 cows (26% zebus and the rest crossbred 
Friesians) owned by private smallholders was conducted. The result was followed up for 14 -18  
months after the service. The non-return rate, calving rate, and body condition of the calves were 
compared according to the different bulls [n = 4), the Al technicians {n s= 3}, the blood level of 
the cows, and the level of farm management (good, moderate, poor). The overall calving rate was 
62.7% . The non-return rate at the first insemination was 60.6% , at the second 74.6% , and at the 
third 52.9% . The calving rate, in turn, at the first insemination was 36.7% , at the second 50.1 %, 
and at the third 23.5% . A t the time of the survey 92.3%  o f the calves were alive.

Calvings were not recorded for the following reasons: {1) Although 39 animals calved, the 
length of their gestation period indicated that the calves did not originate from the Al service per
formed. (2) Some 16 animats were regarded as infertile and le ft w ithout further Al services (9 after 
the first Al, 4 after the second, and 3 after the third or more Al). (3) Four of the animals serviced 
aborted.

The breed type of the bulls, the Al technician, and the blood level of the cow had no significant 
effects (chi-square test) on the non-return and calving rates or on the condition of the calves. Only 
the level o f management had a significant effect on the condition of the calves. The calves of one 
out of the four bulls used tended to be in better condition than the other calves.

INTRODUCTION

Achieving an increased milk and meat production by 
improving the genetic merits of indigenous cattle is 
one of the primary livestock development objectives of 
Ethiopia. Improvement in livestock resources can be 
achieved through the implementation of an efficient 
and reliable Al service, in parallel with proper feed
ing, health care, and management of livestock.

Al services are being expanded in areas where 
livestock concentration is high and the demand for 
improving the milk production character of indigenous 
stock is crucial. The regions where Al services have 
been started are Shewa, Arsi, Eritrea, Sidamo, Bale, 
Gojam, and Tigray.

A pilot study survey in Selale and Teguletina Bulga 
awrajas was set out to determine the artificial breeding 
efficiency parameters such as non-return rate, concep
tion rate, calving rate as well as the efficiency of Al 
technicians and Al breeding bulls at the practical field 
level. Other fields of interest of the survey was the sex 
ratio and condition of the calves bom and the interval 
from calving to first insemination.

MATERIALS AND METHODS

A total of 170 first inseminations were followed up by 
visiting the farm in 14-18 months after the service had 
been done. Between 9 September and 9 December all 
first inseminations made by three technicians (number 
1 and 2 in Selale and number 3 in Teguletina Bulga) 
were included, except some animals located very far 
from the main road. Out of the 170 inseminations, the 
calving result of 158 animals could be followed up—12 
were sold, dead, or lost otherwise and therefore the Al 
result could not be checked. About 72% of the animals 
followed up were kept at a farm with 1-3 dairy cows 
and the rest at farms with more than 3 cows. The 
animals were 28% zebu cows, 57% Friesian x  
zebu crosses and 15% crosses with more than 50% 
Friesian blood. All the animals were inseminated with 
pure Friesian frozen semen.

The calving date, number of inseminations, milk 
yield, and possible postpartum inseminations of the 
animals were recorded. The body condition of the 
calves was evaluated by scoring as poor, moderate, or 
good. The level of management on the farm was also
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evaluated by scoring as good (cowshed and calf pen, 
supplementary feeding available, and animals in good 
condition), moderate (cowshed, some supplementary 
feeding, and animals in moderate body condition), or 
poor (no cowshed, only pasture feeding, and animals 
in poor condition).

As a result o f mating by a bull or nonrecorded Al 
pregnancies that took longer than 290 days and shorter 
than 260 days (if calves were alive) were excluded. 
Pregnancies shorter than 260 days, and if calves were 
dead, were regarded as abortions.

The chi-square test was used to perform the statisti
cal analysis of the data, except for the milk yield 
which was analyzed by using analysis of variance.

RESULTS

The non-return rate at the first insemination was 
60.6%, at the second 74.6%, and at the third 52.9%. 
The overall conception rate was 69.6%.

The calving rate at the first insemination was 
36.7%, at the second 50.1 %, and at the third 23.5%. 
At the time of the survey 92.3% of the calves were 
alive and the average age was 5.9 months (SD ~  1.7). 
Among the calves 43% were male and 57% female. 
The overall calving rate was 62.7%. Reasons for no 
detailed records o f calving rate were the following:
• although 39 animals calved, the gestation period 

indicated that the calves did not originate from the 
Al service;

• 16 cows were regarded as infertile and left without 
further Al (9 after the first Al, 4 after the second, 
and 3 after the third or more Al);

• 4 animals aborted.
The average daily milk yield o f the pure zebus, 50% 
crosses and >  50% crosses was 2.6 kg, 5.6 kg and 
10.4 kg respectively (p <  0.05).

According to the milk production data of this study, 
obtained through interview and not from actual re
cording, milk production tended to increase with 
increasing blood level.

According to the data on 91 animals, 51% of the 
cows were inseminated after calving, out o f which 
25.2% were less than 59 days old, 37.5% were 60- 
119 days old, and 37.3% were more than 120 days 
after calving.

The data on inseminations after calving could be 
collected from only 91 animals, out of which more 
than 50% were inseminated. However, the percentage 
cannot be regarded as representative o f the whole 
material. A third of the cows known to be inseminated 
were served at less than 60 days after calving, which 
is too early to achieve the best possible conception 
rate. The fact should be emphasized in training Al 
technicians and fanners.

DISCUSSION

Out of the 202 first inseminations plus 69 repeated 
inseminations (total 271) performed during four 
months by three Al technicians only 170 cases were 
followed up. The non-return rate and calving rate 
seemed to be independent of the blood level of the 
dam, number of bulls, and the Al technician (Table 1).
1 The majority of animals surveyed (72%) were 

crosses (25%-75% exotic blood level) and most of

Table 1. Al results at the first insemination according to cow blood level, bull used, and inseminator
NR rate CA rate Bull mated Infertile

n ’ ' (%) (%) (%) (%)
Cow blood level (%)

0 Friesian 48 62 33 17 10
50 Friesian 90 60 35 14 2
> 50 Friesian 20 65 55 0 0

Bull used
No. 106 41 55 34 10 7

116 31 61 34 13 6
119 25 48 28 16 0
125 61 69 40 16 5

Inseminator
No. 1 42 71 38 21 7

2 29 66 45 14 0
3 87 55 30 11 6

Grand mean 158 61 37

T h e re  w e re  n o  s ig n if ic a n t  d if fe re n c e s  b e tw e e n  c o w  b lo o d  le v e l, b u l l  u s e d , o r in s e m in a to r  in  a n y  o f th e  p a ra m e te rs  m e a s u re d . 

n  =  n u m b e r  o f  a n im a ls :  N R  ra te  =  n o n -re tu rn  ra te ; C A  ra te  = c a lv in g  ra te ; b u ll  m a te d  = th e  g e s ta tio n  p e r io d  in d ic a te s  th a t  th e  c a lf  

d id  n o t  o r ig in a te  f r o m  th e  A l fo l lo w e d
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Table 2. Body condition of calves according to dam blood level, bull used, 
and level of management

______ Body condition (%)_________

n Poor Moderate Good

Blood level (%)
50 26 32.0 52.0 16.0
0 46 47.8 45.7 6.5

>50 13 23.1 61.5 15.4

Bull used
No. 106 27 53.9 38.5 7.7

116 12 54.6 36.4 9.1
119 11 40.0 60.0 -
125 35 20.6 61.8 17.6

Calf condition
Poor 11 90.9 9.1 —
Moderate 50 38.8 59.2 2.0
Good 24 66.7 50.0 33.0
Differences are not statistically significant ip > 0.05)
Proportion of poor calves is significantly lower for bull number 125 than for 
the others (p < 0.05)

them were found in towns such as Debre Birhan, 
Fiche, Debre Tsigie, Muketuri, and Degen. Most of 
the crosses were managed indoors. However, the 
major feed supply was hay because o f shortage of 
industrial by-products like wheat bran and noug cake, 
and it was the main topic o f complaint by the herds
men. On the other hand, poor housing was one of the 
managemental failures envisaged by the surveyors.

In general the blood level of the inseminated ani
mals showed no significant effect on the condition of 
the calves (Table 2). The level of management had a 
significant effect on the condition of the calves. For 
example bull number 125 tended to produce fewer 
calves in poor condition than the other bulls (Table 2). 
The results indicated that it is not possible to conclude 
that a single level o f exotic blood is optimal for all 
herds of the area. Instead, conditions at individual

farms should be considered in working out breeding 
programs.

As a reference, some fertility parameters were 
computed from the Holetta Crossbreeding Program 
(IAR), from 8 August 1986 to 7 August 1988, The 
overall conception and calving rates were 76.4% and 
72.1% respectively. The overall conception rate re
corded in this study is in agreement with that o f IAR, 
but the calving rate is lower. The possible reasons for 
this can be the fact that some owners could not recall 
the exact calving date of their animals and 39 calvings 
had to be excluded. Because of that their gestation 
periods were found to be too short or too long.

On the basis o f the present data, it can be inferred 
that the national Al center has obtained results from 
the areas surveyed comparable to those at research sta
tions.
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ABSTRACT

In 1986 -1987  a survey was conducted in the Eritrean Region to gather information on the live
stock production systems of the region. The survey covered the whole of the Eritrean region 
(central highlands, eastern lowlands, and western lowlands). Questionnaires and physical 
observations of the region were the methods of investigation employed. Results indicated that 
livestock production in the western and eastern lowlands of the region mainly depend on pastoral- 
range production, whereas in the highlands it is a mixture of crop and livestock productions. The 
dominant cattle types in the central highlands, western lowlands and eastern lowlands are Arado, 
Barka, and Baherie respectively. Although the Arado goat type is the most abundant, Hassen 
stands first in milk production. Arrit in the eastern lowlands and Shemezna in the central highlands 
are the sheep types popular for their wool production.

INTRODUCTION

The Eritrean Region is naturally endowed with various 
natural resources. There are about 1 300000 head of 
cattle, 800000 sheep, and 2 400000 goats in the 
region (4). The cattle population of the region accounts 
for 5% of the nation's cattle stock. The figure is 3.3% 
and 13.3% for sheep and goat populations respective
ly. In addition, from the Red Sea part of the region 
which covers an area of 90000 km2, it is estimated 
that around 65 000 tonnes of fishery products can be 
harvested annually (3). Of the total human population 
of the region, 87% are rural dwellers (2). As else
where in Ethiopia, the economic advantage that can be 
obtained from livestock and fisheries is not yet tapped. 
Therefore, it is essential that the planning office look 
for means of exploiting these resources to enhance the 
region’s development. This paper presents the findings 
of a survey of livestock production systems made 
during 1986-1987.

The objectives of the survey were:
• to describe the current livestock production sys

tems,
• to identify the major constraints to livestock pro

duction and to propose solutions, and
• to gather information on how the Eritrean Region 

should specialize in livestock production.

The survey area covers the eight awrajas of the region 
(the central highland, the eastern and western low
lands). The central highland covers Hamasen and 
Seraye awrajas and parts of Akale Guzay, Keren and 
Sahil awrajas. The western lowland includes Akordat 
and Gash and Setit awrajas and the Hagez wereda of 
Keren. The eastern lowland comprises Red Sea 
Awraja, the eastern part o f Sahil, and the northeastern 
part of Akale Guzay. The annual rainfall ranges from 
400 mm to 600 mm in the central highlands, from 
400 mm to 1000 mm in the western lowlands, and 
from 150 mm to 400 mm in the eastern lowlands (2, 
3).

MATERIALS AND METHODS

The first step was to collect and analyze literature 
concerning the subject under the study. Based on the 
background information, the formal survey was 
launched by using questionnaires. The questionnaires 
were sent to the 640 peasant associations and eight 
producer cooperatives of the region. Moreover, the 
team made an informal survey by moving through 
seven awrajas and their weredas, assessing the live
stock types physically and collecting data by interview
ing development workers, elders, and cattle owners.

too
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RESULTS AND DISCUSSION

Livestock Production Systems

In the western lowlands and partly in the eastern low
lands, the livestock production system is pastoral- 
range, serving as the sole source of food in the forms 
of milk and meat. In the highlands a crop/livestock 
mixed production system is the practice with livestock 
serving as the main source of power.

T ype, Population , and  D istribution of Livestock

Cattle types

Arado is the main cattle type in the highlands where 
crop production is the major occupation (draft animal)
(4). \

Barka (Begeit) cattle are the most important in the 
western lowlands for they are alert and prompt to learn 
many things. They are dairy type.

Baherie (Arab) type are said to have originated in 
the Arab country of Aden. The type is mostly found in 
Red Sea Awraja. The animals are kept mainly for milk 
and meat.

Goat types

Arado (Werie) is the most abundant goat type, found 
commonly distributed in the dega and weina dega 
areas of the region.

Zehie goats originated Sahil Awraja but they are 
also found in Keren.

Barka goats have large ears, long udders, huge 
bodies, and bulged-out noses.

Hassen in Arabic means the better or the preferred 
one. It is said that its origin is the border area of the 
Sudan. It stands first in the region in milk production. 
It is mostly found in Barka, Gash, and Setit.

Adahalak goats are found in Kerkebt Wereda 
(Barka region) and on the coastal areas of Sahil.

All the goat types mentioned above are kept for 
both milk and meat production.

Sheep types

Hamate sheep are found in areas close to the Sudanese 
border. The Hamale is a large sheep, with liveweight 
ranging from 65 kg to 90 kg (1).

Barka sheep originated in Barka Awraja. It is a 
crossbreed of Hamale and fat-tailed sheep types, with 
a liveweight range of 30—60 kg (1).

Arrit sheep are abundantly found in Sahil, on the 
border areas of Keren, and the Red Sea area bordering 
the Sahil. Although the sheep are wool type, there is 
no market for their wool in the region.

Shemazna sheep are found in Senafe Wereda 
(Akale Guzay Awraja). They stand first in wool pro
duction when compared to the other fat-tailed sheep 
(1). Despite the large amount of wool produced there 
is no big market for it.

Baherie (Rashiada) sheep are mainly in the eastern 
lowlands. They are dual purpose—meat and milk.

Came/  types

Baherie camels are found in the Red Sea area, extend
ing from Ginda to Karora.

Red type camels are abundantly found in the Red 
Sea area, Sahil, Barka, Gash, and Setit. They are kept 
for meat, milk production, and human transportation.

Areho camels are found in Zula and Ginda weredas 
of the Red Sea region and in Keren. They are mainly 
used as a pack animal.

White type camels are found in Barka, Gash, and 
Setit. They are mainly used for human transportation.

Donkey types

Dega (Mekadie) donkeys are mainly used as pack 
animals.

Riff (donkey of kola) are adapted to hot areas. They 
are unique in their speed; they can travel 6-7 km/hr.

Population and Distribution

Owing to security problems, lack o f adequate infor
mation, and farmers’ fear of divulging the number of 
animals in their possession, taking a total livestock 
census was very difficult. Yet with all these con
straints, data have been collected from 557 peasant 
associations (Table 1). Some awrajas with a small 
number of peasant associations have a higher number 
of animals than the others. This is because of the 
suitability of the areas for animal production and the 
abundance of feed and water supplies when compared 
to the other awrajas (Table 2).

Livestock Husbandry Practices

Livestock husbandry practices in the central highlands 
of the region are mainly directed towards obtaining 
farm power by increasing the number o f oxen. Hence 
the number of female animals they maintain is smaller 
than the males. In the lowlands, the sole aim is to 
increase herd size, with no attention given to improve
ment in productivity.

Cattle in the western lowlands are given special 
training. Although the cattle in these regions are 

. nervous compared to those in other regions, they are 
quick to learn many things. For instance, when a 
herdsman gives an alarm signal to escape from an
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Table 1. Number of livestock owned by eight peasant associations

Awraja
Weredas
(no.)

PAs
(no.)

Cattie Sheep Goat Donkey Mule
Number of animals (in '000s! 

Horse Camel Chicken

Keren 3 48 29.7 11.9 46.1 2.3 0.1 - 1.6 13.7
Barka 3 23 29.3 17.2 46.1 5.7 - 0.01 10.5 NR
Gash and Setit 3 33 150.8 124.5 131.1 4.8 - 14.5 NR
Hamassen 4 104 45.5 62.8 37.7 13.2 0.2 0.5 0.3 168.8
Akale Guzay . 4 66 37.0 51.7 63.1 6.9 0.2 0.2 0.3 71.0
Seraye 4 264 134.6 79.7 104.7 21.6 0.8 0.1 0.6 186.4
Sahil 3 19 10.0 9.8 94.4 0.4 - - NR NR
Red Sea - - NR NR NR NR NR NR NR NR
Total 24 5.54 436.9 357.6 523.2 54.9 1.3 .81 27.8 439.9
NR = no reply

Table 2. Land utilization of peasant associations
Awrajas and number of peasant associations

Land utilization 
(*000 ha)

Akale Guzay 
(66)

Seraye
(264)

Hamassen
(86)

Keren
(48)

Barka
<23)

Gash and 
Setit 
(23)

Sahi
(12)

Total and area 71.7 153.9 31.6 22.0 16.0 39.1 1.6
Total potential 

cropland 21.4 106.2 21.8 13.4 9.0 28.6 0.6
Actual cropland 19.3 86.9 18.3 10.9 3.8 16.7 0.6
Fallow land 1.3 8.8 2.3 0.7 0.2 5.1 -
Virgin land 0.8 10.5 1.2 1.8 5.0 6.8 -

Total noncropping 
land 50.3 47.7 9.8 8.6 7.0 10.5

1.0

Land used for 
grazing 4.8 17.0 2.2 3.0 2.8 2.8

0.3

Reserved for 
forest 6.9 11.9 2.9 0.3 3.0 1.3 0.2
Stoney area 38.6 18.8 4.7 5.3 1.2 6.4 0.5

enemy they crush everything in front of them and run. 
Cattle owners in the western lowlands, and partly in 
the eastern lowlands, have a tradition of slaughtering 
male calves soon after birth in front of the dams, be
cause they want to scare the dams from giving birth to 
male calves. They select breeding male calves based 
upon their color, body conformation, progenitors, and 
performance. Cattle owners do not have any breeding 
programs or seasons set for their cattle, and therefore 
they allow the bulls to stay with the females all year 
round. Night grazing is common in the lowlands. In 
the highlands, the pastoralist may or may not allow 
their herds to graze at night. In the lowlands, the 
owners give as much care as possible to all their 
animals, whereas in the highlands most care is given 
to oxen. The owners do not castrate their male animals 
in the lowlands, whereas those in the highlands may or 
may not castrate theirs.

Livestock Feeds an d  Feeding

Feed scarcity is one of the distinctive features of the 
study area.

The acute shortage of arable land in the central 
highlands, resulting from the growing size of the hu
man population, has resulted in a shortage of grazing 
land. The grazing areas now left to the animals are 
fallow lands and hilly, rocky, and mountainous areas. 
Farmers in one village, Adi, reserve scattered pieces 
of grazing areas to be used by oxen and calving cows 
only. Agricultural by-products and leaves of Opuntia 
ficus indicus serve as animal feeds. The farmers have 
good traditional skill in conserving agricultural by
products for use during acute feed shortages; they feed 
their oxen at the start of the farming season.

Livestock in the eastern and western lowlands are 
almost entirely dependent upon communal grazing 
lands. These lowlands are the areas with vast grazing
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places and serve a large number of grazing cattle in 
the region. Insufficient and erratic rainfall distribution 
is the major problem in the lowlands. There is limited 
utilization of agricultural by-products as animal feeds, 
nor are any conservation methods employed.

Industrial By-products as Livestock  Feed

In Asmera city factories produce different kinds of by
products. A large amount of the by-products is distrib
uted to dairy cattle development associations in 
Asmera and its surroundings. The major problem here 
is that the price paid for the by-products is very expen
sive.

Forage and Pasture Development

Farmers in the central highlands, particularly those 
who have settled around large farms owned by Ital
ians, are familiar with forage plants. Trials on im
proved pasture plants have been conducted by MOA 
and Asmera University. The data obtained so far have 
shown that much of the effort to develop these plants 
was made by producer cooperatives. The main con
straint to pasture development, leaving other problems 
aside, is shortage o f land in the highlands.

W ater

Shortage of water is a major problem in the region. 
Wells, springs, canals, artificial ponds, rivers, and 
water obtained by digging sandy soil on the beds of 
river courses are the sources of water for the animals. 
According to the data obtained from peasant associ
ations, cattle, sheep and goats are watered every 2-3 
days only, both in the highlands and in the lowlands.

Livestock M ovement

Livestock movement within the region is meant to 
solve a shortage of grazing land and water in the 
highlands (3). Moreover, the farmers move their cattle 
because they believe that the Red Sea water is a treat
ment for cattle against external parasites. However, 
moving livestock from place to place has its own side 
effects and it is an important issue of concern because 
of its impact on veterinary services, its effect on 
grazing areas, and the difficulty it creates when one 
wants to apply livestock development measures (1). 
Farmers of the highlands move their cattle to the 
eastern lowlands (in November to March) or to the 
western lowlands (in January to May), depending on 
proximity. Starting from June, animals of the Arado 
type are moved from the eastern lowlands for draft 
purposes and to evade heavy sunburn. The movement 
within the western lowlands follows a pattern: first the

animals found in Barka Awraja will graze near the 
Barka River; after finishing the grazing land there they 
will be moved to the Gash River; then, depending on 
the condition, they move to the Tekeze River and to 
Tigray and Gonder regions, until the grazing area near 
the Barka River recovers.

Anim al  H ealth

The survey result shows that despite the high con
centration of animals in the lowlands the number and 
distribution of veterinary clinics or stations and the 
service rendered are higher and fairly distributed in the 
highlands. From the data collected, the major diseases 
in the lowlands are trypanosomiasis, external parasites, 
African horse sickness, skin diseases, contagious 
bovine pleuro-pneumonia, pneumonia and anthrax. In 
the highlands, the prevalent diseases are trypanosomia
sis, skin diseases, internal and external parasites, sheep 
and goat pox, anthrax, African horse sickness, 
pasteurellosis and rinderpest. Among these, rinderpest 
and skin diseases were reported as major killing dis
eases. The similarity in types of diseases among the 
livestock o f both the regions might partly be a result 
of livestock mobility from the lowlands to the high
lands and vice versa.

Livestock  M arketing

Legal livestock markets are more concentrated in the 
highlands than in the lowlands. Generally, the market 
places do not have the necessary infrastructure. The 
livestock routes are not organized in such a way that 
animals can obtain feed and water at reasonable inter
vals. The price paid for the different classes of live
stock is higher in the lowlands than in the highlands 
(Table 3).

This is partly caused by the development o f illegal 
markets in the lowland areas. The main reasons for the 
development of illegal markets are: (1) conflicts be
tween tribal groups and robberies, (2) absence of 
governmental or private merchants who can afford 
higher prices for the purchase of animals than the ones

Table 3. Average price paid for different classes of 
livestock

Livestock class Central highland 
price (ETB)

Western lowland 
price (ETB)

Cattle (cow and 487—725* 1100-1 BOO6
bull) (1800 for bull)
Sheep 59-97 55-175
Goat 49-96 55-175
Donkey o 00 GO -
Camel 1000 1100-1600
Chicken 5-11 10-12
* butls command a higher price than cows 
b cows with a calf at foot
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in the illegal markets, (3) dependence of cattle owners 
on the neighboring country to obtain most of their 
basic requirements, and (4) fear o f drought. According 
to the data obtained from peasant associations in the 
highlands, the average marketable age for goats is 
8-13 months, sheep 9-14 months, plow oxen 4-5 
years, meat animals after 7 years, and milking cows 
3.5-4.5 years.

Livestock Products and  T heir Utilization

Farmers in the region, except those owning small-scale 
dairy farms in the suburbs and producer cooperatives, 
do not sell raw milk in the market. The milk is pro
duced wholly for home consumption in various forms 
like milk, cheese, butter, and ghee. Only small 
amounts of butter are sold to the neighborhood mar
kets by farmers in the highlands. Also the Iowlanders 
sell small amounts of ghee in the local market. Honey 
production is entirely concentrated in the central high
lands. There is no honey production in the lowlands, 
mainly because o f the current instability of the region, 
climatic changes, farmers’ style of living, and poor 
vegetation cover. A farmer gets on the average 4-5 kg 
of honey in a single harvest from a traditional hive.

M ajor  Livestock  Production Problems

The major livestock production problems are shortage 
of livestock feed and water, poor husbandry practices, 
inadequate veterinary services, lack of markets, ab
sence of multiplication centers, difficulty of providing 
improved animals to the farmers, and the current 
sociopolitical instability of the region.

Possible Solutions to M ajor  Livestock Produc
tion Problems

It is important that the preparation of an effective 
Ianduse plan for the region should be stressed. More
over, watering points must be established at appropri
ate locations and standard prices should be set for 
industrial by-products.

Adequate health services (mainly in the lowlands) 
and training on improved husbandry practices must be 
given widely. Livestock marketing organizations— 
governmental or private animal multiplication centers, 
and a livestock research center should be established.

Special Problems an d  T heir Solutions

Smuggling of Barka cattle to the neighboring countries 
is heavy. Although it is not possible to establish ranch
es under the existing sociopolitical situation, some

possible solutions are: (1) rehabilitation of the Halhal 
dairy farm, which is capable of keeping over a 1000 
animals, and (2) improvement of the Elabered agro
industry farm, which is capable o f holding 1200 dairy 
cows and over 400 fattening animals.

Baherie cattle are uniquely able to adapt to Red Sea 
surroundings even during seasons o f higher tempera
ture. Therefore, a project should be proposed to save 
these cattle from death resulting from repeated 
drought.

A sheep center should be established near Barka or 
Tesseney and in Zulaforo or Dogali valley for Baherie 
sheep. To utilize the wool from Arrit and Shemezna 
sheep types, either a cottage industry should be estab
lished or an organization set up.

Goats are the most neglected livestock constituents 
in the region. Thus particular attention must be paid to 
studying the genetic merits o f Hassen and Barka goats.

CONCLUSION

According to the survey, the region possesses different 
types o f animals whose productivity is not clearly 
known. The productivity o f these animals must be 
studied and careful economic analysis must be con
ducted with regard to crop, livestock, and fisheries 
production.
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ABSTRACT

Liveweight data were collected on 143 slaughter and 251 feeder cattle, all male, as they moved 
through the Livestock Development and Marketing Enterprise fattening chain from Borena Ad
ministrative Region. The carcass yields of the slaughter animals were also determined. The 
distances traversed ranged from 260 km in 16 hr from the Surupa Ranch to  the Shalo Holding 
Area, to 530 km in 30 hr from Surupa Ranch to  Kuriftu Feedlot. An overall mean transport 
shrinkage o f 6.7% and a mean carcass yield of 51.1% were recorded for the slaughter groups, 
indicating that carcass yields of mate cattle from southern Ethiopia are higher than the national 
average. The shrinkage recorded in feeders shipped from Did Liben Ranch to  the Elen holding area 
was 10% and from Surupa Ranch to the Elen holding area 6.7% . During the trek from the Elen 
holding area to  the Kuriftu feedlot the group from Did Liben Ranch expenienced a shrinkage rate 
of 6 %; in a trek from the Elen holding area to the Kuriftu feedlot the shrinkage rate was 4.1 %. It 
was observed that cattle groups w ith heavier liveweight lost proportionately more liveweight than 
those w ith lighter liveweight during both trekking and trucking. The higher actual weight and 
shrinkage rates detected in cattle from Did Liben Ranch strongly suggest that, besides higher initial 
liveweight, road conditions, terrain and length of journey might have significantly influenced the 
liveweight shrinkage of cattle during transporting. Watering animals before shipment, providing a 
good loading facility, gently handling animals during loading, avoiding mixing together animals from 
different herds, and averting unnecessary stress could greatly reduce the liveweight loss observed 
in cattle in the Livestock Development Marketing Enterprise market chains.

INTRODUCTION

In most tropical countries the production of beef cattle 
is conducted in places that are remote from consumer 
centers. Cattle from these areas are often transported 
across long distances by truck, by train, or on the hoof 
to localities where they are marketed and utilized for 
various purposes. During the journey, they lose a 
considerable proportion of their initial body weight, 
whichever method of transport is employed.

The Livestock Development and Marketing Enter
prise (LDME) is engaged in the purchase of cattle 
from the southern rangelands, either for finishing in its 
feedlots or for resale to the Melgue Wendo Abattoir. 
Data available on the shrinkage these animals experi
ence during transport (tracking or trekking) are limit
ed. More information on their liveweight changes 
during transfer from one location to another is needed 
by LDME and other interested organizations so that 
they can make appropriate management decisions.

Therefore the objectives of this study were to 
determine the liveweight changes in cattle shipped 
from two LDME ranches in southern Ethiopia to the

Elen holding area, the Kuriftu feedlot, or the Shalo 
holding area, and to assess the carcass yields of those 
slaughtered at the Melgue Wendo Abattoir.

MATERIALS AND METHODS

Liveweight changes were monitored of 394 male beef 
cattle randomly selected from animals that were tem
porarily maintained at the LDME ranches in Borena 
Administrative Region. One hundred and forty-three of 
these were slaughter cattle, which comprised 83 (re
ferred to as YSQ) from Surupa Ranch in Yabelo- 
Teltele Awraja and the remainings (referred to as 
NSQ) from Did Liben Ranch in Liben Awraja. Both 
groups were trucked to the Shalo holding area, 260 km 
in 16 hr from Surupa and 335 km in 20 hr from Did 
Liben. They were then transfered to the Melgue 
Wendo Abattoir after 30 days and slaughtered within 
two weeks. This was soon after the rainy season.

The remaining 251 cattle selected for the study 
comprised three groups. A group of 89 young cattle 
(referred to as YHC) from Surupa Ranch was hauled
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422 km in about 22 hr and another group of 79 mature 
cattle (referred to as NFL) from Did Liben Ranchr was 
hauled 487 km in about 22 hr to the Elen holding area. 
After an average of 37 days of preconditioning, both 
groups were trekked to the Kuriftu feedlot. During the 
three days of trekking, the animals were provided with 
water and wheat or barley straw at night stops at Koka 
and Mojo. Eighty-three mature feeders (referred to as 
YFL) were hauled 606 km in 30 hr directly from 
Surupa Ranch to the Kuriftu feedlot.

LDME double-decked trucks and trailers were the 
means of transport during all of the shipments. Ani
mals were not fed or watered during the journeys nor 
during the 4-6 hr night stops, when they were kept 
loaded on the trucks.

Departure liveweight was recorded for all animals 
before they were loaded onto the trucks and after 
overnight fasting in their night corrals. They were re
weighed on arrival at their destinations soon after un
loading—before they were permitted to feed and water. 
Preslaughter weights were recorded for the slaughter 
groups after 21 h of detention.

A portable Barlow electronic scale (HR Marketing 
Ltd., Australia) was used to record all liveweight; an 
Avery scale (Avery, Birmingham) was used to mea
sure dressed carcass weights on the hook. Shrinkage 
loss was calculated as a percentage change from depar
ture weight and carcass yield was expressed as a 
percentage of dressed carcass weight from pre
slaughter weights. In all cases, the scale was stan
dardized to zero reading before the weight recording 
commenced and regularly before each weight obser
vation.

RESULTS

Slaughter Cattle

Data collected on the effects of trucking during ship
ment of the slaughter groups to the Shalo holding area 
and their carcass yields after slaughter at the Melgue 
Wendo Abattoir are presented in Table 1.

There were real differences in the mean actual and

shrinkage loss between the YSQ and the NSQ slaugh
ter groups. The NSQ group from Did Liben Ranch, 
which had a higher mean departure weight, experi
enced significantly higher actual body weight reduction 
and shipment shrinkage than the group from Surupa. 
Despite higher mean preslaughter and hot carcass 
dressed weights of the NSQ compared to the YSQ, 
there was no statistically significant difference between 
their carcass yields.

Feeder Cattle

Table 2 summarizes the mean liveweight reduction and 
shrinkage entailed by transporting as observed on the 
two feeder group (YHC and NFL) transported from 
the LDME ranches in Borena to the Elen precondition- 
ng area; the mean values of these parameters during 
the subsequent trek from Elen to the Kuriftu feedlot; 
and the mean liveweight changes recorded for the YFL 
directly shifted from Surupa to Kuriftu. Actual mean 
body weight loss and shrinkage observed on NFL 
during transfer from Did Liben Ranch to Elen holding 
area were higher than for the lighter YHC from 
Surupa. Similar changes were detected again after 
trekking them to the feedlot.

The NFL group shifted from Did Liben Ranch to 
Elen had a slightly higher mean shrinkage rate than the 
comparable YFL that were directly trucked from 
Surupa Ranch to the Kuriftu feedlot.

DISCUSSION AND CONCLUSION

Transportation of animals from production to con
sumption areas entails weight loss, the amount de
pendent, among other things, upon the initial body 
condition, the type and quantity of feed given prior to 
the journey, the season, and the duration of the jour
ney (Mitchell 1980). According to Gracey (1981) 
shrinkage loss during transportation of cattle mainly 
arises from loss of water by sweating and respiration 
and through waste materials voided in urine and feces. 
In an uninterrupted 4-day train journey, Van der

Table 1. Transport shrinkage and carcass yields of slaughter groups

Parameters
Mean values

NSQ YSQ Overall
No. of observations 51 92 143
Departure wt (kg) 309 ± 10 280 ± 6 290.3 ± 6
Arrival wt (kg) 281 ± 8 264.8 ± 6 270.6 ± 5
Trucking wt loss (kg) 27.8 ± 2 15.2 ± 1 19.8 ± 2
Body wt loss (%) 8.8 5.4 6.7
Preslaughter wt (kg) 295.7 ± 10 283.6 ± 6 287.9 ± 5
Dressed carcass wt (kg) 150.1 ± 5 145.6 ± 3 147.2 ± 3
Carcass yield (%) 50.7* 51.4* 51.1*
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Table 2. Weight loss during transport to Elen holding area 
and Kuriftu feedlot

Mean values for arouos

Parameters YFL NFL YHL

Observations
(no.) 83 79 89

Departure 
weight (kg) 347 ± 6 338.7 ±11 209.1 ± 6

Elen arrival 
weight (kg) NA* 305.5 ±10 195.3 ± 5

Trucking 
weight loss
(kg)

NA 33.7 ± 2 14.1 ±1

Body weight 
loss {%) NA 10.0 6.7

Departure 
weight (kg) 347.4 ± 6 b 335.1 ±12 287.9 ± 5

Kuriftu arrival 
weight (kg) 322.1 ± 5 315.6±  10 147.2 ± 3

Transport 
weight loss 
(kg) 27.4 ± 3 20.5 ± 2 b 8.8 ± 1 b

Shrinkage (%) 7.8 6.0* 4.1

■ n o  w e ig h t  d a ta  a re  a v a ila b le  as  th e  g ro u p  d id  n o t  p a s s  th ro u g h

E len  h o ld in g  a re a  fo r  p re c o n d it io n in g  

b during trek from Elen holding area to Kuriftu feedlot

Heever and Sutton (1967) reported that out of the total 
12.9% shrinkage observed in cattle, 7% was accounted 
for by loss of ingesta and the rest was owing to loss of 
tissue and fluids. Self and Gay (1972) stated that 
slightly less than half of the shipment shrinkage was 
from loss of digestive tract contents. Road or rail 
transport exposes animals to stress resulting from 
loading and unloading, withholding of feed or water, 
mixing of strange stock and different climatic condi
tions (Leach 1982).

In this study cattle with heavier prehaul mean 
liveweight showed proportionally more actual weight 
loss and shipment shrinkage during both trucking and 
trekking, than the groups with lighter mean departure 
weight./Moreover, the feeder and slaughter groups 
from Did Liben Ranch appeared to have higher actual 
liveweight loss or shrinkage than the groups from 
Surupa. In addition to higher mean departure weight, 
the poor road with higher gradients and the extra 75 
km from Did Liben to either Shalo or Elen holding 
areas, compared with the conditions from Surupa, may 
have contributed to the higher weight loss discerned.

The mean actual weight loss of 5.92 kg ±  0.9 kg 
and the corresponding 1.8% ±  0.3% shrinkage, 
reported for the 260 cattle trucked 300 km from Ya-

belo to Shalo in 48 hr (Kano and Tesfaye 1989), are 
much lower than the ones observed in our study, for 
which better cattle transporting trucks were used. 
Moreover, the lower mean weight loss and transport 
shrinkage rates discerned in the young YHC group 
during both trucking and trekking do not agree with 
the findings of Kano and Tesfaye (1989). Mixing ani
mals of different age groups during droving might 
have overexerted the young animals, leading to higher 
weight loss than the young group that was separately 
transported in this study.

Consequently, the following conclusions can be 
drawn from this study.

1. Animals with heavier departure weights experienced 
higher weight loss and shipment shrinkage than the 
lighter animals during both trekking and trucking, 
indicating that shrinkage and weight loss are posi
tively correlated with departure weight.

2. The higher weight loss and shrinkage noted in cattle 
from Did Liben could strongly suggest that terrain 
and road conditions influence weight loss during 
transport.

3. Carcass yield of cattle from the southern rangelands 
is higher than the national average (FAO 1987).
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ABSTRACT

To assess the effect of different levels of concentrate feeding on the milk production of crossbred 
cows, F1 Friesian, Simmental, and Jersey crossed w ith local (Horo and Boran) cows were supple
mented w ith 2, 4, 6 , 8 or 10 kg concentrate over a period of 8 months, starting 1 month 
postpartum. Average daily concentrate intake varied significantly between treatments and average 
body weight varied significantly between breeds. Cows supplemented w ith 6 kg and 8 kg 
concentrate per head per day tended to have higher average daily milk yield and average daily milk 
yield per unit of concentrate intake. Friesian crosses had the highest average daily milk yield and 
average daily milk yield per unit of concentrate intake. There were no significant differences 
between treatments for days open, first heat after calving, services per conception, calving interval 
or lactation length. Consequently, Friesian crosses supplemented w ith 6 kg/head per day of 
concentrate can be recommended for better milk production.

INTRODUCTION

In developing countries of the tropics with limited feed 
resources, economics is the primary criterion for milk 
production. Because of the depressed appetite from 
heat stress of cattle in this region, use of higher energy 
feeds than are generally available is required.

Adequate feed at early lactation enables cows to 
produce to the extent of their genetic potential. During 
early lactation, the demand for nutrients by the mam
mary glands is extremely great. The most critical 
period for nutrient supply to the high-producing dairy 
cow is from parturition up to peak milk production. At 
a time when feed intake lags behind milk production, 
nutrient intake may not be adequate to meet the needs 
of the mammary gland for milk production, even 
though the cow is being fed according to the recom
mended guidelines. Therefore, the feeding of high- 
producing cows in early lactation presents special 
problems, because often they are either not offered 
enough feed or cannot consume enough feed to supply 
the energy and protein needed for maximum milk 
production (Jimmy et al. 1980).

The major determinants of total milk yield for 
lactation are peak milk yield and persistence of pro
duction (Broster et al. 1977). Both are influenced by 
nutrient intake and body nutrient stores (Broster 1977, 
Broster et al. 1977).

Usually lactating cows either gain or lose body 
weight. If a cow is losing weight, it likely is because

she is making available energy reserves to enable her 
maintain her level of milk production (McDonald et al. 
1973).

When the level of intake is restricted, the flow of 
energy into the production processes will be markedly 
diminished. In milking cows this can result in some 
reduction in their milk output, but its major con
sequence is an increased partition of the diminished net 
energy into milk at the expense of that going into body 
tissues (Owen 1987).

In IAR there are no data on the biological efficien
cy of different crossbred animals, since they have not 
been fed according to their milk yield potentials. 
Therefore this project was proposed with the following 
objectives:

• to evaluate different breed combinations of Fj 
crosses in terms of their production potential.

• to evaluate the economics of milk production under 
different supplementation systems.

MATERIALS AND METHODS

A cow feeding trial was conducted at Holetta Agricul
tural Research Center on 30 crossbred (Fj) cows, 
namely Friesian, Simmental, and Jersey crossed with 
the local Boran and Horo cattle. Cows within breeds 
were randomly assigned to the five treatment groups 
(six cows per treatment). For the first month after 
calving all cows were given a common daily feeding
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regime of 8 hr grazing on pasture, with 4 kg of con
centrate offered half at morning milking and half at 
evening milking. Beginning in the second month of 
lactation, cows allotted to the different treatment 
groups were then offered 2, 4, 6, 8 or 10 kg concen
trate per head per day. The concentrate contained 35% 
noug cake (Guizotia abyssinica) , 31 % wheat midlings, 
30% wheat bran, 3% bone meal, and 1% salt. Hay 
supply in the evenings was ad lib. The treatments were 
continued for a period of 8 months. During this time 
the cows were weighed every fortnight and their daily 
milk yield and reproductive performances were record
ed. Data collected over 8 months were analyzed using 
a mixed model least-squares microcomputer program 
(Harvey 1987).

RESULTS AND DISCUSSION

Mean monthly milk production of the five supple
ments, adjusted by least-squares covariance analysis 
for variation in pre-ex peri mental milk yield, and 
unequal distribution of breeds between treatment 
groups, are shown in Figure 1. Milk production in all 
the treatments declined steadily. Persistence of milk 
production tended to be higher in the upper levels than 
in the lower levels of supplement, particularly during 
the first 4 months. However differences in the average 
monthly rate of decline in milk production of the five 
treatment groups were not significant. This shows that

any effect o f concentrate supplement on milk produc
tion did not change the rate of decline in lactation. 
Average daily milk yield did not increase regularly 
with increase concentrate supplement. This could be a 
result of differences in genetic potential o f individual 
cows or could have been caused by a decrease in 
digestibility as suggested by Reid et al. (1964). It can 
also be that some cows might not have responded to 
increased nutrition because they had reached their peak 
genetic potential as suggested by Brown et al. (1962).

Cows supplemented with a concentrate level of
2 kg/head per day produced amounts of milk similar 
to cows supplemented 10 kg/head per day. Therefore, 
those cows supplemented with the lower level of 
concentrate may have used their net energy wholly for 
milk production when some of the energy should have 
been used by bodily tissues, as suggested by Owen 
(1987). Even if these cows produced more milk than 
expected with a lower level of concentrate supplement, 
as compared with cows fed with a higher level, they 
had lower body weights. In general, supplementation 
with a concentrate level o f 6 kg/head per day best 
suited crossbred F t cows, considering simple cost/ 
benefit analysis based on current cost of supplement 
and value of the milk.

Mean monthly body weight, adjusted by least- 
square covariance analysis for variation in pre-experi- 
mental body weight and unequal distribution of breeds 
between treatment groups, are shown in Figure 2. Pat
terns of body weight change were irregular but there
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M ilk  p roduction  (kg)

Months of experimental period

2kg/head par day <tkg/head per day 6kg/tiead P«r day
~ 8 k g / h e a d  per day 10kg/head per day

Figure 1. Least-squares mean monthly milk production over 8 months /
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Body weights (kg)

2 3 4 5 6
Months of experimental period

8

2kg/head per day 

7kg/head per day

4kg/head per day 

lOkg/head per day

6kg/head per day

Figure 2. Least-squares mean monthly body weight over 8 months

was a tendency for cows at the higher level of concen
trate feeding to increase in weight throughout the 
experiment, whereas cows at the lower level of the 
concentrate feeding regime lost weight in the early 
stages and gained later. This could be due to differen
ces in supplementation and the pregnancy factor as 
suggested by Mohammed (1985).

Effects o f level of concentrate feeding on milk 
yield, concentrate intake, milk yield per unit of con
centrate intake and body weight are summarized in 
Table 1. Average daily concentrate intake varied 
significantly between levels of supplements. This 
means daily concentrate intake increased significantly 
as supplementation was increased. Average body 
weight was higher for cows supplemented with the 
higher levels, and it was lower for cows supplemented 
with the lower levels. Concentrate intake was lower 
than offered among all treatments, except treatment 1. 
This is because some cows refused to finish the sup
plements provided for them.

Effects of breed on concentrate intake, milk yield, 
milk yield per unit of concentrate intake, and average 
body weight are summarized in Table 2. Average body 
weight varied significantly between breeds. Friesian 
crosses had significantly higher milk production and 
are therefore recommended for best use.

Effects of level of supplement on reproduction are 
indicated in Table 3.

Variation within treatments was high, and there

were no significant differences in any of the reproduc
tive parameters mentioned.

CONCLUSIONS

Although the study is still under way, interim results 
have been obtained. Overall conclusions and recom
mendations can be drawn only after the study is com
pleted. However, on the basis o f the interim results 
obtained so far, a concentrate supplementation level of 
6 kg/head per day can be recommended as the ideal 
rate from the management aspect as determined by 
cost/benefit analysis.

Considering genetic aspects, Friesian sire breeds 
are more desirable than Simmental and Jersey crosses.

The study emphasized only concentrate supple
mentation; to identify effective feeding methods and 
breeds, feeding o f roughages and controlled grazing 
practices must be combined for future studies.
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Table 1. Effects of level of concentrate feeding on concentrate intake, milk 
yield, milk yield per unit of concentrate intake, and body weight

Treat
ments

Daily con
centrate 
offered
(kg)

Average 
daily con
centrate 
intake
(kg)

Average
daily milk 
yield 
(kg)

Average 
daily milk 
yield per kg 
concentrate 
intake (kg)

Average
body
weight
(kg)

1 2 2.0* 7.0*b 3.5* 378*
2 4 2.7b 6.7* 1.9b 396ab
3 6 4.5° 7.9b 1.8* 381*
4 8 6.6d 7.9b 1.3° 403b
5 10 7.7* 7.6“b 1.0° 408b

Means with different superscripts are significantly different (p < 0.05)

Table 2. Effect of breed on concentrate intake, milk yield, milk yield per unit of

Breed

Average daily
concentrate Average daily 
intake milk yield 
(kg) (kg)

Average daily 
milk yield per 
kg concentrate 
intake (kg)

Average
body
weight
(kg)

Jersey crosses 4.6 6.4* 1.4* 327*
Friesian crosses 5.1 8.6b 1.7b 391b
Simmental crosses 5.0 6.9* 1.4* 454°
Means w ith  d if fe re n t  s u p e rs c r ip ts  a re  s ig n if ic a n t ly  d if fe re n t (p <: 0.05)

Table 3. Mean days open, first heat after calving, services per conception, calving 
interval, and gestation length

Treatments Days
open

First heat Calving 
after calving Services per interval 
(days) conception (days)

Gestation
length
(days)

1 199 104 2.8 491 281
2 142 104 1.4 424 281
3 147 123 1.6 425 277
4 194 127 2.2 476 284
5 145 81 2.0 416 278
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ABSTRACT

The growth and development of indigenous Horo cattle were recorded at Bako Research Center 
from 1975 to  1988. There was no significant seasonal distribution of calvings, nor were there any 
significant effects of month of birth on calf body weights or early mortality. Both birth weights 
(average 18.6 kg ± 0.2 kg) and calf mortality to  98 days of age (average 12%) varied significantly 
between years, and significant effects of year on birth weight persisted until the animals were 4 
years old. Body weights increased steadily from birth to  a mean weight of 192.4 kg ± 6.0 kg at
3 years of age w ithout any significant differences between males and females up to that age. 
However, after that age bulls grew at a significantly faster rate than cows to  reach mature body 
weights at 6 years of age, the bulls approximately reaching 380 kg and the cows reaching 280.

INTRODUCTION

Horo cattle are indigenous to Ethiopia. They are 
largely found in Welega, Ilubabor, Kefa, and in the 
western part of Shewa (Alberro and Haile Mariam 
1982).

Horo breeds are reared for three purposes—milk, 
meat, and draft power. According to a diagnostic 
survey conducted in the Bako mixed fanning systems 
zone in 1987, the average milk yield a cow gives per 
day is 0.49 kg during the dry season and 9.8 kg dur
ing the wet season.

At Holetta and Bako research centers, the Horo 
breed has been crossed with European breeds with the 
aim of improving their milk production performance 
and other economically important traits.

In an evaluation program performed at IAR in 
1966-1972, a group of Horo cows gave average milk 
yields of 543 kg, 443 kg, 624 kg and 636 kg during 
their first four lactations. However, there was a great 
variation between individuals, ranging from less than 
100 kg to 1528 kg per lactation. Horo cattle have short 
lactation periods, an average of less than 6 months. 
Gestation length is 285 days (Alberro and Haile 
Mariam 1982).

Except for some efforts made by IAR, the perfor
mance of Horo cattle has never been properly investi
gated. The role of Horo cattle in the farming economy 
is very important. Therefore, further investigation and 
improvement of this breed by genetic means or man
agement is urgently needed.

MATERIALS AND METHODS

Center

Observations were recorded at Bako Research Center, 
situated at 1650 m elevation. The annual rainfall is 
approximately 1300 mm, more than 80% o f which 
falls from May to September. Mean maximum temper
ature ranges from 23.9°C to 31.9°C with a mean of 
27.8°C. The water and warmer conditions are favor
able for pasture and fodder growing.

Da m  and  Sire Breeds

Both the dam and the sire breeds used were indigenous 
Horo cattle. This type of cattle is found largely in 
Welega Administrative Region. As described by 
Alberro and Haile Mariam (1982), the Horo breeds are 
an intermediate Senga (beef)-zebu type, uniform in 
body conformation. Their hump is small to medium in 
size.

M anagement and  Feeding of Cow s

From conception up to the 7th month of pregnancy, all 
cows grazed on natural pasture for approximately 
8 h/d on natural pasture. During the dry season, the 
cattle were supplemented at night with either native 
pasture or improved Rhodes grass hay, depending on
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the availability. After the 7th month of pregnancy 
cows were kept indoors till they reached calving stage 
and then were supplemented with roughages and 2 kg 
of concentrate. After calving the cows joined the mil
king herd and grazed on natural pasture for 8 hr, 
supplemented with concentrate during milking. Year- 
round breeding was practiced using natural mating.

Preweaning M anagem ent  of Calves

During the preweaning period calves were kept in
doors for 180 days. In the first 5 days calves suckled 
colostrum and then were separated from their mothers 
and were bucket fed twice daily. After 5 days of colos
trum feeding all the calves were given whole milk as 
follows: 3 1/day for 9 days, 4 1/day for 28 days, 2 1/- 
day for 42 days, and 1 1/day for the last 14 days. Then 
they were fed hay and concentrate ad libtum until the 
age of 180 days.

POSTWEANING MANAGEMENT OF CALVES

At weaning calves were kept on natural pasture to 
graze for a period of 8 h/d. During the dry season 
calves received a hay or silage supplement. All ani
mals were weighed every month.

Da ta

Data were analyzed using a mixed model least-squares 
maximum likelihood microcomputer program (Harvey
1987) with ancillary analyses by using linear regres
sions and chi-square. Age at first conception was 
calculated by subtracting 9 months from age at the 
first recorded calving. Body weight at first conception 
was estimated by linear regression from body weights 
recorded before and after the calculated date of con
ception.

RESULTS AND DISCUSSION

Birth W eight an d  Early  M ortality

Effects of calf sex and year of birth on birth weight 
and mortality to 98 days of age are shown in Table 1. 
At birth male calves tended to be heavier than female 
calves, although the difference was not significant (p 
< 0.10). Calf sex had no significant effect on mor
tality.

There was a significant difference in between-year 
variation in birth weight. Mortality also varied signifi
cantly between years, with higher mortality tending to 
be associated with years o f lower birth weights.

Effects of month of birth are shown in Table 2. 
There was no significant variation in the distribution 
of calvings between months, nor was there significant

Table 1. Effect of calf sex and year of birth on birth 
weight and early mortality

No.

Birth
weight
(kg)

Mortality 
to 98 days 
of age (%)

Mean 186 18.6 12
Sex
M

96 19.1 11

F 90 18.2 12
P ns ns
Year
1975

8 16.7 0

1976 6 17.6 0
1977 33 18.1 3
1978 18 19.1 11
1979 6 21.7 0
1980 7 20.7 0
1981 17 17.9 0
1982 29 18.0 21
1983 8 17.5 25
1984 13 16.3 31
1985 7 19.4 0
1986 12 19.9 8
1987 9 20.3 11
1988 13 17.7 33

P <0.05 <0.05
ns = not significant

was estimated by linear regression from body weights Table 2. 
recorded before and after the calculated date of con

Effect of month of birth on birth weight and 
early mortality

ception.

RESULTS AND DISCUSSION Month
Animals
(no.)

Birth
weight
(kg)

Mortality
rate
(%)

J 16 18.8 18

Birth W eight an d  Early  M ortality  f 13 20.1 23
M 16 18.5 12

Effects of calf sex and year of birth on birth weight a 16 19.1 6
and mortality to 98 days of age are shown in Table 1. ^ 13 19.6 7
At birth male calves tended to be heavier than female p

t ».i_ i .1 j*x*r a * /.. 19 19.6 5
calves, although the difference was not significant [p p 18 18.3 22
^  0.10). Calf sex. had no significant effect on mor*
tjalitv 16 19.1 25

There was a significant difference in between-year 23 19.5 4

variation in birth weight. Mortality also varied signifi- ^ 17 17.9 6

cantly between years, with higher mortality tending to N 8 16.6 0
be associated with years o f lower birth weights. D 11 16.8 9

Effects of month of birth are shown in Table 2. p ns ns

n s  =  n o t  s ig n if ic a n t
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variation between months in birth weight or early calf 
mortality.

Growth

Least-squares means, adjusted for variation in month 
and year of birth, for body weights of male and female 
calves recorded from birth to 8 years of age are shown 
in Figure 1. There were no significant effects o f month 
of birth on body weight at any stage, but significant 
effects of year o f birth on body weight persisted until
4 years of age. As can be seen in Figure 1, four stages 
of growth are evident.
• pre-weaning
• 6 months-3 years, when males and females grew at 

about the same rate
• 3-6 years, when males appeared to grow faster than * 

females
• 6-8 years, when there was no further growth 

Linear regression equations of mean body weight
on time for these four stages, adjusted to unequal num
bers of animals contributing to each mean, are shown 
in Table 3. The average daily gain o f 305 g from birth 
to weaning at 6 months of age did not differ signifi
cantly between male and female calves. The average 
daily gain of 127 g from 6 months to 3 years of age 
was significantly lower than preweaning growth rate, 
but once again did not differ significantly between 
males and females. From 3 to 6 years, the average

daily gain o f males increased slightly to 150 g, al
though this was not significantly different from growth 
rate between 6 months and 3 years of age. In females, 
on the other hand, the average daily gain o f 71 g from
3 to 6 years was significantly lower than both the 
growth rate of males during the same period and the 
growth rate of females during the preceding period. 
There were no significant changes in body weight in 
males and females after 6 years of age. Body weights 
from 6 to 8 years, therefore, represented seasonal 
fluctuations around average mature body weights of 
approximately 370 kg for males and 270 kg for fe
males.

A ge and  W eight of Co w  a t  First Conception

Calvings of 44 cows were recorded during the period 
of investigation. Average age at first conception was 
46.3 ±  8.9 (months ±  SE), and average body weight 
at first conception was 215.5 ±  3.6 (kg ±  SE). The 
distribution of age at first conception in 6-month rang
es, and average body weight at conception in each age 
range are shown in Table 4. Although age at first 
conception ranged from 31 months to 71 months, the 
distribution was skewed towards conception at the 
earlier ages, and 84% of all the cows had conceived 
by the time they were 4V4 years old. Average body 
weight at conception remained constant at around

Male Female

Figure 1. Mean body weights from birth to 8 years
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Table 3. Linear regressions of body weight on time at different growth phases

Growth phase Males* Females
Birth to weaning y  = 0.31 x + 19.3*' y  = 0.31 x + 18.1*
6 months to 3 years y  = 0.13x + 73.5b y  = 0.13x + 76.0b ‘
3 years to 6 years y  -  0.16x + 20.5b y  -  0.07x + 192.3°
6 years to 8 years y  = 0.00* + 365.3d y  -  0.02x + 263.3d
y  = b x  + a, where y  = body weight in kg, x  = time in days, b » slope in

kg/day, and a « y intercept in kg 
* equations with different superscripts within columns and between rows

Table 4.

have significantly different slopes ip

Distribution of cow age at first conception, 
and average body weight at conception in 
each age range

Age at 1st
conception
(mo.)

Cows in 
each age 
range 
(no.)

Cows 
conceiving in 
each age range 

<%)

Mean body wt. 
at conception
' (»<g)
(col. 3 ± S.E.)

31-36 2 4.5 210 ± 2*
37-42 16 36.4 212 ± 5a
43-48 12 37.4 209 ± 6*
49-54 7 15.9 208 ± 9"
55-60 2 4.5 216 ± 8*
61-66 3 6.8 231 ± ir b
67-72 2 4.5 276 ± 14b

210 kg, increasing with age at conception up to 5 
years. It is not clear whether significantly higher body 
weights in cows conceiving later were related to de

layed physiological development or to management or 
health-related problems which inhibited conception at 
an earlier age and imposed lower body weights.
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ABSTRACT

The performance of crossbred (Simmental x local, Jersey x local, and Friesian x local) and 
nondescript local oxen breeds at three different pull levels was studied at Holetta Research Center.
Results showed that there were highly significant differences (p <  0.01) in speed of travel, in 
power and energy output, and in power and energy output/100 kg liveweight between crossbred 
and local oxen.' The crossbred oxen had faster speed of travel and higher power and energy output 
as compared w ith the local breeds. The power and energy output of Jersey x local oxen were 
significantly lower than that of the other crossbred oxen. However, power and energy output/100 
kg liveweight were found to be similar for all the crossbred oxen used in the study. Maximum 
power and energy output were attained at the pull level of 15% of the body weight of the oxen. |

INTRODUCTION

Ethiopian agriculture depends heavily on its 5 million 
oxen to meet its draft power needs. However, there is 
a limitation whereby farmers are able to produce only 
low crop yields owing to the insufficiency of available 
draft power. The type of oxen used for draft power by 
Ethiopian farmers are the indigenous zebu, which are 
small in size and weight only 250-350 kg on average. 
Because of their small size, their low working speed, 
and short working hours the average output per day of 
a pair of oxen is quite limited.

Goe (1983) reported that since the traction effort 
produced by oxen is largely dependent on their body 
weight, especially the weight resting on the front legs, 
crossbred oxen should be able to generate more power 
than the indigenous ones. Upadhay and Madan (1985) 
and Upadhay et al. (1985) reported .that the work 
efficiency increased with the increase in load. Thus 
pulling heavier loads at low speeds was observed to be 
more efficient than pulling light loads at fast speeds. 
Such observations on the crossbreds in relation to the 
efficiency of Hariana oxen led them to conclude that 
crossbreds may be used for an efficient pulling perfor
mance of heavier loads. Hariana X Brown Swiss 
crossbred bullocks produce draft power ranging from 
14.5% to 24.5% of their body weights (Swamy Rao 
1964). In Jersey X Red Sindhi crosses, the power 
output varied from 0.534 kg to 0.758 kg with increas
es in time of draft (Maurya and Devadattam 1982b). 
In Holstein X Hariana crosses, the power output also 
increases with heavier loads (Upadhay and Madan

1985). Maurya (1985) reported that results of many 
studies indicate that the range o f draft capacity is 
found to vary from 7.5% to 24.5% of bullock body 
weights, as the working time continues with speed 
varying from 1.91 to 4.95 km/h. Thus, for the re
latively heavier animals, an average pair of bullocks 
can produce a pulling force about 0.8 hp-1.5 hp in a 
continuous and long working duration.

A cattle crossbreeding program is in progress in 
Ethiopia with the objectives of raising the meat and 
milk productivity of indigenous breeds. To overcome 
the current limitation of power source for crop produc
tion, research on evaluating the performance of cross
bred oxen and local breeds deserves priority attention. 
Moreover, to meet the immediate need for better draft 
power, animals with the highest draft capacity, maxi
mum power, and tolerance to local climatic stresses 
are of paramount importance. Hence, as compared 
with the local oxen, better work performance and 
faster speed are also expected o f the crossbreds. 
Therefore, this study was conducted to assess and 
compare the work performance o f three types of Fj 
crossbred with that of local oxen and to identify the 
optimum draft and speed ranges to get the maximum 
power.

MATERIALS AND METHODS

The study was conducted on an oval test track at 
Holetta Research Center. A total of 12 mature Fj 
crossbred (Simmental X local, Jersey X local and 
Friesian X local) and nondescript local oxen breeds,
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three pairs from each breed group, were used. The 
pairing was made in terms of breed type, body weight, 
and height of the animals. During the experimental 
period the animals were fed ad lib amounts of sun- 
cured natural grass hay. The amount consumed during 
each working day was calculated for each animal by 
measuring the amount offered and that left over. 
Access to drinking water was free. The energy value 
of the feed offered was determined through laboratory 
chemical analysis and the daily energy intake (MJ ME) 
of the animals was calculated.

Each pair of oxen was made to pull 10%, 15%, and 
20% of its combined body weight. A cart fitted with 
a hydraulic brake (AIR1C loading cart) served as the 
loading device and a 5 kN force transducer with indi
cator was used to adjust and monitor the pull. For 
three days, the oxen worked at each level of pull in a 
daily 4-4-2 hr (work-rest-work cycle). An equal inter
val of rest (2-3 weeks) was given to the oxen after 
working at each level of pull.

The working speed of an ox was measured by 
recording the net time it took to complete a day’s 
work for each working day. The distance traveled in 
each working day was measured by counting the 
number of rounds of track using a commercial coun
ter. The draft capacity was calculated by measuring 
the pull and the cosine of the pulling angle of each 
pair of oxen. The power output of each pair of oxen 
was calculated from the draft and speed values; the 
energy output of each pair was calculated from the

values of draft and from the distance traveled. The 
power and energy outputs relative to body weight (per 
100 kg liveweight) o f each pair were also calculated. 
Efficiency was calculated by using the data on daily 
energy intake and daily energy output.

Data on the ambient temperature and relative hu
midity of each working day during the experimental 
period were recorded at starting time and at hourly 
intervals. The data were then analyzed using a mixed 
model least-squares and maximum likelihood computer 
program (Harvey 1987).

RESULTS AND DISCUSSION 

W orking Speed

The average working speed of both crossbred and local 
oxen at different levels of pull is indicated in Figure 1. 
At all levels of pull, all the crossbred oxen have 
shown faster working speeds as compared to the local 
breeds.

Highly significant differences (p < 0.01) in wor
king speeds were observed between the three levels of 
pull. As the level of pull increased, the working speed 
of all breeds of oxen decreased; the drop in speed was 
found to be less than proportional to the increase in 
pull.

The average working speed of both crossbred and 
local oxen is given in Table 1. The results show that

Speed (m/s)

Pull (% of body weight)

Local “ t-  Jersey x local

Simmental x local ~ B"" Friesian x local

Figure 1. Speed of crossbred and local oxen at different levels of pull
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Table 1. Average speed and power output of 
crossbred and local oxen

Breed
Speed 
(m s1)

Power
output
(kW)

Power/100 
kg live
weight (kW)

Local 0.53* 0.47* 0.070*

Simmental x 
local 0.66b 0.97b 0.087b

Jersey x 
local 0.64b 0.78c 0.085b

Friesian x 
local 0.66b 1.05d 0.089b

Significance p<0.01 p<0.05 p< 0.01
*  v a lu e s  in  a c o lu m n  fo l lo w e d  b y  th e  s a m e  le t te r  a re  n o t s ig 

n if ic a n t ly  d if fe re n t  f ro m  e a c h  o th e r

there was a highly significant difference (/) < 0.01) 
between the average working speed of the crossbred 
and the local oxen. In contrast, no significant differ
ences were observed among the crossbred oxen used 
in the study. In general, all crossbred oxen had a 
faster working speed compared with the local breeds.

Po w e r  O u t p u t

The average power output of both crossbred and local 
oxen is given in Table 1. The results show that there

was a highly significant difference ip <  0.01) between 
crossbred and local oxen. Also a highly significant 
difference (p <  0.01) was observed between the 
Jersey x  local oxen and the other two crossbred oxen. 
The power output o f Simmental X  local oxen was sig
nificantly lower ip <  0.05) than that o f the Friesian X 
local. The power outputs of both crossbred and local 
oxen is shown in Figure 2. Power output continued to 
increase from a pull level of 10% of the body weight 
of the oxen to a pull level of 15% for the local, Sim
mental x  local, and Jersey X  local oxen; it continued 
to incre|$e up to a pull level of 20% for the Friesian 
x  local oxen. This indicates that the Friesian x  local 
oxen performed better than the other breeds of oxen in 
pulling heavier loads. This result concurs with the 
findings of Upadhay and Madan (1985) and Upadhay 
et al. (1985), which state that crossbreds may be used 
for pulling heavy loads efficiently. The maximum 
power output from each group, 0.53 kW from the 
local, 1.08 kW from the Simmental x  local, and 0.85 
kW the Jersey X local oxen breeds, watf obtained at 
the pull level of 15% of the body weight of the oxen. 
The maximum power output of 1.15 kW from Friesian 
x local oxen was obtained at the pull level of 20% of 
the body weight of the oxen.

Since there were differences in body weight among 
the different breeds of oxen, the differences in power 
output seem to have stemmed from the differences in 
body weights of the different breeds o f oxen. The 
power output was calculated in relation to the body

1.4

1.2

1 

0.8

0.6

0.4

0.2

Power (kW)

8 10 12 14 16 18 20

Pull (% body weight)

Friesian x local 

t * “  Jersey x local

Simmental x local 

■Q-  local

Figure 2. Power output of crossbred and local oxen at different levels of pull
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weight of the oxen (power/100 kg liveweight) (Table
1). The results showed that there was a highly sig
nificant difference (p <  0.01) in power output/100 kg 
liveweight between crossbred and local oxen. This 
indicates that both power > output and power output 
relative to body weight for local oxen were significant
ly lower than those of crossbred oxen. The power 
output/100 kg liveweight o f all the crossbred oxen 
used in the study was similar, indicating that the cross
bred oxen had comparable performances relative to 
their body weight. This is different from some earlier 
reports, according to which the lighter animals were 
more efficient in producing energy, particularly under 
conditions of high ambient temperature. Thus, the 
different results in this study seem attributable to the 
low ambient temperature condition.

Energy Output

The average daily energy output of the crossbred and 
the local oxen used in this study is given in Table 2. 
The results show that there was a highly significant 
difference (p <  0.01) in average daily useful energy 
output between the crossbred and the local oxen. A 
highly significant difference was observed betw een the 
Jersey X local and the other two crossbreds used in 
the study. According to the observation the maximuirf 
daily useful energy output, attained at the pull level of 
15% of their body weight, was 9.38 MJ for the local, 
19.44 MJ for the Simmental x  local, and 12.21 MJ 
for the Jersey X local oxen; the maximum daily useful 
energy output of 20.30 MJ for Friesian X local was

T a b le  2 .  Average daily energy output, daily energy
intake and output—input ratio of crossbred and 
local oxen

Enerav

Oxen
breed

Output
(MJ)

Per 100 
kg live
weight 
(MJ)

Intake
(MJ)

Energy
(%)

Local 8.45“ 1.25® 134.30° 6.47a

Simmental
x local 17.60b 1.58b 222.39b 7.97b

Jersey x
localy.
Friesian x

1 4 .0 3 ° 1.53 184.76° 7.54

local 1 8 .6 4 b 1.59b 237.14d 7.93b

Signifi
cance p<0.01 jD<0.01 p<0.05 p<0.01

*  v a lu e s  in  a  c o lu m n  fo l lo w e d  b y  th e  s a m e  le t te r  a re  n o t

s ig n if ic a n t ly  d if fe re n t f ro m  e a c h  o th e r

obtained at a pull level o f 20% of their body weight. 
This indicates that the daily useful energy output from 
Friesian X local oxen continued to increase up to the 
pull level o f 20% of their body weight, but with the 
other oxen breeds it continued to increase only up to 
a pull level of 15%.

Since the crossbred oxen were heavier in weight 
than the locals, the difference in their daily useful 
energy outputs seems to be the result o f the difference 
in body weight. For this reason, the daily energy 
output was calculated relative to the body weight of 
the oxen (energy output/100 kg liveweight) (Table 2). 
The results show that the daily energy output/100 kg 
liveweight of the local oxen was also significantly 
lower (p <  0.01) than that of the crossbred oxen. Al
though the daily useful energy output o f Jersey x 
local oxen was significantly lower than that of the 
other crossbred oxen, the daily energy output/100 kg 
liveweight of all the crossbreds in the study was found 
similar.

Feed Intake

The average energy values of feed consumed by both 
the crossbred and the local oxen during the study 
period is given in Table 2. There was a highly signifi
cant difference (p < 0.01) in energy intake between 
the crossbred and the local oxen. The energy intake of 
Friesian x local oxen was found to be significantly 
higher than that of the other crossbred oxen used in 
the study. In general, heavier animals were found to 
consume a greater amount as compared with lighter 
animals. No significant difference in energy intake was 
observed among the three pull levels for any breed.

Energy Percentage

The average value of the ratio of the energy output 
and energy input (percentage) is given in Table 2. The 
output-input ratio for local oxen was found to be 
significantly lower (p <  0.01) than that o f the cross
bred oxen. However, the crossbred oxen all had a 
similar output-input ratio. The ouput-input ratio ob
tained at the pull level of 10% of the body weight of 
the oxen was significantly lower than that obtained at 
the other pull levels.
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ABSTRACT

An experiment was conducted at Holetta Research Center to study the changes in physiological 
parameters (respiration rate and rectal temperature} of different crossbred {Friesian x local, Sim
mental x local, Jersey x local) and pure local oxen during work at 10%, 15%, and 20% body 
weight levels of pull. The measurements were taken at hourly intervals during the working periods. 
A highly significant (p <  0.01) difference in rise in respiration rate during work between the three 
levels of pull and a highly significant Ip < 0.01) rise in rectal temperature at the 20% level of pull 
above the rise at the lower pull levels were observed. On average a significantly higher increase 
in local oxen and a significantly lower increase in Simmental crosses in respiration rate were 
observed. The rise in rectal temperature was significantly higher for the crossbreds, particularly 
the heavier ones. A stable physiological state was maintained during work after 1 hr at the 15% 
body weight level of pull where optimum power output was attained, while a continuous rise in 
physiological responses caused by higher pull levels were inversely related to the work perfor
mance efficiency.

/
INTRODUCTION

The agricultural production system in Ethiopia largely 
depends on animal power for land cultivation. Improp
er combination or incompatibility of the animals’ 
potential and the intensity of the applied work task as 
well as improper timing of work periods are important 
factors affecting the performance efficiency of the 
animals in a particular environment. Like any other 
production functions the work performance of the 
animals is also greatly related to their physiological 
state.

The work output of animals is the combination of 
draft, speed, and duration of work and hence, for best 
output, the animals should be able to develop maxi
mum possible draft at maximum possible speed for 
longer possible duration without the animals being 
strained excessively (Maurya 1987). Animals operate 
not by virture of change or differences in temperature 
and pressure, as do heat engines, but by chemical 
energy operating at constant temperature and pressure; 
and in addition to other factors the efficiency of con
version of expanded energy is dependent on the physi
ologic state of the animals (Bhattacharya and Singh 
1987). Upadhyay (1987) also stated that the 
individual’s performance capacity depends largely 
upon its ability to take up, transport, and deliver

oxygen to working muscles.
Animals of best draft quality that provide the opti

mum possible power output, perform efficiently, 
tolerate the physiological changes caused by the work 
load, and withstand the climatic stress of the locality 
are essential for alleviating the problem of power 
shortage. To raise the milk and meat productivity of 
the indigenous breeds, a cattle crossbreeding program 
is in progress in Ethiopia. Alemu (1984) found that 
Boran (Ethiopian zebu) and their crosses with Europe
an breeds were able to maintain their respiration rate 
and rectal temperature at a normal level in different 
environments in Ethiopia. Furthermore, understanding 
the changes in physiological responses of animals 
during work at various levels of pull in proportion to 
body weight, the extent of these changes, and their 
consequences on the accompanying performance char
acteristics, also merit investigation in order to predict 
the potential of a particular animal and match it with 
a possible draft magnitude that can result in maximum 
power output. Thus, this experiment was conducted to 
draw information on the changes of physiological 
responses of different types of crossbred and indige
nous oxen during work at different levels of pull in 
relation to the work performance, and to identify the 
pull at which a stable physiological state is maintained 
for sustaining optimum pow’er output.
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MATERIALS AND METHODS 
J

Lo c a t io n  a n d  D u r a t io n

The experiment was conducted at Holetta Research 
Center from March to June 1988.

A n im a l s

A total of 12 pairs o f mature exotic x  indigenous 
(Friesian X local, Simmental x  local, Jersey X  local) 
and pure local oxen, with three pairs from each breed 
group, were used in the experiment.

The study was carried out on an oval test track. 
The materials used and the methodology employed for 
load application systems and detailed experimental 
procedure were the same as that of already reported 
for draft characteristics (Adugna et al. 1989). Each 
day the work W’as carried out from 0800 hr to 1200 hr 
in the morning and from 1400 hr to 1600 hr in the 
afternoon.

The physiological reactions (respiration rate and 
rectal temperature) against work at each level of pull 
were measured and recorded at hourly intervals during 
the work periods. Respiration rate was measured by 
counting the flank movement of the animal, and body 
temperature w’as measured by inserting the thermome
ter into the rectum. The measurements from the two 
animals in the pair w’ere simultaneously made immedi
ately after stopping.

The prevailing weather conditions (the dry bulb and 
wet bulb temperatures) were recorded daily during the 
work period at 0900, 1200, and 1500 hr and the tem- 
perature-humidity index (THl) values were calculated 
is follows (McDowell 1972):

THI = 0.72 (°Cdb + °Cwb) + 40.6

The THI values (Table I) were below the critical level 
)f 75, at which the animals become uncomfortable 
McDowell 1972), so that the changes observed in 
•hysiological responses of animals during work would 
»e mainly due to work. Data were analyzed using a 
nixed model least-squares microcomputer program 
Harvey 1987).

RESULTS AND DISCUSSION

In s p ir a t io n  Ra te

Tie mean respiration rate in all breeds and at all levels 
f pull (Table 2) increased rapidly during the first hour 
fwork, indicating an early attempt of-the animals to 
Jjust the respiratory level to the elevated demand 
hich is caused by the applied work task at each pull.
highly significant (p < 0.01) difference in respira- 

jn rise rate during work was observed between all

the three levels of pull. The maximum rise was ob
served at 20% pull level whereas the minimum rise 
was observed at 10% level of pull.. This finding is in 
agreement with Maurya and Devadattam (1982) and 
Upadhyay (1987) where respiratory frequency in
creased with intensity of load. The trend, followed in 

•" variation after the first hour, was different for the 
different pull levels. At 10% pull the rate gradually 
increased by 48 min'1 for the subsequent working 
hours. At 20% pull level the fate increased from 52 
min"1 after the first hour to a peak value of 57 min'* 
after the third hour of work in the morning work 
session. After 2 hr of rest, respiration rate was re
stored closer to a normal level at 10% and 15% than 
at 20% pull levels. In the afternoon work session the 
highest rise at all levels was attained within the first 
hour of work which was higher than the rise during 
the corresponding time in the morning session.

Reaction pattern of the animals against the different 
pulls showed that each of the different pull levels, in 
proportion to the body weight of animals, has a defin
ite determining effect on the mode of changes and the 
status in the physiological processes during work. 'Hie 
resulting useful work parameters at a given pull level 
reflect the extent of alterations in the physiological 
state of the work animals. Maintaining a stable respira
tion rate during work and achieving the maximum 
level of work output at the 15% level of pull, as was 
found in the study of the draft characteristics (Adugna 
et al. 1989), indicated that the respiratory requirement 
was met for the increased metabolic processes in the 
working muscle cells. Therefore, on the average the 
oxen were able to sustain the optimum work perfor
mance for a reasonable period of time without adverse 
effects. On the other hand, a continuous increase in 
respiration rate and the reduction in the total work 
output at the 20% level of pull indicated the inability 
of the animals to successfully meet the increased respi
ratory demand with a consequent reduction in the 
performance efficiency of the animals. Moreover, 
behavioral manifestations that wrere observed during 
work such as refusing to pull, sometimes to the extent 
of lying down towards the third and fourth hour of 
work, showed that the animals were overworked 
(fatigued) at this level of pull beyond 3-4 h of work 
and required a rest. A fall in respiration rate to a 
normal level after rest indicates that animals could 
recover from the changes in physiological processes 
caused by work within a few hours of rest.

The mean respiration rate averaged over all levels 
of pull (Table 2) increased significantly more in locals 
and in Friesian and Jersey crosses than in Simmental 
crosses during the first two hours of work. During the 
third and fourth hour of work in the morning session 
and during the afternoon work hours the rate increased 
in locals significantly more than in the crosses. In all
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Table 1. Mean dry-bulb and wet-bulb temperatures and temperature-humidity index (TH1) values during the period of
work accomplishment by different breeds and at different levels of pull

Variable

9:00 a.m 12:00 a.m 3:00 D.m
THIdb

(°C)
wb
<0C)

THI db
(°C)

wb
(°C)

THI db
(°C)

wb
(°C)

Bread Local 18.3 11.7 62.2 22.9 13.0 66.4 24.6 13.1 67.6
type S X L 18.5 12.5 63.0 22.6 13.8 66.8 24.0 13.5 67.6

J X L 17.9 12.6 62.6 21.9 14.0 66.5 23.2 13.9 67.2
FX  L 17.7 12.0 62.1 21.7 13.4 65.9 23.4 13.5 67.2

Level of 10 17.9 11.0 61.4 23.1 12.5 66.2 25.4 13.0 68.1
pull (% 15 17.9 12.5 62.7 21.8 14.0 66.4 23.5 13-8 67.4
weight) 20 18.7 12.8 63.4 22.2 13.8 66.6 23.0 13.5 66.8

S  = S im m e n ta l;  J  = J e rs e y ; F = F rie s ia n

Table 2.. Least-squares means of the respirations rate frequency per min) of the oxen at rest and during work 

________________ Morning___________ Afternoon__________________

Work period Work period

Variable 
(main effects)

Resting
respir.
8 am

1st hr
8-9
am

2nd hr
9-10
am

3rd hr 
10-11 
am

4th hr 
11-12 
am

Resting 
respir 12 
am-2 pm

1st hr
2-3
pm

2nd hr
3-4
pm

Level of 10 16.7 39.8" 43.2a 42.9° 47.5“ 21.3* 47.6* 47.1
pull 15 18.4 47.6b 47.3b 47.1b 45.7* 20.5* 50* 50.3
(% b.wt) 20 18.6 52.2C 55.5° 57.4° 54.6b 23.7b 55.8b 51.1

Breed Local 17.4s 49.5a 54.8a 57.2“ 59.0® 24.9* 65.9* 64.2*
type S x L 16.9a 41.5b 41.9b 44.2b 42.5b 20.6b 46.4b 45.3b

J x L 18.1a 49.0* 50.9C 49.9b 48.8b 20.8b 46.8b 43.3b
F x L 19.2b 46.1* 47.1b 45.1b 46.8b 20.9b 45.3b 45.4b

M e a n s  w ith  d if fe re n t  s u p e rs c r ip ts  a re  s ig n if ic a n t ly  d if fe re n t (p < 0 .05 )

S = Simmental; J = Jersey; F = Friesian

the crosses the rate was kept In a narrower range after 
the first hour of work. After the rest period, the respi
ration rate dropped to a normal level in all the breeds 
of oxen with a significantly higher level in locals. This 
indicates that locals were more fatigued than the cross
breds. The maintenance of a more constant level of 
respiration rate after the first hour of work in cross
breds shows that they adjusted their respiratory mech
anism to the required level early and had a better 
mechanism for meeting the respiratory demand during 
work without being strained further. This was found to 
be associated with a high speed of travel during work 
in the crossbreds. A continuous rise in the rate in 
locals indicates that the locals were unable to meet the 
demand on a constant basis and became more strained 
as the work time advanced. This excessive increase in 
respiratory activity was found to reduce the perfor
mance efficiency in locals as indicated in their draft 
characteristics on a comparable weight basis with the 
crossbreds.

Overall results show that the rise in respiration rate 
during work was higher in local oxen than in crosses 
of European breeds. This finding contradicts that of 
Rao et al. (1974), Achary et al. (1979), Sastry et al.

(1970), all cited by Bhattacharya and Singh (1987) for 
crossbreds and indigenous breeds of cattle in India.

R e c t a l  T e m p e r a t u r e

The mean rectal temperature rise during work over all 
breeds (Table 3) was significantly (p < 0.01) higher 
at 20% body weight level of pull than at lower pull 
levels. The rectal temperature increased to the same 
extent at 10% and 15% pull levels, indicating that the 
animals were equally affected with respect to the rectal 
temperature rise at both levels of pull. After rest, a 
considerable drop was observed in rectal temperature 
at all levels of pull. The extent of rise in rectal tem
perature at all levels of pull was found to be within the 
tolerable limit developed by Upadhyay and Madan 
(1985) cited by Upadhyay (1987).

The mean rectal temperature rise during work 
averaged over all levels of pull (Table 3) was signifi
cantly (p < 0.01) higher in all the crosses than in 
locals during the first three hours of work in the 
morning session. This finding is in agreement with 
Devadattam and Maurya (1978), Acharya et al. 
(1979), Upadhyay and Rao (1984) and Upadhyay and
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Table 3. Least-squares means of the rectal temperature (°C) of the oxen at rest and during work
M o r n i n a A f t e r  n o o n

Work Deriod Work period
Resting
rectal 1 hr 2 hr 3 hr 4 hr

Resting rectal 
temp. 1 hr 2 hr

Variable temp. B-9 9-10 10-11 11-12 12 am- 2-3 3-4 pm
(main effects) 8 am am am am am 2 pm pm
Level of 10 30.2 38.9“ 39.2" 39.3* 38.7* 38.7* 39.4* 39.7
pull 15 38.2 39.0" 39.2“ 39.3* 38.6b 38.6b 39.4* 39.6
(% b.wt) 20 38.0 39.1b 39.4b 39.5b 38.7* 38.7* 39.6b 39.7
Breed Local 37.9" 38.6" 39.0* 39. r 39.3* 38.6* 39.4* 39.6*
type S x L 38.2b 39.1b 39.3b 39.4b 39.5b 38.8b 39.6b 39.8b

J x L 38.2b 39.1b 39.4b 39.4b 39.3* 38.6* 39.4* 39.5*
F x L 38.3b 39.2b 39.4b 39.5b 39.5h 38.8b 39.6h 39.7*

Means with different superscripts are significantly different (p < 0.05) 
S * Simmental; J = Jersey; F = Friesian

Madan (1985), all cited by Upadhyay (1987). The 
lower rise in rectal temperature in locals was due to 
certain structural characteristics peculiar to the breeds 
indigenous to tropical climate for promoting heat loss 
from the body. After the fourth hour of work in the 
morning session and after the first hour of work in the 
afternoon work session a significant (p <  0.05) differ
ence in temperature rise was observed between the 
heavier and the lighter breeds. After rest, the rectal 
temperature decreased more in lighter breeds than in 
heavier ones.

CONCLUSION

From this study it can be concluded that under weather 
conditions with a THI range of 61-88, on the average 
a change in physiological responses (respiration rate 
and rectal temperature) during work is tolerable or 
safe up to 15% body weight level of pull, and the 
employment of these animals in work in the indicated 
range, coupled with the provision of rest after 4 hr of 
work, would be economical. Besides their advantage 
of larger body size, the crossbred oxen also possessed 
better physiological functioning for meeting more 
efficient work performance and hence are best fitting 
to be used for draft purpose. Friesian crosses were 
best fitted for up to 20% body weight level of pull.
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ABSTRACT

Rhodes grass {Chtoris gayana) and desmodium (Desmodium uncinatum ) were intercropped w ith 
maize (Zea mays} at 5 5 -6 0  days after planting maize at 2 -4  sites in replicated trials for 3 years 
around Bako. The objective was to  establish Rhodes and desmodium in maize fields that are 
planned to  be fallow land the coming year w ith minimum input of scarce resources, labor and draft 
power. The tw o forage crops, Rhodes grass and desmodium, were successfully established in the 
maize fields w ith no significant effect on maize yield. A mean dry matter herbage yield of 14 t/ha 
of Rhodes and 9.33 t/ha of desmodium were obtained for tw o  consecutive years after the year 
of establishment. A total of 117 oxen-pair hours and 117 labor hours per hectare was saved due 
to intercropping as compared to sole planting of the forage crops. Farmers, especially dairy 
cooperatives, showed interest in the technology. However, it was fe lt tha t conservation of the 
herbage should be part and parcel o f the technology demonstrated.

INTRODUCTION

Inadequate quantity and quality of feed during the dry 
season is one of the^high priority constraints to crop 
and livestock production in the Bako area. Eighty- 
seven percent of the farmers in this area suffer from 
the problem from February to May. As a result, oxen 
traction capacity declines and leads to reduced cultivat
ed area, delayed seedbed preparation, and late plant
ing. There is also high calf mortality, animal weight 
loss, and 50% milk yield reduction during this season 
(Legesse et al. 1987).

Potential solutions to the problem of the dry season 
feed shortage include introduction of perennial and 
annual forage crops (both grasses and legumes), con
servation and utilization o f crop residues and natural 
pasture, oversowing natural pasture with quality and 
productive forage species, and intercropping forage 
crops with maize. Most of these, however, compete 
with food crops for the scarce resources such as draft 
power, labor and cash for purchasing inputs. At pres
ent at Bako the farmers give priority to food and cash 
crops in allocating these scarce resources. Thus, at
tempts to solve the feed shortage during the dry season 
should seriously consider the point of avoiding compe
tition for scarce resources. Intercropping and over
sowing seem promising in this respect.

In this experiment the two forage crops Rhodes 
grass (Chloris gctyana) and desmodium (Desmodium 
uncinatum) were selected because of their high produc
tion in previous station trials (IAR 1986). The objec
tive of this study was to test the establishment and

performance o f the forages when intercropped with 
maize.

MATERIALS AND METHODS

The study was carried out on producer cooperative 
farms around Bako from 1984 to 1988. The altitude of 
the sites was between 1650 and 1800 m with mean 
annual rainfall range o f 1135-1429 mm. The soils are 
dominantly Nitosols..

The experiment was planted at 2 -4  sites each year 
for 3 years using a randomized complete block design 
with three replications at a site. A field planned to be 
fallow land the following year was selected at each site 
and all the field and cropping history was recorded at 
site selection. The plot size was 60 m2 (i.e. 10 rows 
8 m long) and data on maize were recorded from the 
eight middle rows whereas the whole plot was consid
ered for the forage crops.

Rhodes grass (C. gayana) and desmodium (D. 
uncinatum) were intercropped with maize, and the 
intercropped maize yield was compared with sole 
maize. The forage crops were broadcast under row- 
planted maize at 55-60 days after planting. The seed 
rate was 10 kg/ha for Rhodes grass and 4 kg/ha for 
desmodium. No additional fertilizer was used for the 
forage crops. The intercropped and the sole maize 
received equal management. The forage crops were 
weeded once each year.

All relevant agronomic data were collected and 
statistical analysis was done on yield data; farmers 
were interviewed for assessment o f the technology.
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Table 1. Maize grain yield at different location (kg/ha) at 12.5% moisture

T reatment 1

1985

II III

1986

IV V
Treatment
mean

Maize only 5710 3617 3856 3061 2513 3751
Maize + Rhodes 5570 4367 4179 2895 2481 3898
Maize + desmodium 5890 3557 3632 4009 2537 3925
Location mean 5723 3847 3989 3322 2510 3858
LSD p « 0.05 NS NS NS NS NS NS

C.V. (%) 3153 1251 1159 1359
L o c a t io n s : I, III = G a m b e la  T a re ; II, V  =  W e re g o ; IV  = Chari 
NS =* Nnn-significant

RESULTS AND DISCUSSION

From 1984 to 1986 a total of nine sites were planted. 
But only five of them were successfully harvested. The 
other four were lost due to insect (cutworm), bird 
attack before and at emergence, and wild animal 
damage of the maize crop. The problem of birds and 
wild animals was minimal when the farmers’ planting 
depth (about 8-9 cm), which is deeper than the recom
mendation at Bako (6 cm), was used. At all five sites, 
intercropping Rhodes grass and desmodium with maize 
did not affect maize grain yield (Table 1). The forage 
crops were successfully established at all sites. This 
reconfirms the Bako station finding (IAR 1986). At 
site II, the forage crops were seriously damaged by 
cattle and no harvesting was made. The forage crops 
were harvested starting from thê  second year with two 
harvests a year. The mean dry matter yields across 
sites were 14 t/ha for the Rhodes grass and 9.33 t/ha 
for desmodium (Table 2). This is 82% of the yield 
recorded at Bako center from similar experiments over 
different periods. The advantage in terms of saving 
draft power was estimated to be 117 oxen pair hours 
per hectare and an equal amount of labor hours that 
would have been spent in land preparation for pure 
stand forage. This is equivalent to plowing three times. 
Another advantage of intercropping is that there is no 
fertilizer used for the forage crops beyond what is 
used for the maize. The fertilizer for pure stand forage 
crops is 105/92 kg ha'1 N/P20 5.

The leaders and members of producer cooperatives 
who had participated in implementing the experiment 
felt that the technology could easily be adopted. Inter
cropping forage crops with maize was especially 
appreciated in sites where the farmers have started 
dairy farming and are already producing cultivated 
pasture in pure stands.

The first harvesting of forage is when the pasture is 
abundant. But the farmers did not show interest in 
using the forage in the first 2 years. They used it 
either on advice or because it was available in cut

Table 2. Rhodes and desmodium herbage yield (dry
matter in tonne per hectare established 
through intercropping with maize over a 2- 
year period

1986-87 1987-88

Treat
ment I III IV V

Treat
ment
mean

Rhodes
grass 14 13.18 15.12 13.73 14

Desmo
dium 4 15.48 12.28 5.52 9.33

L o c a t io n s : I, III =  G a m b e la  Ta re ; II, V  = W e re g o , IV  *  C h a r i

N o  h a rv e s t in g  w a s  m a d e  fro m  lo c a t io n  II

form. In the third year they took the forage without 
influence from the researchers and fed it to calves and 
oxen. At one site, the leaders o f producer cooperatives 
wanted to maintain Rhodes grass for seed production.

Assessment of fanners indicates that the technology 
can be extended to farmers' producer cooperatives. At 
the demonstration stage, conservation o f the forage in 
the form of either hay or silage should be considered. 
There are two reasons why this might not be difficult. 
First, the harvesting can be done in mid-September to 
late October when labor is not critical though with 
compromise in quality. Second, some farmers, espe
cially in the dairy cooperatives, already practice hay 
and silage making.
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ABSTRACT

Among the 11 awrajas in the central zone of Ethiopia, 4 were covered for this study In 1987,-A 
total of 1776 randomly selected farm households were interviewed about their farm sizes, 
livestock ownership, major constraints, feed resources and feeding practices in livestock 
production. The average farm size is about 3.1 ha of which 61 % Is allotted to crop production and <■
the rest to grazing. The mean Tropical Livestock Unit (TLU) holdings are 6.7 per household or 2.4 
per hectare. The principal feed resources are grazing on native pasture and crop residues produced 
on the farm. Because of the high cost and an erratic supply, use of concentrates In animal feeding 
is nonexistent. Major constraints to  livestock production are health, nutrition, calf mortality and 
water, in order of importance. Based on the animal census in Shewa in 1982, the available feed 
resources can only meet the maintenance requirements of the animals and production requirements 
of half of the total number of cows for a production level of 5 l/day.

INTRODUCTION

The central highland zone (Shewa Administrative 
Region) has an area of 5.5 million ha and a population 
of 8.1 million in 1984 (CSO 1984). The total livestock 
population was estimated around 6.1 million Tropical 
Livestock Units (TLU or 1.1 TLU/ha in 1982) (MOA 
1982). The climate mostly follows a bimodal rainfall 
pattern; usually the big rain season begins in June and 
the small rains begin in March. Major crops are small 
cereals like tef, wheat, barley, pulses and false banana 
in some awrajas of the area.

There is close interdependence between crop pro
duction and livestock rearing in the mixed small farm
ing. Cattle are kept mainly for traction, milk and meat 
in that order of importance. Small ruminants are used 
as a source of meat and to generate cash to purchase 
consumable goods, clothes, etc. Mules and asses 
constitute a considerable proportion in the livestock 
population, providing services in transporting goods. 
In'general, aside fr6m their specific uses livestock 
provide security and offer prestige to farmers.

Because of its relatively favorable environment for 
forage crops and exotic breeds, the highland is gener
ally considered to have potential to intensify and 
expand livestock production. However, the level of 
production is subsistence oriented and animal products 
do not adequately meet the needs of the population. 
The purpose of this survey was therefore to provide 
information on feed resources and feeding systems and 
to identify major constraints limiting high levels of 
animal production.

MATERIALS AND METHODS

For this study only four awrajas, Chebona Gurage, 
Kembatana Hadiya, Menagesha, and Selale, were 
covered. Based on advice by the Ministry of Agricul
ture (MOA) the following weredas were selected for 
the survey: Bechd, Enemor, Escana Welele and Weliso 
from Chebona Gurage Awraja; Li mu, Timbaro and 
Seke from Kembatana Hadiya Awraja; Sululta, Meta 
Robi, Kersana Malima, Addis Alem, Ada Berga, 
Aleletu and Bereh from Menagesha Awraja; and 
Degem, Girrar Jarso, KuyU, Were Jarso and Wichale 
from Selale Awraja. Within each awrajk, about 50% 
of the households in each peasant association were 
selected at random for interview. With the collabora
tion of MOA, questionnaires were distributed to farm
ers in these and other weredas to be filled by their 
respective development agents. But information could 
be gathered only from those weredas mentioned above.

RESULTS AND DISCUSSION

Farm  Holdings and  Herd S ize ■. >

Table 1 shows farm holdings (cropping and pasture 
lands) and livestock ownership of sampled households 
in the four awrajas of the central zone. Care is needed 
iff* the use of such figures since often farmers are 
reluctant to tell the exact area allotted to cropping. 
However, it gives an indication of farm holdings 
among smallholders. There is a wide variation in farm
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Table 1. Average farm size and livestock ownership per household in the .four awrajas.

Awraja
Number of 
households

Total
TLU*

Average 
TLU per 
household

Total land 
(crop + pas
ture) (ha)

Average farm 
size house
hold (ha)

Average 
TLU/ha of 
total land

Av. pasture 
land per 
hshold (ha)

Chebona
Gurage 390 2925 7.5 897 2.3 3.3 0.7

Kembatana
Hadiya 344 1892 5.5 654 1.9 2.9 0.6

Menagesha 531 4142 7.8 1965 3.7 2.1 1.3

Selale 511 3066 6.0 1942 3.8 1.6 1.6

Mean 6.7 3.1 2.4 1.1
'Conversion of animal number to TLU is adopted from MOA (1982)

size and livestock numbers across the sample house* 
holds.

The TLU per household reported here is much 
higher than the national estimate which was reported 
at 4.0 (FAO 1986). Considering the livestock number 
distribution in the country, it was reported that about 
70% of the cattle population is found in the highlands. 
Cattle represent about 73% of the total TLU followed 
by pack animals in the surveyed areas. Oxen are given 
priority followed by dairying from local cows. Land 
for fodder production is a principal limiting factor in 
all the areas but the problem is very severe in 
Chebona Gurage and Kembatana Hadiya awrajas. 
According to research reports done at Holetta Re
search Center, a well-managed natural pasture can 
support 2-3 TLU/ha for 6 months (Lulseged 1987). 
The livestock units in the two awrajas is about three 
times greater than the grazing capacity of the natural 
pasture and about twice in the Menagesha Awraja.

Only local breeds o f zebu exist on the farms. The 
average daily milk production ranges from 0.5 to 
2.5 1. Often oxen are sold when they are about 6-7 
years old or when they get old and cannot help plow 
any more. Small ruminants serve as cash income for 
the family.

FEEDING SYSTEM AND FEED RESOURCE

Ruminants obtain their feed from grazing the natural 
pasture including marginal lands. Grazing is the pre
dominant feed source for all livestock. The quality and 
quantity o f pasture vary markedly depending upon the 
amount o f rainfall in a given area and the type of 
managementrin the highlands, the annual dry matter 
(DM) yield o f the natural pasture on infertile and 
freely drained soil ranged from I to 2 t/ha; on sea
sonally waterlogged fertile areas it was 4 -6  t/ha 
(Taylor 1981). However, FAO (1984) estimated about 
2.7 t/ha of DM per annum. The yield and quality of 
the natural vegetation may be decreasing through years

due to overgrazing, drought and lack o f proper man
agement.

The dominant grass species o f the natural pasture at 
the surveyed areas were Pcnnisetum schimperi and 
Cynodon dactylon. No pasture establishment was seen 
in the areas. However, farmers recognize and are 
willing to improve their pasture land if such opportuni
ties are provided. Haymaking is largely practiced in 
Menagesha and Selale awrajas; the majority o f the 
farmers in Chebona Gurage and Kembatana Hadiya 
awrajas do not practice haymaking. Fanners inter* 
viewed in the latter two awrajas responded that due to 
shortage o f land no grass was left to be preserved as 
hay for dry periods. Therefore, the major feed source 
in these areas includes grazing from natural pasture 
and agricultural by-products from the farm.

Agricultural by-products, especially cereal straws, 
form a high proportion of the available feeds in the 
areas. Livestock graze aftermath during the dry season 
and major differences exist in the utilization o f crop 
residues in type and amount to livestock feeding. 
Priorities are given to oxen, cows and heifers in feed
ing straws. In general, about 63% of cereal straws is 
utilized as feed, 7% for bedding, 20% for fuel and 
10% for house construction. These percentages vary 
from area to area depending upon the existing feed 
resource and type o f farm by-products. In the enset- 
growing areas (Kembatana Hadiya and Chebona Gura
ge) false banana pseudostems and leaves, and fodder 
cut along the roadsides and in false banana farms are 
used as major livestock feeds. Virtually in all the 
sample households no concentrate feeding is practiced 
by the farmers due to high transportation cost.

M ajo r  Constraints

The major constraints to livestock production are poor 
health, malnutrition, mortality o f calves and shortage 
o f water. Farmers interviewed reported that the major 
diseases are anthrax and black leg, and that high
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incidences o f diseases are observed on large rumi
nants. Even though there is no report from fanners 
regarding the death of animals due to malnutrition, 
there is no doubt that the existing feed resource cannot 
fulfill their maintenance requirements throughout the 
year. The clinical symptoms observed in the animals 
might also be due to nutritional disorders, and predis
position to diseases could be due to lack of quality ̂  
feed.

A v a il a b il it y  a n d  R e q u ir e m e n t s  o f  
Feed R e s o u r c e s

Table 2 shows the estimated feed resources available 
to livestock feeding in the central zone. The amount of 
nutrient supplied by these resources was computed 
based on their composition (Table 3).

The total TLU in Shewa Administrative Region is 
about 6.1 million (MOA 1982) and the available feed 
resource in this region would support the maintenance 
requirements of these animals in terms of energy and 
protein (Table 4). Excess energy would support pro
duction requirements per annum for 2.2 million cows 
producing 5 1/day while excess protein would support
0.26 million cows producing the same amount of milk. 
Taking 50% of the existing cattle population in Shewa 
as milking cows, the total number of cows would be 
2.2 million TLU. This implies that if the existing feed 
resource is allotted to the maintenance level for other 
livestock, the remaining nutrient would not support a 
production of 5 1/day fof this number of TLU cows 
due to shortage of protein in the diet. The results of

Table 2. Feed resource availability in the central zone
Availability

Feed resource
Area
(million
ha)

Total
DM/ha

Total DM 
(million t)

Grazing (includes 
fallow)

4.25* 3b 12.75

Cereal crop 
residues

1.12° 2.12d

Aftermath grazing 0.4* 0.45
Pufse residues 0.24° 0.25
Total 5.61 15.57

Sources: * FAO (1984); ** Taylor (1981); e Based on seven years' 
average (CSO 1987); d estimated from grain yietd data 
using conversion factors (Nardblom 1988); * AACM (1984)

this survey indicated that average milk production per 
day ranged from 0.5 1 to 25 1. Farmers usually give 
priority to feeding oxen over milking cows. A large 
number of donkeys, horses and mules in the region 
share a considerable amount o f feed though their 
production is not actually quantified. Therefore, this 
indicates that to achieve a higher level of production 
there is a need to improve the feed resources in terms 
of quality and quantity.

CONCLUSION

Aside from health, shortage of feed hinders livestock 
production in Shewa Administrative Region. To allevi
ate this problem, efficient utilization of the available

Table 3. Total energy and protein supplied by feed resources
Composition® Total nutrient suddIv

Feed resource

Total yield
(million
t/DM)

Energy ME 
(MJ/t)

Protein
(kg/t)

Energy MJ 
(million)

Protein
(million
kg)

Grazing 12.76 7600 55 96 991.20 701.91
Cereal residue 2.12 7000 50 14 840.00 78.47
Pulse residue 0.25 7500 70 1 875.00 8.29
Aftermath grazing 0.4484 7200 60 3 328.00 26.90
Total 117 034.2 815.57
* based on the average reported for African feeds (Kearl 1982)

, Table 4. Feed availability and requirement balance sheet for 6.1 million TLU
(as maintenance requirement for 250 kg steer)

Reauirement
Per TLU Total per year Availability Balance

Nutrient per year (million) (million) (million)

Protein (kg) 123.00 754.48 815.57 61.09

Energy (MJ) 11 300.98 6 9314.00 11 7034.20 47 720.20
Source: Kearl 1982
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feed resources should be encouraged. Integration of 
forage and crop production could be one o f the alter
natives to augment the feed deficiency in the area. 
More efforts are needed to increase the availability of 
agro-industrial by-products in ruminant diets with less 
cost. Cereal straw is the most widely available feed in 
the area but its value is limited by its inherent low 
digestibility, low nitrogen, and low rate o f passage. 
Therefore, cereal straw alone cannot even maintain the 
feed requirements for maintenance. Improvements of 
the quality of cereal straw and/or feeding strategies 
aiming at maximizing the available feed resources 
could reduce the magnitude o f the feed deficit and 
improve the level of production.
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ABSTRACT

This study was conducted to evaluate the yield performance and compatibility of combinations of 
tw o vetch and three oat varieties. Of the six combinations, Vicia atropurpurea, in mixture w ith Cl- 
8251 and CI-8237, and Vicia dasycarpa w ith Greyalgiers gave superior performance. Mean dry 
matter values for each cropping season showed significant (p <  0.01) yield differences among the 
various mixtures. The mean dry matter yield of these mixtures was over 11 t/ha. Vicia 
atropurpurea in mixture w ith CI-8251 gave high dry matter yield.

INTRODUCTION j

As a part of a feed development program for the high
lands of the western region and similar localities of 
Ethiopia an initial evaluation for various forage crops 
was carried out at Shambu, Welega Administrative 
Region, during 1982-1984. Among the tested forage 
crops, oats (CI-8251, CI-8237 and Greyalgiers) and 
vetches (Vicia atropurpurea and Vicia dasycarpa) were 
found the most promising in terms of both desirable 
agronomic features and dry matter production. Al
though oats and vetches can each be grown in pure 
stand, growing them in mixture improves the crude 
protein content of the product (Astatke 1977). Also, 
the oats can hold the viney soft-stemmed vetches erect, 
thereby making the harvest more convenient. More
over, compared to pure stand, yield from mixtures is 
somewhat higher (Ahlgreen 1956, Astatke 1977).

This study was conducted to evaluate the yield 
performance and compatibility of oats/vetch mixtures 
of the above varieties at Shambu during 1985-1987.

MATERIALS AND METHODS

The oat varieties, CI-8251, CI-8237 and Greyalgiers, 
each in mixture with each of the two vetch varieties, 
were sown at Shambu on 7 June 1985, 12 June 1986, 
and 19 June 1987 on a relatively well-drained Eutric 
Cambisol having a pH of 5.6. Climatic data (mean 
rainfall, temperature and number of rainy days of the 
growing season) of the trial site are presented in Table
1.

The trial was laid out in a randomized complete 
block design with three replications. Each treatment 
was allotted to a 5 m x 5 m plot and rows were spaced 
40 cm apart. Experimental plots were sown by hand

with oat/vetch mixture using a seed rate of 65 kg/ha of 
oats -I- 25 kg/ha o f vetches. Dry matter (DM) yield 
estimates were made from a subplot o f 3.2 m x 5 m 
when the oats reached 50% heading stage and the 
vetches attained 10%-70% flowering stage. The trial 
site was cultivated three times with an ox-drawn plow 
at the onset o f the main rainy season. DAP and urea 
were applied at the rate o f 200/75 kg at sowing and 6 
weeks after emergence, respectively. Weeds were 
controlled by two hoeings: 6 weeks after emergence 
and in late August to early September depending on 
weed population.

RESULTS AND DISCUSSION

Visual appraisal indicated that the oats were dominant 
in terms of coverage and vigor over the associated 
vetches from the time of establishment to anthesis. 
Mean DM values for each cropping season showed 
significant (p <  0.01) yield differences among the 
various mixtures. Duncan’s multiple range test was 
used to compare DM means of the mixtures (Table 2).

The best DM yield (12.23 t/ha) was recorded from 
CI-8251 +  V. atropurpurea. In two out of three years, 
this mixture seemed to be less likely to lodge than the 
two oat mixtures. /

The next best yield (11.80 t/ha) was obtained from 
CI-8237 +  V. atropurpurea. In each of the three crop 
seasons, CI-8237 combined with V. dasycarpa pro
duced minimum DM. Among the three oat varieties 
evaluated in the experiment, Greyalgiers was consis
tently compatible with V. dasycarpa. The average DM 
produced by this mixture was 11.71 t/ha. This variety 
was least susceptible to lodging during the three years.

Of the two legumes, V. dasycarpa was early matur
ing. Past studies in other highlands o f Ethiopia had
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is comparatively stronger. Livestock feeding in this 
area, except for dairy cooperatives that inconsistently 
use concentrates and to a very limited extent cultivated 
fodder, is entirely based on grazing natural pastures 
and crop residues. This indicates wide room for the 
betterment of livestock production far beyond the 
present level if improved stall feeding is to be fol
lowed.

In the western highlands, where presently the 
largest human and livestock populations exist and land 
is a comparatively scarce resource, a forage develop
ment program based on annual forage crops could 
assist in intensifying use of agricultural land and 
improving animal production. Growing oat/vetch mix
tures with appropriate cultural practices and conserva
tion methods at Shambu and other similar highland 
areas, particularly dealing with dairying, would guar
antee sustainable feed basis with lesser expense.
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Table 2. Mean DM yields of the oat/vetch mixtures, 1985—1987
1985 1986 1987 Overall

Mixture (t/ha) (t/ha) (t/ha) means (t/ha)
V. dasycarpa + CI-8237 9.47b* 10.81d 9.31c
V. dasycarpa + CI-8251 9.97b 11.12cd 11.1 Bab
V. dasycarpa + Greyalgiers 10.77ab 14.04a 10.34bc
V. atropurpurea + CI-8237 11.72a 12.09bc 11.56a
V. atropurpurea + CI-8251 11.98a 12.81b 11.91a
V. atropurpura + Greyalgiers 9.82b 11.55cd 10.05c

CV(%)_______________________&83_______ ^43_______ 6.69
* means in the same column followed by the same letter were not significantly different

V. atropurpurea (Hailu and Lulseged 1983). By har
vest the former attained 40% -70% flowering while the 
latter was in early (5% -I0% ) blooming stage. This 
maturity level is late for legumes intended for live
stock feeding.

The overall mean DM yield (11.14 t/ha) of the 
mixtures was substantially higher than pure stand yield 
of either component obtained at the same location 
during initial screening trials (Table 3). From the work 
of Astatke Haile (1977), DM yield of 11.18 t/ha was 
obtained from an oat/vetch mixture sown at 80/40 
kg/ha, while the respective DM yields from pure stand 
of CI-8251 and vetches were 9.3 t/ha and 3.8 t/ha 
respectively.

The land use in Shambu highland area (2500 m) is 
predominantly of mixed farming type where the in
terdependence between the livestock and crop system

Table 3. Mean DM yield (t/ha) of the pure stands of 
vetches and oats during initial screening
(1982-84)

Variety
Mean DM 
yield (t/ha)

Crude
protein°(%)

Lampton 6.78 5.76
CI-8237 8.16 5.19
CI-8251 9.62 4.46
Greyalgiers 7.19 4.82
CI-8235 6.75 4.92
CI-8257 5.45 5.39
Vicia atropurpurea 6.23 -

* Source: Astatke Haile (1977)

9.86d
10.76c
11.71b
11.80b
12.23a
10.47c
6.19

Table 1. Meteorological data of Shambu, 1985-1987

Time
Rainy
days

Rainfall
(mm)

Temperature
(°CL.

Max. Min.

1 9 8 5
June 24 223.6 19.8 6.2
July 30 435.6 18.4 4.0
August 31 387.1 19.0 3.6
September 26 223.6 19.4 6.6
October 9 45.7 20.5 7.9

1 986
June 5 299.6 19.5 5.4
July 24 268.3 19.0 5.1
August 28 318.9 19.1 5.2
September * * * *
October * * * *

1 987
June 24 275.9 20.7 6.5
July 27 342.1 20.6 5.7
August 29 368.8 19.6 5.2
September 26 238.0 19.8 6.4
October 8 102.8 20.2 7.8

*  d a ta  n o t a v a ila b le
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ABSTRACT

i
Four treatments were produced by ensiling coffee pulp in combination with 50% and 70% of 
either elephant grass (Pennisetum purpureum) or natural pasture. Quality and percentage 
composition of the silages and voluntary intake and body weight gain by yearling rams were 
studied with the addition of 1 kg of sesbania leaves per hectare per day. Good quality silage was 
produced from the pulp in combination with either of the forages. The percentage compositions 
of crude protein, sugar and caffeine were slightly lower in pasture ensiled pulp silages. There was 
significant improvement in intake and animal performance as a result of sesbania supplementation. 
The mean daily gain of the group fed on supplemented 30% pulp plus 70% pasture was
significantly higher than the others {p < 0.05).

INTRODUCTION

In southwestern Ethiopia, large-scale coffee plantations 
initiated in the last two decades necessitated the estab
lishment of industrial type coffee-processing mills. At 
present the large quantities of coffee pulp accumulating 
at the processing installations are a disposal problem. 
Low voluntary feed intake, protein digestibility and 
nitrogen retention are the major factors limiting utiliza
tion of coffee pulp as animal feed. However, the 
evidence obtained from different animal species indi
cates that there is improvement in the nutritive value 
of coffee pulp with the addition of supplementary 
protein.

The objective of this study was to evaluate the 
nutritive value for sheep of forage ensiled with coffee 
pulp and supplemented with Sesbania sesban.

MATERIALS AND METHODS

T r e a t m e n t  S ila g e s

Pit-type silos 1.5 m wide, 1 m deep and 10 m long 
with about 10% slope were dug into the earth and 
covered with plastic sheeting. A wet-processed coffee 
pulp was sun dried for about 8 h and ensiled in combi
nation with 50% or 70% of either elephant grass or 
natural pasture.

Ex p e r im e n t a l  A n im a l s

Thirty-two yearling rams of the Horo breed were 
treated against internal parasites. The sheep were

I
eartagged, weighed and divided into eight groups of 
four with approximately equal average weight 
(18.0 kg). Each group was housed in an experimental 
pen. The four treatment silages were fed to the animals 
in a completely randomized design with two repli
cations.

The treatment silages were offered at 10% above 
intake. Leftover food was collected and weighed twice 
a day. Half a kilogram of fresh sesbania leaves per 
sheep was offered twice a day and water was available 
all the time. Feed intake was measured daily and body 
weight was recorded weekly throughout the experi
ment.

Chemical Analysis

Silage and sesbania samples were oven dried at 65°C 
for 72 h. After grinding, to pass through a 1 mm 
screen, dry matter and crude protein were determined 
according to the proximate analysis method of the 
Association o f Official Analytical Chemists (AOAC)
(1955). Sugar and caffeine were water extracted at 
96°C for 3 h. Caffeine was separated by crystallization 
and sugar was determined according to the method of 
AOAC (1970).

Statistical  A nalysis

Analysis of variance was carried out by Fisher’s 
method (Snedecor and Cochran 1972), with Duncan’s 
multiple range test being used to group the treatment 
means where F values were significant.
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v RESULTS AND DISCUSSION

Q uality and  Chemical Composition

On the basis of appearance, color and pH value, the 
treatment silages produced by ensiling coffee pulp in 
combination with natural pasture were superior to 
silage produced by ensiling pulp in combination with 
elephant grass (Table 1). Additionally the percentage 
of respiratory loss that occurred on the walls and 
upper surface of the silos was lower for pasture en
siled coffee pulp silages. The better characteristics of 
pasture ensiled coffee pulp as compared to elephant 
grass were probably due to the better compressibility 
of the pasture. Nevertheless, when taken out of the 
silos the original color of coffee pulp turned black in 
all cases, suggesting the occurrence o f a browning 
reaction.

There was no significant difference between the 
treatment silages in percentage of nutrient composi
tion. However, the dry matter content and percentage 
compositions of protein, soluble sugar and caffeine 
were lower for the 30% coffee pulp plus 70% pasture, 
which could be due to the higher moisture content of 
the natural pasture ensiled.

The free drainage that occurred probably carried 
water-soluble nutrients with it. The lower concentra
tion of caffeine could also be attributed to the higher

moisture content of the pasture ensiled, and because of 
the fact that caffeine is soluble in water, it may have 
been lost in the draining liquid. The N content of 
caffeine was about 29% and such a relatively high 
concentration of N in caffeine could also influence the 
protein content of the silage (6.25 x N) when caffeine 
is lost draining liquid.

V oluntary Feed Intake

All the animals were reluctant when fed the treatment 
silages without supplementation. Significant improve
ment in voluntary feed intake was induced with the 
addition of 1 kg of sesbania leaves per hour daily. 
Even though there was no statistically significant 
difference among all the treatment groups fed on the 
treatment silages supplemented with sesbania (Table
2), the treatment group receiving 30% of coffee pulp 
plus 70% of natural pasture tended to consume more 
than the others.

Evidence obtained from various studies indicated 
that coffee pulp intake improves when the ration 
contains protein concentrates. The relationship between 
crude protein consumption and rations containing 
different levels „of ensiled coffee pulp was studied by 
Flores (1973). Using steers, he reported that dry 
matter intake increased linearly with increased protein 
consumption and tended to stabilize at 15% protein.

Table 1. Fermentation characteristics and chemical composition of the 
treatment sitages

 ̂ _________ Treatments
Item Ti t 2 t 3 t4
PH 4.80 4.80 4.60 4.50
Original color brown brown brown brown
Air-exposed color black black black black
Dry matter {%) 18.80 18.70 17.60 17.10
Crude protein {%) 10.60 10.00 9.70 9.50
Sugar (g) 20.00 20.00 16.00 10.00
Caffeine (%) 0.16 0.13 0.11 0.09
Caffeine nitrogen (%) 29.00 29.00 29.00 29.00

Table 2. Production performance of the experimental sheep fed on treatment silages

Item T,
Treatments

h h t4
Ensiling period (days) 120 120 120 120
Feeding period (days) 60 60 60 60
Daily feed intake (kg/h) 1.65 1.70 1.85 ' 1.90
Initial body weight (kg/h) 18.30 18.60 18.50 18.60
Final body weight (kg/h) 27.90 28.44 28.22 29.04
Body weight gain (k/g) 9.60 9.84 9.72 10.44
Daily body weight gain (g) 160.00 164.00 162.00 174.00



138 /  Solomon

The increase in consumption produced by the 
protein supplementation can be explained in part by 
the increase in ration digestibility and improvement in 
the N status of the animals (Daqui 1974). Both effects 
are recognized as factors that stimulate voluntary feed 
intake of rations with low protein contents (Blaxter and 
Wilson 1963, Duncan 1955)

A nimal  Performance7

Pure coffee pulp silage negatively affected feed con
sumption and body weight gain by yearling rams. 
Inclusion of 50% and 70% of either elephant grass or 
natural pasture failed to improve these negative ef
fects. Positive animal performance ranging between 
160 g/h daily and 70 g/h daily was obtained when the 
latter treatment silages were supplemented with 1 kg/h 
daily of sesbania leaves. The mean daily body weight 
gain of the group fed on supplemented treatment silage 
containing 30% coffee pulp plus 70% natural pasture 
was significantly higher than the others ip <  0.05). 
There was no mortality encountered or any adverse 
effects observed in any group. All the groups receiving 
supplementation were active; positive animal perfor
mance was observed starting from the first week they 
were assigned to their respective treatments.

The crude protein content of the treatment silages 
was about 10%-12%. Crude protein o f this magnitude 
is sufficient to supply the protein requirement of a 20 
kg yearling ram gaining 120 g/d at dry matter intake 
of around 0.7 kg/d. Nevertheless, the low digestibility 
of the coffee pulp protein might have induced low 
voluntary feed intake and negatively affected N reten
tion and animal performance.

The crude protein content o f supplementary ses
bania was about 26%. This means that about 78 g/d of 
protein was assumed to be contributed through supple
mentation in addition to intake from the treatment 
silages. The crude protein requirement o f 20 kg year
ling rams gaining 120 g/d is about 85 g/d. Thus it 
seems that when used efficiently by the animals, the 
supplementary protein is sufficient enough to stimulate 
increased voluntary feed intake and positive animal 
performance. The results obtained in this study are

similar to those reported elsewhere. Flores (1973) 
reported that coffee pulp negatively affected feed 
consumption and weight gain, but those effects de
creased with the addition of protein. Dequi (1974) 
determined the amount o f N retained by yearling bulls 
fed on either ensiled coffee pulp plus corn silage or 
corn silage with or without supplementation. With 
ensiled coffee pulp plus com silage the N balance was 
negative, but N retention and animal performance 
increased with increase in N intake.
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EFFECT OF SUPPLEMENTATION WITH LAKE SOIL ON THE 
GROWTH OF ARSI SHEEP

Mohammed Y. Kurtu, Demissie Ido,1 and E. Mukassa-Mugerwa2
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2ILCA, P.O. Box 5689, Addis Abeba

ABSTRACT

Results from a laboratory analysis of bote soil samples from three different lakes demonstrated 
little variation among the lakes. The calcium and phosphorus contents were low, whereas the 
contents of sodium and other trace minerals were quite satisfactory. Non-lake red soil showed 
higher contents of phosphorus and calcium. Further evaluation of bole soil on the Qrowth of 100 
sheep of different age and sex groups was performed over 37 weeks. Sheep were assigned to five 
different treatments: bole, bole + red soil, red soil, commercial lick, and control. Voluntary intake 
and weight gain were major parameters under investigation. The highest intake was recorded for 
the group fed bole mixed with red soil, followed by the pure bole, and least recorded was for red 
soil. There were, however, no significant differences in growth rate between the five treatments, 
indicating that the mineral content of the diet was probably sufficient to meet growth requirements 
without need for supplementation. Male sheep gained more than females during the experimental 
period. Responses of female sheep to bole soil had no clear trend while, on the contrary, male 
sheep gained more weight on bole and least on the control, Male sheep have generally shown a 
trend of better response to both bole and commercial lick as opposed to the female. Not all the 
differences were statistically significant [p <  0.05}. Generally bole was as good as commercial 
lick, particularly when fed to small ruminants. Although there has not been a clear advantage of 
commercial lick over bole the possible confounding effect of the minerals because of the various 
age groups of sheep used must not be overlooked.

INTRODUCTION MATERIALS AND METHODS

Soils from lakes in the Rift Valley are suspected to 
contain a number of macro- and microminerals. Farm
ers traditionally water their animals periodically and 
feed them lake soils (bole), believing that this would 
improve the productivity of animals in terms of growth 
and fertility. The highlanders’ animals may trek long 
distances to reach these lake soils, or else the farmers 
may buy the lake soils in nearby markets for ETB 20 
(10 USD) per 100 kg to feed mainly to their cattle. 
The soil is fed directly or after dilution with either 
water or red soil. The exact chemical composition of 
these soils is not yet known. Moreover, the exact 
beneficial effect, although suspected, have not yet been 
quantified on cattle and sheep.

The aims of this investigation were to establish the 
mineral composition of lake soils traditionally believed 
to improve production and reproduction of both cattle 
and sheep and to test their efficacy as a mineral sup
plement for sheep growth.

S o il  A n a l y s is

Soil samples were drawn from Lakes Ziway, Shala, 
and Abijata. A number of small samples were taken 
from each lake at random. The small samples were 
then bulked, representative samples were taken to 
Sweden, and the remaining were sent to ILCA for 
mineral analysis.

Feeding

A total of 100 local Arsi sheep o f varyious ages and 
both sexes were categorized in five groups based on 
their age and weight. The selected average age was 
about 210 days, with an almost equal male and female 
ratio in each group. Each group was assigned at ran
dom to one of five feeds treatments, which were as 
follows: grazing only (control), feeding red soil, feed
ing bole soil, red soil and bole mixed at the ratio of 
3:2, and mineral lick.
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Table 1. Amount of voluntary intake of mineral supplementation of different sources

Supplementary

Number of sheeD 

Beginning End
Feeding 
days (no.)

Amount of
fered (kg)

Left-over
(kg)

Amount con
sumed (kg)

Red soil 20 16 262 447 401 45
Bole soil 20 15 262 445 365 80
Red + bole soils 20 15 262 663 527 135
Commercial lick 20 18 262 191 123 68

trate feed recorded on daily basis. The weight of the 
animals was also taken weekly to determine their was 
growth.

All animals were checked for internal parasites and 
were drenched with anthelmintics prior to experimen
tation. General health conditions were inspected daily 
by veterinary personnel. All statistical analyses were 
carried out using the Statistical Analysis System (SAS 
1979) statistical package. The means of the different 
treatments were compared by the analysis o f variance.

RESULTS AND DISCUSSION

Feeding

The voluntary intake of minerals supplements from 
different sources is shown in Table 1. The highest total 
intake was recorded for the group fed on bole mixed 
with red soils, sheep assigned to pure bole stood 
second, and those fed on red soil lick were last. How
ever, when intake was compared in terms of pure bole 
consumption, the group fed on bole showed the high
est, almost double that of the group fed on Bole mixed 
with red soil. That means that unless there is some 
unrecognized value of feeding bole mixed with red 
soil, there is no clear advantage of the mixture as far 
as intake of bole is concerned. However, the combina
tion effect of bole and red soil needs further consider
ation, as the latter contains a higher amount of phos
phorus than the former.

Average daily gains over 37 weeks by sex and 
treatment are shown in Table 2. Weight gain over 37

% d/kcr

Source Na K Ca P Mg S Fe Mn Zn Cu Ph
Bole from 
Lake Abijata 3.00 0.82 0.72 _ 1.60 0.53 0.51 83.9 3.6 0.60 9.66

Bole from 
Lake Ziway 3.50 0.59 0.35 0.02 0.02 0.03 0.60 635.0 83.0 15.0 9.90

Bole from 
Lake Shala 10.30 0.73 1.70 0.02 1.50 0.23 0.65 471.0 62.0 13.5 9.50

Red soil 
Asela 0.01 1.03 0.20 1.01 1.90 0.91 1.90 680.0 100.0 32.0 4.90

Table 2. Means of average daily weight gain

Number

Daily
weight
gain
(9/d)

S.D.
(± )

Overall 77 19 8
Males 38 19 9
Females 39 19 6

Females by treatment
Bole 8 18 3
Red soil 6 20 7
Bole mixed with red soil 9 20 6
Commercial lick 8 19 5
Control 8 21 7

Males by treatment
Bole 7 20 12
Red soil 10 18 8
Bole mixed with red soil 6 20 9
Commercial lick 10 21 10
Control 5 14 5

The mineral supplementation to all the groups was 
given on free choice except for the control group 
where there was no mineral supplementation. The trial 
was conducted for 37 weeks. For the first 9 weeks no 
concentrate supplementation was offered. Starting from 
the 10th week, however, concentrate was supplied at 
the rate of 0.3 kg/head per day (the concentrate nor
mally consisted of 89% wheat bran, 10% rapeseed and 
1% salt).

The total amount of mineral supplied and concen- 

Tabla 3. Mineral composition of soils from different lakes
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weeks showed a significant difference between males 
and females. There were no significant differences 
between supplements. While this means that there was 
no superiority of mineral lick over bole soil, it is also 
possible that the amount of minerals contained in the 
diet of the sheep might have been adequate to meet 
their requirement. Unfortunately the feedstuffs used 
during the experimental period were not analyzed.

Son Analysis

Table 3 gives the mineral composition of the soils 
from different sources. The results from both Sweden

and 1LCA have clearly indicated that lake soils are low 
in calcium and phosphorus with variation among the 
lakes. The pH is found to be rather high indicating 
abundance of sodium. The availability of most trace 
minerals like zinc, iron and manganese is found to be 
within acceptable range.

It was concluded that these soils cannot be used to 
supplement macro elements with the exception of 
sodium. The red soil indicated a higher amount of 
phosphorus than the major bole mineral soils. This 
could be one of the reasons for traditional practices of 
mixing the red soil with bole.



RESTRICTED FEEDING OF BROILER BREEDERS 
DURING THE GROWING PERIOD

Assefa Hagos

ABSTRACT

Using 320 pullets and 80 cockerels of each White Rock and Red Cornish breeds, the performance 
of broiler breeders under restricted feeding during the growing period was studied. The trial was 
conducted at the University of Agricultural Sciences, Poultry Science Department, Bangalore, on 
chicks produced and reared in the department. The data from the experiment revealed a significant 
difference in body weight between the restricted and the ad-libitum groups. Mortality and internal 
organ weights were not significantly different. Birds in the restricted group reached sexual maturity 
later than the ad-!ibitum group. From the results it could be concluded that both 15% and 30%  
restrictions are desirable to achieve the optimum performance in broiler breeding flocks during the 
growing period.

INTRODUCTION

Broiler birds maintained till laying time weigh more 
than twice the weight of layer birds. The increased 
body weight adversely affects egg production, fertility, 
hatchability, shell quality and livability, and the males 
become victims o f their own weight and cannot mate 
and reproduce. Therefore, the control of growth is an 
important management tool to insure best performance 
during laying. However, this must be done with con
siderable skill, otherwise the birds become overweight 
or underweight, resulting in loss of production.

In view of the above points, the present study was 
undertaken to determine the effect o f restricted versus 
ad-libitum feeding on the growth rate, morbidity and 
mortality, age at sexual maturity, and economic per
formance of broiler breeding flocks.

MATERIALS AND METHODS 

Experimental Birds

One thousand four hundred broiler breeder chicks of 
Red Cornish and White Rock breeds were wing-band
ed and grown till 6 weeks of age on a broiler starter 
diet (22% protein and 2900 Kcal of metabolizable 
energy/kg of diet). At 6 weeks of age, 320 females 
and 80 males of each breed were then randomly as
signed to eight groups with two such groups (40 pul
lets and 10 cockerels per group) per treatment and 
maintained in a deep litter system.

Experimental Treatments

The birds were subjected to the following four dietary 
treatments:

No.
Ti (control)

t 3
t 4

Level of feedingTreatment 
16.6% protein 
and 2800 
Kcal ME/kg 
15% restriction 
30% restriction 
15% protein and
2500 Kcal ME/kg85% of the control

ad libitum

85% of the control 
70% of the control

DATA TO BE COLLECTED

The birds were weighed very fortnight in a single pan 
balance to the nearest 5 g accuracy. The ratios of both 
cumulative and weekly average feeds consumed to the 
average live body weight were determined. The per
cent survivability up to 20 weeks o f age was calculated 
and age, body weight and egg weight at 10% egg 
production were recorded. The costs of different 
recurring expenditures including cost of chicks, medi
cine, electricity and labor charges were considered.

Statistical  A nalysis

The experimental data were statistically analyzed as a 
randomized block design in the following model.

Yij =  « + Tt + Rj +  e{j

where 7} =  effect of treatments 
i =  I, 2, 3, 4 
Rj =  replication effects

fjj — random error assumed to be normally 
and independently distributed

Wherever the treatment effect was found significant
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Table 1. Mean body weights (g) of White Rock and Red Cornish Pullets

Age
(weeks)

T r e a t m e n t s

Tt t 3 t4

WR RC WR RC WR RC WR RC
6 180" 844® 816* 844* 804* 836* 779* 873*
10 1582* 1671* 1463b 1475b 1350° 1420° 1329° 1434°
14 2196s 2124* 1983b 1883b 1172° 1794° 1763c 1758c
18 2554* 2507“ 2183b 2206b 1954° 2063° 1954° 2026°
20 2702® 2695* 2247b 2346b 2017* 2205° 2013° 2138°

Means with a different superscript in a row are significantly different {p < 0.05)

the treatment means were compared by Duncan’s 
multiple range test.

RESULTS AND DISCUSSION

Birds in the ad-libitum group were significantly (p <
0.05) heavier than birds in the restricted groups at all 
ages (Table 1). Among the restricted feeding groups, 
the pullets in the 15% restricted group (T2) were 
significantly heavier than pullets in the 30% restricted 
group (T3). The body weights of pullets in T3 and T4 
were not significantly different.

With respect to body weight gain there was pro
gressive and significant decrease as age advanced, irre
spective of the treatments (Figure 1). The body weight 
gain was highest in the ad-libitum group followed by

the T2, T3, and T4 groups.
The results for the sexual maturity showed there 

was significant difference (p <  0.05) in age and egg 
weight at 10% egg production. The average ages at 
which 10% egg production was reduced in T j, T2, T3 
and T4 groups were 147, 157, 159 and 166 days 
respectively for the White Rock breed; the correspond
ing figures for the Red Cornish breed were 161, 170, 
174 and 181 days. The egg weight was significantly 
less in the control group. Mortality to 20 weeks of age 
averaged 30% and did not differ significantly between 
breeds or treatment groups.

The total expenditure presented in Table 2 shows an 
appreciable difference among the different treatments. 
When an overall assessment of the economical analysis 
was done it showed that total expenditure was higher 
in the control group (Tj) than in any restricted groups

Body weights (g)

Age (weeks)

T1 T 2 T3

Figure 1. Growth curve of White Rock and Red Corntsh pullets
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Table 2:. Total expenditure per bird in different treatment groups

Treatment

Feed cost'^ETBVi

Cost of chicks, 
medicine,1 breeding; 
and labor (ETB)

Starter period J 
(0-6 weeks)) 

{ETB}

Grower period i 
{7-’20Tweeks}' 

(ETB))

Total1 
expenditure1 

(ETB))
T r 1;13- 1.091 4.’211 6.433
t 2 1:13 1:09; 3583 5.00''
t 3 1;13: 1:09 Z$5> s : w

1:13> 1.09; 2.98- K200
* ■ includes 0.67 for chicks 0.21 for medication, 0.17 f6r labor and 0.08Idr breeding;

( T jjT j ,  and iT4) ),and fthattleasttexpenditure was in-* restrictionoflowvprotein 16w^energydjet’(l 5%prot6in
curred in;T3 and!T4< and!2500 Kcal'M E/kg)?w*as desirable t6 achicve opti-

It iwas concluded i that13 0 %  restriction i of: control I mum economic performance tjfbroiterbreedingflocks
feed ’(16.6 % protein and 12800 Kcal ME/kg) and !15% during their growing ’periodJ.
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ABSTRACT

Using in vitro procedures, a total of 11 feed samples were analyzed for their fiber fractions and 
dry matter digestibility (DMDl. A comparison was made between in vitro DMD, DMD as predicted 
by equation, and nylon bag degradation at 48 h. For all feeds other than water hyacinth, the two 
techniques showed good agreement with values obtained from in vitro procedures. The summative 
equation could not predict the DMD of water hyacinth, presumably because of the low content of 
lignin and the absence of silica in water hyacinth. The data are discussed in relation to the
applicability of the techniques for screening large

INTRODUCTION

The measurement of in-vivo digestibility is often loo 
expensive and requires large amounts of feed material. 
To overcome such difficulties scientists have devel
oped many in vitro techniques that'estimate digestibili
ty. The detergent fiber analyses (19), the two-stage 
technique of Tilley and Terry (17) and the dacron bag 
method (13) are three of the techniques commonly 
used in the estimation of digestibility of feeds in many 
laboratories.

The technique involving the detergent system of 
Goering and Van Soest (5) uses a summative system of 
calculation of nutritive value based on the assumption 
that it is adjectivally limited by individual chemical 
factors. It assumes that cell contents have a true 
digestibility of 98% independent of the composition of 
the forage. The cell wall constituents, however, are 
known to have variable digestibilities due to the varia
tions in the amount and composition of structural 
components.

The two-stage technique of Tilley and Terry (17) 
simulates rumen and postrumen digestion and is there
fore a useful technique for measuring the total digest
ibility of fibrous feedstuffs. The first stage of the 
procedure, which uses a rumen fluid-buffer inoculum, 
is more critical than the second stage, which uses acid- 
pepsin and must be operated under completely stan
dard conditions (12). The in vitro dry matter diges
tibility (IVDMD) has proven to be a useful and accu
rate predictor o f in-vivo digestihility of forages.

The nylon bag techniques has often been used to 
provide estimates of the rate and extent of disappear
ance of feed constituents from the rumen (II). The

numbers of feed samples in developing countries.

technique involves the suspending of particular feeds 
in a dacron bag inside the rumen of sheep or cattle, 
through a rumen cannula. The accuracy of this tech
nique is influenced by a number of factors (8) but it 
nevertheless provides a relatively simple means of 
screening feedstuffs in terms of their potential 
degradability.

In this study, IVDMD of 11 feed samples estimated 
by the Tilley and Terry technique was compared with 
the predicted values using the summative equations of 
Goering and Van Soest (5), The 48 h dry matter 
disappearance rates of botanical fractions or whole 
plant o f rice straw and water hyacinth were also com
pared with their respective IVDMD.

MATERIALS AND METHODS

The dry matter, ash, and crude protein content of U 
forage samples*(from the Fibrous Residue Bank of the 
FAO/IAEA Laboratory in Seibersdorf, near Vienna), 
were determined according to the standard methods of 
AOAC (2). Neutral detergent fiber (NDF), acid deter
gent fiber (ADF), acid detergent lignin (ADL) and 
silica were determined according to the procedures 
described by Goering and Van Soest (5). The summa
tive equation of Goering and Van Soest was used to 
predict the dry matter digestibility of the feeds from 
analytical data.

The two-stage technique o f Tilley and Terry (17) 
was used to assess IVDMD. A standard sample of 
known in-vivo digestibility was included in each run 
and each sample was analyzed in quadruplicate.

The rate of dry matter degradability of whole plant.
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leaves and stems of rice straw and water hyacinth was 
determined using the method described by Orskov et 
al. (13). Dacron bags containing 2 g samples were 
incubated in triplicate in three rumen-fistulated sheep 
fed on a standard diet of hay and concentrate. The 
bags were withdrawn at 18, 24, 48, 72 and 96 h after 
incubation, washed for 15 minutes in running cold 
water, slightly squeezed to remove excess water and 
dried to constant weight in a forced draft oven at 
105°C.

In the estimate of DMD of the samples using the 
summative equation of Goering and Van Soest (5), the 
metabolic losses for sheep was considered as 12.9 
units of digestibility. It was also assumed that plant 
metabolic silica causes a decline of three units of 
DMD per 1 % o f silica in the feed.

RESULTS

The chemical composition and in vitro digestibility of 
the feed samples are given in Table 1. The stem frac
tion of rice straw contained less ADF, lignin and silica 
compared to the leaf and panicle fractions, but it had 
the highest IVDMD. Maize stover had lower IVDMD 
than the hay standard. Although Echinochloa pyrami- 
dalis (tree leaf from Zambia) and maize stover had 
higher IVDMDs, they were lower in nitrogen than 
water hyacinth (Eichornia crassipes). Rye straw had 
the lowest nitrogen and IVDMD.

The correlation coefficients (r) and regression equa

tions for estimating IVDMD from fiber fractions are 
shown in Table 2. ADF, hemicellulose and silica 
showed significant {p <  0.05) correlations with 
IVDMD. NDF and ADF collectively gave the best 
estimate (p < 0.01) of IVDMD (r =  0.83; residual 
standard deviation, RSD =  6.4). The correlation 
coefficient (r) of IVDMD with DMD, as estimated 
using the summative equation of Van Soest, was 0.92 
(p < 0.01) when water hyacinth was excluded from 
the calculations. However, the correlation coefficient 
became 0.57 (RSD =  9,32) when water hyacinth 
values were included in the estimates. The difference 
in DMD between the two techniques for water hya
cinth was 27.6%.

The rate of degradability of water hyacinth and rice 
straw and its fractions, determined by the nylon bag 
technique, are shown in Figure 1. Differences were 
observed in the dry matter loss (DML) after 48 h of 
incubation between whole rice straw and its fractions. 
The stem fraction showed the highest DML at 48 h 
compared with all other fractions and whole straw.

An incubation period of 48 h was considered appro
priate when comparing DML values from the nylon 
bag technique with IVDMD by the Tilley and Terry 
method since DML values at this period are considered 
to be closest to the mean retention of low-quality feed- 
stuffs (18). Although there was a tendency for IVDMD 
to be higher than the DML values, a significant corre
lation existed between the two parameters (r = 0.84; 
RSD = 5.28).

Table 1. The chemical composition and IVDMD of feed samples
Feed sample Dry

matter
Nitro
gen

Total
ash

Neutral Neutral 
detergent deter- 
fiber gent

solubles

Acid
deter
gent
fiber

Acid
deter
gent
lignin

Hemicel
lulose

Cellu
lose

Silica IVDMD

(% dry matter basis)
Rice straw 95.9 0.87 16.8 77.5 22.5 55.2 4.5 22.3 39.8 9.1 43.1
-stem 92.9 0.63 20.2 72.3 27.7 48.8 2.0 23.5 38.8 8.1 61.1
-leaves 94.4 1.13 27.9 76.6 23.4 53.8 2.5 22.8 31.3 12.7 41.5
•panicle 94.4 1.03 15.0 78.5 21.5 54.9 4.7 23.6 38.4 9.2 40.7
Rye straw 93.2 0.74 10.2 77.5 22.5 53.7 3.8 23.8 35.8 10.8 36.6
Maize stover 
Guinea grass

92.9 0.42 5.7 82.8 17.5 45.4 4.5 37.4 37.2 2.3 60.4

(dried) 94.3 1.37 9.9 79.0 21.2 46.4 3.9 32.6 39.5 3.2 60.0
Grass hay 
Echinochloa

93.3 1.46 7.0 74.2 25.8 46.1 4.2 28.1 40.3 1.7 51.8

pyramidafis 
Water hyacinth

93.2 0.99 9.6 77.5 22.5 48.5 3.9 29.0 41.7 2.9 59.6

Grass hay stan
93.8 1.33 19.1 67.3 32.7 44.5 2.7 22.8 40.7 0.1 43.1

dard 92.7 nd nd nd nd nd nd nd nd nd 68.2
Source of feed samples: Fibrous Residue Bank, Seibersdorf laboratory, IAEA, Vienna, Austria 
nd *= not determined; IVDMD = in vitro dry matter digestibility



Estimating Straw and Forage Digestibility /  147

Table 2. Regression equations and correlation coefficients for estimating 
IVDMD of straws and forages from analytical values

Parameter IVDMD (r) Equation RSD
NDF -0.25 87.22 - 0.4765 X 11.01
ADF -0.75 114.89- 1.313 X 7.46
Hemicellulose 0.66 12.305 + 1.464 X 8.50
Cellulose -0.09 61.10-0.2566 X 11.30
ADL -0.23 60.89 - 261 X 11.08
Silica -0.60* 59.62- 1.467 X 9.08
ADF, ADL 0.76** 11.4-13x1 + 0.57x2 8.70
ADL, Silica 0.65* 68.91 - 257 x 1 - 1.46x2 8.70
NDF, ADF 0.83** 76.33 + 086 x 1 - 1.85x2 6.36
level of significance * = p < 0.05; ** = p < 0.01
IVDMD = in vitro dry matter digestibility; r ~ correlation coefficient; 

RSD = residual standard deviation; ADF = acid detergent fiber; 
ADL = acid detergent lignin; NDF = neutral detergent fiber

DISCUSSION

Nutritive V alue of Straw s and Forages
f

Recent literature shows that the feeding value of cereal 
straws can vary significantly between varieties. For 
example, rice straw varieties in Sri Lanka have shown 
digestibilities varying from 30% to 45% (6,7). As 
suggested by Pearce (14) and Sannasgala and 
Jayasuriya (16), these differences may be attributed to 
variations in chemical composition, together with

distribution and/or digestibility of the botanical 
fractions. In agreement with the previous findings of 
Sannasgala and Jayasuriya (16) stem fractions of rice 
straw used in these studies showed a higher nutritive 
value than other fractions. However, in wheat and 
barley straws researchers have found that leaf fraction 
has a higher digestibility than stem fraction (15).

Feed Evaluation  T echnique

Van Soest’s concept attempts to partition plant material

Dry matter loss (%)

Incubation time (hr)

—— Whole straw Leaf Stem Water hyacinth

Figure 1. Rate of dry-matter loss of rice straw and water hyacinth in nylon bags
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into highly digestible cell contents and partially digest
ible cell wall. The proportion of cell wall and of lignin 
in the cell wall increases with maturity and varies 
between species (13). The extent of microbial digestion 
of the cell wall is variable; for cellulose it depends on 
the degree of crystallinity and interlinking with lignin 
and silica and for hemicelluloses the acetylation, both 
of which increase with maturity.

To estimate the DMD of a feed using the Van Soest 
method (19) complete analysis of fiber fractions (NDF, 
ADF, lignin and silica) are required since they all 
have either a weaker or a stronger relationship with 
digestibility. The complete detergent method of analy
sis is very lengthy, time consuming, costly and labor 
intensive. Unfortunately, the relationship between 
feeding value and the chemical composition of feed
stuffs depend on a number of such properties. Thus, 
the routine use o f this analytical method as a screening 
technique for feeds seems impractical in many devel
oping countries, particularly in view of the difficulties 
in obtaining laboratory chemicals and the high cost 
involved. Furthermore, the method could not be ap
plied when the feedstuff is low in silica, as observed 
in the case o f water hyacinth.

Compared with the detergent system of feed analy
sis the nylon bag method is simple and inexpensive* 
The relative degradability of straws and forages will 
assist in the better understanding of the potential 
feeding value. The very low degradability of feed is 
suggestive of many constraints limiting voluntary food 
intake.

The modified Tilley and Terry procedure is widely 
used to estimate the in vitro digestibility of grasses, 
legumes and hays. Alexander and McGowen (1) found 
that in-vitro results were closely related to in-vivo 
results (r = 0.96; RSD = ±  2.3). They reported that 
the Tilley and Terry technique gave superior results 
compared to conventional chemical analysis. Several 
authors (3,4,9,10) have also reported that the in vitro 
fermentation technique offers the best laboratory 
estimation o f in-vivo digestibility.

For reasons o f convenience and cost the Tilley and 
Terry method has considerable application for routine 
forage analysis in developing countries. This technique 
should serve as a guide or a screening device to select 
forages based on their potential digestibility. The 
dacron bag technique will assist in further screening 
and it also offers a simple means of grading supple
ments in terms of potential degradability.
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ABSTRACT

Two feeding experiments were carried out to evaluate the feeding value of fodder beet to 
Friesian or Simmental x zebu crosses. In the first experiment, a control diet of ad lib hay with 
concentrate allowance and two experimental diets, where fodder beet replaced 50% and 75% of 
concentrate allowances, were fed to the crossbred cows. A slight and nonsignificant fall in the 
milk yield and composition was noted when fodder beet replaced 50% or 75% of the concentrate 
allowances. In the second experiment, by using a control diet the same as in the first experiment 
and the 50% and 75% replacement group supplemented with or without noug IGuizotia 
abyssinica) seedcake, the effect of protein supplement on milk yield and composition of cows fed 
on fodder beet was investigated. Significant differences in adjusted milk yields between the control 
and fodder beet group were not observed, and the 50% replacement with noug meal was superior 
than the rest.

INTRODUCTION

There is an increasing awareness of the level of animal 
production in Ethiopia. Introducing exotic purebreeds 
and crossbreds to farming system has begun over the 
past few years, mainly to improve the situation and 
exploit the genetic potential of these animals. One of 
the major constraints in poor animal performance is 
largely reflected by variations in both quality and 
quantity of feed resources throughout the year. In 
many cases and places dairy cattle are underfed for 
part or even for the whole year. Inadequate intake of 
dry matter to sustain maintenance and production can 
be caused by poor pasture growth and production. 
Traditionally, concentrates are used as a supplement to 
roughage-based diets for dairy production, but an 
unreliable supply of supplements coupled with high 
transportation cost has led to examining alternatives 
such as pasture crops with high'potential yields.

Fodder beet (Beta vulgaris) is adaptable and can 
produce large amounts of digestible dry matter per unit 
of area. The yield of fodder beet roots is estimated to 
be about 10 t/ha in the highlands of Ethiopia (IAR 
1984). Because of the high energy content, the roots 
have potential as an energy supplement to roughage- 
based diets. The result obtained by Gaivomskii (1982) 
with lactating cattle indicated that for cows with annual 
milk yield of 3000-3500 kg of milk, 8-10 kg of fod
der beet could replace a kilogram of concentrate in the 
diet. Preliminary observations were made on the 
feeding value o f fodder beet for Fj crossbred cows at 
Holetta. Fodder beet replaced half and three-quarters 
of their concentrate allowances at the rate of 10 kg for

every kilogram of concentrate, and yields were com
pared with the control diet. The mean daily yields 
from these diets were 5.2 kg, 6.7 kg and 6.4 kg re
spectively. Two experiments were therefore undertak
en to confirm if fodder beet could replace 50% or 
75 % of the concentrate ration of crossbred cows and 
to see the effect of high protein supplement in balanc
ing high carbohydrate and low protein contents of 
fodder beet.

MATERIALS AND METHODS

Fo d d e r  Beet

Fodder beet was sown on red soil in 1985 for the first 
experiment and in 1987 for the second experiment; it 
was fertilized with manure at the rate o f 15 t/ha. The 
mean dry yield (leaf 4- tuber) of the two years was 8.0 
t/ha. Beets were dug by hand each morning, cleaned 
of adhering soil and carted to the cattle bam, where 
they were chopped into 5-10 cm pieces and weighed 
into sacks for the afternoon and the following morning 
feeds.

E x p e rim e n ta l Design  

Experiment 1
Six lactating Fl crossbreds (Friesian X zebu and Sim- 
mental X zebu) about 9 weeks after calving were used 
in a switchover design. Based on their dam breeds, the 
animals were divided into two groups. The cows 
within a group were randomly assigned to the three 
each of 10-days dietary treatment sequences.

150
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Experiment 2
Fifteen Friesian x zebu and Simmental x zebu Fj 
cows of a fairly similar stage of lactation (1-4 months) 
were randomized within milk yield classes into five 
groups of three cows. Too few cows were available to 
balance these small numbers. Group mean yield in the 
preliminary week ranged from 60 kg to 70 kg, and the 
next week, used as the base for ration calculation, 
from 57 kg to 65 kg/wk; individuals ranged from 47 
kg to 90 kg/wk.

The experiment was intended to be factorial, three 
rates of replacement of concentrate by fodder beet 
(0%, 50% and 75%) with or without a high protein 
supplement (noug seedcake) to compensate for the high 
carbohydrate, low protein character of fodder beet. 
One control group was omitted for lack of cows, 
leaving five of the theoretical six groups; those cows 
which were not fed on fodder beet were not given 
noug cake.

Feeding Procedures 

General management
In the first experiment, the animals were individually 
fed and had free access to water and hay. Intake of 
hay, concentrate and fodder beet were measured daily 
and rations were given in two equal meals per day. 
Daily milk yield was recorded.

The same procedure was followed in the second 
experiment except that the animals were allowed to 
graze on native pasture and were held in open yards 
with access to hay during the night. Hay intake was 
not measured.

Experimental diets
Hay was offered ad libitum while the concentrate 
entitlement was 0.5 kg per kilogram of daily milk and 
the replacement of concentrates by fodder beet was at 
the rate of 8 kg fresh fodder beet per kilogram of air- 
dry concentrate. In experiment 1 there were three 
diets: control, 0.5 kg concentrate per kilogram of 
milk; 50% concentrate allowances replaced with fod
der beet; and 75% concentrate replaced with fodder 
beet.

In experiment 2 there were five treatment diets: 
experiment 1 was repeated and two other fodder beet 
diets were supplemented with 176 g noug cake per 
kilogram of concentrate replaced. (Replacement of 
1 kg of concentrate (232 g CP) by 8 kg fodder beet 
(177 g CP) thus reduced CP Intake by 55 g. This 
required about 176 g noug cake to restore supplemen
tary protein intake to the equivalent control level.)

The entitlement of cows was based on their daily 
milk yield in the first experiment whereas for the 
second experiment, it was based on the yields of the 
previous week. The concentrate mixture contained

30% wheat bran, 31% wheat middings, 35% noug 
seedcake, 3% bone meal, and 1% salt.

Sampfes
A sample of each feed component was taken at the 
beginning and the end of the experimental period. 
Feed offered and refusals were analyzed for crude 
protein, ether extract and ash (AOAC 1975), and 
neutral and acid detergent fibers, permanganate lignin, 
and silica as described by Goering and Van Soest 
(1970). Digestibility of fodder beet was determined by 
in vitro technique of Tilley and Terry (1963) and 
metabolizable energy (ME) was predicted using the 
equation ofKearl (1982).

Aliquot milk samples from individual cows were 
taken once in each period for experiment 1 and once 
in a week and at termination for experiment 2 and 
analyzed for fat (Gerber 1965) and protein (Shebron 
and Luke 1969).

RESULTS AND DISCUSSION 

E xperim ent 1 :
Feed In t a k e , M ilk Y ield  a n d  C o m p o s it io n

The chemical composition of the different ingredients 
is shown in Table 1.

The roots of fodder beet were readily digestible but 
they had low protein content. The digestible organic 
matter in DM (g/kg DM) and ME (MJ/kg DM) esti
mated from the in vitro results was 762 and 12.2 
respectively. Higher estimated values of ME were re
ported by Roberts and Bax (1988) as 13.0 MJ/kg DM 
from in-vitro analysis and 13.1 MJ/kg DM from in- 
vivo by Sabari et al. (1987). Dry matter intake of hay, 
concentrate, fodder beet, milk production and milk 
composition of the three dietary treatments is shown in 
Table 2.

The fodder beet and concentrate offered to the 
animals were always eaten completely. A decreased 
DM intake of hay was noted when fodder beet re
placed half and three-quarters of the two supplementa
ry diets, but differences in DM intake among the three 
treatments were not statistically different. However, 
feeding of fodder beet increased the total DM intake 
over that of the control groups. Burgstaller et al. 
(1984) observed that the consumption of wilted grass 
silage decreased by 0.4 kg DM/kg of fodder beet the 
DM substituted.

Adjusted daily milk yields of the three treatments 
were 7.7 kg, 7.5 kg, and 7.4 kg respectively. Analysis 
of variance showed no significant difference between 
the three treatments. Replacing half and three-quarters 
of the concentrate allowances by fodder beet depressed 
the milk, fat and protein percentages slightly but not 
significantly, which again is consistent with the results,
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Table V Mean nutrient composition of the feedstuffs (% DM)

Feed DM CP EE Ash NDF ADF
KMn04
lignin Si02

Hay, suncured 92.0 6.3 1.3 7.5 73.4 43.5 7.0 3.4
Concentrate mixture 93.3 24.9 3.7 8.3 15.0 9.3 2.4 0.5
Fodder beet, fresh 16.7 13.4 2.6 10.5 38.2 19.1 5.2 -

D M  = d ry  m a tte r ; C P  = c ru d e  p ro te in ; E E  = e th e r  e x tra c t; N D F  *  n e u tra l d e te rg e n t f ib e r ;  A D F  =  a c id  d e te rg e n t f ib e r ;  

K M n 0 4 l ig n in  = p e rm a n g a n a te  lig n in ;  S i0 2 = s ilic o n e  d io x id e

Table 2. Dry matter intake, milk production and milk
composition of the three dietary treatments

Replacement
Parameter Control 50% 75%
DM intake (g/W^'^)

hay 89.2 86.9 85.6
concentrate 37.4 18.2 9.0
fodder beet - 26.1 38.8

total 12^6 131.2 133.4
CP intake (g/W° 75) 14.9 13.5 12.7
CP in the diet 11.8 10.3 9.6
Daily milk yield (kg/d) 7.7 7.5 7.4
Milk composition

fat {g 100/g) 6.0 5.1 5.0
protein (g 100/g) 3.4 3.1 3.0

W = liveweight in kg

obtained by Jans (1984) and Burgstaller et al. (1984).
Milk yields tended to decrease with the increasing 

inclusion of fodder beet in the diet. The crude protein 
intake (g/W075 per day) also showed the same trend as 
that of milk yields. The decline in crude protein intake 
might be attributed to the decrease in milk yield.

Ex p e r im e n t  2:
D ec line  Ra t e  of  La c t a t io n

Table 3 shows the decline rate calculated as the regres
sion of yield on week number for each group. Group 
B gave the slowest rate of decline (0.30 kg/wk) and all 
fodder beet groups declined less rapidly than the 
control.

This was then studied by comparing the experimen
tal yields of weeks with the mean of initial and final 
nonexperimental periods (Table 4). Control cows gave 
4.9 kg less during the 5-week experiment than they 
averaged before and after the experimental period. All 
fodder beet groups averaged 1.8 kg less and group B 
(50% + noug) actually gave 2.8 kg more in the exper
imental period than their average level before and after 
that.

D iffer en c es  in  M ilk  Y ields

With such small numbers of cows it was not possible 
to balance the groups for differences in initial milk

yields. The analysis showed a highly significant rela
tion between weeks of experimental yield and initial 
yields (r =  0.94). Therefore, covariance analysis was 
used to adjust the experimental yields on the initial 
yields (Table 5). On the adjusted figures, the control 
cows had the lowest yield while group B had the 
highest. Analysis of covariance indicated that differ
ences between the control and the fodder beet groups 
were not significant. Roberts (1987) also found no 
digestive problems but a change in milk yield when 
cows fed on about 12—35 kg fresh weight per day in 
addition to silage ad libitum. However, here problems 
were encountered in feeding enough fodder beet to re
place 75% of the concentrate ration. Two cases of 
bloat (one fatal) were recorded. Generally, 18-22 kg/d 
of fodder beet was easily consumed by the cows.

Group B (50% 4- noug) generally produced better 
yield than group C (50% minus noug) despite similar 
fodder beet intakes; and both were superior to 75% 
replacement groups. This have been due to the fact

Table 3. Individual regressions of yield on week

Group/cow
(A-E)

Regression 
coefficient 
{change in 
milk yield 
per week)

Mean

Control (A)
1 -2.05
2 -1.78
3 -3.20 -2.34

50% + noug (B)
4 -0.13
5 -0.51
6 -0.27 -0.30

50% -  noug (C)
7 *2.28
8 -0.51
9 -3.00 -1.93

75% + noug (D)
10 -0.35
11 -2.87
12 -3.77 -2.33

75% — noug (E)
13 -0.48
14 -1.77
15 -1.45 -1.23
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Table 4. Comparison of weekly yields in experimental 
period and yields in initial and final weeks

_______ Yields fka)______
Mean of

Experimen- initial Differ-
tal and final ence
period (a) weeks (b) (a-b)

Control 55.4 60.3 -4.9
50% + noug 65.5 62.7 +2.8
50% -  noug 60.7 63.8 -3.1
75% + noug 56.4 60.8 -4.4
75% -  noug 50.2 52.8 -2.6

Table 5. Mean yields (kg per cow per week) in
experimental period adjusted by covariance 
on initial milk yield

Group (A-E)
Yields

Initial
il<q/wkl_

Experi
mental

Adjusted

Control 64.5 55.4 54.2
50% + noug 65.3 65.4 63.5
50% -  noug 65.1 60.7 59.0
75% + noug 63.6 56.4 56.0
75% — noug 57.3 50.2 55.4

that cows in the latter group did not eat enough fodder 
beet to replace the concentrate and thus had a reduced 
energy intake. Their high milk and fat analysis during 
the experiment also suggests quantitative underfeeding, 
but it was not possible to measure intake of hay during 
the experiment.

Composition  of M ilk Produced

The mean percentages of protein in the five treatments 
were as follows: 3.9% for group A, 4,1% for group 
B, 3.7% for group C, 4.0% for group D%, and 3.7% 
for group E. Without protein supplementation, which 
was consistent with the results obtained in experiment
1, the protein content of milk decreased with the 
fodder beet diets.

Supplementation with protein improved the percen
tages, and group B had a higher content than the con
trol but with no significant differences. Milk fat per
centages of dietary treatments were 4.4%, 4.6%, 
4.7%, 5.5% and 4.0% respectively. No significant 
differences were observed among the groups, but high 
fat content was observed in group D (75% + noug). 
The milk fat content showed variable trend in 50% 
replacement with or without protein supplement to that 
of milk protein, which is difficult to explain.

CONCLUSION

concentrate can replace half or three-quarters of the 
concentrate ration of milking cows with no reduction 
in milk yield. For cows having their first experience of 
beet feeding 75% replacement can result in digestive 
upsets, and an optimal level of fodder beet feeding for 
dairy cows is to replace half of their concentrate 
allowance by fodder beet. Considering the high cost of 
concentrate and its unavailability, 50% replacement of 
concentrate by fodder beet could be beneficial to the 
small-scale or state dairy farms. Fodder beet as a dry- 
season feed could help to overcome feed shortage 
during the critical periods and this, in return, has a 
national benefit in having sustainable production 
throughout the year.
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EFFECT OF LEVELS OF CONCENTRATE SUPPLEMENTATION 
ON MILK YIELD OF LOCAL ARSI 

AND CROSSBRED DAIRY COWS IN ARSI REGION

Mohammed Y. Kurtu

ARDU, P.O. Box 7, Asela, Ethiopia

ABSTRACT

In two pre- and postpartum feeding experiments the effect of concentrate supplementation to Arsi 
and crossbred dairy cattle was investigated. The prepartum was to investigate the residual effect 
on the postpartum weights of born calves, on the cows and on the lactation yield. According to 
the results there is not any clear trend that shows the residual effect of prepartum feeding on the 
postpartum performance of lactating cows. The local Arsi, halfbred, and 3/4-grade cows responded 
differently to different feeding levels on the postpartum. But all responded positively to additional 
concentrate supplementation. A higher level {11*111) of concentrate supplementation to the local 
cows gave higher biological {0.83 kg of milk per kilogram of concentrate) and economic efficiency 
(1.77 EE). The marginal response of these Arsi cows ranged from 0.49 kg to 0.83 kg milk at lower 
and higher levels of concentrate supply. For the halfbreeds, it was 0.39 kg and for the 3/4-grades 
0.8 kg. Both the half breeds and the 3/4-grades showed lower rates of increase in marginal yield 
response, and the economic benefit from the marginal level increased above 0.5 kg concentrate 
per kilogram of milk, which implies that this level can be taken as the point of biological and 
economic optima for both grades.

INTRODUCTION

Grazing is the most common traditional feeding meth
od of dairy cows in the tropics throughout the year. 
Grazing alone may not be adequate to meet the re
quirements of dairy animals; particularly crossbred 
cows require supplementary feeding for better milk 
yield and general performance.

Breeds of different yield capacity respond different
ly to different levels of feed supplementation. The 
nutrient requirements of small-sized breeds with low 
milk yield can be more easily fulfilled than those of 
large-size cows with higher milk yield.

However, according to law of diminishing returns, 
overfeeding affects milk yield less than underfeeding 
(Brustedt 1983). The direct effect of feeding concen
trates to grazing dairy cows has generally been low. 
Review of literature on the subject gives milk produc
tion increase of 0 .3-0.7 kg per kilogram of concen
trate (Leaver et al. 1968). The capacity of most of the 
cows in these experiments was between 14 kg and 18 
kg of milk. In other experiments, Nordfeldt and Han
sen (1975) and Larsen and Johannes (1965) found a 
response of 0 .6-0.7 kg milk with cows producing 
22-24 kg during grazing. That means, one of the rea
sons for the discrepancy between these results could be 
the production potential of the breeds. Information on 
the interaction between feeding concentrate and milk 
yield of dairy cows, especially under tropical condi

tions, is not available in the literature. Therefore, it is 
essential to conduct such a study, especially in areas 
where crossbreeding is under way and concentrate 
rations are either unavailable or too costly.

The major objectives of this study were to investi
gate the effect of different levels o f concentrate feed
ing on milk yield responses, and to establish appropri
ate feeding levels for local Arsi and crossbred dairy 
cows, from which both biological and economic opti
ma can be derived.

MATERIALS AND METHODS

A total of 208 heifers, comprising 61 local Arsi and 
102 and 45 crossbreeds, carrying 50% and 75% exotic 
blood levels respectively, were grouped into three 
prepartum feeding groups. The groups were randomly 
assigned to different feed treatments: group A no 
concentrate supplementation, group B 0.4-0.5 kg 
concentrate per head per day, and group C 0.5-2 kg 
concentrate daily per head.

Concentrate supplementation to heifers in groups B 
and C started from the sixth month of pregnancy and 
continued, with a gradual increase, until delivery. At 
the end of the prepartum treatment period, immedi
ately at delivery, cows were regrouped and assigned to 
three postpartum feeding regimens. The treatments 
were group I with no concentrate supplementation,
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group II with 0.25 kg concentrate per kilogram of 
milk, and group III with 0.5 kg concentrate per kilo
gram of milk. Later on, a fourth group of 75% cross
bred cows was included and received 0.75 kg concen
trate supplementation per kilogram of milk.

The concentrate mixture consisted of 50% wheat 
bran, 40% noug cake, 2% salt, and bone meal. The 
feeding was done during milking in the parlor. All the 
groups were assigned to the same pasture for grazing 
during the daytime and were supplemented with an 
equal amount of hay during the night.

The experiment was started in 1968 and continued 
until 1981/82. Part of the study has been reported by 
Schaar et al. (1981).

Feeding, Recording and Statistical M ethods

Weights of cows and newborn calves were recorded 
immediately after parturition. Milk yield was recorded 
fortnightly at the beginning and then every 3 weeks. 
The concentrate feeding list was worked out for indi
vidual cows to adjust their feed based on previous milk 
yield. Total lactation milk yield of the crossbred cows 
was recorded. As the temperament of some Arsi cows 
affects milk letdown, short lactation has always been 
a problem; thus the best way to handle milk data has 
remained a controversial issue among researchers. 
Some research workers (Kiwuwa et al. 1983) have 
excluded short lactation periods (below 75 days) on the 
basis of their observation that local cows would reach 
their peak period between 21 and 60 days. Schaar et 
al. (1981) consider a lactation length of more than 30 
days as normal for local Arsi cows. Others argue that 
since the phenomenon is a breed characteristic all 
records should be included in the analysis (Kiwuwa et 
al. 1983). According to this study, based on observa
tion during data validation, lactation length was more 
than 50 days, which necessitated screening 40% of the 
cows on the criteria of 50 days lactation and another 
13% on 100 days. A fat test was also conducted on the 
same day and recorded separately for each cow. The

data analysis was performed using the Statistical Anal
ysis System (SAS) (Barr et al. 1979). The results from 
the analysis are given as means and standard errors.

RESULTS AND DISCUSSION 

Prepartum  Feeding

Liveweight of the cows and the calves and lactation 
yields are given in Table 1. The data do not clearly 
indicate whether prepartum feeding affected the 
weights o f cows and their calves or the subsequent 
milk yield from all the breeds. This is in line with 
Schaar et al. (1981).

Postpartum  Feeding

Milk yield, total amount o f concentrate, and calculated 
marginal responses to marginal feed supplementation 
are given in Table 2.

On grazing only, the halfbred cows gave the best 
yield followed by the 3/4, with Arsi the least. Yields 
were significantly higher for treatment II than for 
treatment I, showing that all the breeds had good 
response to the concentrate feed at this level. AH breed 
groups gave significantly higher yield in treatment III 
than treatment II. However, the marginal yield re
sponse o f milk vis-a-vis the marginal increase in feed 
varied significantly between the different breed groups. 
The highest and the lowest figures calculated for Arsi 
cows were 0.49 kg to 0.83 kg milk per kilogram of 
concentrate.

Effect of supplementation on the marginal responses 
for the crosses was 0.39-0.81 kg of milk per kilogram 
of concentrate. This agrees fairly with the results from 
many experiments reviewed by Leaver et al. (1968). 
The lowest figure was from 50% Friesian X Arsi 
crosses between treatments I and II and the highest 
was from 75% Friesian X Arsi crosses between treat
ments II and III. However, the marginal responses of 
milk yield output and the marginal concentrate input

Table 1. Mean ± SE of liveweights and lactation yields from different prepartum feeding treatments

Genotype
Treat
ment

No of
cows

Weight of 
cows (kg)

Weight of born 
calves (kg)

First lactation 
yield (kg)

Local Arsi A 22 236 ± 17 29.0 ± 1.4 201 ± 14
Local Arsi B 20 234 + 16 19.0 ± 1.5 286 ± 20
Local Arsi C 21 235 ± 18 21.0 ± 1.7 236 ± 19
1A  Friesian Local A 34 277 ± 22 25.0 ± 1.8 1650 ± 16
V2 Friesian 1A  Local B 33 269 ± 22 23.0 ± 1.8 1527 ± 122
VS Friesian V i  Local C 35 264 ± 18 23.0 ± 2.1 1291 ± 90
%  Friesian 'A  Local A 14 263 ± 9 23.6 ± 1.7 1134 ± 68
%  Friesian V < Local B 17 261 ± 13 26.6 ± 1.5 1305 ± 91
ZA Friesian V« Local C 14 264 ± 13 24.1 ± 3.6 1216 ± 85
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Table 2. Mean ± SE of milk yield and calculated marginal responses of the lactating cows to postpartum feeding
Total 

amount of
Marginal
responses

Genotype No of Treatment Milk yield concentrate Treatment (kg r
cows (kg) (kg) compared conc

Local Arsi 22 1 289 ± 46 - II vs I 0.49
Local Arsi 19 II 330 ± 52 82.5 III vs II 0.83
Local Arsi 20 III 448 ± 79 224.0 III vs I 0.71
V£ Friesian ''A Arsi 31 1 1331 ± 93 - II vs 1 0.39
'A Friesian Vfe Arsi 35 II 1474 ± 88 368.5 III vs II 0.63
'A Friesian 'A Arsi 36 III 1810 ± 109 905.0 III vs 1 0.53

Friesian Vi Arsi 15 1 976 ± 68 - II vs 1 0.58
3A Friesian V* Arsi 11 II 1143 ± eo 285.75 III vs II 0.81
% Friesian Vi Arsi 14 III 1535 ± 61 767.0 III vs 1 0.73
%  Friesian Vi Arsi 24 IV 1968 ± 98 1476.0 IV vs III 

IV vsl
0.61
0.67

relation was decreasing beyond treatments II and III 
for all breed groups. This means that the marginal 
output has decreased more at the higher level of con
centrate supplementation than at the low level, which 
is in line with Gorden (1981). It also means that the 
biological optima for the crossbred cows lies at this 
point.

Economic  Benefits and  Efficiency Estimates

To estimate the economic benefit and efficiency of the 
different breed groups under different concentrate 
feeding levels, economic values of concentrate and 
milk were calculated. Total values of concentrate, 
marginal milk responses, net profit, marginal profit, 
and marginal cost are given in Table 3.

To estimate economic efficiency (EE) of the Arsi 
cows and their crosses in relation to different concen
trate supplementation levels and milk output, the 
following formula was used to derive the coefficient:

EE  =  M P /M C

where EE  is economic efficiency, M P  is marginal 
profit and M C  is marginal cost.

From the results of the calculation, it appears that 
the economic efficiency shows a trend similar to that 
of the biological efficiency for all the breed groups 
under all treatments. There is a general trend that an 
increase in concentrate input results in increased profit 
for all the breed groups. Net profit ranged between 
ETB 6.5 and ETB 219.68 for the different breeds

Table 3. Calculated economic values of concentrate feed, marginal milk responses, net profit and 
economic efficiency (EE)

Genotype
No of 
cows

Treat
ment

Treatments
compared

Values of 
marginal 
milk yield 
(0.4
ETB/kg)

Marginal 
cost of 
concen
trate (0.12 
ETB/kg)

Net profit 
(ETB) EE

Local Arsi 22 I II vs I 16.40 9.90 6.50 0.66
Local Arsi 19 II III vs II 47.20 16.98 30.22 1.77
Local Arsi x 20 III III vs I 63.60 26.88 36.72 1.36
'A Friesian Vi Arsi 31 I II vs I 57.20 44.22 12.98 0.29
'A Friesian 1A Arsi 35 II III vs II 134.40 64.38 70.02 1.09
1h Friesian V\ Arsi 36 III III vs I 191.60 108.60 83.00 0.76
% Friesian Vi Arsi 15 I II vs I 66.80 34.29 32.51 0.95
% Friesian Vi Arsi 11 II III vs II 156.80 57.61 98.99 1.71 ,
Ya Friesian Vi Arsi 14 III III vs I 223.60 92.10 131.50 1.43
% Friesian Vi Arsi 24 IV IV vs III 173.20 85.02 88.18 1.04

IV vs I 396.80 177.12 219.68 1.24



Effect of Concentrate Supplementation on Milk Yield /  157

under all the treatments. The lowest was for Arsi 
between treatments II and I, and the highest was for 
25% grades between treatments IV and I. The EE 
between breed groups, however, varied under different 
treatments. Local Arsi gave the highest EE in treat
ments III and II. This means local animals may not 
give increased milk yield under these levels of feed 
supplementation requiring additional cost of concen
trate above this level. The halfbred and 75% grades 
gave EE values ranging between 0.29 and 1.71. The 
higher EE level was obtained from the 75% cattle 
grades in treatments II and III; the halfbreeds in treat
ments I and II were in the lower level. The rate of EE 
increase above treatments II and III generally declined 
for all the breeds. This indicates that both biological 
and economic optima for both the halfbreeds and the 
75% grades He at this point. Compared to the lower 
levels, an increase concentrate above this level would 
not result in a corresponding profit for any extra unit 
cost incurred.

General Health and Fertility of the Cows

There was no particular health problem associated with 
any of the treatment groups. The crossbreeds, especial
ly the 75% grades, showed poor condition and low 
fertility at a lower concentrate level and 45% higher 
fertility at a higher level of feeding, i.e. at 0.75 kg 
concentrate compared with 0.5 kg concentrate per 
kilogram of milk.

CONCLUSIONS

This study generally leads to the following conclu
sions.

The halfbreeds were superior to both the locals and 
the 75% crossbreeds in the absence of concentrate 
supplementation, and the local Arsi cows could be 
better yielders at 0.5 kg concentrate per kilogram of 
milk with excellent marginal responses and economic 
return. The 75% grade cows could be more responsive

than the halfbred cows to a higher level of concentrate 
feeding. That means wherever there is shortage of 
concentrate supply the local Arsi cows and the half- 
bred cows appear more efficient, while the 75% cross
es are most beneficial in areas where concentrate 
supply is not limited. Finally, as the herbage allow
ance was not considered in this study, it was hard to 
define the general feed environment in which these 
breeds were treated, and this requires further experi
ment.
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FATTENING ARSI LAMBS ON 
CONCENTRATE SUPPLEMENTATION VERSUS GRAZING
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ABSTRACT

A trial was conducted to study comparative difference in fattening performance of Arsi highland 
sheep with and without concentrate at 0.6 kg/day. Group I was supplemented with concentrate 
AT 0.6 kg/day. Group II was not supplemented with concentrate. There were 40 lambs in each 
group, with almost equal initial weights of 15.6 kg in group I and 15.1 kg in group II. Final weight 
and average daily gain differed significantly (p < 0.01) between the groups: 34.1 kg and 23.4 kg 
for group I and 29.3 g and 13.39 g for group II. Rate of feed conversion of the supplemented 
group was 19.5 concentrate per kilogram liveweight gain; this was difficult to measure for the 
grazing group. Carcass traits showed a similar pattern. The supplemented group gave a heavier 
carcass than the unsupplemented one. This trend persisted in all carcass traits like dressing 
percentage and degree of fatness. The carcass from the supplemented group was so fat that it 
was less acceptable to the consumers while the carcass from the unsupplemented group had
almost no fat. The economic feasibility, however, showed little benefit from the higher level of
concentrate feeding to lambs of Arsi sheep.

INTRODUCTION

In Ethiopia, as in most other parts of Africa, the 
majority of sheep are marketed for slaughter while 
they are in their milk tooth stage (Wilson 1976). These 
animals have an average liveweight that ranges from 
10 kg to 18 kg. This is a wasteful production system 
because the potential growth of lambs is not exploited 
satisfactorily before slaughter. Previous studies (Galal 
et al. 1979, El-Shoboshy and Aboulnaga 1978, Al- 
Mahmood et al. 1976, Ledin 1983) have demonstrated 
that quality feed improves the general production 
performance of immature lambs. This study investi
gates the possibilities of improving the performance of 
Arsi lambs by feeding higher levels of concentrate 
rations.

MATERIALS AND METHODS

The A rsi Research Station

The study was carried out from 28 August 1986 to 1 
December 1988 at Asela Research Station. Asela is 
located 180 km southeast of Addis Abeba in a high 
plateau rising to a height of 1400 m. The maximum 
temperature of the station ranges from 18°C to 28°C, 
while the minimum ranges from 5°C to 10°C. It has a 
bimodal rainfall with annual precipitation, ranging 
from 1300 mm to 1350 mm, with short rains coming 
in April and May followed by long rains from July to 
September.

A nimals

Eighty weaned immature Arsi lambs with an average 
of 141 days were selected from the research flock. 
Arsi sheep are one of the small-sized breeds in the 
country, having a natural habitat which includes the 
Bale highlands. The lambs were divided into two 
groups with similar mean body weight and sex distri
bution.

Feeding and M anagement

The lambs were put together during grazing for ap
proximately 7 h a day. Native pasture consists mainly 
of Eulalia spp. Andropogon spp., and Pennisetum spp. 
Some useful annual legumes were also available. In 
the evening, lambs were separated into their respective 
groups and were stall fed. Lambs in group I were 
supplemented daily with 0.6 kg concentrate per head, 
whereas lambs in group II were provided with no 
concentrate. The concentrate mix consisted of 10% 
rapeseed cake (residues after oil extraction), 87% 
wheat bran, 2% bone meal and 1% salt. During the 
dry season, grass hay was provided ad libitum to all 
the groups in the nighttime in the stall. Feed consump
tion was calculated from daily measurements of the 
amount o f feed supplied and left over. Group feeding 
was employed all the time. All lambs were watered 
once a day in the morning before they were sent to 
pasture. The trial continued until a stable weight was 
attained in the supplemented group. According to the
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farm routine, all lambs were drenched with antihel- 
mintics at the beginning of the experiment and peri
odically thereafter. Weight of lambs was recorded 
fortnightly throughout the period.

Carcass A nalysis

Six lambs from each treatment group were taken at 
random for carcass evaluation. Lambs were deprived 
of feed and water at least 12 h prior to slaughter. 
Average slaughter weight was taken for each group 
before slaughter.

Dressing percentage was calculated on hot empty 
carcass basis due to lack of chilling facilities for all 
carcasses in the station. Stomach fat was measured and 
recorded as omental fat. Kidney fat, heart fat and tail 
fat were measured separately.

Fore and hind quarters were separated between ribs 
12 and 13. The hind quarter was weighed and record
ed. A Salter scale balance was used for liveweight and 
whole carcass and an electrosensitive balance was used 
for all internal organs and fat deposits. The meat was 
sent to ARDU’s restaurant, where an attempt was 
made to take on consumers’ opinions concerning the 
acceptance of the fatness of meat, especially from the 
supplement group.

Statistical  A nalysis

The statistical formula according to Snedecor (1975) 
was used to measure the mean difference between the 
two groups. A Student’s t test for significance was 
used at 5 %, 1 % and 0.1 % levels, denoted by one, two 
and three asterisks respectively.

RESULTS AND DISCUSSION 

Liveweight and Gain

Table 1 presents liveweight gains and feed conversion 
during the experimental period. The final weight and 
average daily gain (ADG) were both significantly (p 
<  0.01) higher in group I than in group II. However, 
the ADG and the conversion rates obtained from even 
the supplemented group in this study were lower than

reported in the available literature. Galal et al. (1979), 
El-Shoboshy and Aboulnaga (1978) and Al-Mahmood 
et al. (1976) reported ADG of 49-141 g on different 
feed treatments for Adal, 164 g and 186 g for Ossimi, 
and 154.7 g for Awassi lambs. They reported conver
sion rates of 7.4-16 feed/kg liveweight for Adal 
Iambs. Ledin (1983) with specialized European breeds 
reported even higher values of 330 g ADG and con
version rate of 5.6 kg feed per kilogram of live 
weight.

Carcass Traits

Slaughter weights and carcass dissection characteristics 
are presented in Table 2. Lambs in the supplemented 
group had significantly (p < 0.05) heavier slaughter 
and carcass weights than the unsupplemented group. 
The difference of the dressing percentage of the two 
groups followed a similar pattern in magnitude as the 
final weight and daily gain and was similar to results 
from Adal lambs on different diets (Galal et al. 1979) 
in which dressing percentage increased with increasing 
concentrate-to-hay ratio in the diet. The hind quarter 
percentage, like the weight of the whole carcass, was 
higher for group I than for group II, but it includes the 
tail weight.

Carcass fat was significantly (p < 0.05) higher in 
the supplemented group than in the unsupplemented 
one. This was persistently true for all the four criteria 
used to measure the degree of fatness. That means 
lambs of Arsi sheep in this study have shown an ex
tremely high degree of fat cover compared with Adal 
sheep, especially when supplemented with concentrate. 
Even though there seems to be a lack of universally 
accepted standards for the degree of fatness, the fat 
cover on the unsupplemented group was not apparent 
% enough as they were underfed and emaciated, which 
indicated that grazing alone does not provide enough 
nutrients for proper growth and better carcass quality. 
On the other hand, although Ethiopians generally favor 
a fatter carcass, the carcasses from the'supplemented 
group of this study were not acceptable. According to 
the results obtained from the questionnaire prepared 
for ARDU’s restaurant, 80% of the consumers ex
pressed dislike whereas 20% the favored the fatness of

Table 1. Means ± S.E. liveweight, daily gain and total concentrate consumption
Traits Group I Group II /-value Sig.
Initial weight (kg) 15.6 ± 0.1 15.1 ± 0.4
Final weight (kg) 34.1 ± 0.7 23.4 + 1.3 ’ 2.54 **

Difference in weight gain (kg) 18.5 ± 0.6 8.3 ± 0.3 3.43 * * *
Daily weight gain (g) 29.3 13.3
Concentrate consumption kg/kg 19.5 -

liveweight gain
Total concentrate consumption (kg) 362.5 -
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ASSESSMENT OF THE ECONOMIC LOSSES CAUSED BY 
OVINE FASCIOLIASIS AND ALTERNATIVE INTERVENTIONS 

IN TROPICAL AFRICA
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ABSTRACT

Diseases that cause mortality have been of great concern to policy-makers, researchers and donors 
in sub-Saharan Africa. However, as a result of the growing application of economic concepts in 
animal science and the improvement in the assessment of economic loss because of disease there 
is an increasing awareness of the economic losses that are incurred by reduced reproductive 
wastage and morbidity. This paper identifies the various forms of economic loss due to ovine 
fascioliasis, suggests a method for estimating the losses and an analytical framework for 
evaluating alternative management interventions, and recommends that the design of biological 
experiments should be more comprehensive so as to generate the necessary data for economic 
assessment and analysis.

INTRODUCTION

Reproductive wastage due to infertility, embryonic 
mortality, prenatal and postnatal loss and morbidity 
impose a serious limitation on small ruminant produc
tion in sub-Saharan Africa (ILCA 1987b). One of the 
major constraints to sheep production in the Ethiopian 
highlands is fascioliasis. Research on fascioliasis in 
sub-Saharan Africa has concentrated mainly on cattle 
and estimates of the economic importance of the 
disease have often been based on mortality and liver 
condemnation. Other losses probably causing more 
financial losses (directly or indirectly) are known but 
have not been widely appreciated. There are alterna
tive interventions including treatment with 
anthelmintics and grazing management but their effec
tiveness has not been sufficiently evaluated. In this 
paper, various losses caused by ovine fascioliasis are 
highlighted, and a model for evaluating the losses and 
a method for evaluating alternative interventions are 
presented.

FASCIOLIASIS AND ITS ECONOMIC EFFECTS

The vector, host, and habitat of ovine fascioliasis are 
covered in other literature (Jacinta 1983). The eco
nomic significance of the disease may be highlighted 
by a few specific examples. In the winter of 1878/79 
Britain lost 10% of the 3 million national flock of 
sheep and in the winter o f 1958/59, 5% of the 1.5 
million sheep in the five counties of North Wales died 
of fascioliasis. In addition, experimental research has

shown differences in weight of up to 5 kg in weaned 
lambs with different levels of Fasciola infestation 
(Reid and Armour 1978). It has also been reported that 
in Australia there was 20-39% reduction in wool 
production due to Fasciola (Roseby 1970).

In sub-Saharan Africa, data on bovine fascioliasis 
report up to 60% incidence rates, up to 50% liver 
condemnation rates, up to 50% reduction in weight 
gain (Hyera 1984), 16% loss in daily milk production 
(Gemechu and Ephrem 1979) and an annual loss of 
0.198 kg of body weight per fluke (Ogunrinade and 
Ogunrinade 1980). Fascioliasis is reported to have 
caused the death of 2000 goats along Yobe River in 
Bomo, Nigeria. Njau et al. (1988a) reported a loss of 
72% of the flock (400 sheep) at ILCA’s Debre Birhan 
station in 1985. In another study (Njau et al. 1988c) an 
infestation rate of 83 % was reported for the station. In 
Mali, fascioliasis has been found to be a major con
straint to sheep production in an irrigated rice subsys
tem causing 30% sheep death (ILCA 1987a).

ASSESSMENT OF ECONOMIC LOSS

In order to assess the monetary loss caused by Fascio
la at farm or national level, one has to be able to list 
all the direct and indirect effects of fascioliasis on the 
animal and environment; quantify each of the effects, 
that is, identify their magnitude in time and space; 
attach monetary values to the quantified effects using 
the market price, opportunity cost and/or shadow 
price; and incorporate the time element through dis
counting.
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The following discussion highlights some of the
variables and considerations important in evaluating
economic loss due to disease.

1) Mortality caused by Fasciola is usually reported in 
percentage terms for the whole flock. However, for 
economic analysis it would be more accurate to 
break down mortality by age and sex. If some of 
the value of the meat of an animal can be salvaged 
after death, or through emergency slaughter, this 
value should be deducted from the loss due to mor
tality.

2) Liver condemnation at slaughter: For accurate re
sults, distinction should be made between partial 
and total condemnation. Even after the liver has 
been condemned for human consumption, its use in 
the production of animal feed or fertilizer may have 
an economic value.

3) 'Weight loss: Low growth rates due to fascioliasis 
are usually valued on a kilogram basis using the 
meat value of the difference in weights at slaughter 
time given a certain carcass dressing percentage. 
Poor carcass conformation, however, may be incor
porated by pricing the meat at a lower value and as 
with the liver, poor carcass conformation could take 
the form of partial or total condemnation. Using 
weight as a measure of the morbidity loss, howev
er, may mean that things like the loss in value of 
the skin and wool have to be considered separately.

4) Decrease in milk production may be more pro
nounced when the animal is milked for home con
sumption, making it easy to quantify and attach a 
monetary value to reduced milk production. Other
wise, the milk component may be indirectly ac
counted for by the performance of the offspring.

5) Reproductive wastage is probably the most critical 
and yet the least considered in analyzing the eco
nomic loss due to disease. It may take the following 
forms: lost future potential offspring as a result of 
death of the ewe; early slaughter or death of most 
sheep or in the reproductive life; increase in age at 
first lambing which implies loss of productive time 
and subsequent reduction in the number of potential 
offspring in the animal’s lifespan; reduced repro
ductive efficiency taking the form of low concep
tion rates leading to long lambing intervals, infertil
ity and abortion; and preweaning mortality and low 
growth rates o f the offspring.

6) Indirect and intangible effects include costs of 
treatment and control, use of molluscides and an
thelmintics, extension and research services, costs

of grazing management, loss of seasonally flooded 
bottomland pasture, and drainage o f swamps and 
their effects on the environment. Given the socio
economic environment, effects on prices of the 
meat and its substitutes combined with their reper
cussion on income distribution and welfare can be 
significant. The loss due to Fasciola is estimated 
using the following model.

EL = M T + LC + WT + MK + WL + SKIN + 
RPW + CAM +  CER

where 
EL ii estimated loss 
MT  is mortality loss 
LC  is liver condemnation loss 
WT is weight loss 
MK is milk loss 
WL is wool loss 
SKIN is loss in value of skin 
RPW  is reproductive wastage 
CAM is cost of anthelmintics and molluscides 
CER is cost of extension and research

The complexity in estimating each of the loss compo
nents demands additional elaboration on estimation:

M T  =  D (B W P J

where
D is death rate due to disease
BW  is average body weight per animal
Pa is price per kilogram of meat

LC = S T C  (LWT P ^  +  S PC (PWT P0

where
S  is slaughter of chronically sick animal 
TC is total liver condemnation rate (%)
LWT is average weight o f liver
Pj is price per kilogram of liver
PC is partial liver condemnation rate (%)
PWT is average weight of a partial liver condemnation

w t =  cK m -ffP jjj-im -fP j}

where
C is incidence rate of chronically sick animals 
WTff is average weight (kg) of an animal free from 

fascioliasis
WTj, is average weight of a Fasciola-infested animal 
Paj is pricte per kilogram of a Fasciola-infested carcass 
7^-is price per kilogram of carcass free from Fasciola

MK =  NC {(M K jfP J  -  (MKjj Pml)}
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where
MKg is average milk production (kg) of a healthy 

animal
MKfi is average milk production (kg) of an infested 

animal
P i  is price per unit of milk from an infested animal

WL =  NC{(WLffPw) -  ( W L jP J )  
where

WLg is average wool production of a healthy animal 
Pw is price of wool per kg from a healthy animal 
Wf is average wool production of a Faydo/a-infested 

animal
PM- is price per unit (kg) of wool from a Fasciola- 

infested animal

SKIN =  S DPS
where

S  is slaughter of chronically sick animals 
DPs is difference of price between the skin of a Fasci- 

ola-iroQ animal and an infested one

RPW  =  NDf  VOF + NC (CDOPEN +  CBREED + 
PWNL)

where
NDj is national death of females due to Fasciola 
VOF is value of offspring per animal foregone 
CDOPEN is cost of days open (extended lambing) 
CDREED is cost of breeding and/or insemination 
PWNL is pre-weaning mortality loss due to Fasciola

This formula may be modified to suit site or specific 
research needs. For example, sheep are not milked, 
neither is wool production common in many produc
tion systems. In addition, cost of labor for caring for 
sick animals, cost of forced sale of sick animals and 
replacement, and loss of market opportunities due to 
disease may be incorporated.

ALTERNATIVE MANAGEMENT INTERVENTIONS

Although attempts have been made to estimate the 
economic loss caused by fascioliasis, little research 
exists on evaluating the economics of alternative 
management interventions. Four interventions are 
possible for fascioliasis.

1. Treatment: For the time being, a number of alter
native anthelmintics are available on the world 
market, putting pressure on buyers on selection 
criteria among the alternatives. There are a number 
of obvious distinctions among the anthelmintics: 
cost per unit per animal treated; method of adminis
tration; stage of the Fasciola cycle for which an
thelmintic is most effective; effectiveness as demon

strated by time to recovery; gain in weight of ani
mal and performance of the offspring; and side 
effect on humans and environment. Few studies 
have attempted to compare the effectiveness of 
various anthelmintics (Scott et al. 1974, Scott and 
Goll 1977) with mortality rate being the basis for 
selection among alternative treatments.

2. Use o f  molluscicides: The use of molluscicides is 
aimed at eliminating the intermediate host, the 
snail. This method may be difficult to apply be
cause of the nature of the terrain. Similarly a selec
tion was made among a broad range of mollu
scicides, usually solutions of copper sulphate. The 
impact of the selected molluscicides on the environ- 
ment including their effects on drinking water for 
humans, animals, fish and other water species was 
assessed.

3. Integrated management includes the above two 
interventions plus the management of grazing pas
ture by avoiding the grazing of flooded pasture in 
the bottomlands during the periods of high potential 
infection and improved drainage of the bottomlands 
to eliminate the habitats of the host bottomland for 
making hay but ensuring that the hay is free of 
Fasciola.

4. No action: Among the alternative interventions, 
taking no action may be disastrous. The buildup of 
fascioliasis could wipe out the whole population of 
sheep. However, where the plane of nutrition is 
appropriate and there are no other diseases, the 
effect of Fasciola could be less pronounced. The 
selection of any or a combination of interventions 
has to be based on sound technical, economic, and 
social considerations.

M ethod for Evaluating  A lternative 
Interventions

An analytical framework is useful in selecting the 
optimal cheap intervention. One of the commonly used 
analytical tools in evaluating animal health programs 
is decision-tree analysis (Ngategize et al. 1986). The 
action choices or alternative interventions could repre
sent different treatments, a different combination of 
treatments, different frequencies/timing o f treatment or 
some other management interventions. The monetary 
outcome is a function of animal value after the inter
vention and the resulting state of nature, cost of treat
ment including labor and other associated costs and 
returns. The expected monetary value (EMV)t the 
selection criterion, is a function of the monetary out
come from each state of nature and the associated 
probability of occurrence:

EM V  =  LEP0 Vfj
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IMPLICATIONS FOR THE 
ETHIOPIAN HIGHLANDS

Fasciola is a major constraint to increased sheep 
production in the Ethiopian highlands. The ability of 
assessing the economic losses imposed on the system 
and selection appropriate interventions is an essential 
part of any attempt to improve sheep production. The 
suggested formula and analytical model are relevant 
tools in this effort. The use of molluscicides may be 
practically ruled out because of the rugged terrain, 
heavy rainfall, costs of buying and spraying mollusci
des, and the potential environmental effects on hu
mans, crops and water. Similar arguments are appli
cable to the use of drainage as an alternative interven- 

. tion. Pasture management, including the use of high- 
round during periods of high pasture infestation and 
using the bottomlands for hay production, is a poten
tially effective intervention. Work by Njau et al. 
(1988c) has shown that it may be possible to get rid to 
Fasciola-infested pasture within the pasture is 3 
months in the Debre Birhan area if the fed as hay and 
if watering is not a potential source of infestation 
(Njau et al. 1988d). This intervention could be effec
tive, but it requires sufficient grazing land, some 
management skill, and extra costs for harvesting and 
storing the hay. ILCA’s Debre Birhan research station 
has managed to reduce sheep mortality due to Fasciola 
from 45.7% to 3% by using an integrated approach. 
Treating animals with anthelmintics (especially Ranide) 
every 3 months; confining the animals from grazing 
bottomlands during periods of potentially high infesta
tion; feeding uninfected pasture; adjusting stocking 
rate minimally and introducing infested animals onto 
the station; minimally (Njau 1988b). However, the ap
proach is not within the reach of the average farmer in 
the area, the main constraints being land, the practice 
of communal grazing, shortage of capital, and the 
subsistence character of the farming population.

Intervention by anthelmintics is currently the most 
practical control measure. Aside from having limited 
side effects, it is a relatively low cost intervention and 
can be used by individual farmers. Though some drugs 
are effective, their availability is a problem even for 
those farmers who could afford buying them. Besides, 
only a limited evaluation of alternative drugs has so 
far been made. The economic decision remains to be 
one of the methods of selecting the optimal interven
tion based on effectiveness, cost, labor/skill require
ment, and potential side effects. Such a decision can 
easily be made within a decision-tree framework.

CONCLUSION

Economic losses incurred by Fasciola have often been 
estimated based on direct monetary losses due to

mortality and liver condemnation. Losses associated 
with reproduction and efficiency of production can be 
substantial and usually constitute a significant portion 
of the losses because of the disease. The existence of 
broad range of alternative interventions for the disease 
demands that researchers assess the costs and benefits 
of each intervention in order to select the most eco
nomical or cost effective intervention in a compre
hensive manner using some decision criterion. The 
paper has highlighted important variables in estimating 
the loss due to ovine fascioliasis. A formula for esti
mation and a method for evaluating alternative inter
ventions have been presented. It is important that more 
comprehensive experiments be designed to generate 
data of both technical and economic relevances.
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ABSTRACT

This work was carried out on a government ranch in the Rift Valley with the objectives of 
determining the tick fauna and its seasonal dynamics and the degree of susceptibility to infestation 
of two breeds of cattle, Boran and Boran-Friesian. Thirty animals of each breed, with an equal 
number of the sexes in each group made up the 'tracer' herds. Twelve monthly samplings, packed 
cell volume (%), live weight, tick species and sex, and tick feeding site recordings were carried 
out. Determined by preliminary work, animals were carefully searched on five body zones for the 
presence of adult ticks. Results determined four genera of five species of ticks and their seasonal 
dynamics, sex ratio, and preferred feeding sites. Boran-Friesians were found to be more susceptible 
to infestation than Boran herds.

INTRODUCTION

The heterogenous African zebu cattle of Ethiopia, 
which comprise 42.5% (30 million) of the country’s 
livestock population, belong to 13 distinct breeds o f 6 
types and 5 classes (Alberro and Haile Mariam 1982). 
This category of livestock make up 16.5% of the 
continent’s total, making the country second in Africa 
in its cattle resource (FAO 1987). However, this 
resource is not yet fully utilized owing to the various 
constraints associated with traditional livestock hus
bandry. Some of the more eminent of these are genetic 
factors, environmental factors, and m arketing  and 
transportation problems, which as a whole end up in 
limiting the growth, maturity, and productivity of 
stock. External parasites, in this regard, form only a 
fraction of the whole problem and yet are known to be 
responsible for a considerable sum of economic loss in 
livestock industry, particularly in tropical and subtropi
cal countries (Gray 1985).

Tick infestation incurs various forms o f economic 
losses, among which are those due to loss of produc
tion, death, hide damage, purchase of acaricides and 
spray equipment, dip construction, and loss of labor 
and draft.

One study in Australia estimated that the tick prob
lem cost USD 7.3/head of cattle (Anon. 1973). It has 
been estimated that there is an annual loss of USD 7 
billion and Rechav (1987) reported an annual loss of 
USD 100 million for South Africa alone.

Tick control measures are, therefore, being realized 
as an integral part of livestock development plans in 
areas where ticks abound. These, in turn, should be

based on a sound knowledge of tick biology and envi
ronmental relationships. Thus, it is advocated that a 
thorough survey should precede the plans for control
measures.

The aim of this work was thus to determine the tick 
fauna and its seasonal dynamics and to compare breed 
susceptibility to infestation.

MATERIALS AND METHODS

The study was done at Abemosa Ranch located in the 
Rift Valley, about 180 km south of Addis Abeba on 
the road to Shashemene.

Sixty head of animals in the ranch, 30 Boran and 
30 Boran-Friesian, were used in this survey. Animals 
from different age, weight and sex groups were select
ed randomly based on an initial tick count to comprise 
two ‘tracer’ herds. These were then hand-sprayed to 
standardize tick burdens and were left in their respec
tive paddocks for a month until sampling commenced.

Monthly sampling of tick infestations, each accom
panied by hand-spraying, was carried out through the 
entire survey period except in July 1987 when it had 
to be interrupted because of a foot-and-month disease 
outbreak. Sample collection was done in accordance 
with the suggestions of Londt et al. (1979). Collected 
samples were placed in sample vials containing 68% 
alcohol. These were then duly identified and counted 
in the laboratory using a Wild or a Zeiss stereo micro
scope. Identification was according to Hoogstraal
(1956) and Walker (1962).

Animals were prick-bled following each inspection
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and haematocrite values were determined using a 
Damon/IEC model HN-S II microcapillary centrifuge 
and reader. Body weights were measured using and 
Avery weighing bridge and recorded to the nearest 
5 kg.

Counts were recorded by collection date, animal 
number, sex and breed, body zone, and tick species 
and sex. These were log-transformed as log (count + 
1) and analyzed through the general linear model 
procedure using a SAS software computer package. 
Monthly rainfall and temperature data and packed cell 
volume values were incorporated in the statistical 
analyses. ‘

RESULTS AND DISCUSSION

Five species of ticks from four genera were identified 
(Table 1), which conforms with findings of previous 
surveys by Bergeon and Balis (1974) and Pegram et al. 
(1981).

Rhipicephalus simus had two peaks o f activity, in 
March (moderate) and in June (maximum) (Figure 1). 
It was at the minimum in February and virtually absent 
in December. Similarly R. evertsi had two peaks of 
activity, in April (during the short rains) and in August 
(during the main rainy season). A definite pattern of 
dynamics, however, was not observed. HaemaphysaUs 
rufipes showed only one recognizable peak (in August)

Table 1. Tick species and their abundance
Tick species % No.
Rhipicephalus simus 55 3988
Rhipicephalus e. evertsi 16 1109
HaemaphysaUs m. rufipes 15 1074
Amblyomma variegatum 12 896
Boophilus decoloratus 2 167

Total 100 7234

throughout the observation period. Amblyomma varie- 
gatum also had one peak of activity coincident with 
that of R. evertsi and was present in an appreciable 
proportion during the period of the short rains (Febru- 
ary-March). A. variegatum was virtually absent in the 
period between September and January. Boophilus 
decoloratus showed no recognizable season of activity. 
These findings conform with those of Smith (1969) 
and Pegram et al. (1981).

Feeding sites are summarized in Table 2. These 
results are consistent with those recorded by Smith
(1969), Londt et al. (1979), and Kaiser et al. (1982).

In all collection months tick burden was observed 
to be considerably higher in Boran-Friesians than in 
Borans. Similar findings have been reported by Utech 
et al. (1978) and many others. Borans-Friesians 
showed two peaks of infestation, April and June, the 
latter being the higher one. Borans, on the other hand, 
had one peak of infestation, in August. The presence

Tick species population

Sampling months

I— -) R.evertai Y //\ R.simus EEB3 A.vaniegatum

H.rt^pes KXX2 B.decolpratus

Figure 1. Seasonal fluctuation in the tick population of cattle at Abernosa Ranch (Jan.-Dee. 1987). No data 
were collected in the month of July



Table 2. Feeding sites of the 5 tick species per body 
regions
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Percentage presence/body region
NR Abd LP UP Tt

/?. simus 70.0 92.0 A A 100
R. evertsi P P 2.3 50.0 P -
H. rufipes A A 5.1 47.2 P
A. variegatum 8.0 5.2 92.0 P A
B. decoforatus 22.0 3.0 P P A

100 100 100 100 100
Overall 6.0 29.0 11.0 30.0 24.0
NR - neck region; Abd - abdomen; LP - lower perineum; 
UP - upper perineum; T1 - tail; A - absent; P - present

and dynamics of different tick species were about the 
same on both breeds.

A small increase in tick population was observed 
during the short rains. There was, however, a greater 
build-up coincident with the main rainy season. There 
was a direct relationship between population and 
maximum temperature, whereas minimum temperature 
seemed to have no such relationship.

CONCLUSIONS AND RECOMMENDATIONS

R. simus was the dominant tick species here followed 
by R. evertsi, H. rufipes and A. variegatum. B. deco- 
loratus was the species of least importance.

It was determined that acaricidal treatments, ade
quately applied, effectively control the most infested 
body regions—the upper perineum, abdomen and tail 
regions, and with regard to the economically important 
tick species here, A. variegatum, the lower perineum.

From the results obtained, it was also found that the 
crossbreds were more susceptible to infestation by all 
tick species during all collection months than the 
indigenous breed. However, mortality due to heart 
water was observed to be higher in the indigenous 
Borans. Thus, the reasons for this inverse relation 
should be investigated.

Regular application of anti-tick preparations should 
be followed based on the information on the seasonal 
dynamics of the tick population.
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ABSTRACT

An epidemiological survey of the helminth parasites of the donkey and assessment of the strategic 
use of two modern anthelmintics, Fenbendazole and Ivermectine, both paste formulations, have 
been conducted for a period of 6 months in Menagesha Awraja and Addis Abeba. A total sample 
of 810 donkeys was selected randomly, of which 713 (88.02 %J have been found positive to fecal 
worm egg examination. Qualitative fecal worm egg analysis reyealed the prevalence rate of 79%  
Strong ylus s p p., 4 8 % Ox yuris equi, 29.25%  Die t vo caulus arnifteldi, 13.45% Parascaris equiorum, 
9% Fasciola spp., 7.9% Gastrodiscus aegypticus and 4 .8 % Anopfocephafa spp. Differential larval 
counts demonstrated the presence of small Strongyfus (47.46%), large Strongy/us (42.48%), 
Tricho strongy/us axei (4.13%), Strongyloides westeri (0.29%), and others (4.42%). Necropsy 
done on six donkeys (three at Addis Abeba and three at Debre Zeit) that died of accidents and 
sudden death of unknown reason revealed the presence of 18 species of worms. The total worm 
burden ranged from 890 to 765 000 with an average of 82 945 worms per donkey.

Of the two drugs (Fenbendazole and Ivermectine) employed in two treatment regimes, 
Ivermectine at therapeutic dose was found to be more efficient when given at 6-week intervals. 
Furthermore, it resulted in a more extended period of zero or negligible egg counts and in 
remarkable improvement in body condition of the treated animals. Further investigation of 
epidemiology of donkey parasitism and implementation of strategic anthelmintic treatment in 
working donkeys of Ethiopia are recommended.
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ABSTRACT

One-hundred and four dairy cows from local Horo and Boran breeds and their crosses with 
European high-yielding Friesian, Jersey and Simmental cattle were examined for serum alkaline 
reserve, total protein, calcium, inorganic phosphorus, total lipids, urea, and the two transaminases, 
ALAT and ASAT. It was found that there were differences in serum biochemical components 
between pure Horo and pure Boran breeds. The quantities of alkaline reserve, total protein, total 
lipids calcium, and urea were all increased in crosses between the local Horo and Boran breeds and 
the European high-yielding cattle. As far as the activities of ALAT and ASAT are concerned, ALAT 
activity decreased in all crossbreeds except in the Horo x Friesian, whereas ASAT activity 
increased in Horo crossbreeds and decreased in Boran crossbreeds. Also a decrease in the quantity 
of inorganic phosphorus was observed in all crossbreeds.

INTRODUCTION

There are differences in the opinions of authors about 
the biochemical status of the blood serum in different 
breeds. According to Unshelm and Flock (1967), there 
are no differences in serum phosphorus content among 
Brown, Swiss and Simmental cattle. With the increase 
in age, Ca and inorganic P contents decrease because 
of the decreased resorption of mineral components.

According to Kopel (1969), there is a clear differ
ence in biochemical components in German and Turk
ish cattle because of the difference in climate, feed, 
and some inherited factors.

The situation about these indices in Ethiopian Horo 
and Boran breeds is not known.

The metabolism of dietary urea and nitrogen and 
the protein and energy requirements of Boran cattle 
were examined by Karue (1972, 1979) and Karue et 
al. (1972). Studying the effects of undemutrition on 
subsequent generations of Boran cattle is among the 
objectives of the Ministry of Agriculture in Kenya
(1970).

The level o f the components can be used as a 
normal value in further examinations, especially for 
estimating the changes in sick animals, where they will 
help in making a correct diagnosis, in giving correct 
treatment, and in determining the prognosis.

The changes in some biochemical components could 
eventually be useful for breeders in their efforts at 
breed improvement. They might show the direction in 
which the crossing is going. That was the reason it 
was decided to examine the level of some biochemical 
components in Horo, Boran, and their crosses.

MATERIALS AND METHODS

The examinations were carried out on 104 dairy cows 
from local Horo and Boran breeds and their cross
breeds with European high-yielding cattle: Friesian, 
Jersey and Simmental. There were differences in the 
age of the cows and in the time they stopped milking.

For determination of alkaline reserve, the method 
of Weltman-Klimesh, modified by Raevski, was used 
and adapted for the photometer. Inorganic P was deter
mined by the Greenberg method; total protein, calci
um, total lipids, urea and enzymes (ALAT, ASAT) by 
readymade kits from Boeringer.

RESULTS AND DISCUSSION

The results of the examination are given in Table 1. 
There were differences in the examined indices be
tween the local breeds and between their crossbreeds. 
The quantity of alkaline reserve was higher in Horo 
breeds than in Boran. It increased after the local 
breeds were crossbred with European high-yielding 
Friesian, Jersey and Simmental. The highest increase 
was observed in Horo X Friesian, 217.08 mmol/1, and 
Horo X Simmental, 210.17 mmol/1, as compared with 
the pure Horo value of 206.01 mmol/1, and in Boran 
x  Jersey, 209.61 mmol/1, as compared with the pure 
Boran values of 196.05 mmol/1.

The only decrease was observed in Horo x Jersey, 
194.22 mmol/1 (Table 1).

The alkaline reserve increment was an indication of 
the improvement in the new crossbreeds.
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Table 1. Biochemical status of Horo, Boran and their crossbreeds
Animals
examined-
(no.) Breeds

Aik. res. 
(mmol/I)

Total prot.
(g/0

Calcium
(mmol/l)

Inorg. phos
phorus 

(mmol/l)
Total lip. 
(mmol/l)

Urea
(mmol/l) ALAT (U) ASAT (U)

12 pure Horo 206.01 ±43.18 78.13 ±7.01 2.41 ±0.14 2.26±0.13 4.77 ±0.32 5.50 ±0.23 3.43 ±0.11 43.47 ±1.45
12 Horo x Friesian 217.08± 10.30 82.87 ±1.27 2.20 ±0.06 1.85 ±0.12 4.37 ±0.26 5.99 ±0.53 3.76 ±0.15 53.31 ±1.35
15 Horo x Jersey 194.22 ± 4.90 78.37 ±1.94 2.60 ±0.09 1.59 ±0.10 4.70 ±0.12 5.40 ±0.19 3.23 ±0.07 50.45 ±1.38
12 Horo x Simmental 210.17 ± 6.18 79.65 ±2.88 2.41 ±0.10 1.56 ±0.09 5.77 ±0.21 6.66 ±0.42 3.22 ±0.12 49.71 ±2.97
12 pure x Boran 196.05 ±10.68 74.49 ±5.36 2.31 ±0.13 1.88±0.14 5.69 ±0.39 5.21 ±0.39 3.41 ±0.12 50.41 ±4.07
15 Boran x Friesian 199.43 ± 7.36 79.55 ±1.50 2.40 ±0.14 1.63 ±0.12 5.71 ±0.38 5.67 ±0.39 3.19 ±0.08 49.97 ±1.11
12 Boran x Jersey 209.61 ± 8.32 80.81 ±4.61 2.53 ±0.14 1.71 ±0.13 5.69 ±0.41 6.03 ±0.36 3.10±0.11 48.48 ±0.81
14 Boran x Simmental 201.82 ± 7.15 77.60 ±2.57 2.52 ±0.16 1.77±0.16 5.08 ±0.29 5.80 ±0.38 3.25 ±0.06 49.47 ±1.01

p < 5

Serum 
Biochem

ical Com
ponents 

/ 
173



774 /  Peynikova

The quantity of total protein was higher in pure 
Horro breeds than in pure Boran breeds. The cross
breeding of Boran and Horro with European cattle led 
to an increase of total protein in the serum in all new 
crossbreeds. The highest increase was observed in 
Horro X Friesian and Boran X Jersey (Table 1). The 
total protein increment is an indication of improve
ment.

The quantity of calcium increased more in all Boran 
breeds than in Horro breeds and decreased in Horro X 
Friesian. The highest increase was observed in Horro 
X Jersey and Boran X Jersey (Table 1). Boran breeds 
have more Ca than Horro breeds.

The quantity of inorganic phosphorus was higher in 
pure Horro breeds (2.26 mmol/1) than in pure Borati 
breeds (1.88 mmol/1). After the crossbreeding, the 
quantity of inorganic P decreased in all the new cross
breeds (Table 1). This is a bad symptom for the work 
of the breeders. It means that the animal needs a 
supply of inorganic P in its food. It may also be one 
of the reasons for decreasing resistance of the new 
breeds against ticks and diseases.

The quantity of total lipids was higher in pure 
Boran breeds than in pure Horro breeds. After cross
breeding, the quantity o f total lipids increased in 
Horro X Friesian and Horro X Simmental. The 
quantity of total lipids showed no increment in Horro 
X Jersey (Table 1). Similarly, in Boran crossbreeds no 
change in the level of total lipids was observed. It 
decreased only in Boran X Simental.

The higher quantity of total lipids in Boran breeds 
than in Horro is presumptive evidence that the milk of 
Boran breeds is also higher in fat.

The quantity of urea also increased in all new 
crossbreeds but Horro X Jersey. The highest increase 
was observed in Horro X Simmental and Boran X 
Jersey breeds (Table 1). The increment in the quantity 
of urea is an indication of the increase of metabolism 
in the new breeds.

ALAT activity decreased in all crossbreeds but 
Horro X Friesian, whereas ASAT activity increased 
only in Horro crossbreeds (Table 1). A higher level of 
enzyme activity is an indication of higher metabolism. 
The results show that the Horro and its crossbreeds are 
in a better situation than the Boran and its crossbreeds. 
The alkaline reserve, total protein, inorganic phos
phorus, calcium, and enzyme activity were higher in 
Horro and its crossbreeds, but the decrease in the 
amount o f inorganic phosphorus was less in Boran 
crossbreeds. Total lipids were higher in Boran than in 
Horro.

The changes in the examined indices among the 
Boran crossbreeds were most promising in Boran X 
Jersey; among the Horro crossbreeds, Horro X Jersey 
were less promising.

CONCLUSION

There is a difference in biochemical indices between 
Horro and Boran breeds with Horro breeds in the 
better situation. The quantities of alkaline reserve, 
total protein, calcium, total lipids, and urea increased 
after crossbreeding the local Horro and Boran breeds 
with Friesian, Jersey and Simmental. Except for Horro 
x  Friesian crosses, ALAT activity decreased in all 
crossbreeds. ASAT activity increased in Horro cross
breeds and decreased in Boran crossbreeds. After the 
crossbreeding, the quantity of inorganic phosphorus 
decreased in all new crossbreeds. The changes in 
Horro and its crossbreeds indicate bigger possibilities 
for improvement than do those for Boran and its 
crossbreeds. Among the Boran crossbreeds, Boran X 
Jersey was the most promising and among the Horro 
crossbreeds, Horro X Jersey the least promising.

RECOMMENDATION

The new crossbreeds need phosphorus supplementa
tion, because the quantity of serum inorganic phospho
rus decreases after crossbreeding.
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