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ABSTRACT
 

These are the Proceedings of the last joint workshop of the Pasture Network for 
Fastern and Southern Africa (PANESA) and the African Research Network for 
Agricultural Byproducts (ARNAB), held in Gaborone, Botswana, 4-8 March 
1991. This volume contains the three addresses delivered at the opening session 
together with 38 full texts and 12 abstracts of papers presented at the workshop. 
The scientific papers are grouped in three sections, corresponding to thu main 
themes of the workshop. Thrs 13 papers and five abstracts address various 
aspects of the use of forage legumes in animal nutrition and the nutritive value of 
planted and natural pastures; 18 papers and five abstracts deal with animal 
production systems based on crop residues and forage legmnes; and nine papers 
and two abstracts are concerned with institutional and policy issues that affect 
integration of feed resource use on-farm. 

At the end of the workshop the Steering Committees of PANESA and 
ARNAB, together with reprcsentatives of the sistcr network, the West and 
Central Africa Forage Network (WECAFNET), and agricultural scientists from 
all over Africa, agreed that the three networks should merge to form a unified 
network, called the African Feeds Research Network. 
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PREFACE 

It is becoming increasingly evident that the future demand for food in 
sub-Saharan Africa will far exceed production levels. Already the sub-Saharan 
African market for animal products-meat and milk-is largely unsatisfied, and 
all forecasts indicate that the present trends towards increases in these markets 
will accelerate as human populations grow and urbanisation spreads. 

Clearly, livestock production in sub-Saharan Africa needs to be increased 
substantially. But animals need to be fed too, and in many parts of the region, for 
many months of the year, there is simply not enough feed available. Thus 
animals are malnounshed, often dramatically so. Hungry animals are 
unproductive animals. The problem, therefore, is how to ensure that livestock are 
adequately fed all year round. 

The problem is not peculiar to sub-Saharan Africa. Seasonal feed shortages
also exist in many other parts of the world: for instance, in the higher latitudes 
feed is scarce during the long, harsh winters. But considerable progress in 
improving animal nutrition has been made in such countries over the past 20 
years. Some examples are the introduction of well-preserved winter silage in 
Finland; fodder feed in Denmark; supplemented high-dry-matter silage in The 
Netherlands; and preserved clover pastures in New Zealand. 

Comparable progress is now urgently needed in sub-Saharan Africa. This 
will require excellent national agricultural programmes with well-trained and 
dedicated scientists and well-developed research facilities. But success is more 
likely to be achieved if the national programmes and scientists cooperate with 
each other in working towards common goals--especially in the present climate 
of limited resources. Such cooperation is the pnncipal aim of a multidisciplinary 
collaboratrve research network. Three such networks have already been 
operating in the area of animal feed resources in Africa: the African Research 
Network for Agricultural Byproducts (ARNAB); the Pasture Network for 
Eastern and Southern Africa (PANESA); and the West and Central Africa Forage 
Network (WECAFNET). However, these three networks had several aims and 
activities in common, and itwas felt by many network participants that it would 
be more efficient to amalgamate them into one pan-African network. This has 
now been done, and one of the functions of this workshop was to inaugurate the 
African Feeds Research Network. 

The other function of the meeting was to provide scientists with an 
opportunity to present and discuss their individual research results and activities. 
As many of the papers in this Proceedings show, there is now a very 
considerable range of options available to the feed resources scientist; a wide 
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range of forage germplasm, multipurpose trees, fertiliser, irrigation, agricultural 
and industrial byproducts, feed processing and conservation techniques, etc. But 
there is still much work to be done to alleviate what is the greatest constraint on 
animal production in sub-Saharan Africa-nutritional insufficiency. 

This workshop was a most important occasion. It represented the start of a 
new phase in ammal production in sub-Saharan Africa and its effects will, I 
believe. be felt for many years to come. 

Finally I wish to thank the organising committee for planmng the 
programme, the Government of Botswana for facilitating the meeting and Dr 
Mailin Kyomo of SACCAR [Southern African Centre for Cooperation in 
Agricultural Research], whose work, over a long period of time, has greatly 
facilitated ILCAs devdlopment in southern Africa. I wish also to recognise the 
commitment of the International Development Research Centre of Canada to 
work on feed resources for the past number of years. 

John Walsh 
Director General 
ILCA 
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OPENING ADDRESS
 

The Honourable G M Oteng
 
Assistant Minister of Agriculture, Botswana
 

Mr Chairman, Director General oc ILCA, distinguished guests, workshop 
participants, ladies and gentlemen. 

It is a great honour and pleasure for me to have this opportunity to address 
the opening session of this workshop. I extend a warm welcome to those of you 
who have come to Botswana to participate in this important meeting and I hope 
that your stay here will be enjcyable and productive. 

We in Botswana are highly honoured to have been requested to host this 
historic workshop. I say historic in the sense that this is the first workshop held 
by the African Feeds Research Network. This network is a result of the 
collaboration of three institutions; the Pasture Network for Eastern and Southern 
Africa (PANESA), the African Research Network for Agricultural Byproducts 
(ARNAB) and the West and Central Africa Forage Network (WECAFNETI). It is 
our hope that your pfesence here in Botswana, aud your deliberations throughout 
this week, will be of benefit to our livestock industry which, iv a large extent, is 
still dependent on natural rangeland. 

Insub-Saharan Africa, livestock production is an important component of 
the agricultural sector, as evidenced by the large herds and flocks in this region. 
Most of the people in our countries continue to depend largely on agriculture for 
their livelihood. It is unfortunate that, in most of Africa, the livestock subsector 
has remained traditional and largely undeveloped. Management is poor, 
reproduction and growth rates are low, there is a high incidence of disease, and 
we have very low offtake rates. 

The productivity of the livestock sector in our part of the continent has 
remained almost static for the past two decades. In fact, some countries have 
repoited negative trends. Apart from those factors I have already mentioned, this 
has mainly been caused by adverse climatic conditions, such as poor rainfall and 
droughts, and by increasing populations that have aggravated the over­
exploitation of natural resources, especially land. The uncontrolled population 
increase has resulted in serious competition for land, and so less land is available 
for agricultural purposes. This has increased the problems of overstocking and 
hence of overgrazing of rangelands in most of our countries. 

As a result, most ofsub-Saharan Africa has, up to now, not been able to 
produce sufficient food to feed its people. In the livestock sector we are still net 
importers ofmilk and meat. With the current lack of foreign exchange, most of 
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our countries cannot afford to import these important commodities, and so our 
people arc faced with unbalanced diets and, in some cases, not enough food. We 
all know, of course, that inadequate diets and poor nutrition, especially of 
children, will eventually lead to problems in the development of our manpower 
resources. 

We need not be remirded that it is our responsibility as nations to feed 
ourselves. We cannot blame others for our plight, and neither can we depend 
forever on the goodwill of the international community to donate food to feed 
our people. Instead, we must strive harder to seek solutions that will reverse the 
current trend and indeed improve food secuiity in our respective countries and 
the whole region. We should thercfore commend those national and regional 
organisations which are making efforts to improve livestock production and 
arable agriculture in our region. 

The International Livestock Centre for Africa (ILCA) has for a long time 
been involved in research programmes that seek to improve livestock 
productivity. In order to address the requirements of the various types of 
livestock, ILCA coordinates several disciplinary networks focusing on, for 
example, cattle and small ruminant milk and meat, feed resources and animal 
traction. These networks help to streamline research programmes in order to 
avoid unnecessary duplication. 

Nutrition is one of the major factors that influence an animal's productivity, 
and so we are pleased to note that all the disciplines under ILCA which deal 
separately with forages, pastures, crop residues and byproducts have decided to 
form one network, the African Feeds Research Network. This network will 
endeavou" io provide all the information available on livestock feed. We 
thercfcre commend PANESA, ARNAB and WECAFNET for their -ollaborative 
efforts that finally led to the establishment of this unified netw( rk. 

As I said earlier, the livestock industry in Bot wana still largel. depends on 
natural rangeland. I believe that this is also true for many other countries of 
sub-Saharan Africa. Most of our farmers have failed to appreciate the need to 
improve pastures and to incorporate pastures and forages, crop residues and 
byproducts in their livestock production systems. We need a great deal of 
information on types of feed resources which are available, on their suitability 
for various ecological zones, on tieir nutritive value and on how to preserve, 
store and utilise them properly. rhis information will assist us to promote the 
produtction and use of fodder among our livestock owners. 

We hope, therefore, that these institutions and networks of ours, and you the 
scientists, will work hard to ensure that we have access to all the information we 
need. We also hope that there will be increased effort to strengthen national 
research institutions in order to develop their capacity to carry out this important 
task. In addition, we should pay particular attention to the training and 
development of our scientists and researchers, in order to improve their 
knowledge and skills. 
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One way of achieving this is through the promotion of interaction among 
you scientists, which will ensure the exchange of ideas and information. 

Finally, I wish to take this opportunity to commend ILCA and the various 
networks for their efforts in organising this workshop and for deciding to hold it 
in Botswana. I hope that your deliberations here will be successful, and will add 
to all our efforts to continue to seek solutions to Africa's food problems. 

Ladies and gentlemen, it is now my great pleasure to declare this workshop 
open, with Botswana' s national slogan. 

PULA PULA PULA 



ADDRESS
 

Berhane Kiflewahid
 
Programme Officer
 

International Development Research Centre
 
PO Box 62084, Nairobi, Kenya
 

Mr Chairman, Honourable Minister, ladies and gentlemen. 
I am grateful for this opportunity to prese-t a brief overview of the role of 

the International Development Research Centre in livestock development in 
sub-Saharan Africa 

The mission of the International Development Research Centre (IDRC) is to 
contribute to development through research and research-supporting activities. 
The Centre aims to assist in promoting the indigenously determined social and 
economic advancement of the developing regions of the world, with particular 
focus on the poorest people of those regions. 

Within this mission, IDRC has two principal objectives: first, to support 
research which is directly relevarit to Third World development and which has 
demonstrable links to the basic needs of the poor; and second, to assist 
developing countries to build and strengthen indigenous research and research­
supporting capacity, at the national, but also at the regional, level, and mainly in 
terms of human resources. A strong national research capability is essential if the 
problems confronting development are to be adequately addressed. 

IDRC addresses these objt -tives by focusing its activities in six main areas: 
agriculture, food and nutrition sciences; communications; earth and engineering 
sciences; health sciences; information sciences; and social sciences. IDRC also 
funds training in all these areas. 

Agriculture, food and nutrition 

The mission of IDRC s Agriculture, Fo,d and Nutrition Sciences (AFNS) 
Division is to ensure access for the individual to food and other basic necessities 
through the sustainable use of renewable resources. The Division strives to 
achieve stable and sustainable increases in productivity while maintaining 
environmental integrity, and to increase income and employment opportunities. 

The Division's budget is allocated to support research by scientists working 
in their own countries and national institutions. Support is also given to research 
by international and regional organisations if they are closely linked to research 
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activities at the national level through networks such as the African Research 
Network for Agricultural Byproducts (ARNAB) and the Pasture Network for 
Eastern and Southern Africa (PANESA), both coordinated by the International 
Livestock Centre for Africa (ILCA). 

The Division also gives high priority to disseminating research results and 
training research staff in developing countries. On average, 2-5% of project 
funds are allocated to dissemination of research results through publications and 
workshops. Most AFNS projects contain a specific training component which, 
on average, accounts for 10% of the project budget. Several young African 
scientists have been trained at postgraduate level through this support. For 
example, three animal scientists from Botswana's Animal Production Research 
Unit (APRU) have undertaken postgraduate training at Guelph, Canada. IRDC 
hopes that this small contribution is strengthening APRU's research capacity. 

The AFNS Division's support to research is organised under six 
programmes and two units: 
* Animal Production Systems Programme 
* Crop Production Systems Programme 
* Fisheries Programme 
* Forestry Programme 
* Post-Production Systems Programme 
* Agricultural Economics Programme 
* Environment and Sustainable Resources Management Unit 
* Nutrition Unit 

Of these, the Animal Production Systems (APS) Programme is of most 
relevance to this workshop. APS Programme activities focus on research into 
large and small ruminants, non-ruminants and animal feed resources, with 
emphasis on pasture and forage improvement and byproduct utilisation. Priority 
is given to .xsearch on cattle because oF their large numbers in developing 
countries and their importance as sources of milk. meat and draught power, but 
the Programme is expanding its support to the small-ruminant sector as sheep 
and goats are also very important in African pastoral systems and thrive in areas 
that are not suitable for cattle, such as the very arid regions and tsetse-infested 
areas. APS Programme support is also provided to research on rabbits, pigs and 
poultry, which are vital to other farmers in many smallholder systems. 

Globally, the strategy and priorities for research support are based on the 
farming system practised in the ecologicil zones identified, as well as on the 
potential for impact and use of research results by the beneficiaries. For example, 
major APS Programme research support in East and Southern Africa is targeted 
on the following zones: 
* highly populated, high potential, high rainfall highland areas 
* subhumid zones in coastal and hinterland areas 
* semi-arid areas where livestock are the major source of food and cash income. 

In sub-Saharan Africa the major constraint on livestock production is 
feeding. Animals subsist mainly on natural pastures which provide abundant 
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grazing during the rainy season, but quickly mature and dry up with the onset of 
the dry season. It is estimated that in smallholder production systems in 
sub-Saharan Africa, up to 60% of available feed resources come from crop 
residues. However, their nutritive value is not adequate to sustain reasonable 
animal production. A great deal of research on animal feed resources is therefore 
needed if livestock production in the region is to be improved. 

Supporting collaboration through networks 

For the past six years IDRC has been collaborating with ILCA in the 
organisation and activities of PANESA and ARNAB. The netwerks have been 
successful in bringing together national and international efforts for research on 
the production and utilisation of feed resources on small-scale farms. We hope
that the impact of these networks has not ended at the scientist level, but has also 
reached the farmers. 

In March 1990, the steering committees of PANESA and ARNAB, and of 
the West and Central Africa Forage Network (WECAFNET), recommended a 
merger of the three networks into one African Feeds Research Network. The 
rationale for the merger was the recognition of the complementarity of their 
objectives and of the need for collaborative research by national scientists to 
ensure the effective use of available feed resources. Thus the general objective of 
the unified feed resources network is to support and strengthen the capabilities of 
national agricultural research scientists and institutions to conduct research with 
forages, crop residues and agro-industrial byproducts as the basis for the 
development of sustainable animal production systems. Specifically, the network 
aims to: 
• promote collaborative research among participating institutions 
* promote exchange of information among animal scientists 
" train African scientists in applied research techniques 

Links will be maintained with at least 10 other "centre" supported projects 
in the region and other networks in Latin America. 

IDRC will contribute CADS 817 280 to the unified network's collaborative 
research programmes over the next three years (1991-93). This is a reflection of 
IDRCs commitment to African scientists. 

Mr Chairman, Honourable Minister, ladies and gentlemen, thank you for 
giving me your attention. 



KEYNOTE ADDRESS 

M Kyomo
 
Director
 

Southern African Centre for Cooperation in Agricultural Research
 
(SACCAR)
 

Private Bag 00108, Gaborone, Botswana
 

Mr Chairman, Director General of ILCA, IDRC Representative, network 
members, ladies and gentleman. 

On behalf of animal scientists in the Southern African Development 
Coordination Conference (SADCC) region, I wish to extend our warmest 
welcome to you distinguished andmal nutritionists. Gaborone is the headquarters 
of SADCC and the home of the region's Agricultural Research and Training 
Coordination Centre. We congratulate the organisers of this workshop, especially 
the International Livestock Centre for Africa (ILCA), for holding it in a country 
which has the highest per capita number of cattle in Africa. In Botswana, cattle, 
goats and sheep are marketed in such an organised manner that both small- and 
large-scale farmers can benefit from good returns from selling their animals. 

The theme of this workshop, The complenentarity offeed resources for 
animalproductioninAfrica, is very appropriate now. Livestock mean food; and 
Africa's people desperately need more food. Africa has a higher proportion of 
undernourished people than any other region in the world, and also the greatest 
rate of population growth; so the numbers of hungry people are increasing all the 
time. The Food and Agriculture Organization (FAO) of the United Nations 
estimates that in 1969-71, 32.6% of Africa's population--86 million 
people-were malnourished; by 1983-85 the proportion hat risen slightly, to a 
little over 35%, but by then the number of hungry people had increased 
dramatically, to 142 million! It is true that food production has increased in many 
developing countries over the past three decades, but hunger and malnutrition 
continue to affect the lives of up to one billion people in th.- Third World. 

The hunger problem cannot be solved merely by better physical distribution 
of food from areas with a surplus to those with a deficit. The real problem is the 
lack of purchasing power among the poor segments of the communities. A 
surcessful development strategy, therefore, must promote employment and 
increases in the purchasing power of the poor through an emphasis on the 
production of labovr-intensive wage goods, particularly food. Since 1986, 
SADCC has adopted an agriculture.oriented strategy which stresses growth in 
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rural labour-inteasive sectors as the primary engine of overall economic growth.
The sheer size of the agricultural sector in the region, which employs 40-80% of 
the total labour force, shows that technical change in this sector will have 
important macro-economic implications. Increased agricultural production not 
only increases domestic food supplies but also stimulates further rounds of 
employment growth in the service and urban sectors of the economy. Because of 
its output and employment linkage effects with the rest of the economy,
agricultural growth helps to improve access to food supplies for both the urban 
and rural poor.

It is generally accepted that increased agricultural production is brought
about by improved agricultural technology. Increased agricultural productivity 
provides a combination of benefits: increased profits for farmers; increased 
demand for labour; and lower consumer prices. Growth of this kind produces a 
net increase in national income that serves as an important engine for driving the 
rest of the economy. As incomes rise, and as families become more aware of the 
need for better nutrition, the relative character of food demand changes. Rising
income causes food demand to shift to more preferred cereals and to highly
income-elastic livestock products. In many African countri b these demands 
have been met by increasing imports of livestock products; FAO trade figures
show imports rising from US$ 43 million in 1960 to US$ 113 million in 1970 
and then to US$ 680 million in 1980. However, because imports have been 
draining the scarce foreign exchange reserves of most countries, local production 
is now being encouraged.

The performance of the livestock sector in sub-Saharan Africa during the 
past two decades has been disappointing; indeed, livestock production has failed 
to meet consumption demands. Poor produ,:tivity isattributable to several 
factors, including inappro,'riate government policies, tsetse infestation in areas 
which would otherwise be ideal for livestock production, and pricing structures 
which favour urban consumers to the detriment of the rural producers, hence 
discouraging production. 

In the past we used to conduct livestock research without paying too much 
attention to the needs of the livestock keepers. We neither addressed the issue of 
availability of markets for livestock products nor analysed all the other issues on 
the demand and supply sides of the equation. Consumers in all the countries of 
sub-Saharan Africa now understand the nutritive values of livestock products,
especially to their children. And the farmers are ready to supply the needed 
items. However, feed availability seems to be the main bottleneck. 

Traditionally, livestock produLCrs, especially the small-scale ones ,ho are 
the majority in most countries, were encouraged to provide all their animal feeds 
from their own farms. Fodder banks, crop residues, crop byproducts and animal 
wastes are examples of what can be produced on the farm. And alley farming
and agroforestry are examples of recent technologies that can be used to produce
animal feeds. But we now know that feeds produced on the farm cannot meet ali 
the animals' requirements in terms of energy, protein, minerals and vitamins. 
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Some of the deficiencies must be met by feeding supplements which can only be 
produced outside the farm. Such supplements are often not available to small 
farmers. And even when they are available, they may be too expensive to make 
the enterprises profitable. 

This workshop is concerned with increasing the productivity of livestock in 
sub-Saharan Africa through better feeding. I expect that we will all gain a lot of 
information on this vital subject. There are many questions to be asked, and 
answered. One might be how we can influence the producers of raw feed 
ingredients-cereals, fish meal, agro-industrial byproducts, etc-to produce 
these materials in large enough quantities to lower the cost of production and 
hence the price which the livestock keeper must pay. Another might concern the 
chemical compositions of all types of feeds, including those from rangelands; 
such knowledge will be of immense help in formulating guidelines on optimum 
feeding and supplementation regimes. And yet another might concern the 
availability of animai feeds to the African farmer. 

At the 1989 Annual Meeting of the Consultative Group for International 
Agricultural Research, the Director General of ILCA stated that one of his 
Centre's thrusts would be focusing on the development of animal feed resources. 
He pointed out that between 1961 and 1984 about 51% of African byproduct 
feedstuffs were exported to developed countries. Although the figure might be 
slightly lower now, we need to study the factors which make our countries export 
feeds and at the same time import livestock products at a very high cost. Do we 
have among ourselves specialists on national and international markets and their 
trends? Do we have any influence on policy to stop such exports? InBotswana 
most of the livestock byproducts, such as bone and meat meal, are not exported; 
they are recycled back into the livestock production systems. 

The African smallholder farmer is now ready to help meet the demand for 
more animal products by adopting new technologies for livestock production, 
from raising beef and dairy cattle to raising pigs, poultry and small ruminants. 
Feed requirements seem to be the greatest bottlenecks in his or her endeavours. 
Let us work with him or her on the utilisation of whatever feed resources are 
available, and let the knowledge of the nutritive values of individual and 
combined feeds be spread around so that livestock productivity may increase. 

I wish this workshop every success. 
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ABSTRACT 

Ruminant livestock production in sub-Saharan Africa is based on forages as the 
major feed resource. Strategies on the utilisation of these feeds should aim at 
establishing an efficient umen ecosystem in order to maximise fibre digestion 
and optimise microbial protein synthesis. An efficient rumen ecosystem requires 
fermentable nitrogen and energy sufficient to support the rumen microbial 
population. A pH of 6.5-6.8 is optimum and advantage could be taken of fibre 
buffering capacities to maintain the pH. Grasses have poor buffering capacities 
while legume forages have very good buffering capacities. Legumes appear well 
suited as forage supplements to grasses. Some examples of forage 
supplementation are reviewed. 

RESUME 

Compl6mentariti desfourragesdans la digestionchez ks ruminants: 
considerationsthoriques 

EnAfrique subsaiarienne,l'dlevage des ruminantsest largementtributairede la 
disponibilifgdesfourrages,lesquels constituent lesprincipalesressources 
alimentairesdu bdtaiL Les stratdgiesde mise en valeurde ces alimentsdoivent 
viser d 9tablir dans le rumen des animaux un Jcosyst~ne capabledefaciliterla 
digestion de la cellulose ainsique la synthzse des protdinesmicrobiennes. 
Celui-cidoit contenirsuffisawnment d'azotedisponibleet d' nergiepour 
entretenirla flore microbiennedu rumen. Onpet se servirde la facule 
stabilisatricede la cellulosepourmaintenirlepH, dont la valeur optimum se 
situeentre 6,5 et 6,8. Contrairenentauxgramindes, les ldgwnineuses 
fourragerespossdentd'excellentescapacitsstabilisatrices.Elles semblent 
particulierementindiquges comme compldment de rationsde basede gramindes. 
Quelquesexemples de compldnentationalimentairedefourrageont dd analysds. 
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INTRODUCTION 

Ruminant livestock production in most of sub-Saharan Africa is based on forages 
as the major feed resource. The term forage refers to herbaceous material 
including grasses, legumes, browseable trees and fibrous crop byproducts. In 
seasonally dry environments, the main limitations to animal production are the 
lack of green feed for at least half of the year coupled with the low nutritive 
quality of forages during most of the period of active pasture growth (Jones and 
Wilson, 1987). The low nutritive quality of the forage during the growth period 
is mainly due to environmental stresses such as high temperatures (Van Soest, 
1988) and infertile soils (Roberts, 1987). 

In recent years there have been several attempts to improve the nutritive 
quality of the forage resource base through propagation of species with high 
nutritive value (Dzowela, 1988). However, because of limited land, the 
quantities of such forages produced are not sufficient on their own to support the 
current livestock population. Judicious combinations of these feeds with the 
more abundant Jow quality forages are needed. This paper discusses the 
theoretical basis for such combinations. 

ANIMAL UTILISATION OF FORAGES 

The major determinant of livestock productivity is dry-matter intake which, in 
turn, is influenced by the palatability, chemical composition and physical
attributes of the diet, assuming that the livestock are disease-free. The objective
of designing diets must therefore be to optimise animal productivity; feed intake 
and animal response are not good indicators of quality. Thus, while laboratory 
analyses of the diets are useful, they are not essential to research progress. 

Forage-based feeds yield nutrients to the animal mainly through the 
processes of fermentative digestion in the rumen. Strategies for the utilisation of 
these feeds should therefore aim to establish an efficient rumen ecosystem that 
will maximise the digestibility of fibre within the rumen and optimise microbial 
protein synthesis. Additional attention needs to be paid to supply of balanced 
nutrients post-ruminally, if high productivity is expected. 

ESTABLISHMENT OF AN EFFICIENT RUMEN ECOSYSTEM 

Microbial considerations 

The fermentative digestion of fibre in the rumen is carried out by a mixture of 
bacteria (Mackie and White, 1990), protozoa (Demeyer, 1981) and fungi (Akin 
and Borneman, 1990). The role of protozoa has been the subject of great 
controversy which is outside the scope of this discussion (Mackie and White, 
1990). Rumen microbes require a source of fermentable nitrogen, usually as 
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ammonia although some species require preformed amino acids and peptides 
(Russell and Baldwin, 1978). The low nitrogen (N) content of most mature 
,gassespoints to a need to combine them with a forage with a high N content. 
The ideal N concentration in the rumen for efficient digestion has been variously 
estimated at 50-70 mg/litre (Satter and Slyter, 1974) and at 150-200 mg/litre 
(Krebs and Leng, 1984). These levels are not easy to maintain in stall-fed 
animals over a 24-hour period, particularly if the feed is mature grass and it is 
fed in insufficient quantities. Plant and protein degradation depends on the 
physical nature of proteins, their release from plant cells, the concentration of 
proteolytic enzymes and the time available for proteolysis. In tropical forages, 
more than 20% of plant proteins are present in structures such as the vascular 
bundle sheath which are resistant to microbial attack (Egan, 1985). The presence, 
of tannins in legumes and browse species may also result in binding of proteins 
and thus inhibit microbial attack. This may not necessarily have a negative 
impact on the animal if the proteins can be released post-ruminally and thus be 
available to enzyme digestion (Mueller-Harvey et al, 1988). 

Plant considerations 

In the presence of adequate rumen N concentrations, microbes will ferment fibre 
to obtain energy for growth and synthesis of new cells. The byproducts of such 
fermentation include the volatile fatty acids (VFAs) acetate, proprionate and 
butyrate which are the main energy nutrients absorbed in tie rumen. Degradation 
ofspecialised plant material by microbes varies from tissue to tissue, decreasing 
in the order: mesophyll and phloem >epidermis and parenchyma sheath > 
sclerenchyma and lignified vascular tissue (Akin, 1982). Tropical grasses have 
few mesophyll cells between vascular bundles (as a consequence of adaptation to 
a C-4 photosynthesis pathway) and have a high proportion of lignified vascular 
tissue. Both factors combine to lower the dAegradability of these grasses. As plant 
cells mature, their cell walls thicken and deposition of hemicellulose and lignin 
increases, further reducing degradability. Thus diets based on tropical grasses 
should be supplemented with forages high in readily degradable tissues. 

In addition to adequate N and energy supplies, rumen microbes require a 
stable pH environment (6.5-6.8). Production of VFAs tends to lower the rumen 
pH and thus there is a need to buffer the rumen pH to the optimum level of 
6.5-6.8. Forages encourage buffering through increased salivation (Van Soest, 
1982) and by the buffering capacity and cation exchange of fibre (McBurney et 
al&,1986). Tropical grasses and straws have low ion-exchange and buffering 
capacities while tropical legumes and citrus have high ion-exchange and 
buffering capacities (Van Soest, 1988). Interestingly, 4n legumes this buffering 
capacity is due to the high lignin content of these species. Lignin has been found 
to have a high capacity for cation exchange (McBurney et al, 1986). This cation 
exchange is also important in mineral nutrition, a component of forage quality 
that is usually overlooked. 
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The chemical composition of the fibre is important in providing indications 
of fementation rates. However, interactions between environment and plant 
physiology and growth are sufficient to render associations between fibre 
components and nutritive value unreliable (Van Soest, 1988). In general, a high 
content of neutral detergent fibre and lignin results in lower fibre degradation 
compared to a low content of both. Although legumes have morz lignin than 
grasses they are degraded more, mainly because of their high N content and the 
fragility of their cell walls in addition to their good buffering capacities and 
higher content of readily degraded specialised tissues of mesophyll and phloem. 

Tropical legumes and browse species also contain phenolics, other than 
lignin, which limit the digestibility of cell wall carbohydrates and proteins. 
Palatability of feeds is also usually affected (Rced et al, 1988). The most 
important non-lignin phenolic compounds seem to be tannins. Tannins help to 
inhibit attack on lignified tissues by fungi and bacteria (Barry and Blaney, 1987). 
Recent research indicates that condensed tannins are more important than 
hydrolysable tannins in affecting digestion of feeds (Reed, 1986). Use of 
browseable tree species as supplements should be done keeping in mind the 
possible negative effects of tannins. 

The next section gives a few examples of the application of these principles 
in designing forage-based diets for ruminants. 

APPLICATION OF THE THEORETICAL CONCEPT TO PRACTICE 

One of the biggest challenges in feeding low quality forages is to increase their 
intake in animal diets. Chemical treatments, while successful, present several 
practical problems for smallholder agriculture. Addition of higher quality feeds 
to a poor-quality basal diet is more practicable. If the addition does not result in 
reduced intake of the basal diet, then the added feed is a supplement. If fe 
addition results in reduced intake of the basal diet but an increase in total intake, 
then a substitution effect exists. Since high quality feeds are available in small 
quantities, it is preferred to use them as supplements rather than as substitutes. 

A classic case of substitution is reported by Njwc and Olubajo (1989) who 
fed fresh Guatemala grass (Tripsacum laxwn) with various combinations of 
cassava flour (up to 200 g/day) and groundnut cake (up to 150 g/day) to West 
African Dwarf goats weighing 9-15 kg. Total dry-matter intake increased with 
increasing additions of both cassava flour and groundnut cake. Intake of cell 
walls, acid detergent fibre and cellulose (all components of the basal diet) 
increased. Fresh Guatemala grass had adequate readily degradable carbohydrates 
and, having poor buffering capacity, was unlikely to prevent pH falling below 
6.2 when supplemented with cassava flour (another source of readily degradable 
carbohydrate). Adding a protein source that was low in fibre did not improve 
buffering. It is worth noting that animal productivity in terms of liveweight gain 
was increased by substituting concentrates for the basal diet. The merits or 
demerits of this substitution then depend on the economic returns to the farmer. 
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An example of supplementation is given by Ayoade (1989) who fed maize 
bran (up to 200 g/day) to Malawi indigenous goats fed a basal diet of pigeon pea 
(Cajanus cajan) pods. Dry-matter intake of the pods was not changed by adding 
maize bran but total dry-matter intake, and digestibility of dry matter and organic 
matter, increased. Maize bran presumably supplied readily fermentable 
carbohydrates which provided energy to the rumen microbes and thus improved 
cellulolytic activity. The buffering capacity of pigeon pea pods ensured that 
rumen pH was not severely lowered and thus fibre digestion was not negatively 
affected. 

Nuwanyakpa and Butterworth (1987) found that supplementing a diet of 
molasses and teff straw with varying levels of Trifolium hay increased total feed 
intake and apparent digestibility of dry matter, neutral detergent fibre and 
nitrogen. The results support the hypothesis that legume supplements enhance 
intake and digestion iri ruminants. More important, they also indicate the -value 
of forage with readily degradable tissue (Trifolium hay) as a supplement to crop 
byproducts with limited readily degradable tissues. 

The value of using green forage, particularly leguminous forage, has been 
described by Ndlovu and Buchanan-Smith (1985), Dixon and Egan (1987) and 
Elliot and McMeniman (1987) based on stall-fed animals. No reports were found 
on grazing animals. A possible experiment would involve grazing/browsing on 
green forage for a limited time (say 1-2 hours) plus unlimited access to mature 
dry hay. Fodder banks could be used for the restricted grazing cn green forage. 
This area requires fuilher research. 

CONCLUSIONS 

Livestock productivity from forage-based diets can be improved by making use 
of current knowledge on the rumen ecosystem and on the qualities of different 
forage species 
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ABSTRACT 

An experiment was conducted to study the effect of kapokseed cake, cottonseed 
cake and sunflowerseed cake, fed as protein-source supplements to Chloris 
gayanahay, on the performance of weaned calves. Crude-protein intake was 
421, 300, 426 and 395 g/day, and metabolisable-energy intake was 35.3, 34.0, 
36.6 and 35.4 MJ/day, for kapokseed cake, maize bran, cottonseed cake and 
sunflowerseed cake, respectively. Both crude-protein and metabolisable-energy 
intake were significantly (P<0.001) different between treatments. 

Calves receiving cottonseed cake had significantly (P<0.01) higher growth 
rates compared with the other treatments. Growth rates were 630, 490, 720 and 
620 g/day for kapokseed cake, maize bran, cottonseed cake and sunflowerseed 
cake, respectively. When growth rate was adjusted to constant crude-protein and 
metabolisable-energy intake there were no significant differences between 
treatments, indicating that the three seed cakes were equally effective in 
promoting the growth rate of weaned calves. 

RESUME 

Effet sur lesperformancesde veaux sevris de la complementation defoin de 
Chloris gayana avec troissourcesde prot~ines 

Une expiriencea it effectude en vue d'dtudierl'cffe4 sur les performancesde 
veaux sevrds, de l'utilisationde tourteaux de kapok de coton et de tournesol 
comre sources de compMments proteiquesdefoin de Chioris gayana. La 
consommationde protdinesbrutes dtaitde 421, 300, 426 et 395 g parjouret 
celle d'dnergiemdtabolisablede 35,3, 34,0, 36,6 et 35,4 MJparjour 
respectivementpour le tourteaude kapoA; le son de mais, et les tourteauxde 
coton et de tournesoLLes diffdrencesde consommationde protdinesbrutes et 

25
 



d'dnergiemdtabolisable 9taient significatives(P<O,O01).Les taux de croissance 
des veaux recevantdu tourteaude coton etaient significativement superieurs 
(P<0,01)t ceux des veaux soumis aux autres regimesalimentaires.Les chiffres 
enregistrdsdtaient de 630, 490, 720 et 620 g parjour,respectivementpourle 
tourteaude kapok, le son de mais et les tourteaux de coton et de tournesoL Une 
fois ces taux corrigsdes variations de la consommationde prote ines brutes et 
d'energiemetabolisable,il n'y avaitplus de diffdrence significativeentre les 
traitements,ce quisignifie que ces trois types de tourteauxse valent en ce qui 
concerne la croissancedes veaux sevrds. 
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ABSTRACT 

The degree of degradability and utilisation of forages by ruminants may vary 
between forages and between animals, the latter as a result of passage rate and 
basal diet, In the semi-arid environment of northern Kenya, the quality of forage 
decreases considerably during the dry seasoa1, and consequently rumen 
dry-matter digestibility (RDMD) of forages by livestock is also reduced. Astudy
comparing RDMD of major forage species by camel, cattle, sheep and goats 
showed no significant differences between animal species within seasons, except 
for the camel whose RDMD of grass was significantly lower than that for the 
other herbivores. Comparisons between seasons showed that RDMD was lowest 
in the very dry season in all species. Overall, camels, and to a lesser degree 
goats, had superior DMD to sheep and cattle across seasons. The very dry season 
(January-March) is the crucial period for a high quality forage supplement 
intervention for all livestock species; cattle suffer the most due to their high 
reliance on grass, the least nutritive of the forage compoiients during this period. 

RESUME 

DigestibUitide la matihreseche dans le rumen chez les camdlidis,les bovins, 
les ovins et les caprins dans lazone semi-arided'Afrique de l'Es9 

Chez les ruminants, le degr6 de degradationet d'utilisationdesfourrages 
depend du type de fourrage.II est en outrefonction de I'espdce animale,compte 
tenu notamment de l'importancedu rythme depassagedes alimentsainsique 
des caractdristiquesde la rationde base.Dans lazone semi-aridedu 
nord-Kenya, les fourragess'appauvrissentconsiddrablementau cours de la 
saison sche, ce qui se traduitparune baisse de la digestibilitdde la matire 
s&he dans le rumen des ruminants.Cette dtude a dtd effectude pourcomparerla 
digestibilitdde la matiresche desprincipalesesp~cesfourragresdans le 
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rumen chez les camdlid&,les bovins, le; ovins et les caprins.Aucune differewe 
significativen'agt enregistr~eentre les diffJrentes esp ces au cours d'une 
mimesaison, erceptionfaite des camlidAs chez lesquels la digestibilituddes 
gramines6tait significativement inf6rieured celle des autres herbivores.Quelle 
quesoit l'esp&eanimaleconsid .rie, la digestibiitede la mati~re s&he Jtait 
minimum au coursde la saisontrs s&he. Touter saisonsconfondues, la 
digestibilitdde la mati~re s&che des cam~lideset, dansune mobidre mesure,des 
caprins, tait sup~rieure celle des ovins et des bovim. Quelleque soit l'espece
animaleconsider&e, la saison trs sche (janvier-mars)constitue lap~riode
critiquede compl~mentation, les bovins conraissantalorsune situation 
particulirementdifficile compte tenu de leurprefdrencemarqu e pour les 
graminin, pluspauvres que les autresespcesfourrageresen cette p~rioded 
l'anne. 

INTRODUCTION 

Ruminant animal production contributes substantially to the world's human food 
supply, especially in those marginal areas where pastoralism is the order of life. 
This is mainly due to the ability of ruminants to convert carbohydrates found in 
the fibrous parts ofplants to high quaiity human foods. The nutritive value of 
forages for ruminants depends on the ability of rumen microorganisms to break 
down the plant cell wall and ferment the carbohydrates (Nelson et al, 1976). The 
degree of degradability and utilisation of forages by ruminants varies between 
forages (Duble et al, 1971: Utley et al, 1971) and between animals, the latter as a 
result of passage rate (Hennessey et al, 1983) and basal diet (Lindberg, 1981;
Weakley et al, 1983). Most researchers employing the nylon-bag technique (van
Dyne, 1962) to study ruminant digestion ase a specific basal diet so as to 
minimise any variations between animals and different trial periods within 
animals. However, while the results gained do indicate relative dry-matter
digestibilities (DMD) of forages, they do not represent natural conditions where 
the animals are free-ranging and there is variation in basal diets and hence in 
DMD efficiencies. 

In semi-arid and arid tropical ecosystems, the quality of forages decreases 
greatly during the dry season (Migongo-Bake and Hansen, 1987). Since the basal 
diet influences DMD in the rumen (Weakley et al, 1983), all herbivores should 
perform poorly at this time, but the animals that will perform best will be those 
with higher digestive efficiencies. At other times of the year, inherent differences 
in diet selection of different herbivore species might lead to variation in basal 
diets and hence in the DMD of forages. 

The aim of this research was to find out whether, for free-ranging livestock 
species, differences in basal diet between species within seasons, and within 
species between the green and the dry seasons, led to any significant differences 
in DMD efficiencies for given forage species. This would aid in decision making 
on when an intervention, such as use of dry-season forage reserve, would be 
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most appropriate. The study was carried out in a semi-arid area of Marsabit 

District, Northern Kenya, in 1981/82. 

MATERIALS AND METHODS 

Animal species 

Four castrates, a camel (Caneliusdromedarius),a steer (Bos indicus), a sheep 
(Ovis aries)and a goat (Caprahircus) were fitted with -umen cannulae and used 
for dry-matter digestion trials using the nylon-bag technique (van Dyne, 1962; 
0rskov et al, 1988). Throughout the experimental period, all four individuals 
appeared to be as healthy as animals not included in the trial. The experimental
animals grazed on open range every day and were watered at the normal 
watering rates for livestock in the region when water is readily available (green 
season), namely every seventh day for camels, every third day for sheep and 
goats and every other day for cattle. 

Forage species selection, collection and preparation 

The sources of forages used in the trials included trees/shrubs, sub-shrubs and 
grass. The selection was based upon thorough feeding observations (Buechner, 
1950) to determine the most preferred species. Species observed to be selected 
most by the four herbivores were collected once every month; only parts eaten 
were collected. The samples were air-dried at the prevailing daily temperature 
(between 20 and 40°C) until no further weight loss was observed. They were 
then ground in a Wiley mill through a 1-mm screen and subsamples were used in 
the digestion trial. Forage species preferred by one animal species were also used 
for digestion trials in the other three species so as to compare the digestive 
efficiencies of the four animal species for similar forages in the range. A standard 
sample of Chrysanthemum cineariaefolium,a forb, was used as the control 
forage in all of the trials. 

Nylon-bag degradability trials 

The nylon-bag technique is a simple, cheap and direct method of evaluating
feeds, especially where laboratory facilities are not available (Orskov et al, 
1980). The method gives a rapid estimate of the disappearance of the tested 
feedstuffs in the rumen, and also allows the disappearance of the tested sample to 
be studied with respect to time. It is therefore possible to link the degradation of 
a feed with its retention time in the rumen (Orskov et al, 1980). However, the 
nylon-bag technique only estimates the dry-matter disappearance rate (DMDR)
of feed from the bag; it gives no direct information on the chemical nature or the 
nutritive value of the tested feed. 
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The number of bags used in digestion trials is a function of their size and 
weight, and different authors have used different numbers in different animal 
species (Miles, 1951; Mehrez and 0rskov, 1977; Rutagwenda, 1989). In this 
trial, the number of bags and the incubation times used were a compromise
between two factors: a large enough sample for effective analysis; and the 
retention of a microbial environment in the rumen that was as normal as possible. 

The nylon bags used in this trial were 4 x 7 cm in size. The quality of the 
nylon material (50 threads per cm; pores between the threads could not be seen 
using 400x magnification) was such that solids could not enter or leave the bag 
(Johnson et al, 1982). Samples (2 g) of the forage to be tested and of the control 
forage were put into preweighed (nearest 0.01 g) nylon bags; five replicates were 
used for each forage. The samples were incubated for 48 hours (Nocek, 1985; 
Walli et al, 1988). After incubation the bags were thoroughly washed until the 
water coming out of the bag was clear (Mehrez and 0rskov, 1977; Demeyer et 
al, 1982, Varga and Hoover, 1983; Fadlalla et al, 1987). After washing, the bags 
were squeezed to remove excess water (Playne et al, 1978; Varga and Hoover, 
1983) and then air-dried at the prevailing daily temperature (between 20 and 
40'C) until no further weight loss was observed. They were then weighed to the 
nearest 0.01 g and the weight of the sample determined by subtracting the weight 
of the bag. 

RESULTS 

Seasonal RDMD comparisons between the four herbivore species are shown in
 
Table 1.There were no differences between the species in RDMD of forages
 
from trees/shrubs and sub-shrubs. However, camels were significantly inferior
 
digesters of grasses compared with the other herbivores. The RDMD of the
 
sheep and steer were affected the'most across seasons while the goat and the
 
camel showed least variation. The majority of the significant differences
 
observed within species were between the second green and the second dry
 
seasons, the wettest and driest, respectively, of the study period.
 

DISCUSSION 

Average rainfall over the study area during the four seasons of the study period 
was: 
• first green season (April-June): 76 mm 
* first dry season (July-September): 0 mm 
* second green season (October-December): 182 mm 
• second dry season (Jan,.ary-March): 17 mm 

Although there was no rainfall during the first dry season, overcast skies for 
most of the period meant that it was less dry, in terms of negative effect on 
vegetation, than the second dry season when cloudless skies resulted in more 
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Table 1. 	 Seasonal rumen hy -mauer digestive efficiency oftthe ca'ne steer, goat and sheep in a 
semi-as-d region ofnorthern Kenya 

Dry-matter digestive efficiencies (%) 

Second green Second dry 
Firstgreen season First day season season season 

Mean 	 SD Mean SD Mean SD Mean SD 

T sr -ubs 

Camel 76.4 15.0 70.3 9.0 78.1 5.9 63.6 10.0 

Steer 76.7 23.7 71.2 18.4 80.9 5.9 61.3 2.8 

Goat 76.3 14.7 71.7 6.9 84.0 5.3 54.8 12.2 

Sheep 76.7 14.7 60.8 7.4 85.5 4.2 62.9 4.7 

Number of plant 10 11 12 11 
species 

Sub-ahrubs 

Camel 71.2 14.1 55.7 15.2 69.7 11.0 58.4 11.6 

Steer 69.4 15.8 69.8 11.9 76.0 11.3 54.5 9.6 

Goat 69.9 17.1 65.0 17.2 77.4 6.7 59.1 9.2 

Sheep 64.7 18.1 64.6 14.6 70.4 13.0 60.8 9.0 

Number of plant 11 11 11 10 
species 

Grasses 

Camel 54.1 10.8 49.6 3.1 55.4 11.5 49.1 7.2 

Steer 74.4 6.6 59.4 7.8 64.4 5.7 60.9 6.6 

Goat 71.1 8.7 59.8 0.9 69.0 4.4 59.1 4.1 

Sheep 69.8 8.7 65.1 13.1 66.8 5.1 60.5 6.3 

Number of plant 17 16 17 17 
species 

direct radiation and hence greater evapotranspiration. This led to reduced forage 
availability and quality through death above-ground of grasses and most 
sub-shrub forage species. 

Because the study area was in a remote semi-arid region, it was considered 
unwise (because of the high risk of wound infection) to fistulate more than one 
individual per species until survival and continuous good health of the fistulates 
was established. Figroid et al (1972), working with rumen-fistulated steers, noted 
that although some variation was found between steers, it was a small part of the 
overall variance in the nylon-bag technique when relative values between 
treatments were considered. This suggests that the error introduced into the 
digestion trial results through the use of one animal should not be large as long 
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as several replicates are used and the standard deviation of these remains small. 
Five replicates per trial were used in this study.

The type of diet consumed by an inoculum donor has been shown to affect 
in vitrodigestion (van Dyne, 1962). Other research (van Keuren and Heinemann, 
1962; Hopson et al, 1963; Neathery, 1969; Weakley et al, 1983) has shown that 
in situ digestion of forages is influenced by the type of forage fed to the host 
animals. The livestock species observed in this study grazed on a common open 
range. RDMD values were not significantly different (P>0.05) between the steer,
sheep and goat within seasons. This suggests that although the diet compositions
of these animals varied, the quality of the diets did not differ much and so the 
rumen microbial populations were probably similar, both quantitatively and 
qualitatively. Although the camel was not significantly different from the other 
species in RDMD values for forages from tree/shrub and sub-shrub components,
its RDMD values for grasses were lower, often significantly so (P<0.05). Maloiy
(1972) reported that camels, which are chiefly browsers, tended to have a lower 
dry-matter digestive efficiency than zebu cattle on low quality hay. According to 
Hofmann (1973), true ruminant and pseudo-ruminant (eg, camels) browsers have 
rumen structural components adapted to a diet that has a high content of cell 
solubles but is also high in ligiun. The low RDMD efficiency of camels on grass
is probably a result of low populations of cellulolytic microbes in the rurnen 
since grass forms a minimal part of their diet in this ecosystem. In Somalia, 
however, camels' diets consist chiefly of grass (Newman, 1979), and so it would 
therefore be worthwhile studying the dry-matter digestive efficiency of grass,
and the composition of rumen microbial populations, of these animals. 

Hopson et al (1963) observed that the digestibility of forages in dacron bags 
was significantly higher when alfalfa was fed than when gras hays were fed. 
Annison and Lewis (1959) noted that a higher quality diet results in a more 
dense and vigorous rumen microflora as compared to a low quality diet. 
According to Weakley et al (1983) differences among diets in supporting

different rates of in situ dry-matter disappearance are probably due to a
 
combination of rumen microbial and physical factors that are subject to changes

in the diet. The quality of forages in the semi-arid region of East Africa decreases 
rapidly in the dry season. While the observed low quality of grasses results 
mostly from low crude-protein levels (Lindberg, 1981; Van Soest, 1982; 
Migongo, 1984), that in browse is mostly due to anti-quality factors such as 
lignin and tannins (Van Soest, 1982; Reed, 1983).

The observations in this study indicate that when seasons are extremely dry
and forage availability and quality are low, the RDMD values are also very low. 
This suggests that there is a limit to the extent that antmals can select for a high
quality diet that isscarce and still meet their daily rumen fill. Sheep, like goats,
have been shown to increase the particle retention time in the reticulorumen 
during the dry season, thus allowing lengthy degradation of the forages in their 
diet (Rutagwenda, 1989). Camels are mixed feeders but rely mostly on browse. 
However, they have been shown to increase their intake of the grass in the dry 
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seasons (Migongo-Bake and Hansen, !987). Thus camels may be forced to feed 
on grasses when they come across small 3elds of these (as are common in the 
area of study) so as to maximise their dietary intake. Therefore, it is the 
differences in the seasonal extremes that determine the extremes in forage 
availability and possible degree of selection. 

CONCLUSIONS 

While livestock in open range might select for high quality forage to maintain a 
relatively similar basal diet quality from season to season, the extent to which 
they can do this and still maximise their intake becomes significantly reduced in 
extremely dry seasons when forage biomass and its quality are low. This would 
result in a low quality basal diet, a less dense --id !ess vigorous rumen microflora 
and hence very low DM digestion such as was observed in the very dry season in 
northern Kenya, the area of this study. This study showed that the dry season 
(January-March) is the crucial period for high quality forage supplement 
intervention for all livestock species, and that cattle suffer the most due to their 
high reliance on grass, the least nutritive of the forage components during the 
this period. Camels, followed by goats, fare better, in terms of RDMD, than 
sheep and cattle, and appear to be better adapted in the utilisation of available 
feed resources across seasons. 
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ABSTRACT 

Dietary preference studies of indigenous animals in Isiolo District, northern 
Kenya, showed that cattle mainly depended on grass and ate fewer plant species 
than other livestock species; camels and goats preferred to browse in all seasons; 
and sheep selected more grasses in the wet season but consumed more browse in 
the dry season. There was a dietary overlap between camels and goats and 
between cattle and sheep; the lowest overlap was between cattle and camels. 
Dietary overlap between animals generally increased dunng the dry season. The 
different feeding behaviour and variable dietary overlap of different animal 
species suggest that a multi-species grazing system might help to stop further 
degradation of already degraded areas. 

RESUME 

Variationssaisonnieresde la composition des rationsdesanimauxd'elevage 
dns la zone semi-aride dans le nord-Kenya 

II ressort d'itudes effectudes sur lesprifgrencesalimentairesdes animaux de 
race localedans le district d'Isioloau nord-Kenya que les bovinsprdfdraientles 
gramineeset consommaientmoins les autresesp&es vegetalesque les autres 
epdces d'animaux;quant aux cantlideset aux caprins,leurprefdrenceallait 
aux ligneux, quelle que soit la saison;enfin, les ovinsprdfrraientles gramindes 
pendant l'hivernageet les ddlaissaientpourles ligneuxpendant la saisonsc/he. 
Les camdlides dtaientprochesdes caprinspar le goattandisque les Ones se 
rapprochaiemplutOt des bovins; les divergences les plus vrononcdes(noins de 
1%du temps consacre4 l'alitnenation)avaient etd observees entre ces derniers 
et les camdlidds.D'une manieregendrale lespreferencesdes diffrrentes esp~ces 
se rapprochaientau cours de la saisonsdche. 
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Etantdonnd la diversitd des comportements alimentaireset des 
convergencesobservdes entre les diversesesp~ces animales,l'associationde 
diversesespces voggtales surles parcoursdegradsdevraitpermettrede freiner 
cephgnondne de degradation. 

INTRODUCTION 

In many arid and semi-arid areas of the world, uneven rainfall distribution leads 
to wide fluctuations in the quantity and quality of forage available i,' animals. In 
northern Kenya, for example, which has a bimodal rainfall pattern . ith the long 
rains in March to May and the short rains in November and December, forage is 
plentiful during and immediately after the rainy seasons, but becomes scarce 
during the dry season, when some annual forages may disappear altogether 
(Herlocker, 1979; Rutagwenda, 1989). Different animals have evolved various 
mechanisms for coping with fluctuations in feed quality and availability (Langer, 
1988). Some select high-quality plants to feed on (Hofmann, 1973; Kay et al, 
1980); others improve the digestion of poor forage by prolonging the retention 
time of feed particles in the forestomach (Van Soest, [982; Van Soest et al, 
1988); and some adopt both mechanisms. 

This paper describes ihc diets selected by animals in northern Kenya, and 
how different animal species cope with dry seasons in this environment. It also 
suggests strategies for feeding animals during dry seasons. 

MATERIALS AND METHODS 

Study area 

The study was carried out at Ngarendare research station in Isiolo District, 
Kenya, 31C km north of Nairobi, at an altitude of 1100 m; annual rainfall here 
averages 510 mm. The vegetation of the study area is a thorn-bush savanna 
dominated by various Comiphora,Grewiaand Acacia species. There is also a 
sparse cover of annual grasses, herbs and shrubs. Acacia woodlands and dense 
bush dominated by Grewia species are found along seasonal water courses, and 
perennial grassland is found on the flood plains. Almost 400 different plant 
species have been identified in the grazing area of approximately 100 km2 

(W Schultka, Department of Botany, University of Giessen, Germany, personal 
communication). 

Experimental animals and theirmanagement 

The animals used in the study were two breeds of sheep, the Red Masai and the 
Somali Blackhead (body weight 19-55 kg); two breeds of goats, the Small East 
African and the Galla (body weight 23-47 kg); Small East African zebu cattle 
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(body weight 185-375 kg); and camels (Camelus dromedarius, body weight 
350-620 kg). All animals were male castrates. 

The animals were herded and watere1 according to traditional practices in 
the area, but were also treated against internal parasites three times a year and 
were provided with a mineral lick in the enclosure all the times. 

Vegetation biomass estimation 

Vegetation biomass in the grazing area was estimated once a month. An area was 
selected that appeared to represent the general grazing range, and three 100-rn 
transects were laid out in three different directions starting from a central point. 
Along each transect 1-m2 quadrats were placed at 10-m intervals and the plant 
material in each quadrat was clipped. The clipped vegetation samples were dried 
(first in the field and later at 70°C overnight in the laboratory) and the weights 
were recorded. 

Dietary preference 

Feed preferences were assessed by direct observations (Buechner, 1950; 
Schwartz, 1988) made every two weeks from 1984 to 1988. Six sheep (three of 
each species), six goats (three of each species), six camels and six cattle were 
observed for 10 minutes each between 0900 and 1100 hours. The time spent by 
each animal feeding on one plant was recorded to the nearest five seconds; the 
plant species and the part of the plant eaten were also noted. On each observation 
day, samples of the three plants most preferred by the animal were collected for 
chemical analysis and nylon-bag degradation studies. 

Dietary overlap between animal species was calculaied according to 
Rutagwenda et al (1990). 

Chemical analysis 

The 42 plant species most preferred by the animals were chemically analysed. 
Altogether 202 samples (34 grasses and 168 dicotyledons) were analysed for 
acid detergent fibre (ADF) and acid detergent lignin (ADL) according to Van 
Soest (1963; 1982) and Van Soest and Wine (1967). The cellulose content of the 
plants was calculated as the difference between the ADF and the ADI. contents. 
The crude-protein content of the plants was determined by the stand .rd Kjeldahl 
procedure. 

Degradation of the selected plants (nylon-bag technique) 

In the degradation experiments, eight sheep and eight goats (four of each breed), 
fitted with rumen fistulae, were used to test 285 samples (76 grasses and 209 
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dicotyledons) of 53 plant species (11 grasses and 42 dicotyledons) using the 
nylon-bag technique. 

Plant samples collected during the feeding observations were dried at 70"C 
for 24 hours and ground in a Wiley mill to pass a through a 2-mm screen; the 
samples were tested two weeks after collection from the field. The nylon bags 
used measured 15 x 7 cm and were made from a fine grade (pore size 35 tm) of 
nylon material (Linker KG, Kassel, Germany) according to the procedure
described by 0rskov et al (1980). A 5-g sample of ground plant material was 
weighed into each bag, the bags were tied with a nylon string, and five bags were 
fixed to a nylon washing line. The five bags on one line were introduced into the 
rumen at intervals and removed simultaneously (Nocek, 1985) to give incubation 
times of 6, 12, 24, 48 and 72 hours for single bags. After the bags were removed 
from the rumen they were washed with tap water until the effluent was clear, 
dried (first in the field and later at 700C for 24 hours) and weighed, and the dry 
matter disappearance was then calculated. 

RESULTS 

Vegetation biomass 

The vegetation biomass of the herb layer (excluding browse) varied according to 
the rainfall pattern, from 2000 kg/ha during the rainy season to as low as 700 
kg/ha during the dry season. 

Number of plants consumed 

Animals spent different times feeding on individual plants. The number of plants 
which occupied 90% of the feeding time of the animals, and the proportion of 
time spent feeding on dicotyledons (browses), during the dry and wet seasons are 
shown in Table 1. 

Cattle ate fewer (P<0.001) plants species in both seasons than other animal 
species, and fed on fewer (P<0.001) plants during the dry season than during the 
wet season. There were no differences in the number of plant species eaten by 
sheep, goats or camels. 

Cattle spent less time feeding on dicotyledons than other animal species. 
Both cattle and sheep spent much more time feeding on dicotyledons in the dry 
season than in the wet season. Goats and camels spent most of their feeding time 
on these species in all seasons. 

Dietary overlap 

The time spent by different animal species feeding on similar plants during the 
dry and wet seasons is given in Table 2. Camels and cattle had the lowest dietary 
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Table 1. 	 Number ofplms which occupied 90% of the feeding time andtime spent feeding on 
dicotyledons 

Dry season 	 Wet season 

Number of %of total Number of %of total 
Number of plant species time feeding Number of plant species time feeding 

Animal observation on observation on 
species days Mean SD dicotyledons days Mean SD dicotyledons 

Cattle 10 1.8 0.4 17 21 7.3 2.6 28 

Sheep 15 26.5 5.1 35 18 26.0 3.2 82 

Goats 15 25.8 4.2 86 18 27.0 2.1 84 

Camels 6 28.0 5.1 90 28 29.0 3.0 92 

overlap in all seasons. Camels and goats, and cattle and sheep, spent about 50% 
of their feeding time on similar plants during the dry season. Dietary overlap 
tended to increase during the dry season. 

Degradability of selected plants 

There were no differences between sheep and goats in the dry-matter
disappearance rate (DMDR) of plant samples in the rumen. There were, 
however, differences in DMDR between plant species. The 285 plant samples
tested were divided into three groups according to their DMDR at 48 hours: 
" Group 1: plants with DMDR less than 5C%at 48 hours (low quality)
* Group 2: plants with DMDR of 50-70% at 48 hours (medium quality)
" Group 3: plants with DMDR greater than 70%at 48 hours (high quality) 

Table 2. 	 Dietary overlap between animal spccies 

Dietary overlap (% of total feeding time) 

Dry season 	 Wet season 

Animal spcies Mean SD Mean SD 

Camels - cattle 3.3 3.3 8.5 3.3 

Camels - sheep 30.5 5.4 14.2 6.9 

Camels - goats 47.5 5.4 12.4 4.6 

Cattle - sheep 49.6 5.7 20.1 5.9 

Cattle - goats 12.6 3.3 23.3 4.0 

Sheep - goats 36.6 9.0 43.0 6.7 

The number of observations days in the dry and wet seasons, respectively, were: cattle (10,21); sheep 
(15,18); goats (15,18); camels (6,28) 
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Table 3. Time spentfeedingon plant species ofthe three qualitygroups 

%of total feeding time 

Dry season Wet season 

Animal 
species Group I Group 2 Group 3 Group I Group 2 Group 3 

Cattle 90 10 - 60 31 9 

Sheep 40 25 35 25 30 45 

Goats 15 35 50 7 35 58 

Camels 1 V 50 - 45 55 

The time spent feeding on plants of different quality groups is shown in 
Table 3.Cattle and sheep spent more time feeding on poor quality plants, and 
less time on medium and high quality plants, during the dry season than during 
the wet season. Cattle never seemed to feed on good quality forage during the 
dry season. Goats spent much more time feeding on medium and high quality 
plants than on low quality ones during both seasons. Camels never selected a diet 
of low quality during the wet season, and spent very little time on such diets in 
the dry season. Obviously goats and camels are better able to select higher 
quality plants than are cattle and sheep. 

DMDR of individual plants 

The DMDR of three monocotyledon species collected repeatedly during the dry 
and wet seasons were compared (Figure 1). The DMDR was significantly 
(P<0.001) higher during the wet season than during the dry season, indicating 
that the quality of monocotyledons was lower during the dry season than during 
the wet season. 

The DMDR of dicotyledons did not differ greatly from season to season 
(Table 4). 

Chemical analysis of the selected diet 

The crude-protein (CP) content of the diet selected by the animals was higher
during the wet season than during the dry season (Table 5). The CP content of 
the diets of cattle during the wet season was about twice that during the dry 
season. However, the diet of cattle had a lower CP content than that of other 
animals during all seasons. For the other animals, CP content of the diets was 
already high during the dry season. 

The estimated cellulose content ,)f the diets of cattle was high during the dry 
season and decreased during the wet season (Table 5). For the other animals 
cellulose content was low and did not change much between seasons. 
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Figure 1. 	Dry-matter dsappearance rate ofthree grays specieswhich were selectedrepeatedly 
duringwet and&y seasons 
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Table 4. 	 Dry-matter disappearance rate (DMDR) (mean of eight samples) oftwo representative 
dicotyledons Vernonia cinerascens and Indigofera spinoa collected during the dry and 
wet seasons 

Dry-matter disappearance rate (%DM) 

Dry seasonWet seasonIncubation tie 
(hours Mean SD Mean SD 

Vernonia cinerascens 

6 59.2 2.7 52.9 5.5
 

12 69.3 9.9 70.3 4.6
 

24 77.7 11.7 76.8 11.7
 

48 82.1 11.1 81.5 11.7
 

72 76.9 6.5 76.7 6.6
 

Indigofera .pnosa 

6 42.0 3.9 37.7 3.1
 

12 51.4 5.1 49.7 3.8
 

24 61.4 8.5 61.4 3.2
 

48 66.5 6.1 68.5 1.7
 

72 68.8 4.8 68.3 1.5
 

Table 5. 	 Crude-protein andcellulose contents of the diet 

Crude-protein content Cellulose content 
(%dry matter) (%dry matter) 

Animal species Dry season Wet season Dry season Wet season 

Cattle 4-5 10-12 37-40 32-36
 

Sheep 9-11 11-13 20-29 21-25
 

Goats 11-14 17-22 15-22 16-22
 

Camels 14-17 18-22 14-22 14-17
 

DISCUSSION 

This study in northern Kenya agrees with reports from other areas (Hoppe et al, 
1977; Coppock et al, 1986) that different livestock species select diets of 
different compositions. Cattle always prefer grasses (monocotyledons). Sheep 
are intermediate feeders; they prefer grasses during the wet season when these 
species are of good quality and are available in sufficient quantities, but as the 
dry season starts they switch to feeding on dicotyledons. Goats and camels are 
mainly browsers, spending over 80% of their feeding time on dicotyledons. 
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Dietary overlap (potential competition between animal species for available 
forage) is low between cattle and camels at all times, but high between camels 
and goats and between cattle and sheep during the dry season. Dietary overlap 
may no^ be critical during the wet season when forage is abundant, but during 
the dry season competition may reach critical proportions if animals depend on 
few plant species. These findings suggest a means of improving range 
management and reducing pressure on vegetation in overgrazed aridand semi­
arid areas, namely adopting multi-species grazing systems whereby animals with 
different feeding strategies are kept together. For example, keeping cattle and 
camels together should lead to improved forage utilisation, as cattle would use 
grass not used by camels and camels would use browse not used by cattle. 
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ABSTRACT 

The chemical composition, total dry-matter and crude-protein yield, and the 
grass/legume ratio, were evaluated in a trial involving Brachiariaruziziensis 
planted alone or in associations with the legumes Desmodium unrinatum,D. 
intortum and Stylosanthes guianensis.Plots were cut back after a regrowth 
interval of two months. Results indicated significant increases in yields of total 
dry matter (388-524%) and crude protein (403-1012%) from grass/legume 
treatments over sole plots of B. ruziziensis.The proportion of legume dry matter 
in grass/legume mixtures ranged from 25 to 38%. The crude-protein contents of 
B. ruziziensis from mixed grass/legume treatments and from sole plots were not 
significantly different. Mixtures of B. ruziziensiswith D. intortum and D. 
uncinatuinwere outstanding in total dry-matter and crude-protein yield. 

RESUME 

Performancesde culturesassocides de Brachiariaruziziensis avec 
Desmodium intortum, Desmodium uncinatum et Stylosanthes guianensis d 
Dschang (Cameroun) 

La composition chimiqu4 la teneur en matiere sche, le taux de protdines brutes 
et le rapportgramndes/ldgumineuses ont dtd ddterminds dansun essai rdalisd 
sur Brachiaria ruziziensis en culture pure ou en association avec les 
ldgumineuses Desmodium uncinatum, D. intortum et Stylosanthes guianensis. 
L'intervalleentre coupes Jtait de deux mois. I1ressort des rdsultats enregistrds 
que les rendements en matiere s&he (entre 388 et 524%) et les taux deprotdines 
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brutes (entre403 et 1012%) taientplus dlevds sur lesparcellesa association 
graininees-l9gumineusesque sur lesparcelleso B. ruziziensis en culturepure. 
Lapart des ldgunineusesdans la natidresche des indlanges graminges-
Idgumineusesvariaitde 25 1)38%. La teneuren protdines brutes de B. 
ruziziensis n'dtaitpas significativementdiffdrente entre les parcellesde cultures 
assocideset celles de culturepure.Les rendementsen inaticresdche et la teneur 
en protdinesbrutesdes indlangesde B. ruziziensis avec D. intortum et D. 
uncinaturn 9taientexceptionnellement dlevds. 

INTRODUCTION 

The high nitrogen content of leguminous species contributes to improving the 
nutritional quality of the diet of grazing ruminants. The presence of legumes in 
pasture also increases the nitrogen content of grass species through subterranean 
absorption from leguminous roots. Moore (1962) reported that the nitrogen 
content of young Cynodonplectostachyusplants increased from 1.8 to 2.4% in 
association with Centrosemapubescens while Jones et al (1967) also reported
increases in nitrogen content of Paspalwnplicatulum from 0.8 to 1%and 1.2 to 
1.4% when associated with Macroptiliumatropurpureui andLotononiabainesii. 

It has also been observed that association of legumes with grass species 
tends to increase total dry-matter yield per hectare. Whitney and Green (1969) 
reported that association of Digiariadecwnbens with Desmodium canum and 
Desinodiwn intortwn resulted in dramatic increases in total dry-matier and 
crude-protein yields. 

The objective of this study was to determine the effect of associating 
Brachiariaruziziensis with Desmodium intortum, D. uncinatun or Stylosanthes
guianensison total dry-matter and crude-protein yield, grass to legume ratio and 
nitrogen content of B. ruziziensi. 

MATERIALS AND METHODS 

The study was carried out at the University Centre of Dschang, Cameroon 
(altitude about 1500 in). Climatic dat, for Dschang are given in Table 1. 

Brachiariaruziziensiswas planted in sole stand or with a legume, 
Stylosanthes guianensis,Desmodtium intortum or D. uncinatun,in a randomised 
complete block design having four treatments and five replicates. The size of 
each plot was 6 x 4 m,and all plots were separated by a 1-m wide path. 

Drills of B. ruziziensiswere alternated with those of leguminous species at a 
spacing of 1 m. After planting the plants were allowed to establish and 
completely cover the soil surface before data collection commenced. All plots 
were cut back and allowed a regrowth period of 60 days before they were 
harvested for data collection. The cutting height was 10 cm. Only the central 
2 m area was harvested to avoid border effects. After harvest of each plot, the 
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Table 1. RaWal amd mes tuNperaurea atDschwn& Cameroon (1500 m alitude), 1989 

Temperatures (Ca 

Number of Monthly 
Month rainy days rainiall (mm) Minimum Maximum Average 

January 2 9 11.5 27.0 19.3
 

February 0 0 13.1 28.6 20.8
 

March 11 133 15.3 28.4 21.8
 

April 18 126 16.4 26.7 21.5
 

May 18 173 16.0 25.7 20.8
 

June 22 286 15.7 24.8 20.2
 

July 23 168 15.7 23.4 19.5
 

August 27 278 15.7 23.7 19.6
 

September 24 321 15.7 24.9 20.3
 

October 20 140 15.5 25.4 20.4
 

November 6 20 14.7 26.5 20.6
 

December 1 11 13.7 27.0 20.3 

Total 172 1655 

total fresh weight of forage and of the B. ruzizienis and legume fractions were 
determined. Samples (500 g) of fresh forage were collected for laboratory 
chemical analysis to determine contents of dry matter, asl, crude protein, crude 
fibre, ether extracts and nitrogen-free extracts. The data obtained were 
statistically analysed using the procedures of Steel and Tone (1980) for analysis 
of variance; differences between treatments were determined using the Duncan's 
multiple range test. 

RESULTS 

The effect of associating B. ruziziensis with various legume species on 
dry-matter yield is indicated in Table 2. Dy-matter yield ofB. ruziziensiswas 
significantly (P<0.05) higher in associations with legume species than in sole 
plantings. The dry-matter yield ofB. ruziziesis was higher (P<0.05) when 
associated with D. unc/natum than with either D. iortnumorS. guianensis. 
There were differences (P<0.05) in the proportions of the legumes in the 
mixtures, S. guianensis beLg the most abundant. 

The presence of legumes in plots plants with B. ruziziensis boosted total 
dry-matter production by up to 524%. 

Table 3 shows the effect of legumes on total crude-protein yield and crude­
protein content of B. ruziziensis. Total crude-protein yields from grass-legume 
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Table 2. Effect of associationofBrachiana ruziziensis with legumesspecies on dry-matteryield 

% Increase 
Legume in DM yield 

Grass DM DM Total DM compared 
(kg/ba) %Grass (kg/ha) % Legume (kg/ha) to control 

Treatment Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE 

B. ruzizienss 1792 221 100 - - 1792 221 ­
(control)
 

B. ruziensis+ 6918 116 67.6 8.5 3316 96 32.4 6.9 10234 1956 471 51 
D. intortum 

B. ruz.',iensis + . u 8426 894 75.3 11.3 2764 265 8.6 1221 63D. uri/natr 24.7 11190 524 

B. ruztZf5sis + 373 769 61.5 5.9 3365 315 38.5 5.9 8738 999 388 38 
S. guicmensis 

mixtures were significantly (P<O.01) higher than from sole grass plots, and plots
with D. uncinatwn yielded significantly (P<0.05) more crude protein than plots 
with the other two legunts. 

Differences between crade-orotein content of B. ruziziensisfrom control 
plots and from plots with legumes were not significant. 

DISCUSSION 

The higher total dry-matter and crude-protein yields from mixtures of legumes
with B. ruziziensis than from grass monocultures agree with work by Whitney 
and Green (1969) who found similar yield improvements in work on Digitaria
decumbens associated with Desmodium intortum and Desmodium canwa.The 
increase of crude-protein yield may be attributed to the nitrogen-fixing ability of 
legumes, and the effects this has on nitrogen content of associated grass species. 

The presence of legumes in pastures has two important beneficial effects. 
First, it reduces the need to provide nitrogen supplements to grazing ruminants. 
And second, the nitrogen-fixing capacity of legumes in pastures offers a cheaper 
alternative to expensive nitrogenous fertilisers. However, the supply of seed 
material may constitute an important constraint that needs to be overcome. 

Contrary to observations by Moore (1962), Jones et al (1967) and Birch and 
Dougall (1967) that the N content of grass increased when planted in association 
with legumes, the present study did not find significant differences in N content 
of B. ruziziensisin monoculture or mixed with legumes. This is probably a 
reflection of late harvest of forages, at the stage of seeding, when reserves of 
nitrogen in roots, stems and leaves have been mobilised for seed production.
Harvesting earlier, especially before flowering, may provide a more meaningful 
assessment of the effect of legume mixture on grass nitrogen content. 
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Table 3. 	 Effect of asociationof Brachiaria nziziensis with legumA on the crude-proteincontent 
ofthe grasse and averagecrude-proteinyieldof plct, 

Crude-protein content 
Crude-protein yield % increase compared ofB. ruziziensis 

(k/ha) to control (%) 

Treatment Mean SE Mean SE Mean SE 

B. ruziziensis (control) 113 17 -	 6.30 0.45 
B.ruziz"ensris +D. ins + 851 250 468 78 5.38 0.41 
B. nizinoi + 

.r
D. uncinatun 1166 204 777 103 7.08 1.04 

B. ruiziensis + 754 142 408 88 5.62 0.24 
S. guianensis 

CONCLUSIONS 

The contribution of legumes to improving the crude-protein yield ofpasture is 
evident. This greatly improves the quality and quantity of the ruminant diet 
during the dry season when the nutritional quality of grasses is poor. Different 
intervals of cutting need to be investigated to determine the o'ptimal time for 
harvesting grass-legume mixtures for feeding to ruminant livestock. The 
introduction of legumes to pastures and farming systems is one of the cheapest 
ways by which the poor countries of the world can sustain soil fertility. This will 
obviously have a positive impact on ruminant productivity. 
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ABSTRACT 

Livestock production in Malawi i. seriously affected by feed shortages duriug 
the long dry season, at which time growth rates and body weights are reduced. 
Also, reproductive activities coincide with low protein supply, as most calves 
and kids are dropped during the dry season. Stylosanthesspp, unlike most other 
legumes, grow successfully under many ecological conditions, including infertile 
a-idic soils. Several methods for introducing Stylosanthes spp into natural 
pastures have been evaluated with success. With dry-matter yields of more than 
5 t/ha, and crude-protein contents of more than 12%, these legumes have shown 
potential for arresting body weight changes during the dry seasons. Thus fodder 
banks of Stylosanthesspp seem a possible cheap source of supplementary 
protein, compared with expensive commercial supplements such as cottonseed, 
groundnut and sunflower cakes. The national implications for pasture and soil 
stability, increased herd size and the supply of red meat are discussed. 

RESUME
 

Mise en placede banquesfourrageresde Stylosanthes en vue de l'levage des 
ruminantsauMalawi 

L 'dievage est sdrieusement affecidparles pdnuriesd'alimentsdu bdtailque 
connait le Malawi au cours de la longuesaisons&he caractdriseparun 
ralentissementde la croissanceet une baissedu poids des animaux. Rdsultat de 
taux defdconditd dlevJe des femelles, laplupartdes veaux et des chevreaux 
naissentau cours de la mme pdriode.Onpeut recourir auxbanquesfourrageres 
de Stylosanthes pour rdsoudrele probidmne de l'insuffisancedesprotdines,lequel 
coincide avec unepdriode defortes activitdsreproductrices.En effet, le 
Stylosanthes constitueune source bon marcU deprotdines,compardeaux 
tourteauxde coton ou d'arachidedont laproductionest tributairede la 
pluviositd. 

- - - .1.r .%_f_-­



En outre, contrairement4 laplupartdes autresldgumineuses, Stylosanthes 
est adaptd ade nombreux environnements,y compris les sols acidespauvres. 
Plusieursmdthodes d'introductionde Stylosanthes dans lespturagesnaturels 
ont 9M dvaludes avec succ&s. Des rendements deplus de 5 t/haet des teneurs en 
pr6'cines de plus de 12% ont dte enregistrds et son fourragepermataitaux 
animaux d'amdliorer leur dtatphysique. Enfin, ceue Etude a en outre permis 
d' valuer les consdquences, d l'dchelle nationale, de l'introductionde 
Stylosanthes sur la stabilitd des parcours, la taille des troupeaux et l'offre de 
viande rouge. 
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ABSTRACT 

Astudy was carried out to evaluate the nutritive value of indigenous browseable 
trees and to determine the patterns of utilisation of these trees by cattle and goats 
in two semi-arid areas. These trees are of good nutritive value: both leaves and 
pods have a high content of crude protein (7-28%) and low to mezlam content 
of neutral detergent fibre (11-64%). Livestock eat leaves in the wet months of 
November to February and pods in the dry months of May to September. Tree 
species that produce both leaves and pods thus contribute substantially to the 
diets of livestock in the areas studied. The results indicate that the current 
recommended stocking rates for these areas need to be reappraised as they were 
calculated excluding the contribution of trees/browses. More research on the 
propagation and utilisation of these species is required. 

RESUME 

Valeur nutritivedes especes de ligneuxfourragersen animaledans ies 
pdturagescommunaux des zones semi-aridesdu Zimbabwe 

Une 4tude a 9dt effectue en vue de d&erminer la valeur mtritivedes espacesde 
ligneuxfourragersrencontr~esdans les deux zones semi-aridesdu Zimbabwe 
ainsique leurmode d'utilisationparles bovins et les caprinsdansces r6gions. 
Ces ligneux ont une bonne valeur nutritive dans lamesure og leurs feuilles et 
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leurs gousses sont richesen protdines brutes(7-28%) etpauvresou 
moyennement riches enfibresNDF(11-64%). Les animaux consommaient les 
feuillespendant l'hivernage(novembre-fvrier)et les gousses en saisons~che 
(mai-septembre).Parconsequent, les esp&es ligneusesproduisantdlafois des 
feuilles et des gousses entrentpour unepartimportantedans l'alimentationdes 
animaux dans ces regions.Au vu de ces resultats,les chargesrecommandes 
pources zones doivent &re revisees dans la mesureo4 elles ont ete calculdes 
sans tenir compte de l'importancedes ligneux et des arbresfourragersdans 
l'alimentationdes animaux.Des dtudes supplmentairess'av rent necessaires 
sur la dissdminationet 'utilisationde ces esp&es vgetales. 

INTRODUCTION 

The semi-arid communal areas of Zimbabwe, Natural Regions IV and V 
(Vincent and Hack, 1960), are characterised by low rainfall and poor sandy soils. 
Cropping consistently fails in these areas, and so livestock production is the 
dominant agricultural activity. livestock management is rudimentary and 
consists mainly of herding the livestock in the veld. Grass is limited and only
available in the rainy months of December to March. Indigenous browseable 
species play an important role in the survival of livestock in these regions, 
particularly during those months when grass isunavailable. 

However, most research on livestock feeds and feeding in Zimbabwe has 
concentrated on cereal crop grains (Topps and Oliver, 1978), agricultural 
byproducts (Ndlovu and Manyame, 1988; Smith et al, 1990) and protein
supplementation (Sibanda, 1990), all ofwhich are either unavailable or available 
only in very limited quantities in semi-arid areas. Very little is known about the 
nutritive value of indigenous browseable tree species. This study therefore aimed 
to evaluate the nutritive quality ofsuch trees and to establish patterns of their 
utilisation by cattle and goats thr9ughout the year. 

MATERIALS AND METHODS 

Study sites 

The study was carried out at two sites in the Gwanda District of Matebeleland
 
South Province in Zimbabwe (29"E, 21"S).
 

Site 1was Wenlock Communal Area in Natural Region IV, at an altitude of 
900-1200 m. Annual rainfall is 450-650 mm; average temperatures are 22-30"C 
in summer and 10-16"C in winter. The vegetation of the area is the dry Miombo 
woodland (FAO/UNESCO, 1978) and is dominated by Terminaliasericeaand 
Julbernardiaglobifloratrees. Other tree species, such as Colophospermum 
mopane,Combretum spp, Kirkia acuminata,Sclerocaryacaffra and Acacia, 
Albizia and Grewiaspecies dominate in the dark gneiss-derived soils. 
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Site 2 was the Gwaranyemba-Gwanda-Dibilishaba Communal Areas in 
Natural Region V,at an altitude of 600-900 m. Annual rainfall here ranges from 
300 to 500 mm, and average temperatures are 25--34°C in summer and 14-22°C 
in winter. The vegetation of the area is the Mopane Tree Savanna, dominated by
Colophwspernum mopane on the alkaline soils and Combretwn apiculatun,
Kirkia acwninata,Adonsonia digitataand Sclerocaryacaffra on dolerite-denved 
soils. Acacia,Albizia and Grewiaspecies are found on dark gneiss-denved soils 
as at Site 1.The only grasses found at both sites are annuals, such as Boscia, 
Aristidaand Panicwn spp.

Inboth areas cattle and goats are the dominant livestock species and on 
average each farmei owns 10-17 head of cattle and 10-20 goats. The normal 
stocking rate is 3-4 ha/tropical livestock unit (TLU: 1 TLU =250 kg
liveweight), which is considered excessive based on the recommended stocking 
rate of 5-6 ha/TLU. 

Data collection 

A total area coverage approach was used in order to have a spatial representation
of the areas. Key informants, identified among farmers, agricultural extension 
workers and part-time farmers, were given formal questionnaires on utilisation 
of indigenous tree species. Hand-clipped samples of leaves, twigs and pods of 
browseable tree species were collected throughout one calendar year: samples 
were analysed for crude protein (CP) and neutral detergent fibre (NDF) using
AOAC (1985) methods. Patterns of utilisation of different parts of browseable 
tree species were determined from visual observations by the researchers with 
the assistance of the key informants. Distribution (density and occurrence) of the 
tree species was assessed in selected representative locations within each site. 

RESULTS 

Many of the tree species were common to both sites, but site 1 had a higher
overall tree density than site 2 (Table 1). At both sites, leaves were the tree parts 
most utilised by livestock. 

Chemical analysis of the tree parts eaten by the animals (Table 1)showed 
high CP and low to medium NDF contents. In the two species in which leaves 
were analysed at different stages, NDF content increased and CP content 
decreased with maturity. For A. niloticaand D. cinerea,leaves had a higher CP 
and lower NDF content than pods.

Patterns of utilisation of browseable trees by cattle and goats are shown in 
Table 2. Cattle fed mainly on leaves between October and January while goats
fed on leaves between December and March. Pods were preferred by both cattle 
and goats in the months ofJune to September. Cattle ate species like C. P"-pane
and D. cinereaalmost all year round while goats mostly ate Acacia spp ai,, D. 
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Table 1. Densities, occurrences and crudeprotein (CP) and neutral detergent fibre (NDF)
 
contents (ofthe parts utili ed by livestock) of browseable tree species
 

Approximate tree Occurrence Chemical content 
density (fraction of of parts used 

(trees/m) locations visited) (%) 

Species Site 1 Site 2 Site 1 Site 2 Parts used CP NDF 

Leaves 11.25 13.20
2/4 - Po s . 3 1 3. 14A cacia nilo ca 0.2 - Pods 7.31 33.14 

Acacia tortilis 1 2-3 3/4 5/5 Leaves 19.12 -

Aftelia q-uzensis - 0.002 - 1/5 Leaves 19.74 50.96 

Early leaves 18.46 44.16 
oophe 3 1 2/4 3/5 Mature leaves 15.42 47.58

Colophospennum 
mopane Dry leaves 14.86 56.90 

Combretum apiculatum 1 0.01 3/4 5/5 Leaves 21.50 18.34 

Combretum hereroense 1 0.007 2/4 1/5 Leaves 8.51 19.27 

Combretum imberbe - 0.001 - 1/5 Leaves 13.00 28.20 

Commiphora africana - 0.003 - 2/5 Leaves 17.64 -

Dichrostachys cinereo 1 0.01 4/4 3/5 Leaves 28.54 45.93 
Pods 13.98 54.54 

Grewia bicolor 1 1 3/4 5/5 Leaves 21.12 60.71 

Grewiaflavescens - 1 - 1/5 Leaves 11.45 32.40 

Kirlda acuminata - 0.003 - 3/5 Leaves 8.11 11.80 
Lonchocarpuscapassa 0.2 - 1/4 - Early leaves 22.29 59.08 

Mature leaves 12.72 63.83 

Piliastigma thonningii 0.4 - 3/4 - Pods 7.87 55.37 

Terminalia sericea 1 - 2/4 - Leaves 9.15 20.23 

cinerea all year round. Leaves of Grewiaspp were eaten in the wet months of 
December and January, while leaves ofA. quanzensis,K acuminata and P. 
thonningiiwere eaten in the dry months ofJune to October. 

DISCUSSION 

Tree density seems to be affected by rainfall; site 2 had a lower tree density than 
site 1. While tree density is important ir indicating the amount of biomass 
available to livestock, CP and NDF contents indicate the quality of the biomass; 
in general, feed quality increases as CP content increases and/or NDF content 
decreases. On this basis, the Combretwn and Acacia species and K. acuminata 
are good quality browses. The role of C. apiculatumin livestock production is 
limited by its low density. There is a need for research to study the possibility of 
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Table 2 Tee parts eaten by cattle and goats during the year 

J F M A M J J A S 0 N D 

Cattle 

Acacia nilotica P P P P 

Acacia tordlis P P P P 

Afzelia qumzensis L L L L L 

Colophospennum mopane L D D D L L I. 

Combretwn apiculanum L L L L L 

Combretum hereoense L L L 

Combretum imberbe L L 

Conniphoraafricana L L L 

Dicdrosuachys anerea L L L L P P P P P L 

Grewia bicolor L D D D L L 

Grewiaflavescens L L 

Kirkia acuminata L L L L L L 

Lonchocarpjs capassa L L 

Piliostigma thonningil L L L L 

Terminalla sericea L L 

Goas 

Acacia notica L L L P P P P L 

Acacia tortilis L L L P P P P L 

Dichrostachys cinerea L L L L L P P P P L 

P = Pods; L = Leaves; D = Dry leaves and pods 

seeding and propagating C. apiculatum.Unavailability notwithstanding, cattle 
eat C. apiculatun leaves for five months of the year, indicating that the leaves 
are quite palatable to them. 

Of the tree species that serve as livestock feed throughout the year, C. 
mopane is the most interesting. In October-December, C. mopaneproduces 
reddish brown young leaves that livestock eat avidly, but only after they have 
been cut and wilted for a day or two; mature green leaves are not eaten at all. 
The dry leaves are often covered with sweet-tasting mucilage, produced by 
insects, which apparently enhances their palatability. No information is available 
on the chemical composition of the mucilage. Research is needed to establish 
optimal utilisation of C. mopane which is highly drought-resistant and has a high 
CP and moderate NDF content. 

The other tree species eaten by livestock throughout the year is D. cinerea. 
Cattle browse on the leaves from December to April, and on pods from May to 
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September. The pods are not processed in any way, and this lack of processing 
could reduce their effective utilisation. 

Acacia species are thorny and only goats, which have pointed snouts and 
mobile lower lips, are able to avoid the thorns and browse on the leaves. Cattle 
only eat the pods from Acacia species. 

The abundance of pods in the dry months of June to September partly 
accounts for the survival of livestock during this time, even though, according to 
official stocking rates, these areas are overstocked. Official stocking rates were 
calculated without taking into account the contribution of browseable trees. 

It is interesting that cattle at both sites cat tree parts for 10 months of the 
year. Bovines, as a species, are grazers, but the cattle indigenous to these areas 
have adapted to the shortage of grazing and have become facultative browsers. 

There is need for more intensive laboratory evaluation of these browseable 
tree species, not only on their CP and NDF contents but also on pott ntial 
anti-nutritional factors. At present very little information isavailable on the 
presence of polyphenolics in these species, even though these compounds are 
known to affect digestibility and utilisation of forages (Barry and Manley, 1986). 

CONCLUSIONS 

The results of this study show that browseable trees are highly nutritious and 
contribute substantially to the diet of livestock in these communal areas. 
However, stocking rates were calculated excluding the contribution of trees. 
Incorporating this contribution in the calculations could clear up some of the 
contradictions between tile people's need for livestock and policy-makers' fears 
of environmental degradation if livestock numbers increase. 

More research is needed on the propagation of these browseable tree 
species and on technologies to increase their productivity and utilisation. The 
current trend of introducing non-indigenous tree species at the apparent expense 
of the indigenous ones should be re-evaluated. 
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ABSTRACT 

Fifteen sheep and 15 goats, each suckling a single offspring, were allocated to 
three grazing treatments: Atriplex nummulariashrubs plus undisturbed annual 
ground vegetation (GV) (Ti: control); Atriplex plus GV reduccd by herbicide 
spraying (T2); and Atriplex plus reduced GV plus concentrate supplement (T3). 
The proportions of GV in the diets were 75% in T'. aiA 50% in T2 and T3. 

Dry-matter intake and free-water consumption were measured over 40 days 
together with milk production and chang, in liveweiglt and body solids. 
Dry-matter intakes and liveweight changes of ewes plus iambs were 106 g/kg 
LW " and -31 g/day in T1, 80 g/kg LW"7 and -93 g/day in T2 and 78 g/kg 
LW°" and -37gday in T3: the corresponding values for does plus kids were 
104 g/kg LW° 7 and +44 g/day in T1, 88 g/kg LW °75 and +34 g/day in T2 and 
94 g/kg LW° "7 and +38 g/day in T3. All mothers lost weight and body solids. 
Goats drark less water than sheep. The milk production of does was almost three 
times that of ewes. Goats terlded to utilise Atriolex diets better than sheep. 

RESUME 

Performancesde brebis et de chevres allaitantesi1eviessurparcours 
d'Atriplex nummularia et d'herbagesen zone semi-aride au dibutde la 
saison seche 

15 brebiset 15 chPvres, allaitantchacuneun petit, ont gtg soumises d l'un des 
trois rdginesalimentairessuivants:Atriplex nummularia plus de la vdg6tation 
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naturelle(tbnoin)(Ti);Atriplex plus de la vdg4dtation naturelleen partieddtruie 
parpulvgrisationd'herbicide(T2); et T2 plus un compldment de concentr6 (T3).
La vdgdtationnaturellesurpied entraitpour 75% dans la rationTi et pour50% 
darts les rationsT2 et T3. 

Les consommations de biomassede matieresche (MS) et d'eau ainsique
les variations du poids vif,du poidssec et de la productionde laitont &e 
mesurOes sur une pdriode de 40jours. La consommation de MS et la variation de 
poids vifont dd d&termindespour la mtre et son petit pris ensemble. A cet eflet 
les chiffres enregistrdschez les ovins dtaientrospectivementde 106 glkg PIXY 
et -31 g/j avec la rationTi, 80 g/kg PV 75 et -93 gj avec T2 et 78 g/kg PV '75 et 
-37 g~l avec T3. En ce qui concerneles caprins,les valeurscorrespondantes
dtaientrespectivement de 104 g/kg PV

V75 
75 et +44gliouravec la rationT1,

-7588 g/kgPV et +34gljouravec T2 et 94 g/kg PV et +38g/j avec T3. On a 
enregistr une baissedupoids vifet dupoids sec chez toutes les mires.Quanta 
la consommation d'eau, elLe variaitde 1,3 d4,5 kgparkilo de MS inggrde et 
etaitplus elevee chez les ovinsque chez les caprins.Les ch6vres produisaient 
pros de troisfoisplus de lairque les brebis.Enfin, l'utilisationde ces rations 
contenantdu fourraged'Atriplex diait gdndralementmeilleurechez les caprins 
que chez les ovins. 

INTRODUCTION 

Halophytic shrubs of the genus Atriplex, particularly A. nummularia(oldman
saltbush), tolerate high levels of salt in soil and water and resist low and high
environmental temperatures and droughts (Pasternak et al, 1986; Uchiyama,
1987). With its remarkable phytomass production and regrowth after browsing,
and its relatively high crude-protein content and apparent high digestibility
coefficients, this shrub might be a valuable protein supplement to nutrient­
deficient herbage on rangelands and in ar'd and saline zones. 

Results ofprevious studies on the effect of Atriplex on livestock 
performance have been inconsistent. In some grazing experiments in Australia,
Chile and Israel, no or only temporary advantage could be attributed to the 
presence of saltbush (eg, Benjamin, 1980; Benjamin et al, 1986; Leigh, 1986).
Only from South Africa and Libya it is reported that the addition ofAtriplex to 
the diet of sheep substantially increased their liveweight (Jacobs and Smit, 1977; 
Dumancic et al, 1982). 

Goats are reported to be more efficient utilisers of tree and shrub vegetation
than sheep (Merrill and Taylor, 1981) but little information is available on their 
performance onAtriplex diets. Goats also appear to drink less water per unit 
liveweight than sheep (Ghosh, 1987). This is of interest for management
decisions, as the ingestion of considerable amounts of salt via Atriplex, and the 
accompanying increase in water consumption (Wilson, 1966; Arieli et al, 1989), 
may restrict the use of this shrub as feed in arid environments. 
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This paper reports on a comparative study of the responses of sheep and
 
goats to Atriplex diets with varying proportions of ground vegetation or
 
concentrate supplement. The parameters assessed were liveweight, chemical
 
body composition, milk production and intake of free water and dry matter.
 

MATERIALS AND METHODS 

The experiment was carried out at the Migda Experimental Station in northern 
Negev, Israel (longitude 340 35' E; latitude 310 22' N; altitude 100 m) during the 
early dry season (24 March to 20 May 1988). The site is situated in a semi-arid 
area with a mediterranean t)pe steppe climate and annw2 rainfall of 270 mm 
(SD=70 mn), all of which falls between November and April. In 1983, a 3-ha 
field had been planted with A. nummulariashrubs at a density of 1056 shrubs/ha. 
In summer 1987 the plantation was grazed until the shrubs were completely 
defoliated. They had a good biomass regrowth before the experiment began. The 
field was divided into three equal sections, one for each treatment, and each 
section was subdivided into two plots, one for sheep and one for goats. Two of 
the sections were sprayed with a herbicide to reduce the availability of natuml 
herbaceous ground vegetation and one was left undisturbed. Ground vegetation 
consisted primarily of annual and perennial grasses and a few forbs and thistles. 

The experimental animals weiw German Mutton Merino x Awassi x Finnish 
Landrace sheep and Damascus x Local Black Bedouin goats. Fifteen ewes and 
15 does, each suckling a single offspring, were selected and, within each species, 
were divided into three equal groups by matching for date of parturition and 
liveweights of mothers and offspring. T7he three groups of each species,
consisting of five mothers with their five offspring, were then allocated to one of 
the following grazing treatments: 
* 	 A. nummulariashrubs and undisturbed ground vegetation without 

supplementary feeding (T1)
" A. nummulariashrubs and reduced ground vegetation without 

supplementary feeding (72)
" 	 A. nummulariashrubs and reduced ground vegtation plus concentrate 

supplementation (13). 
Treatment T1 represented good ground vegetation biomass availability after 

a winter with high rainfall, while treatments T2 and T3 represented biomass 
availability following a drought. 

Animals began grazing at about 0800 hours and were corralled at the end of 
the day at about 1600 hours, at which time mothers in the T3 groups were 
individually fed 300 g pelleted concentrate feed (consisting mainly of maize, 
barley grain and soy). The animals changed to the next replicate plot when all 
the shrubs in their respective plot were completely defoliated, even if some 
ground vegetation still remained. Therefore, the total number of grazing days 
was not equal for all treatments. Grazing times on T1, T2 and T3 were, 
respectively, 47, 44 and 44 days for sheep and 47, 44 and 48 days for goats. 
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Before and after grazing in each plot the animals were separated from feed 
and water and the adults were injected intramuscularl, with about 1 mg tritiated 
water (TOH), at the rate of 5 ACi/kg liveweight, four hours after separation; the 
exact dosage of TOH was determined by weighing the syiinges before and after 
the injection. Blood samples (10 ml) were taken from the jugular vein before the 
TOH injection and again after a further fast of 12 hours when TOH had 
equilibrated. At times of blood sampling all animals were weighed to the nearest 
0.5 kg to determine shrunk liveweight. 

Plasma was separated by centrifugation and stored at -4°C. Duplicate sub­
samples (100 mg) of plasma per animal were weighed to the nearest milligram 
into counting vials. The samples were mixed with 5 ml of Bray's scintillation 
fluid and stored in the dark for 24 hours. Samples, and diluted TOH standards, 
were counted for radioactivity in a Kontron liquid scintillation counter for three 
minutes. The results were corrected for quenching and background activities and 
expressed as disintegrations per minute (dpm). When radioactivity of plasma 
duplicates differed by more than 5%a new set of duplicates was prepared. 

The following formulae were used to calculate body water space labelled by 
tritium dilution (TOH space) and body solids: 

(dpnlmg standard) x (mag TOH injected)
 
TOH space (kg) = (dpm/mg plasma sample) x 1 000 000
 
Body solids (kg) = liveweight (kg) - TOH space(kg)
 
The average daily dry-matter intake was calculated from the difference of 

estimated biomass of the vegetation components before and after grazing in each 
plot. Shrub biomass was estimated by the method of Seligman et al (1986) and 
ground vegetation biomass was determined by the calibrated weight estimate 
method of Tadmor et al (1975). 

Samples of feedstuffs were dried and ground to pass through a 1-mm 
screen. Crude protein (N x 6.25) was determined by the Kjeldahl method and 
crude ash was obtained by incinerating at 550°C for four hours. The in vitro 
digestibility of feedstuff dry matter was determined by the method of Tilley and 
Terry (1963). 

Water troughs equipped with swimmer automates supplied groups of 
animals separately. The flow of water was measured with an automatic water 
meter. Drinking water was available ad libitun,but access to the troughs was 
restricted to one hour after grazing commenced in the morning and one hour at 
the end of the day. 

Daily (24-hour) milk production was estimated four times in each group. 
Two methods were used. In one, offspring were separated from their mothers for 
12 hours and then weighed on an electronic balance, accurate to 25 g, before and 
after suckling. The process was repeated after another 12 hours of separation. In 
the second method, mothers were separated from their offspring for 12 hours and 
then injected with 5 ml of oxytocin per animal. Afterwards, their udders were 
milked out by hand and the amount of milk was measured volumetrically. Total 
milk produced per day per mother was calculated by summation. 

66 



Three-way analyses of variance were carried out for different criteria using
 
species, treatment and replicate as independent variables. Computation- were
 
done using the statistical package Statview-512.
 

RESULTS AND DISCUSSION 

Nutritive value of feedstuffs 

Crude-protein and crude-ash contents and in vitro digestibility ofA. nummularia, 
ground vegetation and concentrate feed are summarised in Table 1. (The Atriplex
samples analysed comprised 25% soft terminal twigs and 75% leaves; these were 
the proportions of the plant parts seen to be eaten by the animals.) The crude­
protein content of Atriplex (10.5%) is at the lower end of the expected range 
(Beadle et al, 1957; Kandil and El Shaer, 1989). The digestibility of Atriplex 
(73.3%) is,however, slightly higher than expected (Benjamin et al, 1986. 1987a; 
Silva-Colomer et al, 1986). The ground vegetation remained green for about 10 
days at the beginning of the experiment but then dried out within eight days. 

Dry-matter intake 

Dry-matter intake was measured for each "production unit" (mother and 
offspring) rather than for individual animals. Results are shown in Table 2. 

Intakes were highest in T1, where the high proportion of ground vegetation 
in the toial diet represented good biomass availability after a winter with high 
rainfall. In 'T2 and T3, where the ground vegetation was artificially limited to 
represent a drought yeor, total intakes decreased but the share of Atriplex 
increased. The intake depression was more pronounced in sheep than in goats. 
Feeding the concentrate supplement (T3) increased total ' .e of goats but 
suppressed intake ofAtriplex. Insheep fed the concentrate, total intake decreased 
slightly. 

Table 1. Crude-protein and crude-ash contents and in vitro dry-matter dgestibilities offeedstuffs 

In vitro dry-matter 
Crude protein Crude ash digestibility 

() (M) () 
Feedstuff Mean SD Mean SD Mean SD 

Atriplex nmmularia 10.5 1.55 25.2 1.66 73.3 3.51 

Ground vegetation 

Green 8.9 0.28 9.0 0.77 75.2 0.69 

Dry 5.0 1.35 7.5 0.99 44.1 3.89 

Concentrate 15.4 0.68 7.7 0.56 81.4 1.21 
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Table 2. Ddly dby-.mater intees ofsheep and goats 

Dry-matter intake per production unit 
(mother + offspring) 

Ground 
Content in total diet 

(M) 
vegetation 

(g/day) 
Atriplex 
(g/day) con- Total 

Ground centrte gkg LWO.75 

Treatment vegetation Atripex Mean SD Mean SD (g/daY) g/day per day' 

Sheep 

TI 72.6 27.4 2401 238 907 375 0 3308 106.2 
T2 51.9 48.1 1248 197 1157 92 0 2405 80.4 
T3 43.5 43.6 1018 255 1020 135 300 2338 77.6 

Goa" 
TI 72.6 27.4 1944 193 734 413 0 2678 104.4 
T2 49.7 50.3 1099 231 1113 99 0 2212 88.1 
T3 48.9 38.3 1148 110 899 89 300 2347 93.6 

'Mean metabolic weight calculated as mean LW0"75 of moher plus mean LV.0 15 offsping 
TI =A. nummuariashrubs and undisturbed ground vegetation without supplementary feeding
T2 =A. nummuhmia shrubs and reduced ground vegetation without supplementary feeding
'13=A. nummu/daia shrubs and reduced ground vegetation plus concentrate supplementation 

Waterintake 

Daily free-water intakes of sheep and goats and their offspring are shown in 
Table 3. Average absolute water intake remained constant within species,
irrespective of treatment, with goats drinking less than sheep. This constancy
does not mean that water intake was unaffected by treatment; the reduced 
dry-matter intake, and therefore the reduced water demand, in T2 and T3 
obviously just compensated the increased water requirements with enhanced 
Atriplex intake. Actually the ratio of water to feed intake rose in T2 and T3. 
Sheep were more affected than goats. 

With time, and therefore increasing temperatures and decreasing moisture 
content of the ground vegetation, water intake increased significantly (P<0.01).
In sheep in 172, for example, the absolute water intake almost trebled, from 3.6 to 
9.5 kg. This effect largely masked minor influences from species or treatment. 

Other studies of sheep on Atriplex diets have found water-intake values of 
1-8 kg/head or 0.5-5.9 kg/kg DM1 (Wilson, 1966), 4-8 kg/head (Jacobs and 
Smit, 1977) and 7.9 kg/head or 10.3 kg/kg DM1I (Arieli et al, 1989). For goats,
values of 0.5-1.6 kg/head (Hassan et al, 1982) and 3-4 kg/head or 4-6 kg/kg
DM1 (Kandil and El Shaer, 1989) are reported. Ghosh (1987) quotes several 
sources where goats had lower water requirements than sheep under similar 
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Table 3. Mean daily water intake andratio ofwater to feed intake ofsheep and goats 

Water intake per production unit (mother +offspring) 

kg/day 

Mean metabolic weight calculated as mean LW of mother plus mean LW 82 of offspring 

Treatment Mean SD Lg/kg DMNIper day kg/kg LW0 "8 2 per dayb 

Sheep 

T1 6.44 2.35 1.95 0.16 

T2 6.23 1.58 2.56 0.16 

T3 6.71 2.21 2.98 0.17 

Goats 

T1 5.27 2.18 1.94 0.16 

T2 5.25 1.46 2.34 0.16 

"3 4.99 2.14 2.14 0.16 

Totl dry-matter intake, including concentrate 
' 2 

°'

TI =A. nummuiariashrubs and undisturbed ground vegetation without supplementary feeding 
T2 =A nunsmdariashrubs and reduced ground vegetation without supplementary feeding 
T3 =A.nwnmularia shrubs and reduced ground vegetation plus concentrate 3upplementation 

conditions (values in the ranges 0.09-0.19 kg/kg LW° '82 in goats and 
0.11-0.21 kg/kg LWO-82 in sheep). In the present study water intake on a 
metabolic weight basis was not different between sheep and goats but absolute 
water intake and the water ,ofeed intake ratio were lower in goats. In general te 
values are very comparable to those of Ghosh (1987), although those were not 
established on Atriplex diets. 

Milk production 

Milk production of ewes and does, as determined by two methods, is shown in 
Table 4. The two methods did not produce constantly different or similar results, 
and neither method could be clearly preferred over the other. Theoretically, the 
oxytocin method should give slightly higher values as the residual milk in the 
udder, which is not normally released, is included. 

Several factors, such as the difference in time between sampling days and 
therefore possibly different milk production, and minor technical disturbances 
(wind, spillage), made both techniques rather crude and, given the high standard 
deviation of the data, it was not possible to quantify the influence of diet 
treatment on milk production of ewes or does. However, in both cases the 
methodology was good enough to show huge differences in milk production 
between ewes and does. On average, kids received almost three times as much 
milk as lambs did (618 vs 224 ml) and this difference was clearly reflected in the 
higher weight gains of kids compared to lambs. 
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Table 4. Milk production ofewes and does, measured by two methods 

Milk production (ml/day) 

Weighing Oxytocin 

Treatment Mean SD Mean SD Average 

Ewes 

T1 280 220 "16 112 198 

T2 170 157 296 234 233 

T3 200 160 280 180 240 

Does 

Ti 860 540 538 98 699 

T2 610 417 442 203 526
 

T3 650 366 610 187 630
 

T1 =A nummuiwaia shrubs and undisturbed ground vegetation without supplementary feeding
 
72 =A numndivia shrubs and reduced ground vegetation without supplementary feeding
 
T3 =A. nummularia shrubs and reduced ground vegetation plus concentrate supplementation
 

Lveveights 

Mean lveweights and liveweight changes of ewes, lambs, does and kids are 
presented in Table 5.Initial liveweights within a class of animal (ewes, lambs, 
does, kids) were not significantly different (P>0.05). Between species and 
be',,,een classes of animals there were significant differences (P<0.05). All 
mothers lost weight; all offspring gained weight. On a production unit (mother 
plus offspring) basis, sheep lost weight and goats gained weight in all treatments. 

Gains of kids tended to decrease on reduced ground vegetation (T2) 
compared to T1,but losses of does remained constant. For sheep, gains of lambs 
were constant but ewes lost weight significantly. Compared to T2,concentrate 
supplements (T3) improved performance of all classes of animals except does. 

Differences between treatments were not significant (P>0.05). Nevertheless, 
they seem to be real as they largely correspond to the pattern found in the milk 
production and feed intake results. 

In a similar trial at the same site in the wet season, lactating ewes lost 147 
and 18 g/day at high and low stocking rates, respectively, while their suckling 
lambs gained more than 200 g/day. The animals browsed about 700 g DM/day 
from shrubs including Atriplex; although little ground vegetation was available 
they received 1.5 kg concentrate per ewe (Be,jamin et al, 1987b). Compared to 
that result, a maximum average lob of 120 g/day per ewe and a gain of 27 g/day 
per lamb in T2,where no concentrate was given and ground vegetation was 
limited, seems a rather good performance at a low input level. In a study by 
Dumancic et al (1982), ewes fed in pens on cut-and-carry A. nummularia orA. 
halimus showed liveweight changes of 10 and -27 g/day, respectively. 
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Table S. Mean Uiveweights andliveweightchanges ofewes, hab. does amd kid, 

Ewes +
 
Treatment Eaes Lambs lambs Does Kids Does + kids
 

Uvewelh1 atstartof experiment (kg) 

TI 49.3 27.1 76.4 38.0 20.3 8.3 
T2 51.4 27.1 78.5 38.7 20.2 58.9 
T3 49.6 25.6 752 38.0 20.5 58.5 
IIveweighI .lang during experinent (g/day) 

T1 -57a 26 -31 -37 81 44 
T2 -120b 27 -93 -32 66 34
 

T3 -80a 43 -37 -40 77 38 

Within a column and data set, means followed by the same letter, or no letter, do not differ significany 
(P>0.05). Species always differed significantly (PRO.05) 
T1 =A.nummuiwia shrubs and undisturbed huund vegetation without supplementary feeding 
T2 =A. nummudaria shrubs and reduced ground vegetation without supplementary feeding
T3 =A.nummuhmia shrubs and reduced ground vegetation plus concentrate supplementation 

Body solids 

Mean body solids and their changes in ewes and does are shown in Table 6. All 
mothers lost body solids. Both ewes and does lost more body solids in T2, where 
ground vegetation was limited, than they did in Ti. The relationship confirms the 
losses in liveweight of these groups. The heavy loss in liveweight of ewes in T3 
is not reflected to the same extent by a loss in body solids. It is possible that 
ewes profited relatively more from the concentrate supplement than does did. 

Table 6. Mean body solidyand theirchanges in ewes and does 

Treatment Ewes Does 

Body solids at start of experimznt (kg) 
TI 14.7a 9.4a 

18.Ob 11.2b
 
T3 14.2a 11.4a
 

Change in body solids during experiment (g/day) 
TI -10Ca -460a 

T2 -175b -98b 
T3 -9c -94b 

Within a column and data set, means followed by the same letter do not differ significantly (P'0.05).
Species always differed significantly (P<0.05) 
Ti =A nurnmuaria shrubs and undistuibed ground vegetation without supplementary feeding 
T2 =A nummidariashrubs and reduced ground vegetation without supplementary feeding
T3 =A. monmu/aria shrubs and reduced ground vegetation plus concentrate supplementation 
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The absolute values for body solids are probably underestimated as they 
were calculated from the TOH dilution space, and the TOH space may 
overestimate actual total body water (Panaretto and Till, 1963; Donnelly and 
Freer, 1974). A correction factor might be applied but it would affect the results 
equally and the relative change would remain the same. The daily losses of body 
solids were higher (except for ewes in T3) than the losses in liveweight. This 
means that the animals melted down their body fat reserves and incorporated 
water to the extent of around 50 g/day. In other studies whereAtriplex was a 
major part of the diet, both sheep and goats increased the proportion of water in 
their bodies (MacFarlane et al, 1967). 

CONCLUSIONS 

In the early dry season Atriple-grassland pa" tures can provide enough nutrients 
to does and kids for combined net weight gain, but not to ewes and lambs. 
Hence, goats tend to utiliseAtripler diets better than sheep do. 

Goats tend to drink less water than sheep, and to have a lower water to feed 
intake ratio, when fed Atriplex diets, although their milk production is higher 
than that of sheep. 

Even small amounts of concentrate improve the performance of mothers
 
and offspring fed diets containing about 50%Atriplex.
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ABSTRACT 

Smallholder dai.y production based on zero-grazed Napier grass (Pennisetum 
purpureumcv Bana) fed to crossbred Bos taurusx Bos indicus cows has been 
introduced to tropical subhumid East Africa. Leucaena leucocephalaforage 
offers a cheap, convenient source of supplementary protein. Thirty-six Ayrshire/ 
Brown Swiss x Sahiwal cows with one to four previous lactations and which 
calved during the period 26 March to 2 August 1990 were stall-fed individually 
to evaluate the effects of harvesting height of Napier grass (1.0 or 1.5 m) and 
level ofLeucaenasupplement (0, 4 or 8 kg fresh weight) on dry-matter (DM) 
intake of Napier grass, total DM intake, liveweight change and milk yield. The 
study began on day 15 of lactation and lasted 98 days. Average daily milk yieid 
and liveweight duning the second week of lactation were covariates for milk 
yield, and for DM intake and liveweight change, respectively. Harvesting height 
of Napier grass significantly (P<0.001) affected Napier fodder and total DM 
intakes, liveweight losses and average daily milk yield. Supplementation with 
Leucaena tended to increase Napier fodder intake, significantly (P<0.001) 
increased total DM intake and reduced liveweight loss, and increased (P<0.05) 
milk yield. The results indicate the importance of stage of harvesting of Napier 
fodder and the benefits from Leucaena supplementation in attaining an 
acceptable level of performance from crossbred dairy cows in the subhumid 
tropics. 
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RESUME 

Effet surdes vaches laiiires mntissesd'un alimentde base de Pennisetum 
purpumum (herbed dldphant)ricolt 4 deux h&uteurs de coupe compimenti 
avec troisniveaux defourragede Leucaena 

L'alimentationd l'augede vaches mdtisses Eos taurus x Bos indicus avec des 
rationsde base composdesd'herbed dldphant (Pcnnisetum purpureum) adi 
rdcemment introduitedons lespetites exploitationslaitiatesde la zone tropicale 
subhumide de l'Afrique de l'Est.Lesfourragesde Leucaena leucocephala 
constituentune source bon marcha de compldmentation protiique.36 vaches 
Ayrshim/Browt Swiss x Sahiwalqui avaientconnu de une d quatrelactations 
dans lepassdet avaientv4ld entre le 26 marset le 2 aoftt 1990 avaientdtd 
individuellementalimentdesd l'auge en vue d'dvaluerl'effet de la hauteurde 
coupe de l'herbe, dlphant(I met 1,5 m) et du niveau de compldnentationde 
Leucaena (0,4 et 8 kg defourrage) surla consonunationde mati&eseche de 
Pennisetum, la consommationtotalede matiresdche, les variationsde poidsvif 
et la production de lait.L'expdriencea dmarrdau 15' jour de lactationet a 
durM 98jours.Laproductionmoyenne de laitparjouret lepoids vif enregistrds 
au coursde ladeuxi~me semaine de lactationdtaientles covariables 
respectivementde laproductionde laitd'unepartet de la consommationde 
mati.resdche et des variationsdu poidsvif de l'autre.La hauteurde coupe avait 
un effet significatif(P<0,0O1)surla consommation de matiresdche totaleet de 
matieresdche d'herbeadldphant.L'apportde Leucaena se traduisaitpar un 
accroissementde la consommationd'herbea dldphant, une augmentation 
significative (P<0,091)de la consommatio" totale e matireseche, une baisse 
significative (P<P1,001) es pertesde poidset un accroissement(P<0,05) de la 
productionde tait.Ces rdsultatsfontressortirl'importancedu stade de coupe de 
l'herbea dephantet les avantagesd'une compldmentation de Leucaenapourles 
performancesdes vaches Iaitiatesmdtisses en zone tropicalesubhumide. 

INTRODUCTION 

A major constraint on dairy development in coastal subhumid Kenya is the 
inadequacy of feed resources available on the mixed crop-livestock smallholder 
farms targeted in the IMinistry of Livestock Development's National Dairy 
Development Programme (NDDP). Soils are free-draining and low in organic 
matter and fertility, factors which limit the productivity of forages. 

Natural pasture is scarce and of poor quality, and its availability in the 
future may be further restricted by subdivisions of farms into smaller units. Land 
tenure is freehold. Significant quantities of crop byproducts, with the exception 
of copra cake and maize bran, are not available. Cash shortages often limit the 
purchase of these concentrates by smallholder farmers. 
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To address these problems the Kenya Agricultural Research Institute and 
the International Livestock Centre for Africa carry out collaborative research on 
feed resources at the Regional Research Centre, Mtwapa, near Mombasa. The 
research focuses on developing systemrs with minimal purchased inputs which 
can intensify and sustain the production and utilisation of forages. The zero­
grazing package extended by the NDDP to smallholders is the target, and the 
objective is to have profitable milk production through producing, on-farm, 
adequate quantities of good quality dry matter for feeding throughout the year.

A review of past on-station forage research at the coast indicated the 
potential of Napier grass (Pennisetumpurpureumcv Bana), the legume shrub 
Leucaena and some herbaceous legumes. Experiences with these forages on 
farms supported by the NDDP, and the absence of research-based management 
recommendations, showed that on-station agronomic trials were required. The 
agronomy research concentrates on improving soil fertility and water-holding 
capacity through growing the Napier grass in an alley farming system utilising 
Leucaena hedgerows, combined with intercropped herbaceous legumes and the 
applicatlon of slurry (manure) (Mureithi, 1990). 

The animal nutrition research is integrated closely with the forage 
agronomy programme. Its objective is to develop feeding systems for zero­
grazed cows utilising the forage ',pecies from the agronomy programme. The 
experiments have measured feed intakes, liveweight changes and lactation 
performance of dairy cows fed a basal forage (Napier grass) diet supplemented 
with protein using locally produced feeds, especially legume forages, and the 
local crop byproducts copra cake and maize bran. 

An experiment in 1989 with Jersey cows supplemented with 300 g crude 
protein (CP) showed that dry-matter (DM) intakes and milk yields were similar 
whether the protein supplement was supplied by copra cake or freshLeucaena 
forage. This result suggested that reasonable performance could be achieved by 
supplementing a Napier basal diet with only a legume forage, which could be 
produced cheaply and conveniently on-farm. Consequently during 1990 an 
experiment was carried out to evaluate the effects on cow performance of levcl 
ofLeucaenasupplement and of the harvesting height of the Napier basal fodder. 

MATERIALS AND METHODS 

.3tudysite 

The experiment was carried out at the Regional Research Centre, Mtwapa, 
Kenya, 20 km north-west of Mombasa in the coastal lowland coconut-cassava 
agro-ecological zone (Jaetzold and Schimdt, 1983). During the study period, 
March to November 1990, mean monthly minimum and maximum temperatures 
were 20-24 and 24-27°C, respectively, and relative humrrity was iligh. During 
most of the experimcnt there was good rainfall and fast Napier grass growth. 
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Animals 

Thirty-six Ayrshire/Brown Swiss x Sahiwal cows of known t. .ed composition,
previous performance and service dates were purchased from a large local dairy
farm. They were representative of the crossbred dairy population found on 
smallholder farms at the Kenya coast. They had had one to four previous
lactations. The cows were housed in a well ventilated zero-grazing unit where 
they were fed chopped Napier fodder and some copra cake and maize bran until 
calving. They were treated with the trypanocidal prophylactic drug
isometamidium chloride (Samorin), and drenched with levamisole 
hydrochoride/oxyclozanide (Nilzan) against internal parasites. They were 
sprayed weekly with a dismidide acaricide (Triatix) to control tick-borne 
diseases. 

Diets 

Napier grass (Pennisenumpurpureumcv Bana) was harvested daily at heights of 
1.0 or 1.5 m, chopped with a motorised chopper into pieces about 20-50 mm 
long and mixed thoroughly before feeding. Leucaena forage (about 230 g crude 
protein/kg DM, 250 g DM/kg fresh matter) was harvested from well-e:tabljhed
hedgerows of the variety K28. It was cut in the evening for morning feeding and 
in the morning for the afternoon feeding. Stems thicker than 5 mm in diameter 
were removed from the forage before feeding. 

Experiment procedure 

The 36 cows were allocated to tw6 groups with greater or less than 50%Sahiwal 
genes. Cows from each group were then assigned at calving to treatment groups
in a 2 x 3 factorial design to evaluate the effects of harvesting height ofNapier
(1.0 or 1.5 m) and level of Leucaenasupplement (0, 4 or 8 kg fresh weight).
Where possible the six treatment groups were balanced for postpartum body
weight. All cows had good body condition. The cows calved between 26 March 
and 2 August and the experiment began on day 15 of lactation and lasted 98 days.

The cows were confined in individual stalls in the zero-grazing unit. Body
weights were recorded the day after calving, and weekly thereafter before 
morning feeding. The cows were hand-milked at about 0500 and 1500 hours and 
the milk production recorded. Water and mineral lick (19.95% Ca, 11.76% P,
10.26% Na, 0.16% Cu) were available at all times. Napier fodder was offered at 
least twice daily to ensure constant availability of the fodder for ad libitwr 
feeding. From day 15 of lactation, the cows were fed according to treatment 
group, the ad libitum Napier fodder, harvested at a height of 1.0 or 1.5 m,
fupplemented with 0, 4 or 8 kg fresh weight ofLeucaenaforage. Feed refusals 
were weighed and recorded before milking on the following day. There were no 
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Leucaena refusals. The Leucaenaforage offered and the Napier fodder offered 
and refused were sampled weekly on consecutive days; half of each sample was 
dried at 850C for laboratory analysis and the other half at 105"C for dry-matter 
determination. Blood was sampled every fortnight to screen for trypanosomes, 
and other health measures were taken as necessary. 

Statistical analysis 

Dry-matter (DM) intake of Napier, total DM intake, body weight change and 
milk yield were analysed using the General Linear Model (GLM) for covariance 
analysis of the SAS (1987) computer package. The linear model included the 
independent variables, calving period (before or after the end of May), breeL 
group, Napier harvesting height, level of Leucaenasupplement and the 
interaction of the latter two factors. Second-week body weight was a covariate in 
the analyses of DM intake and liveweight change. Average dally milk yield in 
the second week of lactation was a covariate for milk yield. 

RESULTS 

Only results for the production traits are presented here. Laboratory analyses 
giving the digestibility, metabolisable energy and protein levels of the forage 
samples are not yet available. These laboratory results will determine the final 
interpretation of, and conclusions from, the results for the production traits. 

All cows were in good health throughout the experiment, with the exception 
of one cow which had to be replaced early in the experiment because of severe 
mastifis, and another two cases of metritis which responded quickly to treatment. 

Feed intake 

Dry-matter intake of the basal Napier fodder was sinificantly (P<0.001) 
affected by the harvesting height of the Napier grass (Table 1). The provision of 
the Leucaenaforage supplement did not significantly affect Napier dry-matter 
intake. Not only was there no substitution effect, but there was an indication of 
some stimulation of Napier intake when cows receivzd the Leucaena 
supplement. Consequently total DM intake was significantly affected (P<0.001) 
both by harvesting height of Napier and by level ofLeucaena supplement. 

Despite the large effects oi Napier harvesting height and level of Leucaena 
supplement ther., was Po significant harvesting height x supplement interaction. 
However, there were indications in the latter period of the experiment that 
interactions may have been important. 

When expressed as a proportion of body weight, total DM intake for the six 
dietary combinations ranged from 1.8 to 2.8%. 
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Table 1. Mean daily Napierfodder andtotal (Napierplus Leucaena) dry-marterintakes of 
lactating crossbred cows fed ad libitum Napierfodder hwavsted in 1.0 or 1.5 m 
supplemented with 0,4 or 8 kg fresh Leucaena foragefrom day 15 to day 112 oflaceation 

Mean diy-matter intake (kg/day) 

Total 
Treatment n Napier (Napier plus Leucaena) 

Napier harvest height (r) 

1.0 18 9.3 10.5 

1.5 17 6.8 7.9 

SE 0.29 0.29 
F-test of probability P<0.001 P<O.001 

Lsucaana supplemenl (kg) 

0 12 7.8 7.8 
4 11 8.2 9.3 

8 12 8.2 10.4
 

SE 0.35
 
F-test of probability s P<O.001
 

Body weight changes 

Body %eight losses occurred in all treqttment groups, but the losses were more 
marked in weeks 3 to 9 of lactation than later (Table 2). 

There were no significant, nor apparently important, harvest height x 
Leucaena supplement interactions for body weight change. 

Ma-production 

Over the 14 weeks of the experiment both harvest height of Napier and level of 
Leucaena supplement had significant effects (P<0.001 and P<0.05, respectively) 
on mean daily milk yield (Table 3). Napier fodder harvested at 1.0 m rather than 
1.5 m gave on average 1.7 kg (25%) per day more milk, wi,' a greater advantage 
(32%compared to 18%) in the second nalf of the experiment. "imilarly there 
was a differential response to level of Leucaenasupplement dur.tig the two 
halves of the experiment. The supplement di, ,uuaffect mean daily milk yield 
during weeks 3 to 9 of lactation when body weight losses (Table 2) were marked, 
but it did have a significant (P<0.01) effect on milk yields in weeks 10 to 16 
when body weight losses were lower. In the latter period, each 4 kg of fresh 
Leucaena (about 1 kg DM) gave a response of about 0.8 kg more milk. 

There were no significant Napier grass harvest height x level ofLeucaena 
supplement interactions, but there were indications that in the latter half of the 
experiment responses to Leucaenasupplementation were higher in cows fed 
Napier fodder harvested at 1.5 m. 
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Table 2. Mewn body weight chwgej for lactatingcrossbredcowsfed ad libitum Napierfodder 
harvitedcc 1.0 or 1.5 m supplem=,sedwith 0, 4 or8 k8 fresh weightLeucaena forage 
from day 15 to day 112 oflactation 

Mean body weight change (kg) 

Days 15-63 Days 64-112 Overall 

Treatment n Mean n Mean n Mean 

Napier larvealheight (n) 

1.0 	 18 -8 18 -8 18 -16 

1.5 18 -30 17 -18 17 -48 

SE 6.3 4.4 7.1 

F-test of probability P40.01 P<O.05 P<0.001 

Lwcu ana supplement (kg) 

0 12 -37 12 -18 12 -55 

4 12 -10 11 -10 11 -20 

8 12 -10 12 -10 12 -20 

SE 7.9 5.5 9.0 

F-test of probability P-CO.01 us P<.01 

Table 3. 	 Mean daily milkyieldfor lactating crossbredcowsfedad ibitumNapierfodder 
harvesteda 1.0 or 1.5 m supplemented with 0, 4 or 8 kgfreszh weight Leucaena forage 
from day 15 to day 112 oflactation 

Mean milk yield (kV/day) 

Days 15-63 Days 64-112 Overall 

Treatment n Mean n Mean n Mean 

Napler harvest eight (t) 

1.0 18 9.4 18 7.8 18 8.5 

1.5 18 8.0 17 5.9 17 6.8 

SE 0.:9 0.35 0.30 

F-test of probability P<O.001 P.O.001 PICO.001 

Leucaeanasupplemelz (kg) 

0 12 8.6 12 6.0 12 7.2 

4 12 3.7 11 6.8 11 7.6 

8 12 8.9 12 7.7 12 8.3 

SE 0.36 0.42 0.36 

F-test of robability ns P<0.01 P<0.05 
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DISCUSSION 

This work set out to test the hypothesis that reasonable dairy cow performance
could be achieved by supplementing a basal diet of Napier fodder with only a 
legume forage. Major improvements in performance were observed in cows fed 
Napier fodder harvested at 1.0 m height, supplemented with 4 or 8 kg fresh 
weight of Leucaena. Cows fed this diet had high DM intakes (approaching 3% 
of body weight) which enabled them to maintain body weight and produce about 
1000 kg milk in less than the first three months of lactation. With reasonable 
subsequent nutrition a total lactation yield of at least 2000 kg could be expected.

The results highlight the important contribution legume forages can make to 
achieving reasonable performance and to improving the utilisatior, of basa! 
forage diets. The higher level of Leucaena supplement gave on average 15% 
more milk over the period of the experiment. The lack of response in the earlier 
months may be explained by the greater mobilisation of body reserves by cows 
not receiving Leucaena compared with those that were given the supplement.
Thus the main effect ofLeucaena in early lactation was to reduce the loss of 
body weight. In the third and fourth months of lactation the effect of the 
sul,.lement on milk production was large, with each 1 kg of Leucaena DM 
F the production of about 0.8 kg of milk. Thus Leucaena,imulating 
supplementation can make a very efficient contribution, both biologically and 
economically, towards improving cow performance. 

In the absence of laboratory analyses of the forages used ia the experiment, 
calculations based on expected values indicated that the diets were deficient in 
energy. A small quantity of an energy-rich concentrate, maize bran, for example,
would therefore allow cows supplemented with Leucaena to utilise the available 
protein more efficiently and produce more milk very cost-effectively. This 
hypothesis was tested in a subsequent experiment which is now being analysed.

In the context of the smallholder, the legume is also expected to play an 
important complementa.y role in improving the stability and sustainability of 
Napier yields. As mentioned in the introduction, the agrononic studies, which 
run concurrently with the nutrition research, evaluate the productivity and 
sustainability of fodder production systems combining shrub and herbaceous 
legumes grown in association with Napier grass. These studies will quantify the 
output per unit area of sole stands of Napier grass and Leucaenaand of their 
mixed stands and intercrops with herbaceous legumes. 

The importance of these agronomic studies isemphasised by the large effect 
on cow performance of the harvesting height of the Napier fodder. By
quantifying the yields of Napier harvested at different heights throughout the 
year, and then feeding those Napier fodders to cows in experiments similar to 
that reported here, it will be possible to assess the relative productivities of the 
systems in terms of output per area and per cow. When labour inputs are 
included in the calculations, an economic evaluation can be applied and 
recommendatioi developed. 
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ABSTRACT 

An experiment was designed to study the effect of stocking rate on dry-matter 
yield and animal performance on Rhodes grass--6tylo (Chlorisgayana cv 
Callide-Stylosanhesguianensiscv Cook) pasture over three grazing periods 
(1986-1989) at Shika, Zaria, Nigeria. Sheep were continuously grazed at 12, 18, 
24, 30 and 36 sheep/ha during the late wet to mid-dry season for 154 to 210 days 
in each grazing period. 

Stylo was eliminated after the first grazing period. Rhodes grass was still 
dominant after three grazing periods. Yields ofgreen and dead materials fell as 
stocking rate increased. Daily liveweight gain decreased as stocking rate 
increased and, gradually, as grazing progressed. Problems of managing sheep on 
pasture, with respect to animal age and weight, time to commence grazing and to 
give supplementary feed, and routine health prdcices, are discussed. 

RESUME 

Performanceset gestiond'ovins ievs surpturaged'herbe de Rhodes et de 
Stylosanthes auNigiria 

Une experience a Atd effectude h Shika dans la rgionde Zaria(Nigdria)en vue 
d'OtudierI'effet du taux de chargesur laproductionde mat~restkche d'un 

85
 

PreviousP -,­



pmuraged'herbedeRhodes (Chloris gayana cv. Callide ) et de Stylosanthes 
(Stylosanthes guianensis cv. Cook) ainsique sur les performancesd'ovinsglev& 
sur cepdturage.Conduitpendanttroispdriodesdepdturage(1986/89) longues 
chacune de 154 d 210jourset allantde la fin de la saisonhumide au milieu de 
la saisonsche,cet essaiaport surdes taux de chargede 12, 18, 24, 30 et 36 
animauxparhectare. 

La legumineuse a 9te eliminee ds la fin de lapremidrepdriodede plturage 
alorsque l'herbe de Rhodes demeurait l'esp&e dominarte ) lafin de la 
troisimepdriode.Laproductionde materielvdgdtal qu'ilsoit vert ou sec, 
baissaitav'c l'accroissementdu taux de charge.Les gainsmoyens quotidiens 
diminuaientprogressivementaufil du temps et au fur etd mesure qu'augmentait 
le taux de charge.Les problmes lies 4 la gestion deselevages ovins sur 
pdturageont JtJexominds, notamment en ce qui concerne l'dge et lepoidsdev 
animaux le choir du moment d'acc s aupiturageou aux aliments 
compldmentairesainsique les interventionssanitairesde routine. 

INTRODUCTION 

The present system of sheep production in the Northern Guinea Savanna zone of 
Nigeria is based on indoor feeding, grazing of natural or sown pastures or a 
combination of thesc. The grazing of sown pastures is limited to universities, 
research institutions and a few private farms where the performance of sheep can 
be better evaluated. 

There have been few grazing trials in Nigeria to determine productivity of 
pasture, especially with sheep. In the humid zone, Sumberg (t985) grazed West 
African Dwarf sheep on natural fallow regrowth in an integrated alley-farming 
system sown to Leucaena leucocephalaand Gliricidiasepium, and reported that 
16 and 8 ewes could be supported per hectare during the wet (June-November) 
and dry (November-March) seasons, respectively. He recorded a liveweight gain 
of 218 kg/ha from ewes supplemented with concentrate during the dry season. 

This study reports the effect of set stocking at the rates of 12, 18, 24, 30 and 
36 rams/ha on the yield of a Rhodes grass--stylo pasture and on animal 
liveweight gain. 

MATERIALS AND METHODS 

The experiment was carried out at the National Animal Production Research 
Institute at Shika in the Northern Guinea Savanna zone of Nige.1a. Climatic data 
for the study area during the study period are presented in Table 1. The soils at 
Shika are classified as ferruginous tropical soils (Klinkenberg and Higgins, 
1968). 

The animals used in the trial were Yankasa rams, the most common breed of 
sheep in this ecological zone. 
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Table 1. Chlmatic dataforShika and Samau (10 Am from Shika) &uringthe grazingperiods, 

1986-1989 

1986/87 1987/88 1988/89 

Shika 

Rainfall (mm) 

During grazing period 420 253.5 88 

Total annual 1071 1151 1066 

Rainy daya 

During grazing period 19 20 9 
Total annual 38 47 19 

Sanssr 

Screen temperature (C) 

August 23.9 24.5 -

September 24.0 25.4 24.3 

October 24.3 24.3 23.4 

November 22.8 22.1 21.9 

December 19.8 21.4 20.0 

January 21.5 21.2 17.1 

February 24.7 23.8 20.7 
March 27.3 28.4 -

A mixed pasture of Rhodes grass (Chloris gayana cv Callide) and stylo 
(Sylosanthesguianensiscv Cook) was sown at the study site in August 1985. 
Seed was hand broadcast at the rate of 5 kg pure germinating seed (PGS)/ha: the 
grass:legume seed ratio was 3:7. Phosphorus (30 kg/ha) was applied as single 
superphosphate at establishment and again in July before each grazing period. 
The pasture was set stocked on 21 August 1986 for 210 days, on 25 August 1987 
for 196 days and on 12 September 1988 for 154 days. Herbage in each paddock 
was cut back in May before each grazing period to remove uneven growth. Five 
stocking rates-12, 18, 24, 30 and 36 rams/ha--were arranged in a randomised 
block design with two replicates. Stocking rates were achieved by adjusting 
paddock size from 0.25 to 0.09 ha to accommodate three rams at the appropriate 
rate. 

The mean initial iveweight of Yankasa rams used in eich grazing period 
was 20 kg: the mean biomass of the three rams in all paddocks was similar. The 
animals were treated with an anthelmintic and dipped before grazing began and 
at four-week intervals thereafter. The animals were not provided with shade or 
supplementary feed but were given water and mineral salt block in each 
paddock. Rams were weighed every two weeks after a 14-hour overnight fast 
(without feed or water) in an enclosure outside the paddocks. 
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Pasture components were sampled before each grazing period ana then 
every six weeks and at the end of the grazing period. Dry-matter yield on offer 
was estimated by cutting from six r-,idom 0.5 x 0.5 m quadrats in each paddock. 
The cutting was done at ground 1' ,Awit!, a hand sickle in the paddock-: and 
cages used as control. The herbage s&,mp'es were weighed, mixed and two fresh 
subsamples of about 500 g were takcn. G(nt was hI-,knd-sorted into green and dead 
materials; the other remained intact. "lhee were 3ven dried and weighed. 

Data on forage and liveweigh gaiLis wcre subjected to analysis of variance. 
Duncan's New Multiple Range Test (Steel and Torrie, 1980) was used to 
compare means of stocking rate and grazing days. 

RESULTS 

Pasture dry-matter yields are shown in Table 2. Yields of both green and dead 
material decreased as stocking rate increased. Yields of green material declined 
significantly (P<0.05) as the grazing period progressed, while yields of dead 
material increased. Stylo constituted only 11.2% of the total pasture yield at the 
start of grazing in 1986. In the first grazing penod (1986-87) the yields of stylo 
at the various stocking rates were not different (P>0.05). Tihe ughest stylo yield 
was recorded in the control plot. Stylo yields declined with increase in grazing 
days at all stocking rates. Stylo was eliminated in the second grazing period, 
except in the control plot where a mean yield of less than 0.5 t/ha was recorded. 

In all grazing periods, daily liveweight gain of sheep decreased significantly 
(P<0.05) as grazing progressed (Figure 1). Also, weight losses commenced 
earlier in edch successive grazing period. Daily liveweight gain also tended to 
decrease with increasing stocking rate in all the grazing periods (Table 3). Using 
the regression Yh =ax - bx2 for liveweight gain per hectare (Yh), where x is the 
stocking rate and a and b are constants, the calculated optimum stocking rates in 
the first, second and third grazing periods were 20.4, 24.9 and 21.2 sheep/ha. The 
corresponding liveweight productions were 155.4, 186.2 and 129.4 kg/ha. 

DISCUSSION 

Stylo did not persist in the mixed pasture beyond the first grazing period. Winter 
et al (1977), however, reported that stable pastures of Brachiariadecumbens and 
Panicum naximm with S. guianensiscv Endeavour were obtained after three 
years of grazing with cattle at 0.7 and 2.2 animals/ha. Stocking rate in the first 
grazing period did not suppress stylo yield in this trial as was observed in other 
trials of grass-legume pastures grazed by sheep (Curl arid Davidso,.,, 1983; Curl 
et al, 1985) and by cattle (Stobbs, 1970; Shaw, 1978; Eng et al, 1978). 

The obseiied decline in stylo coverage caused by the companion Rhodes 
grass agrees with a report from Thailand (Gutterridge, 1985) where ungrazed 
stems of bamboo grass (Arundinariaciliata)reduced the development ofS. 
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Table 2. Effct of stocing ra.es ,, rahrigdays on dry- mauer yiecdL ofgreen and dead 
material in the Ahodes grats-.tylopasture 

Pasture component Dry-matter yield (t/ha) 

Stocking rate (sheep/ha) 12 18 24 30 36 Control 

19 S7 

Green 6.96b 6.96b 6.51bc 6.27cd 5.88d 8.67a 
Dead 1.27a 1.04b 1.19ab 1.08b 1.05b 0.55c 
Stylo 0.56 0.57 0.65 0.50 0.64 1.00 

1997/88 
Green 7.55a 7.21bc 7.27bc 6.86c 6.82c 8.81a 
Dead 1.41a 1.29ab 1.20abc 1.16abc 1.00bc 0.86c 

196/89 
Green 7.3(b 7.00bc 6.83c 6.60c 6.25d 8.88a 
Dead 1.29a 1.25a 1.16b 1.Olc 0.93c 0.82d 

Grazing days 0 42 84 126 168 210 

1996/87 

Green 10.3a 9.5b &OC 5.4d 4.4e 3.1/f 
Dead 0.0 0.5d 0.8c 1.6b 1.6b 1.7a 

1987/88 

Green 9.5a 9.4a 7.5b 5.9c 4.8d -
Dead 0.6c l.lb0.8b 1.5b 1.7a ­

198/9 
Green &8a 7.8b 6.7c 5.3d - -
Dead 0.4d 0.9c 1.3b 1.7a - -
Within a row, means followed by the same letter, or no letter, do not differ significantly (P>O.05) 

humiis, S. hamatacv Verano and S. guianensi cv Endeavour. Earlier, Blair 
Rains (1963) had observed that 24-hour stocking of stylo-based pastures in 
Nigeria would reduce the legume content. The legume might have performed
better if its initial content in the pasture was higher.

Yields of gren fodder declined as stocking rate and grazing days increased. 
This finding supports work by Meats and Humphicys (1974) who reported
reductions in green matter of Kikuyu grass (Pennisetumclandestium)as 
stocking rate increased. Similarly, Watson and Whiteman (1981) reported a drop
in green yields of mixed pastures of Panicum maximum and B. decumbens with 
the legumes Centrosemapubescns,Macroptiliumatropurpureumcv Siratro and 
S. guianensiscv Endeavotir as stockivg rate increased from 1.8 to 4.5 animals/ha. 
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Figure 1. Daily livewright chaiges of sheep during threegrazing periody 

Liveweight changes 
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Table 3. Effect ofstockln rie n daily liveweigha gainofsheep duringthree grazingperiods 

Dafly liveweigb, gain (gb/head) 

Stocking rate (sheep/ha) 1986/87 1987/88 1988/89 

12 52 61 60 

18 39 47 47 

24 33 36 26 

30 14 31 23 

36 11 23 16 
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The consumption of a high percentage of the green materials and 
subsequent restriction of the formation of dead material (Greenwood and Arnold, 
1968) and possible consumption of dead leafy materials at higher stocking rate 
(Mears and Humphreys, 1974) could have resulted in the lowering of the yield of 
dead material as stocking rate increased. 

The decline in daily liveweight gain per animal as stocking rate increased 
appeared to have arisen from differences in the amount of green material on offer 
(Arnold, 1962) which followed the same pattern. As a result, sheep at the lowest 
stocking rate had better opportunity to select herbage higher in crude protein and 
lower in fibre (Weir and Torrell, 1959), hence the higher liveweight gain. In this 
study it was observed that some rams were very slow to gain weight and some 
came down with diarrhoea which could have affected the overall liveweight gain. 

The general decline in liveweight gain as grazig progressed was attributed 
to reduced nutritive value due to advanced plant maturity (Blunt, 1978), season 
(Bryan and Evans, 1973; Okeagu, 1989) and thus reduction in herbage, 
especially leaf, on offer (Laredo and Minson, 1973). From this study it can be 
argued that sheep will start to lose weight at the highest and lowest stocking rates 
in late December and late January, respectively, when the pasture is stocked in 
August/September. Thus farmers should give supplementary feed or remove 
animals or reduce stocking rates before these dates when grazing grass pasture. 

Yeadling rams and/or those above 20 kg were observed to survive better 
than lighter animals. With respect to the time to stock the pasture, this study 
would suggest periods before the flowering stage is reached or at sward heights 
below the knee. A case of cutaneous myasis, an acute dermatitis ofsheep caused 
by blowfly (Chrysomia regalis) larvae was noticed in the second grazing period, 
presumably because the pasture was high (over 100 cm) and dense. A less dense 
canopy might discourage the fly. Predators and thefts can also accourt for losses 
of animals on pasture. Adequate security and close fencing should be maintained 
at all times. This will also enable a regular cleck to be made on the flock to 
monitor the health of the animals and allow immediate treatment. 
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ABSTRACT 

Effects of botanical composition and environmental variables on dietary 
preference and nutrition of goats were evaluated at Kiboko, Kenya, over one dry 
season (June-September) and one wet season (October-November). Mature 
oesophageally fistulated East African goats were used in the study. Dietary 
behaviour of goats reflected a high degree of seasonal plasticity with regard to 
forage types and plant species and plant parts eaten. Graminoid forage, forb and 
browse herbage availability was correlated with soil moisture. Crude-protein 
levels in ingested diets were generally high and tended to peak in November due 
to increased moisture recharge at this time. In vitroorganic matter digestibility 
(IVOMD) was closely related to soil moisture. High IVOMD values were 
observed at the beginning of the dry and wet seasons. Ingested digestible energy 
increased as forbs, grasses and immature browses increased in the diets in 
response to increased soil moisture availability. 

RESUME 

Effet de i'environnement,de la composition botaniquedespturagesetde 
I'alimentationr-4rle comportementalimentairedes caprinsdans la savane 
d'Acacia au Ke,, a 

L'effet de la composition botaniquedes FIturageset des facteurs ecologiques 
sur lesprdfdrences et le comportement alimentairesdes caprinsa d9 itudid d 
Kiboko (Kenya) au cours d'une saison sche (juin-septenbre)et d'une saison 
humide (octobre-novembre). Cette expdrience aport sur des caprins d'Afrique 
de l'Estmunis de fistules oesophagiennes. 11 ressort des rsultiatsenregistrs que 
ces animaux avaient un comportement alimentaire trs saisonnier, notamment en 
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ce quiconcerne le type de fourrage,les esp~ces wvgdtales et lespartiesdes 
plantesqu'ilsconsommaient.II existaitune corrdlationpositive entre d'un par4 
les disponibilit& en fourrage-ramin6et4 en herbe et en ligneux et de l'autre, 
l'humidite d- soL La teneuren protdines brutes desfractionsingdrdesdtait 
gdnralenentdlevde et tendaitvers un maximum en novembre, en raisonde 
l'accroissementdu degrg hygromdtriquedu sol d cette Lpoque de l'annde. II 
existaiten outre un- Ltroiterelationentre la digestibilit in vitro de la matire 
organiqueet I'lwmiditg du soL Consdquenceenfin de l'accroissementde 
I'humiditd du so, laconsonmnationd'herbe,de gramindeset defourrageligneux 
tendre augmentait,entrainantun accroissementde la consommation d' nergie 
digestibledes animaux. 
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RESUME 

Des essais d'alimentation destin6s Acomparer divers r6gimes ont 6t effectuds 
pendant 74 jours sur des ovins de la race naine de 1'Afrique de 1'Ouest 61levs en 
stabulation et en cases individuelles. Leur ration dtait compos6e de gramin6es 
(Pennisetumpurpureum)pures ou compldmentdes avec du fourrage ligneux 
(Alchorneacordifolia,Flemingiamacrophylla,Gliricidiasepium ou Leucaena 
leucocephala).Ni le poids initial, ni le mode d' dievage n'avaient d' effet 
significatif sur les gains moyens quotidiens (GMQ), mais le type de fourrage 
ligneux avait une influence significative (F=18,13; P<0,05) sur cc paramtre. Le 
lot sounis Ala ration exclusivement gramindenne a enregistr6 des pertes de poids 
et une mortalit6 6lev6e (60%), ce qui montre que ce r6gime dtait inaddquat pour 
maintenir en bon 6tat pendant une longue p6riode de temps des animaux dlevds 
en stabulation. La compl6mentation avec Gliriidia sepium donnait les meilleurs 
rdsultats, avec un GMQ de 64,14 g. Les performances associ6es ALeucaena 
leucocephalane refldtaient pas la valeur dnergdtique et azotfte de ce fourrage, ses 
potentialitds r6efles ayant piobablement t6 masqudes par les effets de la 
mimosine, alcaloide toxique pr6ent dans toutes les parties de la plante. Enfin, 
bien qu'il s' agisse d'une lgumineuse, Flemingiamacrophyllane semble pas 
particuli~rement indiqu6 pour promouvoir ia croissance pond6rale chez les ovins. 
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ABSTRACT 

Study ofthe effect offourfodder browseson weight changes in West African 
Dwarfsheep 

Feedingtrialswere carried out on individuallypennedAfrican DwarfForest 
sheep over a 74-dayperiod.Diets consistedofPennisetum pupureum (grass) 
eitheralone or combined with abrowseplant (Alchomea coraifolia, Flemingia 
macrophylla, Glricidia sepium or Leucaena leucocephalA), Weight gain was not 
affected by the initialweight or the type of housing,but wassignificantly 
(F=18.13; P<0.05) affectedby th6 browse species. The group receiving 
Pennisetum purpureum alone lost weight andsuffered a highmortality (60%). 
This shows that Pennisetum is not suitablefor keepingconfined animals in good 
healthfor longperiodsoftime. Supplementationwith Gliricidia sepium proved 
to be the best combination, with an averagedaily weight gain of64.14g. The 
performanceof the groupreceivingLeucaena leucocephala did not reflect the 
energy andproteinvalue of thisforage,as its potentialsmay have been obscured 
by thepresenceofmimosine atoxic alkaloidfound in allpartsof the plant. 
Although Flemingia macrophylla is a legume, the results showed that thisspecies 
is not suitableforpromotinggrowth in this sheep breed 

INTRODUCTION 

Dans de nombreuses r6gions du monde, et plus parficuli~rement en Anque 
tropicale, le manque de ressources fourrag~res de bonne qualit6 constitue un 
obstacle de taille au d6veloppement de la production animale. La p6nurie est 
encore plus marque dans les r6gions Atr~s faible pluviom6trie oil la seule 
vgetation permanente est constitu6e d' esp~ces ligneuses. De nombreux auteurs 
(Dayton, 1931 cit6 par Skerman, 1982; Curasson, 1956; Boudet, 1979; 
Harrington et Wilson, 1980; Skerman, 1982; Gu6rin et aL, 1987; Kon6, 1987) 
sont unanimes pour reconnaitre r importance des ligneux dans 1'alimentation du 
b~tail, pnncipalement comme source d' azote pouvant servir de compl6ment au 
fourrages herbac.s dont la qualit6 nutritionnefle se d6grade rapidement au cours 
du cycle de d6veloppemernt. 

En ce qui concerne plus prdcis6ment le Cameroun, les donn6es relativvs aux 
fourrages ligneux et h leur utilisation par les ruminants restent limitdes. Les seuls 
documents pertinents connus ddcoulent des travaux de Piot (1966, 1969, 1970), 
r6alis& sur le plateau de I'Adamaoua en zone soudano-guinenne. Cet auteur 
fournit sur cette r6gion une liste plus ou moins exhaustive des ligneux app6t6s 
par les bovins, ainsi que la composition chimique des principales esp~ces. La 
presente 6tide est destrn6e Aidentifier des essences ligneuses qui, en association 
avec les principales gramindes spontan~es ou cultivdes, pourraient contribuer A 
promouvoir le daveloppement de la production des petits rurrinants et permettre 
ainsi de mieux r6pondre aux besoins des populations en protdines animales. 
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MATERIELS ET METHODES 

Cette exp6rience a 6 ralis6e sur25 ovins de la race namine de 1'Afrique de 
I'Ouest, de poids muyen 6gal i 15 kg. La protection sanitaire des animaux a It6 
assuide par un d62arasitage externe et interne, respectivement Abase d'une 
solution de Tigal' et de Panacur®. 

Les essais se sont d6roul6s dans un batiment de type "semi plein air" Ala 
Station de recherches zootechniques de Nkolbisson. 

Le dispositif exprimental correspond I celui du bloc al6atoire h 
randomisation totale Acinq rdptitions. 

On trouvera au tableau 1 la composition des cinq rdgimes alimentaires 
utilis6s. Cinq lots de poids homog~ne, constituds chficun de cinq animaux, ont 
6t6 constitu6s et affect6s chacun Aun rdgime alimentaire donn6. Ce processus
d' affectation, de mtme que 1'attnbution des cases individuelies au sein de 
chaque bloc, a Wt6 effectu6 au habard. 

Les divers fourrages ligneux ont t6 ddcrits par Kouonmenioc (1990). 
Toutes les espces ligneuses testdes ici out t6 cultiv6es, exception faitc de 

Alchorneacordifoliaqui, tout comme Pennisetumpurpureum,a t6 r6colt6 A 
1'6tat naturel. 

I!exp6imentation s' est d6roul6e en deux phases distinctes, Asavoir une 
p6riode prdexp6rimentale de 15 jours et une p6riode expdrimentale de 59 jours.

Les fourrages ont t6 r6colt6s et distribu6s tous les jours entre 7 heures et 
8 h 30. Le taux de matitre sche de chaque type de fourrage a 6t6 d6termin6. A 
I'issue de 1'essai, un m6lange constitu6 des 6chantillons moyens hebdomadaires 
a 6t6 analys6 en vue de d6teizniner la composition chiique globale du fo'rage 
consid6r6. 

La quantitd de matibre sche effectivement ingdr6e chaque jour a 6td 
mesurde individuellement par pes6e des quantit6s de fourrages offertes et des 
refus. 

En ce qui concerne les rations binaires, la distribution des deux 
composantes a 616 effectu& en fonction des diff6rences d'appdtibilit6 observdes. 
Ainsi, pour certaines rations (Pennisetum+Leucaenaet Pennisetum+ 
Flemingia),i a fallu proc&Ier Auiae distribution "ddcalde", strat6gie visant A 
induire une consommation "forcIe" de 1'esp6ce peu appdt6e. 

Tableau 1. Rigimes afimentures 

Composante hebace Composante ligneuse 

PInnLseum purpreum Alclwrnea cord'folia 

Pmnnisetumpupureusm Flemingia macrophya 

PmnLssetumpuuureum Gfricidia sepium 

PenAise umpurpureum Leucaena Ieucocephala 

Pennisium purpureum seaul 
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Les animaux dont la ration dtait constitude exclusivement de Pennisetum 
purpureum recevaient cette gramin6e adlibitum. Par contre, Pennisetumdtait 
rationn6 dans les rations mixtes oa les fourrages ligneux 6taient en revanche 
offerts ad libitum. 

Les fourrages ligneux ont etd distribu6s sous forme de rameaux feuills
 
alors que Pennisetun 6tait present6 A1
Utat entier. 

La distribution des ligneux sous forme de rameaux conduit Adistinguer
deiex types de refus, Asavoir le refus "brut", dquivalant Ala quantite totale non 
consomme (fetuilleis +tiges) et le refus "r6el", constitud par la partie 
consommable mais non consomm6e du refus brut. 

Les animaux disposaient en permanence d' un compl6ment min6ral (55% de 
poudre d'os, 40% de NaC1, 5%d' oligo-d1dments). I'eau dtait fournie adEbitum. 
Une simple pesde a t6 effectude hebdomadairement et le poids initial a dtd 
d6termin6 par une triple pesde marquant la fin de la phase d' accoutumance. 

Les gains moyens quotidiens (GMQ) ont 6t6 soumis Aune analyse de 
variance et 1'influence d' un effet secondaire "loge" (bloc) sur les GMQ a td 
teste. La relation entre le poids initial individuel et le GMQ a Wtd d6terminde 
pour 1'ensemble des cinq rdgimes. 

RESULTATS 

Bien que 1' tude ait port6 sur cinq traitements, la diff6rence statistique entre les 
GMQ n' a 6t6 recherch6e que pour les rations mixtes. Le lot tdmoin dont le 
rigime 6tait constitu6 exclusivement de Pennisetuma td exclu de I'analyse en 
raison des fortes mortalitds (60%) qui y avaient t6 enregistrdes. Ces mortalit s 
6taient presque partout prcdddes des m8mes symptOmes, Asavoir baisse de 
consommation, pertes importantes de poids, diarrh6es 16g~res et parfois
persistantes conduisant i la mort de 1'ani~mal. Les rdsultats des autopsies n' ont 
rdv616 aucune anomalie dans les organe,, internes. 

L!analyse comparative des gains cie poids des animaux soumis aux r6gimes
Abase deAlctornea cordifolia,Gliricidiasepiun,Leucaena leucocephalaet 
Flemingiamacrophyllan' a rv6ld aucune relation significative entre le poids
initial et les GMQ individuels (r=0,26) (figure 1). Par ailleurs, alors que le 
param~tre "loge" (bloc) n' avait aucune influence significative (F=0,55; tableau 
2) sur les GMQ, ceux-ci variaient significativement (F=18,12 au seuil de 5%) en 
fonction du type de fourrage ligneux. Enfin, la comparaison des moyennes des 
GMQ par le biais du test de Newman-Keuls permet de regrouper les traitements 
en 3 cat6gories, Asavoir A (Gliricidiasepiwn), B (Alchorneacordifolia)et C 
(Flemingiamacrophyllaet Leucaenaleucocephala)(voir tableau 3 et figu.e 2).

Les chiffres moyens hebdomadaires d' ingestion quotidienne des fourrages
(g/kg pO,75) ont permis de dresser les bilans de consommation. 
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Figure 1. Relation entrepoidi initial etgain moyenqruotiden (GMQ) indviduel 
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DISCUSSIONS 

Rigime sans complimentation 

Avec la ration constitute uniquement de Pennisetumpurpureum, les GMQ 
n'dtaient positifs que durant les deux semaines suivant la phase d'accoutumance. 
On peut p-wer que la qualit nutritive m6diocre de la gramine (tableau 4) a 6t6 
compens6e par de fortes consommations (113 g de MS/kg P0 ,75/j). 

Tableau 2. Analyse de variane de l'effet de i'cspee ligneuse sur les GMQ des ovins 

Cands Niveau de 
SCE d.d.I. moyens Test F probabilitl 

Variance totaic 23 301,79 18 1294,54 

Variance facteur 1 1874,05 3 6 251,35 18,13 0,0002 

Variance blocs 755,35 4 188,84 0,55 0,7065 

Variznce rdiduelle 1 3792,39 11 344,76 

SCE: somme des carrd des 6cam 
d.d.I.: ddgrt de libert! 
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Tableau 3. Comparaison des moyennes de GMQ des traitements(Test de Newman-Kad aseudi 
de5%) 

Nombre de moyennes 

PPAS 

2 

25,87 

3 

31,69 

4 

35,32 

Traitements Moyennes Groupes homogtnes 

Gliricidasepium 

Alrhomea cor&folia 

Flemingia macrophylla 

Leucaenaleucocephala 

64,07 

24,6 

-9,14 

-11,19 

A 

B 

C 

C 

PPAS: plus petite amplitude significative 

Leas perles de poids s'amorgaient alors, puis augmentaient puur aboutir Ades 
mortalit6s. Ces mauvaises performances semblazent lides A]a chute importante
des quantit~s ing~rdes, lesquelles passaient de 113 A55 g de MS/kg PO' du 
d6but Ala fin d- 1'expdrience. 

Les r~sultats de 1'analyse de la composition chimique effectude sur 
Pennisetumpurpureum(tableau 4) confirment les conclusions de Gudrin (1987) 
sur la valeur alimentaire des gramin6es tropicales. Celui-ci rote que par 
comparaison avec les gramin6es temp6rdes, les gramindes tropicales sont plus
riches en constituants pai,6taux et pauvres en mati res azotls totales avec de 
surcroit de faibles taux de digestibilit6 de la mati~re organique et de la matinre 
s~che. Ainsi, la d6gradabilit6 enzymatique de la matitre organique de 
Pennisctmest de 34,3% (tableau 4) contre 47% pour uine gramin6e temp~rde 
comma 1Festuca pratensis. 

Soulignons enfin qua la faible solubilit6 des mati'res azot6es, soit 20,6% 
(tableau 4), est peut-6tre lide Ala prdsence de tanins. Ceux- ci, surtout abondants 
chez les ligneux, se rencontrent pmrofis 6galement en fortes quanfitds chez 
certaines esp~ces herbacues p6rennes (McLeod, 1975).

Bien qua Boudet (197.5) souligne que Pennisetumpurpureumes uine 
gramine pauvre en 6nergie quel que soit son stade de croissance, un fourrage
plus jeune aurait probablement donn6 lieu Ade meilleures perfoimances.
Cependant, des cas s6v~res de diarrhdes ont souvent td signal6s chez les 
animaux consommant des plantes herbacdes tr s jeunes. 

Les carences alimentaires assecides Ace r6gime alimentaire purement
graminden sont en barmonie avec les rsultats d' essais prdliminaires du ineme 
type raliss auparavant sur des ovins et des caprins (Kouonmenioc, 1986). Tons 
les six animaux de chacun des deux lots recevant uniquement des gramin6es
6taient morts, par opposition Aceux soumis aux rations mixtes. Cependant, 
compte tenu de ' origine des animaux utilis6s dans ces essais ("tout venant"), et 
du dispositif exp6riniental (alimentation en groupe), on ne pouvait tirer aucune 
conclusion ddfinitive de cette constatation. 
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Figure 2. Evoduon .i poidfmyen des ovns efoncdon de lahairedufouwre ligneux conwe 
dns L rigime meneaire 
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Ces rdsultats posent le probl6me du maintien des ruminants domestiques sur 
les "prairies" gramin6ennes, source de 1'essentiel de 1'alimentation des animaux 
d' levage dans les rdgions tropicales. Sous une relative homog~ndit6 
physionomique lide Ala pr&lominance d' une ou de quelques espbces 
gramin~ennes, la plupart de ces formations sDnt en effet caract6rises par une 
grande diversit6 de composition, fr~quemment i~e I 1'existence d' une strate 
herbacde inf6rieure bien ddvelopp6e. C est le cas des pAturages des hauts 
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Tableau 4. Teneurs en constitwmms orgniques des espcesfourragires utilisies 

Alchornea Flemingia Leucaena Gl'ricidia Penn.!etum 
Constituants cordifolia macrophylla leucocephala sepium purpureum 

Comtituants parl'taux (% de MS) 

Cellulose brute (CB) 19,01 30,86 19,00 18,03 35,50 

Parois totales (NDF) 34,04 59,39 27,72 33,33 68,70 

Iignoellulose (ADF) 25,58 53,04 18,76 23,61 36,10 

Lignine (ADL) 7,17 29,31 8,14 8,90 3,80 

MatlUres azoties 

Mat. azot~es totales 16,92 18,39 24,66 22,80 11,20 
(%MS) 

Mat. aznt. solubles 763 18,86 21,47 36,21 20,6 
(%MA) 

MaL azot. rdsiduelles 977 3766 7,23 8,09 
de I'ADF (%MAT) 

Digradabllitt enzymatique 

de la matitre organique 57,29 26,54 53,18 60,66 34,30 

des maUres azogtes 52,94 46,15 71,55 74,51 20,60 

plateaux de 1'ouest du Cameroun oit existent en abondance, entre les tpuffes de 
1'espce dominante Sporobolus africanus,de nombreuses petites 1dgumineuses 
tr~s appet6es comme Trifolium repens, T baccarini,T usambarense et capables 
d' assurer le compl6ment n6cessaire A 1' dquilibre alimentaire des animaux. 

Complimentation avec Gliricidiasepium 

Les animaux bn~ficiant d' une compl6mentation avec Gliricidiasepium avaient 
la croissance la plus rapide avec un GMQ de 64 g, chiffre dquivalant Aceux 
obtenus avec des aliments compldmentaires compods de concentrds. 

Inddpendamment des qualit6s nutritionnelles de Gliricidia,les GMQ 6levs 
enregistrds ici dtaient associds Aune consommation dlevde de fourrages 
s'dtablissant en moyenne A141 g de MS/kg P0,75/j, dont 65% de Gliricidia. 
Celle-ci est supdrieure, non seulement Ala moyenne de 2,5 kg de MS/100 kg de 
poids vif, soit 79 g de MS/kg P0 ,75/j (Boudet et Rivire, 1968) consid6r6e 
comine normale, mais dgalement aux chiffres rapports par de nombreux auteurs 
dont Reyne et Garambois (1975), Van Eys et aL (1986), Kon6 (1987), Gu6rin 
(1987) et Richard (1987). Ces valeurs, de meme d'ailleurs que les rdsultats de la 
prdsente 6tude, demeurent cependant infdrieures Ala consommation record de 
162 g de MS/kg P 75/j obtenue en Libye par Le Hou6rou (1987) dans un essai 
d' alimentation en enclos effectu6 sur des ovins dont le rdgime alimentaire dtait 
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compos6 uniquement de trois fourrages ligneux (Atriplexnummuleria,A.halinus 
et Acaciasaligna). 

Notons que ies chiffres de consommation les plus frequents rapport~s sur 
les ovins en zone tropicale se situent entre 45 et 82 g de MS/kg P0 , /j pour des 
animaux pAturant librement des parcours naturels. Ces rsultats dependent bien 
dvidemment d' un certain nombre de param~tres li6s tant h la vdgdtation qu' au 
comportement de r animal, notamment la frnquence des dventuels d6placements.
Pour sa part, Nebout (1978) souligne que la consommation de fourrage depend 
non seulement du poids du sujet et de 1'estoce animale, mais dgalement de la 
quantit6 et de la qualit6 du fourrage disponible. 

Ademosum et al. (1985) rapportent que la pr6sence d- Gliricidiadans une 
ration en augmente la consommation de matire sbche et probablement la 
digestibilit6. Ils ont not6, au cours d' un essai effectu6 sur des caprins recevant 
Panicummaximum adlibitum comme aliment de base et Gliricidiasepium
(quatre niveaux) comme aliment compldmentaire, que les animaux recevant le 
niveau le plus 6lev6 de compldmentation ne refusajent jamais Gliricidiaet 
avaient une consommation de 37,7% suprieure Acelle du groupe tdmoin soumis 
au ggime exclusivement graminden. 

Par ailleurs, r utilisation de fourrage de Gliricidiaissu indiff6remment de 14 
cultivars n' a donn6 lieu Aaucune diffdrence significative dans Ies quantits 
ing~ires. Cette constatation semble en contradiction avec les observations de 
Glander (1979, 1981 d' apr~s Nancy, 1987) qui mentionne une influence de la 
variabilit6 g6n6tique de 1'espe v6g6tale sur 1app6tibilitl. 

Enfin 1'alimentation Abase de Gliricidian' a eu aucune ipcidence 
pathologique ou depressive sur les animaux. 

Complimentation avec Akhornea cord(folia 

Avec un GMQ de 25 g, la compldmentation avec Alchorneacordifoliase classait 
en deuxime position. La consommation moyenne dtait de 120 g de MS/
kg P0,75/j et augmentait au cours de la phase d' expdrimentation (rapport de 1,6). 

Alchornea entrait ici pour 48% dans cette consommation contre 64,6% pour
Gliricidia.Une aussi faible diff6rence d' ingestion (15%) entre ces deux esloces 
ne peut expliquer des &arts de GMQ aussi importants (62%) entre les deux 
rngimes. Ces diffdrences semblent donc directement lides Ala nature et bla 
composition chimique des deux espkces (tableau 4). 

Le taux de d6gradabilit6 de la matinre azote totale (tableau 4) d'Alchornea 
cordifolia(52,9%) est nettement inf6rieur t celui de Gliricidia(78,8%). Enfin, la 
probable h6t6rog6n~it6 du fourrage d'Alchornea,du fait qu'il a t r6colt6 A 
ltat naturel, est peut-8tre pour quelque chose dans les faibles GMQ associns A 

cette esp~ce ligneuse. 
Un fourrage d'AlchorneaAbase de rameaux plus jeunes aurait peut-8tre

permis de meilleures performances. Cela n~cessiterait cependant un rabattage en 
vue de r utilisation des repousses. 
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Complimeptation avec Flemingia macrophylla 

Le GMQ relatif Atoute la p~riode de 1'expdrience 6tait ndgatif (-9,1 g). Les 
GMQ individueis 6taient caractdris63 par une grande variabilit6 au sein du lot 
(constance, gains et pertes de poids). Les baisses de poids 6taient probablement 
dues aux qualitds nutritionnelles mnddiocres de cette esp~ce dont la tene ir en 
matires azotes totales (MAT) 6tait seulement de 18% (tableau 4), valeur 
voisine de celle d'Alchornea cordifolia.Par ailleurs, les tests de d6gradabilit6 
enzymatique (pepsine-cellulase) ont rdvdld que mois de la moiti6 (42,2%) de 
ces MAT dtaient digestibles. La consonimation 6tait en moyenne de 140,1 g de 
MS/kg P0,75/j, valeur tr~s proche de celle relative Ala meilleure 
compldmentation, c'est--dire avec Gliricidiasepium. 

Sur la base de ces rdsultats, on peut conclure que bien qu' ils' agisse d' une 
idgumineuse, Flemingiamacrophyllaest peu indiqu6 pour la production 
animale. De fait, Asare (1985), A 1' issue d' essais pourtant tr s satisfaisants 
effectuds sur diverses caractdristiques agronomiques de cette esp~ce ligneuse 
(production de biomasse foliaire), a insist6 sir la ndcessit6, avant toute tentative 
de vulgarisation, de mener des dtudes sur 1'app6tibilitd et 1ingestion de 
Flemingiaafin de tester 1'influence desdites caract6ristiques sur les paramtres 
zootechniques objectifs (producuon de viande, de lait). 

A ddfaut de I'utiliser en production animale, on pourrait cependant exploiter 
sa forte capacite de production pour produire de la liti~re qui servirait Alimiter le 
ddveloppement .des adventices dam certaines cultures pdrennes (plantations de 
cafd, par exemple). Etant donn6 qu' ils'agit d' une ldgumineuse, Flemingia 
pourrait en outre servir Aenrichir les sols en vue de la production vdgdtale. 

Complimentation avec Leucaena leucocephala 

Le GMQ relatif Atoute la durde de 1'expdrience dtait ndgatif (-11,2 g) 
La moyenne de consommation dtait de 107,9 g de MS/kg Po/j. La 

consommation avait considdrablement diminud au cours de 1'expdrience, passant 
de 144 A72 g de MS/kg PO,75/j au cours de la derniere semaine, soit une baisse 
de 50%. 

Les rsultats enregistrds ici sont plut~t surprenants, compte tenu du fait que 
les feuilles de Leucaenaavaient la teneur en MAT la plus dlevde des quatre 
ligneux dtudi6s. De plus, ler digestibilit6 la pepsine, dgale A71,6% (tableau 4) 
dtait proche de celle de Gliricidia,espbce associde aux meilleures performances 
pond6rales enregistrdes dans le cadre de cet essai. 

Ces chiffres peuvent s'expliquer par des perturbations notdes chez les 
animaux, correspondant probablement Aides sympidmes d' intoxication par la 
mimosine, une toxine prdsente dans toutes les parties de la plante. La toxicit6 de 
cette substance, par accumulation dam 1'organisme, a ddj dtd soulignde par 
plusieurs auteurs chez les monogastriques (Hegarty et al., 1964; Hamilton et al., 
1968; Shiroma et Takahashi, 1976). 
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Chez les polygastriques cependant, il n' y a danger que lorsque Leucaena 
entre pour plus de 50% dans la ration. Divers signes cliniques 6taient ndanmoins 
apparus au cours de cette 6iude, y compris des dmissions intenses de bave, 
rincoordination des mouvements, la perte de la voix, 1'alternance de pertes et de 
reprises d' app6tit et des pertes sensibles de poids. Toutefois, bien qu' on n'ait 
observd aucun des phnomrnes couramment cites comme signes d' une 
intoxication Ala mimosine - alopdcie (Hegarty et aL, 1964; Reis et aL, 1975) et 
hypertrophie thyro'dienne - ily a cependant tout lieu de soupconner ce type 
d' empoisonnement. 

Cette intoxication semble lie au fait que les ovins, tris friands des feuilles 
de Leucaena,avaient presque compltement d6laiss6 le Pennisetumet ce,malgr6 
le d6calage entre la distribution des fourrages de ces deux esp~ces. En effet, les 
animaux s'dtaient semble-t-il tr~s vite adaptds au rythme adopt6, pr6f6rantjeOner 
toute la matin6e dans 1attente de la distribution du fourrage de Leuca,,aa. 

Si 1'on considre que, pour tous les autres r6gimes, la consommation 
d'61ments ligneux avait augmentd avec la durde de 1'exp6rience, on peut penser 
que sans les ph6nom~nes d' intoxication constat6s, les performances de cette 
ration seraient proches de celles du meifleur r6gime alimentaire, c' est-k-dire 
celui compl6ment6 avec du fourrage de Gliricidia. 

Ces rdsultats ne doivent cependant pas conduire Aremettre globalement en 
cause la valeur du Lecaenaleucocephalaen production animale, en particulier 
dans la production bovine sur laquelle ont portd la majorit6 des travaux Ace jour.
Ainsi, au Malawi, de jeunes animaux m6tis Zbu x race frisonne, aliment6s avec 
des rations composdes de Leucaena,de son et de tiges de mais, ont pr6sent6 des 
gains de poids de 1,17 kg/tte/j (Thomas et Addy, 1977). Pour sa part, Jones 
(1979) rapporte qu' en Indon~sie et dans 1'le de Timor, des bovins engraiss6s
pendant 6 mois, uniquement avec un mdlange de Leucaenaet de stipes de 
banamers, avaient enregistrd des GMQ satisfaisants pendant les trois premiers 
mois, aprs quoi on assistait Aun ralentissement de Iacroissance pond6rale avec 
apparition de sympt~mes graves d' intoxication. I1en conclut que la toxicit6 est 
cumulative quand les animaux consomment du Leucaenapendant une longue 
pdriode de temps. 

Un certain nombre de recherches sont actuellement en cours sur ce sujet, 
notamment en Australie. Celles-ci visent entre autres soit Acrder dans le tube 
digestif des ruminants les conditions favorables au d6veloppement de bact6ries 
capables de d6grader la mimosine (Reed et Chater, 1986), soit Aproduire des 
souches de Leucaenapauvres en mimosine. 

CONCLUSION 

Un essai d' alimentation qui, comme celui prdsent6 ici, est caractfrisd par le suivi 
individuel des animaux semble constituer, par rapport aux estimations 
d' ingestion sur parcours, une m6thode plus objective de mesure des chiffres de 
consommation. Mdme si cette approche complique sdrieusement les exp6riences, 
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elle devrait cependant permettre de dtterminer les espces ligneuses qui, en 
combinaison avec les gramines, pourraient aider Aam6liorer 1'alimentation 
animale et partant Apromouvoir le ddveloppement du sous-secteur de 1'61evage. 
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RESUME 

Un essai a 6tconduit pour d6terminer la valeur nutritionnelle de fourrages 
ligneux dans 1'alimentation d' ovins Djallonk6 nmres. Quatre lots de moutons ont 
dt6 soumis pendant 90 jours Aquatre rations compos~es de Panicummaximum 
pur (ration 1)ou complment6 avec Pterocarpuserinaceus(ration 2), Bridelia 
ferruginea(ration 3) ou du tourteau de coton (ration 4). 

Le GMQ des animaux soumis au Panicum maximum uniquement 
s'dtablissait A47 g. La compl6mentation avec Pterocarpusou Bridelia 
n entrainait aucun accroissement significatif du GMQ, les chiffres enregistrs 
dtant respectivement de 43 et 51 g. En revanche, la compldmentation avec du 
tourteau de coton se traduisait par une augmentation significative du GMQ 
(88 g) et un bilan 6conomique positif. Enfin, les rendements carcasse n'6taient 
pas statistiquement diffdrents, avec des moyennes de 51,2%, 49%, 51,9% et 
52,1% pour les animaux soumis respectivement aux rations 1, 2, 3 et 4. 

ABSTRACT 

Effect ofsupplementing Panicum maximum withfodder browses on growth 
andcarcassyield in male West African Dwarfskaep 

A feeding trialwas conductedto assess the nutritionalvalue ofbrowseforager 
for mole West African Dwarfsheep.Fourexperimentaldiets consistingof 
Panicum maximum alone (diet1) or supplementedwith Pterocarpus erinaceus 
(diet 2), Bridelia ferruginea (diet 3) or cottonseedcake (diet 4) were fed to four 
groups ofsheepfor 90 days. 

Animals receivingPanicum maximum alone achievedan average weight 
gain of47 g/day. Supplementation with Pterocarpus or Bridelia did not 
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significantlyimprove daily weightgains, which averaged43 and 51 g, 
respectively.Supplementation with cottonseedcakesignificantly increasedthe 
averagedailyweight gain to 88 g and resultedin satisfactoryeconomical 
results. Carcassyieldwas not significantlyaffected by type ofdietwith means of 
51.2, 49,51.9 and 52.1% for animals on diet 1, 2, 3 and 4, respectively. 
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RESUME 

L'intdret de la complmentation d'une ration de base de qualit6 mdiocre par 
Albizia zygia pour des ovins Djallonk6 en cioissance a Wtd testd dans un essai 
d' alinentation en deux phases de 90 jours chacune. Les animaux avaient t6 
diviss en quatre lots. Au cours de la phase I, tous avaient requ du foin de 
Brachiariaruziziensisoffert ad libitumet 100 g de m6lasse ae canne par jour. 
Les lots 2, 3 et 4 avaient requ en compl6meni respectivement 200 et 400 g de 
tourteau de coton et 800 g de feuilles d'A. zygia par jour. Au cours de la phase II, 
tous les animaux avaient td nourris sur pAturage artificiel avec 400 g de tourteau 
de coton par jour. Au cours de la phase I, les gains moyens quotidiens (GMQ)
6taient de 0, 93, 113 et 31 g/j respectivenent pour les lots 1,2, 3 et 4. UJ indice de 
consommation 6tait de 7,4, 6,9 et 21,3 kg de MS/kg de croit pour Jes lots 2, 3 et 
4. Au cours de la phase H,les GMQ s' dtablissaient A54, 40,45 et 63 g pour les 
lots 1,2, 3 et 4 et n' 6taient pas significativement diffdrents. Sur 1'ensemble des 
deux priodes, les GMQ 6taient de 27, 67, 80 et 48 g respectivement. !6tude de 
carcasse effectude 1'issue des deux phases fait ressortir un effet de croissance 
compensatrice sur le poids de la carcasse et le rendement carcasse. Quant A 
I' tude 6conomique, elle montre que la compldmentation se justiflait, meme dans 
I'hypothse d'un coOt maximum pourA. zygia. 

ABSTRACT 

Effect ofsupplementingapoor quality basediet with Albizia zygia onfeeding 
behaviourandgrowth inDjailonk sheep 

The effect ofAlbizia zygia as a supplement to a low quality feed wastested on 
growingDjallonk lambs duringtwo feedingperiodsof90 dayseach. The lambs 
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were divided into four groups. During Phase I, a base ration ofBrachiaria 
ruziziensis hay was fed ad libitum to all animals w,.,h 100 g/day ofcane 
molasses. In addition, group 2, 3and 4 were supplemented with adait, ration of, 
respectively, 200 and 400 g ofcottonseed cake and 800 g ofAlbizia zygia.
During Phase I, all animals were put on grown pasture and reseived 400 g of 
coitonseed cake daily.During Phase I, average daily weight gains were 0,93,
113 and 31 g for groups 1,2,3and 4, respectively, while feed intakes were Z4, 
6.9 and 21.3 kg dry matter/kg of weight increasefor groupv 2,3 aud 4, 
respectively. There was no significant difference in weight gains during Phase II 
with rates of54, 40, 45 and 63 g/dayfor groups 1,2, 3 and 4,respectively.Over 
bothperiods, the average daily gains were 27, 67, 8C and 48 g for groups 1,2,3 
and 4, respectively. Carcass evaluation at the end ofthe two phases showed an 
effect of compensatory growth on carcass weight and yield Feeding supplements 
to growing DjallonkO lambs was shown to be economicallyjustified, even at a 
the maximum, :ost ofAlbizia zygia. 

INTRODUCTION 

En C6te d' Ivoire, les ligneux interviennent largement dans I'alimentation des 
troupeaux en 6levage traditionnel et sont meme commercialisds sur les marchas A 
b~tail (ovins, caprins) toute 1ann6e dans les grands centres urbains (Bodji et 
N Guessan, 1989). Parmi ceux-ci, citons Albizia zygia, une Idgumineuse trbs 
app6Ve et disponible toute 1'ann6e sur une grande partie du territoire. Uanalyse 
bromatologique indique que cette esp~ce poss6de une bonne vale,,. nutritive 
(0,50 UF/[g de MS et 136 g de MAD/kg de MS) (Bodji, 1989), raison pour 
laquelle elle a 6t6 choisie pour cet essai d' alimentation.

Celui-ci visait A: 
* 	 effectuer une 6tude comparative du comportement alimentaire et ponddral


des ovins Djallonk6 recevant une ration de base de qualitd m6diocre (foin

de Brachiaria) compldnientde avec du fourrage d'Albizia zygia ou du
 
tourteau de coton; 

" 6tudier le phdnom~ne de la croissance compensatrice sur les animaux 
soumis diffhrents rdgimes alimentaires; et 

" mesurer les effets de la compldmentation et de la croissance compensatrice 
stir le rendement carcasse. 

MATERIELS ET METHODES 

U'essai s' est ddroul6 Ala station du d~paftement Elevage de 1'Institut des savanes 
(IDESSA) ABouakd (COte d' Ivoire) en deux phases de 90 jours chacune. 

I1a 6 realisd sur un total de 44 sevrons de race Djallonkd, provenant d' un 
meme lot d' agneaux n~s Ala ferme de 1'IDESSA du Foro Foro. Ceux-ci ont dt6 
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transport6s sur la station pour les besoins de 1'essai et ont 6t6 rpartis en quatre 
lots. Un animal est mort au cours de la pdriode d' adaptation. 

L!lge moyen des sevrons au debut de 1'essai itait de 110 jours. Les poids 4 
la naissance et les GMQ de la naissance au premier jour de 1'essai 6taient 
homogbnes. 

En d6but d' essai, divers traitements ont dt6 administris Atitre 
prophylactique. 

I s' agissait d'im traitement anticoccidien, d'un traitement antibiotique et 
d'un traitement anthelminthique. Tous les aninaux disposaient d'eau et de 
min6raux (pierre Alecher) Avolont6. 

Phase I 

Les ovins sont parquds er permanence dans des loges de 13 m sur 7 sur aire 
bdtonn6- avec abri. La pdriode d'adaptation a durd huit jours. Au cours de cette 
phase, chaque lot recevait sa ration exp6rimentale (tableau 1). 

Tableau 1. Composition des rationsjounzalitres(glj/animal)par lot 

Lot I Lot 2 Lot 3 Lot 4 

Effectif intial 11 11 11 10 

Foin adlibium adibitum adibium adibitum 

MelawM (g) 100 100 100 100 

Toufleau de coton (g) - 200 400 -

AIbida zyia(feuilles) (g) - - - 8w0 

On trouver... au tableau 2 la composition chimique, les valeurs nutritives 
moyen,s des composantes de la ration et les rdsultats des tests de digestibilit6 
d'Albiziazygia in vivo. 

Phase H 

Les animaux 6taient mends de jour au pAturage, lequel 6tait constitu6 de cultures 
fourrag~res de Panicum maximum C1 ou T58, ou de Brachiariaruziziensis, 
solon les disponibilit~s. Ils 6taient reconduits au parc le soir, oi4 ils recevaient 
400 g de tourteau de coton. 

Contr"le et ditermination des donnes zootechniques 

Le poids des animaux dtait contr6l6 r~gulirement par une triple pesde effectude 
h24 heuxes d' intervalle en debut et en fin d'essai et tous les 15 jcurs Lu cours de 
l'essai. 
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Tableau 2. Compositionchimiqueet voleurs nutitives moyennes des compoawues des radons 

Tourtcau de 
Foin MWasse coton Albiziazygia 

MS(%) 90 73,6 91,88 35,6 
Cendres 8,60 12,77 7,35 4,08 
MAT 5,48 4,76 45,16 21,84 

CB 37,13 - 13,40 35,45 

ENA(% de MS) - 82,20 32,47 37,50 
MG - - 1,64 1,53 

Ca 0,38 1,22 0,21 0,45 

P 0.19 0,07 1,28 0,15 

Mg 0,21 - 0,66 0,21 

K 1,45 3,94 1,65 0,93 

Si (inoluble 
chlorhydrique) - - - 0,03 

dMO (%) 53,1' - - 49,50 

MAD (g/kg de MS) 23' 33 370 105a 
UFL (kg de MS) 0,56' 0,95 0,87 0154a 

1Yajpr Kouao (1988) 

Les quantit&s d' aliments offertes et refusdes dtaient mesurdes 
quotidiennement. Le taux de mati~re sche dtait ddtermin6 toutes les deux 
semaines pour les aliments offerts. 

Les quantitds de matibre fralche d'Albizia zygia offertes dtaient constantes 
tout au long de 1'essai, soit 12 kg en bottes, de mani~re Afaire consommer 
environ 800 g de feuilles par animal et par jour. Les diffdrences de 
consommation dtaient dues aux variations du rapport feuilles/branches dans les 
bottes, les feuilles ayant toujours dtd consommdes en totalitd. 

Une 6tude du rendement vrai des carcasses a dtd effectude Ala fin de chaque 
phase. 3 et 6 animaux ont dtd abattus par lot respectivement pour les phases I et 
II. Pour les deux phases, les animaux n' ont pu etre tous abattus le meme jour, ce 
qui signifie,,que la pdriode de jefne avant 1'abattage n'dtait pas la m8me pour 
tous. 

Le cofit de la compIdmentation a dt dvalu6. Pour les fourrages ligneux, 20 A 
30 bottes ont dt pesdes chaque jour pendant 9 jours, sur les march6s Abestiaux 
de Bouakd. En tenant compte des prix pratiquds, une approche dconomique a pu 
etre dlaborte. 

Les donnees rassembides ont td soumises At une analyse de variance et les 
moyennes des traitements compares A1'aide du test de Newman-Keuls. 
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RESULTATS 

Consommation 

PhaseI 

V adaptation aux r6gimes alimentaires a W ttrs rapide, sans aucun signe de 
pathologie digestive ni diminution d' appdtit. Les consommations de foin de 
Brachiaria ruziziensis 6taient trs variables quel que soit le lot consid~rd 
(tableau 3).Albizia zygia 6tait tits appdt6. Les taux de matire s~che (MS) 6tant 
variables, les chiffres de consommation prs ,ntds au tableau 3 n'ont qu'une 
valeur indicative. L: ingestion moyenne d'Albizia zygia au cours de la premiere

75. phase dtait de 2,0 kg de MS/100 kg de PV ou 39,1 g de MS/P ° '
La m6lasse et le tourteau de coton 6taient toujours consomm6s en totalit6. 
On trouvera au tableau 3 les chiffres de consommation moyenne par animal 

et par jour en MS, en UFL (units fourrag~res lait) et en MAD (matires azot6es 
digestibles). 

Tbleau 3. Conommnation (±tcwt type) de MF (foin ligneux), M4 UF etMAD paraimd et 
parjur 

Seuilde 
Lot I Lot 2 Lot 3 Lot 4 signification 

MY foin (g/j) 337,18±120,30 461,26±117,52 373,29135,11 336,71*115,88 1% 
MS foin (gj) 303,47±108,3 415,14±105,77 335,96±121,60 303,04*104,29 1% 

N, ligneux (grj) - - - 802,07±90,09 -
MS totale (g/j) 379±109 692±107 781±125 661±108 1% 
UFL totales 0,244,06 0,46±0,06 0,57±0,07 0,40A,06 1% 
MAD totales (g/j) 9,38±2,60 79,95±2,50 146,16:t2,85 39,23t3,95 1% 
MAD/UF 39 173 256 98 -

Les indices de consommation (IC) en UFL/kg de gain de poids vif et en kilo 
de MS par kilo de gain de poids vif sont prdsent6s au tableau 4. UIC du lot 1 n' a 
aucune signification zootechnique 6tant donn6 que la croissance des animaux de 
ce lot dtait quasiment nulle au cours de cette pdriode. 

PhaseII 

La consommation au paturage n' a pas 6t6 mesur6e. Le tourteau de coton 
(400 g/tetefj) dtait consomm6 en totalit6 par tous les animaux, y compris ceux 
des lots 1 et 4. 1! adaptation au nouveau rdgime alimentaire s' est faite au bout de 
trois jours sans le moindre accident digestif. 
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Tableau 4. Indice de consommation relhifsh laphaeI de l'essai 

IC kg de MS/kg IC UFL/kg 
UFLJ GMQ (kg) de aoilt de crolt 

Lot 1 0,24 0,00001 37900 24 000 

Lot 2 0,46 0,093 7,44 4,95 

Lot 3 0,57 0,113 6,91 5,04 

Lot 4 0,40 0,030 21,32 12,90 

Evolution du polds 

Les chiffres de gains moyens de poids vif (kg), de GMQ (g/j) et de gains moyens
quotidiens par quinzaine sont prdsents aux tableaux 5et 6 pour les deux phases. 
Le ralentissement de la croissance entre les 135 e et 165ejours correspond Aune 
pdriode oa les patturages disponibles 6taient de qualit6 mediocre en raison d' un 
temps de repos insuffisant. Qui plus est, cette pdriode a dt6 marquee par une 
rupture de stock de tourteau de coion de plus de 15 jours. 

Tableau 5. Performances pondirales comparies (±kcart type) des deux phases 

Seuil de 
Lot 1 Lot 2 LOt 3 Lot 4 signification 

Plae I 

Effectif Ah la fin 9 10 
de la phase I 

Poic vif initial 11,87±2,08 12,67±1,95 12,05-1,83 12,7542,54 n.s. 
(kg) 
Poids vif final (kg) 12,37±2,30 21,03±x2,59 22,1919 15,49±2,90 P<0,001 

GMQ moycn (g/j) 6:9 93-:12 113*16 31:t8 P<0,001 

Gain moyco de 0,01±0,77 8,36±l,04 10,14±1,40 2,75±0,75 P<0,001 
PV (kg) 

Pluse H 

Effectifsk la fin 6 8 7 7 
de la phase II 

Poids vif initial 12,37430 21,03±2,59 22,19±92 15,4490 P<,001 
(kg) 
Poids vif final (kg) 17,11±.2,71 24,57436 26,01±3,48 21,27t3,48 P<O,001 

GMQ moyen (gfj) 54&24 4021 45-13 6318 u.s. 

Gain moy 4,82±2,16 3,60±1,90 4,06±1,16 5,70±1,66 n.s. 
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Tableau 6. Gain quotidien moyen (glj)par quznz,,ine au cours des deux phases 

Quizaine Lot 1 Lot 2 Lot 3 Lot 4 

1 -27t25 122.19 138±32 10±19 

2 0-±r28 77±22 125:31 47±-14 

3 -5±-.32 177-20 107±25 18±14 

4 3±20 75±23 110±43 1222 

5 7±18 67±37 84±45 44..8 

6 13±30 98±40 107--36 47-iJ7 

7 28±42 16±40 25.t11 11±35 

8 60±57 49±31 4±54 74±11 

9 117±54 71±43 106±22 102.±32 

10 22±49 32±43 41±47 61±74 

11 -5.34 -9±90 28±51 20±49 

12 75:±8 75±58 60±82 101--39 

Etude des carcasses 

Le rendement par rapport au poids vif n'est donnd ici qu' titre indicatif compte 
tenu des conditions d' abattage signales plus haut. Cela n'affecte en rien les 
rdsultats relatifs au rendement vrai, exprim6 par rapport au poids vif vide 
(tableau 7). 

Apr~s abattage, on a not6 la pr6sence d' un liquide clair abondant dans le 
pdritoine chez deux animaux du lot 1,trois du lot 4 et un dans chacun des lots 2 
et 3. Aucune lesion macroscopiiuement visible i'a dtd observde sur les organes 
internes. Chez trois animaux des icts 1 et 4 et un animal du lot 3, on a notd la 
presence d' un liquide clair p6riton6a, ou pleural, avec des 1dsions localis6es et 
anciennes de pneumonie pour deux 2nimaux du lot 1 et celui du lot 3. 

Cofit de la complementation 

Prix des complements 

I1ressort d' une enquete effectu~e sur le marchd des petits ruminants de Bouak6 
que les bottes de ligneux 6taien! vendues 4 50 FCFA 1'apr~s-midi, et les invendus 
conserves jusqu' au lendemain matin oi, la demande 6tant forte, ils dtaient 
vendus A100 FCFA. La "fralcheur" du produit ne semble donc pas essentielle. 
Au cours de la saison s~che, les prix restent les m mes. Certains ligneux (Albizia 
zygia, Pterocarpuserinaceus), plus appdttds par les ovins et caprins, 6taient plus 
appr6cids par les acheteurs mais cela ne semblait avoir aucune incidence sur les 
prix. Quelle que soit I'cspice botanique, le poids moyen des bottes dtart tr~s 
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Tableau 7. &ultats des deux premiers abattages (±dcart type) 

Seutil de 
Lot 1 Lot 2 Lot 3 Lot 4 signification 

,or abattage 

Poids vif avant 11,53±0,91 20,03±1,27 21,43±4,01 14,471,50 N0,001 
abattage (kg) 

PV vide (kg) 7,93±0,99 15,4±1,78 17,23±,-2,57 10,00±1,67 P<0,001 
Carcasse chaude (kg) 3,93:t0,46 8,03±0,81 9,5(61,45 5,03:0,93 P<0,001 
Rendeent carsse ,03:1,50 40,05-1,79 44,56-2,26 34,62.&3,32 P<0,001 

Rendement vrai (%) 49,61:t0,67 52,22±1,12 55,13±1,33 50,22=1,35 n.s. 
Gras (g) 82±32 167:58 267±153 133±t58 n.s. 

Gras en % du poids 2,03±0,61 2,08±0,75 3,01:2,04 2,67±1,03 ns. 
de carcasac
 

2' abattage

Poids vif avant
 

abattage (kg) 16,95:3,27 24,63:3,13 
 25,51±4,07 20,43±t3,52 P<0,01 

PV vide (kg) 13,34:±2,24 19,72&2,50 21,05..3,12 16,68±3,18 P<0,01
 
Carca.s chaude (kg) 6,78:1,19 10,35±1,49 11,05±1,81 8,59:1,94 P<0,01
 
Rendeent 40,19l,60 4±2,04 43,33:1,82 41,722,65 n.s.
 

Rendenent vrai (%) 50,8-,1,32 52,48±0,93 52,39±1,23 51,282,76 n.s. 
Gras (g) 6728 158:±6 245±104 I01±45 P<0,001 
Gras en %du oidsde en dupse 0,89±0,38 1,53:0,39 2,180,83 1,13:0,36 P<0,01 

variable, allant de 1,2 A3,6 kg. Sur la base du coot de 50 FCFA par botte, le coot 
de la compldmentation quotidienne par animal au cours de cet essai dtait donc de 
18,4 FCFA. I1s' agit de 1'hypothse d' un coot maximum, car en 6levage en 
milieu paysan, le prix du compl6ment est dgal Acelui de ]a main-d' oeuvre. A 
raison de 640 FCFA par jour pour un ouvrier joumalier, le prix de la 
compl6mentation est infdrieur A18,4 FCFA au deI de 35 animaux, en admettant 
qu'un ouvrier soit embauchd spdcialement pour ce travail. 

Avec un prix d6part usine du tourteau de coton de 30 FCFA/kg, le coot de la 
compldmentation pour les lots 2 et 3 dtait donc de 6,2 FCFA et 12,4 FCFApar 
jour respectivement, transport non compris. 

Cogi de la conplmnemationparkilo de gain de poids vif 

Ces rdsultats ne sont que des indications de 1'intdret de la compl6mentation par 
rapport au prix du kilo de poids vif (PV). Le tableau 8 donne le coot moyen pour 
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Tableau 8. Cot en FCFA de la complimentationpar 1o de gain dePVpour laphaseI 

Gain moyen de Cofit de la 
PV complmenation Coft par kg de Gain total ddi au 

Lot (kg) par animal (b) gain de PV crolt (a) X=a-b 

1 ..... 

2 8,36 558 66,75 6688 6130 

3 10,14 1116 110,06 8112 6996 

4 2,75 1665 605,45 2200 535 

chaque type de compldment par kilo de poids vif. Le prix moyen de vente des 
animaux sur pied dtant de 800 FCFA par kilo de PV, la complmentation dam les 
conditions de 'essai est toujours intdressante meme si les performances sont 
mddiocres (lot 4), surtout si l'on sait que la croissance 6tait nullc .%Uez des 
animaux du lot tdmoin, qui ne bndficiaient d' aucune compldmentation. 

En ce qui concerne la consommation de tourteau, on constate que le lot 3 
consommait 200 g de plus, soit une d6pense supplmentaire de 6,2 FCFA par
jour, pour un GMQ plus dlevd de 20 g soit un gain de 16 FCFAparjour. Les 
200 g suppl~mentaires, bien valorisds par I'animal, sont donc 6conomiquement 
justifies. 

Le tableau 9 donne pour chaque lot le coOt moyen de 1aliment 
compl6mentaire par kilo de gain de poids vif pour la totalit6 de 1'essai ainsi que
le gain di au croit, diminud du prix du compldment (M). 

Tableau 9. Coat en FCFA de laromplimentation par io de gan de PVpour lea deur phases 

Cofit de la complmentation 

Lot 

Gain 
moye de 
PV (kg) 

Pour la 
phas I 

Pour la 
phase H (b) 

Pour lea 
phases 
IetIl 

Cofit par kgde 
gain de PV 

Gain total 
ddl au crolt 

(a) Y=a-b 

1 4,82 0 1116 1116 231,54 3859 2740 

2 12,07 558 1116 1674 138,69 9656 7982 

3 14,33 1116 1116 2 232 155,76 11 464 9232 

4 8,56 1665 1116 2781 324,88 6848 4067 

Le tableau 10 donne le coait suppldmentaire de 1aliment compldmentaire et 
le gain suppldmentaire par jour dia Ala diff6rence de croft entre les lots sur 
1'ensemble de I'essai. En ce qui concerne la phase I, la compldmentation 6tait 
toujours dconomiquement justfife; la compl6mentation avec 400 g de tourteau 
en lieu et place de 200 g dtait 6galement justifide. 

Une comparaison des tableaux 8 et 9 rdv~le que le gain dQ au croft diminui 
du prix de 1,aliment compl6mentaire obtenu grAce Ala phase de croissance 
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Tableau 1. Coit dela complmentadon ci bdnifice supplimentaire (FCFAIj) df t Ia ,diffdrence de 
croit entre les lots sur l'ensemble de l'essai 

Gain suppldmentaire di A la 
Lot Cofit du complgment difffrence de croit 

2 3,1 32 

3 6,12 46,7 

4 9,25 16,8 

compensatrice (Y-X) est maximum pour le lot 4, meme dans 1'hypothhse du 
coat maximum de 1'aliment compl6mentaire au cours de la premiere phase. 

DISCUSSIONS 

Consommation 

Les rdsultats de 1analyse de variance montrent que la consommation de MS de 
Brachiariaruziziensis variait significativement (P<0,001) en fonction du lot et 
de la p6riode. 

Les consommations moyennes dtaient significativement diffdrentes pour 
1'ensemble des lots (P<0,01). Les moyennes des lots 2 et 4 n' dtaient pas 
significativement diff~rentes. I n' y avait pas de difference entre les p~riodes. 
Ces consommations dtaient plus dlevdes, except6 pour le lot 1, que les chiffres de 
3,12 ? 3,73 kg de MS/100 kg de PV obtenus par Richard et aL (1985) au cours 
de plusieurs essais d' alimentation avec des ovins Djallonkd dont la ration 6tait 
compldmentde. Berger (1979a) rapporte une consommatior moyenne de 5 kg de 
MS/100 kg de PV dans un essai d' alimentation oil du foin de Brachiariadtait 
distribu6 en quantit6 limite (350 g) avec un concentr6 ad libitum Abase de 
mdlasse, de farine de riz et de tourteau de coton. I1a obtenu, avec cette ration, un 
GMQ de 87 g apr~s 90jours d' essai. 

Berger (1979a) a notd des indices de consommation (IC) de 12,4 A23,3 kg 
de MS/kg de croit et de 7,4 12,7 UF/kg de croit. Quant ARichard et al. (1985), 
ils ont rapport6 des IC de 9,5 11,4 kg de MS/kg de croit. 

La transformation de la mati~re s~che s' op6rait bien dans les lots 2 et 3; en 
revanche, les performances du lot 4 dtaient m6diocres, ce qui indique qu'Albizia 
zygia ne peut Otre consid6r6 comme un compl6ment int6ressant pour la 
production de viande. 

Evolution du poids 

Les differences entre les taux de croissance obtenus au cours de la phase I dtaient 
toutes significatives (P<0,001). 
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La croissance 6tait pratiquement nulle chez les animaux du lot t6moin, ce 
qui montre que cette ration doit etre dvit6e pour les p6riodes critiques sur le plan 
alimentaire. 

Les GMQ des lots 2 et 3 6taient acceptables car comparables Aceux 
rapport~s par certains auteurs chez des moutons Djallonkd recevant une 
compidmentation apr s sevrage; ces chiffres allaient de 65 A110 g/j (Charray et 
N'Dri, 1981; Charray, 1984; Vallerand et Branckaert, 1975; Rombaut, 1980; 
Bassewitz et aL, 1988; Richard et al., 1985; Berger, 1979b). 

Le GMQ du lot 4 dtait de 31 g, chiffjre m6diocre, qui correspondrait 
n6anmoins Aune croissance moyenne en milieu villageois avec une alimentation 
non compl6mente (Rombaut cit6 par Vallerand, 1979). La compldmentation 
avecAlbizia zygia avait donc permis d'obtenir une croissance mod6rde chez des 
ovins nourris avec un aliment de qualit6 mddiocre. Sesbania sesban utilis6 
comme compl6ment de la paille de tef (Eragrostistef) a entrain chez des ovins 
un GMQ de 48 g (CIPEA, 1986). Ademosun et al.(1985) ont obtenu un GMQ de 
35 g pour une ration de base de Gliricidiaet de Leucaena.Quant ASmith et van 
Houtert (1987), ils ont rapport6 un GMQ de 40,2 g avec des animaux qui 
recevaient du Gliricidiaet du Leucaena. 

Au cours de la phase II, les lots 2 et 3 avaient prsentd les croissances les 
plus faibles tandis que le lot 4 prdsentait les meilleures performances. 
Cependant, il n'y avait pas de diff6rence significative entre les lots (P>0,05). On 
remarque 6galement que le lot 1 dtait le moins homog~ne avec ses variations 
individuelles extremement importantes. I1semble qu'ii if'y ait pas eu de 
croissance compensatrice. 

Sur 1'ensemble des deux phases, la diff6rence entre les lots dtait tr~s 
significative (P<C 901)-(tableau 11). Les performances du lot 1,malgr6 la 
deuxi~me phase, 6taient demeur6es tr~s mddiocres. Celles du lot 4 6taient 
modestes mais le gain total de poids vif 6tait presque double de celui du lot 1. 

Tableau 11. Croissance et gain de poidsvifpour les phases I et)l 

Seuil de 
Lot 1 Lot 2 Lot 3 Lot 4 signification 

GMQ (g/j) 27: 11 67-9 8011 48:11 P<0,001 

Gain total de PV (kg) 4,82=1,92 12,07±1,64 14,33±1,93 8,56:l,94 P<0,001 

Etude des carcasses 

Les poids vifs vides et les poids de carcasse dtaient significativement diff6rents 
pour les deux abattages,i P<0,001 et P<0,01 respectivement. Al' issue de la 
phase II, il y avait une diff6rence significative entre les lots 2 et 4 pour ces 
param~tres au premier abattage mais pas au deuxi~me. 2effet de la croissance 
compensatrice se retrouve donc au niveau de Ia production de viande. 
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Les rendements vrais dtaient significativement diff6rents au premier 
abattage (P<0,01) et seul le lot 3 avait un bon rendement (55,1%). Ginisty (1976) 
rapporte un rendement vrai moyen de 54% pour un poids vif moyen de 16,75 kg; 
Richard et aL (1985) donnent des rendements vrais de 53,75 A56,6% pour des 
ovins de poids vif vide compris entre 25 et 30 kg. Alors que les poids vifs vides 
dtaient toujours signifficativement uiffdrents (P<0,001), il n' y avait pas de 
diffdrence sigmficative entre les lots pour le deuxi~me abattage: la phase de 
croissance compensatnce influen~ait dunc la conformation des carcasses. 

Les quantit6s de gras (en grammes par carcasse ou en %du poids de 
carcasse) n' taient pas significativement difffrentes au premier abattage. On peut 
donc penser que du point de vue nutritionnel, la phase I se caractdrisait par des 
apports permettant au mieux une bonne croissancu, suffisante toutefois pour 
permettre un bon engraissement. Pour le deuxi~me abattage en revanche, ]a 
diffdrence entre les dtats d'engraissement dtait significative (P<0,001) (gras en % 
du poids de carcasse). On constate que plus le poids moyen au debut de la phase
II 6tait dlev6, plus la quantitd de gras 6tait importante, ce qui correspond Aune 
augmentation des dcpenses 6nerg6tiques par kilo de croft. La phase II, qui
correspondait done uniquement Aune croissance compensatrice pour les lots 1 et 
4, serait une phase de croissance - engraissement - ou de finition pour les lots 
2et3. 

Le poids de gras augmentait surtout i partir de 18,20 kg de poids vif vide, 
ce qui correspondait i un poids vif de 23 A25 kg. C' est donc iipartir de ce poids 
vif moyen que la transformation devenait moins efficace et que I'augmentation 
du poids vif n6cessitait une quantitd d' 6nergie de plus en plus importante. Pour 
Richard et al (1985), le poids vif n' est pas lid au rendement vrai (i un poids 
moyen de 27,75 i 29,25 kg). I1existait ici une liaison hautement significative 
pour les deux abattages (r=0,803 et 0,620, respectivement pour le premier et le 
second abattage), ce qui signifie que I'alimentation avait un effet favorable tant 
sur le poids vif que sur la conformation. Le gain de poids vif 6tait donc associ6i 
1'augmentation du rendement de carcasse. 

Cofit de la complimeniation 

Berger (1979b) et Ettien (1983), apr s des essais d' alimentation de 97 et 120 
jours respectivement, rapportent pour le cofit de divers concentrs pour 1 kg de 
gain de poids vif des valeurs tr~s variables, allant de 71 1t84 FCFA/kg pour le 
premier et de 69 i 130 FCFA pour le second. Alors que le cofit de la 
compl6mentation parAlbiziazygia dtait beaucoup plus dlev6 dans I'hypoth~se du 
coot maximum, le tourteau de coton avait permis d' obtenir un coOt moyen, 
malgr6 la qualitd mddiocre de la ration de base. 

Justifi6e du point de vue zootechnique, la compl6mentation parAlbizia 
zygia durant une pdriode critique du point de vue alimentaire 1"dtait dgalement 
sur le plan dconomique car elle se traduisait par une croissance compensatrice. 
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CONCLUSION 

La compldmentation avecAlbiziazygia au cours de la phase I a permis aux 
animaux de conserver un 6tat physiologique suffisamment satisfaisant pour 
mettre h profit une priode plus favorable et enregistrer une bonne croissance 
compensatrice. La diffdrence avec le lot tdmoin est significative sur 1'ensemble 
des deux phases. 

La compldmentation avec du tourteau de coton Araison de 200 ou 400 g par 
jour permettait d'amdliorer nettement les performances. 

Udtude des carcasses effcctude h la fin de chaque phase de 1'essai a fait 
ressortir un certain effet de la croissance compensatrice sur les poids des 
carcasses et surtout sur les rendements vrais. 

Bien qu'Albiziazygia n'ait qu'une valeur nutritive moyenne, ce ligneux 
6tait tr~s bien consommE. Le coot de la comp.1-mentation par kilo de croit 
montre que la compldmentation est justifide du point de vue Economique, meme 
dans le cas d'un coOt maximum avec Albizia zygia. La compldmentatiop avec ce 
ligneux a surtout permis d' atteindre le poids minimum de commercialisation de 
20 kg de poids vif au cours de la phase II, ce qui n'a pas tE possible avec le lot 
tdmoin. 
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ABSTRACT 

West African Shorthorn cattle were grazed under sheanut trees on a research 
station at Bole in the Guinea Savanna zone of Ghana. Animals were herded 
during the day and kraaled at night, according to local practice. Performance 
data collected so far indicate a mean calf birth weight of 14.4 kg (range 
10-19.5 kg) and a mean calving interval of 429.2 days (range 314-702 days); 
these results compare favourably with results from similar studies in the forest 
belt. During the six-month rainy season, grasses growing naturally under shea 
trees yield about 800 kg dry matter/ha, with a nitrogen content of 1.29% of dry 
matter; based on this yield, the carrying capacity of the natural ,grassland in the 
rainy season is one animal per 1.4 ha. 

RESUME 

Performancesdes taurinsd courtes comes d'Afrique occidentaleileves sous 
l'arbredl beurreou karit dans la zone de savane guinienneau Ghana 

Des taurins d courtes comes d'Afrique occidentale ant dte 6levds sous l'arbrea 
beurre ou karitg en station dBole en zone de savane guineenne au Ghana Les 
animauxpaissaient Iajournde et 6taientrassembles la nuit dans des enclos 
conformement d lapratiquc das cette region. Les donnges de performance 
obtenues jusqu'ici indiquent que le poids moyen des veaux a lanaissance 9tait 
de 14,4 kg (intervalle de variation de 10 d 19,5 kg) et l'intervalle entre velages 
de 429,2 jours (intervalle de variation de 314 i 702 jours). Ces resultats etaient 
meilleurs re ceux obtenus dans des 6tudes analogues effectuees en region de 
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foret.Au cours des six mois d'hivernage,la production de matiresechede 
I'herbe naturellepoussantsous couvert de karit4itait de 800 kg/ha-chiffrequi, 
avec une teneurenprotine. de 1,29% de la MS, donnaitune capacitd de charge 
d'un animalpour 1,4 ha. 
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ABSTRACT 

For a long time, scarcity of animal feed has been a major constraint to 
smallholder dairy production in Hai District in the Kilimanjaro region of 
Tanzania, where land shortage is a serious problem. Feed resources commonly
used are grass (cut and transported from the lowlands), crop residues and 
agro-industrial byproducts. But the costs of transporting low quality feed from 
the lowlands and of treating crop residues increase the cost of milk production.
Small backyard fodder plots have been used to provide additional feed, but these 
plots have not been managed intensively, and their yields have been low. 

From September 1989, studies on intensive fodder gardens were started at 
four sites in Hai District; three grasses-Pennisetumpurpureum (elephant grass), 
Tripsacum laasm (Guatemala grass) and Setariasplendida(setaria)-were 
planted alone or together with a legume, green leaf Desmodium (Desmodium 
intortum), at each site. In the first year, total annual herbage yields (fresh weight) 
from sole grass plots ranged from 48 to 254 t/ha; yields from grass-legume plots 
were usually slightly higher. These results indicate that intensive fodder gardens 
can increase forage quality and availability for smallholder dairy production in 
land shortage areas. 

RESUME 

A ccroissementdu disponiblefourragergrdce aux vergersd'embouche en vue 
de lapetite exploitationlaitiredans le districtde Haien Tanzani 

Lespburies d'alimentsdu bdtailconstituentdepuis de nombreusesanniesun 
obstaclemajeurau d~veloppement de lapetiteproductionlaitieredars le district 
deHa, dans la region du Kilimandjaroen Tanzanie.Les gramindes(en 
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provenancedes bassesterres), les rsidusde rdcolte et les sous-produits 
agro-industrielssont les ressourcesalimentaireslesplus utilis es dans cette zone 
o4 le manque de terre constitueun problPmeextruamementsdrieux. 
Malheureusement, ley frais de transportde ce fourrage de qualitdmouiocreet les 
frais de conditionnementdes rdsidus de rdcolte grventlourdement laproduction 
laitiaredans cette region. Fauted'unmode de gestion itensif,leproductiondes 
petits vergers d'embouchemis en placeautourdes casespour accroUrela 
productiond'alimentsdu bdtaildemeurefaible. 

En septembre 1989, des etudesont dbnarr surdes vergers d'embouchesur 
quatresites du districtde HaL A cet effe4 troisgraminies,4 savoirPenisetum 
purpureum (herbe i 9lphant), Tipsacum laxum (herbe du Guatemala)et 
Setaria splendida (setaria)ont W senmies en culturespuresou en association 
avec Desmodium intortum-une lMgumineuse-surchaquesite.Au coursde la 
premiereannde, laproductiontotale (poidsvert) defourragedesparcelles
sem4es uniquement de graminesallaitde 48 d 254t/ha; quant d celle des 
parcellesd associationgranindes-ldgumineuses,elle Atait gdn&alement 
lgdreinentplus Llevde. Ces rdsultatsmontrentque les vergers d'embouche 
peuventpermettred'accroltrela qualit6 et laproductiondefourrage4 
l'intentiondespetitsproducteursde lait des regions oil le manque de terre 
constitueun s~rieux problime. 

INTRODUCTION 

In recent years smallholder dairy farming in Hai District, Tanzania, has been 
gaining momentum, not only as a supplier of a high quality food (milk) but also 
as a major source of cash for farmers (Mdoe, 1985). A major constraint to this 
flourishing industry is shortage of animal feed; most farmers own only small 
farms (about 0.5 ha) around their homesteads, which they use to grow coffee, 
bananas and vegetables. The problem will worsen as population pressure 
increases and land becomes even scarcer. 

Feed resources used by these farmers are grass and crop residues 
transported from the lowlands, vegetable residues, weeds from banana/coffee 
plots and sometimes agro-industrial byproducts (such as molasses). But the cost 
of transporting cut grass and crop residues from the lowlands increases the costs 
of smallholder dairy production, and because these feeds have only low nutritive 
value, milk yields are low (Urio, 1987). Moreover, feeding weeds from 
banana/coffee plots to animals can be dangerous because toxic fungicides and 
pesticides are sprayed on the coffee plants. 

Small backyard fodder plots have been used to grow additional animal feed, 
but lack of intensive management has meant that the yields from these plots have 
been low. Urio (1987) noted that increased production from backyard fodder 
plots can be increased by improving agronomic practices, by including legume
species in pasture plots and through better supply of pasture seeds. And recently,
small-scale farmers in Hai district have been urged by livestock extension 
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advisers to manage their homestead fodder plots intensively, in the same way as 
vegetable gardens, so as to improve fodder yield and quality: fodder plots that 
are managed intensively in this way are termed "intensive fodder gardens". 

This paper presents the encouraging first-year results from an on-going
study on intensive fodder gardens at four different sites in Hai District, Tanzania. 

MATERIALS AND METHODS 

Experimental plots were established at four research sites (Sanyajuu, 
Mowanjamu, Kashashi and Nronga) in September 1989; plot size ranged from 

220 to 48 m , depending on the availability of land. Three grasses-Pennisetum 
purpureum(elephant grass), Tripsacum laxum (Guatemala grass) and Setaria 
splendida(setaria)-were planted from the end of September to mid-October 
1989, alone or together with a legume, (Desmodium intortum cv Greenleaf). The 
experimental design was a randomised complete block with two replicates. Grass 
spacing was 1.0 x 0.5 m; the legume was sown in rows between the grass rows, 
at a seed rate of 1.2 kg/ha. Manure was applied at Sanya juu (8 t/ha) and Nronga
(10 t/ha) before planting. Urea was applied at Mowanjamu (70 kg N/ha) one 
month after planting. No manure or fertiliser was applied at Kashashi. Plots were 
weeded continuously during fodder establishment. 

Elephant grass was harvested when it was about 1 m high, Guatemala grass
and setaria at about 0.75 m. Guatemala grass and setaria were cut at 15 cm above 
ground level; elephant grass was cut at almost ground level so as to get strong 
tillers and maintain the productive lifespan of the grass. Three cuttings were 
made between January and June 1990, except at Sanya juu where only two 
cuttings were possible due to late onset of the long rains. After cutting, the grass 
and legume were separated and weighed to determine the fresh-weight yield. 

Routine management of the experimental plots was done by farmers;
planting, cutting and weighing were undertaken jointly by researchers, farmers 
and extension staff. 

RESULTS AND DISCUSSION 

Results for each site are presented in Table 1.Yields of grass or grass-legume 
mixture were highest from elephant grass plots and lowest from Guatemala grass
plots. The legume gave the highest yield when mixed with Guatemala grass and 
the lowest when mixed with elephant grass. The shading effect of the elephant 
grass appears to hinder the growth of the legume. 

With the exception of elephant grass at two sites and setaria and Guatemala 
grass at one site each, total herbage yield was slightly (but not significantly) 
higher from grass-legume mixtures than from sole grass plots. It has becn shown 
that elephant grass is at a competitive disadvantage with Desmodium intortum 
under regular defoliation (Tiley, 1989). However, in this case the decline in yield 
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Table 1. 	 Mean yields ofgrass and grass/legumemixtures atfoursitesinHai District, Tanzai 
1990 

Mean fresh-weight yields (t/ha per year) 

%change 
Grass/legume mixture in total %legume 

Grass herbage in the 
Species alone Grass Legume Total yield mixture 

Kshmh 

Panisetumpurpureum 254.05 203.60 1205 215.65 -15.10 5.59 

Tripsacmwn lawn 85.80 81.90 26.10 108.00 25.87 24.17 

Setaria splendida 98.50 140.00 25.40 165.40 67.92 15.36 

Mowaqjauu 

Peutitum purpureum 132.35 116.25 7.25 123.50 - 6.69 5.87 

Tripsacwu larum 72.50 63.10 21.35 84.45 16.48 25.28 

Setariaspliendda 93.95 10230 9.60 111.90 19.11 8.58 

Nronga 

Pennisetumpurpureum 203.45 213.20 1.55 214.75 5.56 0.72 

Tripsacwn lacum 47.80 4&70 1810 66.80 39.75 27.1 

Setwia splendida 96.65 90.45 11.80 10225 5.79 11.54 

Sr.ayaJuu 

Penniseatmpw-pureum 193.60 207.80 0.50 208.25 7.57 0.24 

Tripsacwn lawam 81.10 56.90 9.00 65.90 -18.74 13.66 

Setaria splendida 153.90 146.90 0.65 147.50 -4.16 0.44 

at the two sites did not appear to be due to competition because the percentage of 
legume in the mixture was low, and so the effect must have been caused by other 
environmental factors. 

Significant yield differences were found across the four sites. Although the 
differences observed were partly attributed to site-specific factors, differences in 
the level of management might also have contributed to the observed results. 

CONCLUSION 

These first-year results seemed very encouraging to the farmers who learned the 
importance of backyard intensive fodder gardens. With intensive management, 
the fodder gardens could produce enough fodder to improve the feed budget and 
thus maintain high milk production throughout the year. The farmers also learned 
other advantages of grass-legume mixtures, such as conserving labour by 
harvesting two separate forages together, suppression of weed growth by legume 
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between grass rows and improving forage quality. An on-going economic 
evaluation is looking at how the cost of milk production could be affected by 
these fodder gardens. Meanwhile, the technology of grass-legume mixtures, 
which was hitherto uncommon in the district, is spreading fast because of the 
apparently obvious advantage of better quality feed. 
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ABSTRACT 

The increasing interest in crop-livestock integration in sub-Saharan Africa has 
emphasised the beneficial uses of forage legumes in cereal-based cropping 
systems. Forage legume-cereal cropping systems were evaluated in 1989 and 
1990 at the ICRISAT (International Crops Research Institute for the Semi-Arid 
Tropics) Sahelian Center along with the performance of sheep fed millet residues 
as a basal diet and supplemented with forage legume hay. 

Intercropping Stylosanthesfruticosa(Retz.) Alston and S. hamata(L.) Taub. 
with millet (Pennisetumglaucum [L.] R. Br.) did not significantly affect grain 
yields during the legume establishment year. During the second year, when 
millet was planted into pre-established stylo, total biomass and crude-protein 
yields increased by 45 and 125%, respectively, yet millet grain yield decreased 
by more than 30%. Sheep supplemented with 500 g stylo hay per day 
consistently gained weight during 60-70 day pen-feeding and grazing trials. 

Management strategies are needed to fully exploit the agronomic benefits 
and feeding value of forage legumes introduced into Sahelian mixed farming 
systems. 
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RESUME 

Effet de l'introductionde Stylosanthes dansles syst~mes agrairesdu Sahelsur 

laproductionde mil et lesperformancesanimales 

L'intrgtcroissantque suscite l'intdgrationde l'agricultureet de l'9levageen 
Afrique subsaharienr.eapermis defaireressortirles avantagesde l'introduction 
des lgumineusesfourragresdans les systemes agrairesd bave de cdrdales.Des 

systmes agrairesassociantculturesde ldgumineuseset de cdrdalesont td 
dvaluds en 1989 et 1990 au Centresahdliende l'ICRISAT (Institutinternational 
de recherche sur les culturesdes zones tropicalessemi-arides).Ces dtudes 
avaient dtd effectudes simultangment avec des travaux visant 4 examiner les 
performances d''ovins soumis 4 un aliment de basecomposd de rdsidusde mil et 
compldmentd avec du join de ldgumineuses. 

L'introductionde Stylosanthes fruticosa (Retz.) Alston et de S. hamata (L.) 
Taub entre les rangdes de rail(Penniscturn glaucum) n'avaitaucun effet 
significatifsur laproductionde grainsau cours de l'annde d'dtablissementdes 
ldgumineuses.Au cours de la seconde annde, lorsque le mil dtaitsemd entre ces 
ldgumineuses, lesproductionsde biomassetotale et de protdiJnesbrutes avaient 
augmentd de 45% et de 125% respectivement, alorsque le rendementen grains 
du mil avaitbaissd de plus de 30%. Des ovins soumispendant60 t 70 joursd un 
rdgime d'alimentation6 l'augeet de paturagelejourcompldmentd par500 g de 
foin de Stylosanthes enregistraientdes gains rdguliersde poids. 

Des efforts doivent etre 4dploy 'pour 6iaborerdes mdthodes de gestkrn 
permettantde tirerpleinementp,;.ides avantagesagronomiqueset nutritionnels 
de l'introductiondes Idgumineusesfourragresdans les syst~mes agrairesmixtes 
du Sahel. 

0NTRODUCTION 

The introduction of forage legumes in cereal-based cropping systems is a 
promising strategy for increasing crop and livestock productivity in sub-Saharan 
Africa (Gryseels and Anderson, 1983; Tothill, 1986). Forage legumes can 
enhance soil fertility, improve yields and nutritive value of harvested products, 
sustain food production and combat erosion (Mohamed-Saleem, 1985; 
le Houdrou, 1989; [zaurralde et al, 1990; Garba and Renard, 1991). However, the 
beneficial effects of legumes vary according to crop species, management and 
environmental factors (Waghmare and Singh, 1984; Nnadi and Haque, 1988; 
Varvel and Peterson, 1990). Because forage legumes do not contribute directly to 
food security, farmers are reluctant to devote land and other recources solely to 
forage production. The adoption of forage crops by farmers will, therefore, 
depend on the demonstration of their productivity and subsequent positive 
impact on cereal and livestock production, The following studies were conducted 
to determine the effect of forage legume-cereal intercropping on yields, nutrient 
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uptake and fodder quality, and performance of sheep fed cereal stover as a basal 
diet and supplemented with forage legume hay. 

MATERIALS AND METHODS 

The studies were conducted during 1989 and 1990 at the International Crops 
Research Institute for the Semi-Arid Tropic (ICRISAT) Sahelian Center (ISC), at 
Sadord (latitude 130 15' N, longitude 2*18' E), Niger. The sandy soil (Siliceous 
Isohyperthermic Psanmnentic Paleustalf) of ISC is acidic (pH 5.6 in 1:1 
soil:water mixture) and low in native fertility (West et al, 1984). Average annual 
rainfall is 560 mm; rainfall was 623 mm in 1989 and 499.5 mm in 1990. 

Agronomic trials 

Legumes for the intercropping trials were selected based on their previous 
superior performance in screening evaluatiens. Seed of Stylosanthesfruticosa 
(Retz.) Alston was collected locally and seed of S. hamata (L.) Taub. cv Verano 
was obtained from the International Livestock Centre for Africa (ILCA), Addis 
Ababa, Ethiopia. Seed of both species was multiplied at the ISC. The millet 
(Pennisetumglaucum [L.] R.Br.) cv CIVT, a recommended cultivar in the 
region, was used. Experimental treatments consisted of two planting strategies: 
• 	 millet and stylo sown on the same day 
" 	 millet sown into year-old pre-established stylo; 

and seven cropping patterns:
• 	 pure millet 
• pure S. frwaicosa 
" millet plus S. fruticosain alternate single rows 
* 	 pure S. hamata 
* 	 millet plus S. hamatain alternate single rows 
• millet plus S. fruticosain alternate triple rows 
" millet plus S. hamatain alternate triple rows. 

The treatments were replicated four times in a split plot design with 
planting date assigned to the main plot and cropping system randomly assigned 
to 8 x 12 m subplots. Each plot received an annual application of 13 kg P/ha as 
single superphosphate which was broadcast before planting and worked into 
ridges with an oxen-drawn plough after the first rains. Nitrogen was applied to 
millet at the rate of 15 kg N/ha as calcium ammonaii rdtrate in a single 
E.pplication about 30 days after emergence. Planting ocrurred on 30 June 1989 
and 30 May 1990. Millet was sown in pockets at 1.2-.n spacing on ridges 0.75 m 
ay'art, and was thinned to three plants per pocket three weeks after sowing. Stylo 
waz sown in continuous lines and was not thinned. 

To determine treatment effects on yields, the total biomass from the 
innermost 3 x 4 m of each subplot w.s hand harvested and weighed. Millet was 
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fractionated ii.to panicles, leaf (blade and sheath) and stem. Subsamples of millet
plant pails were sun-dried to constant weight for dry-matter (DM) determination.
Panicles were threshed to determine grain yield. The legumes were harvested
twice, approximately 60 and 120 days after emergence. Herbage subsamples
were oven-dried (75°C, 48 hours) for DM determination. Seed yields for thelegumes were determined at the second harvest. All plant samples were milled to pass a 1-mm screen, acid-digested using a modificaCon of tie aluminium block
digestion procedure (Gallaher et al, 1975) and nitrogen and phosphorus were
deternuned by semi-automated colorimetry (Hambleton, 1977).


Analysis of variance using the General Linear Model proceau-,b (SAS,

1982) was used to determine treatment effects on yields of millet grain and
stover, stylo herbage and seed and fodder crude protein. A least significant

difference (LSD) test (Montgomery, 1984) wzs used to identify possible

differences in treatment means.
 

Sheep feeding trials 

A pen-feeding and a grazing trial were conducted in 1989 and 1990 to determineliveweight changes of sheep fed millet stover as a basal diet and supplemented

with cowpea (Vigna unguiculata[L.] Walp.) or S. fruticosa hay.


In the 70-day pen-feeding trial, three groups of eight intact male sheep

(average liveweight 28 kg) were randomly assigned to one of three rations:
 

1.millet stover only (control)
2. millet stover plus 300 g cowpea hay
3. millet stover plus 500 g stylo hay.
Millet was fed ad libitumand legume levels were determined to provide a
daily nitrogen supplement of 6 g per animal. The hays were offered individually


to animals at the end of the day.

Inthe 60-day grazing trial, 30 intact male sheep (average liveweight 25 kg)
were divided into three equal groups. All animals grazed a 3.5-ha millet field


during the day and the legume hays were offered individually to animals in the

evening at the same level as in the pen-feeding trial.
 

RESULTS AND DISCUSSION 

Agronomy trials 

Planting time and pattern highly influenced millet and stylo yu;-lds. During thestylo seeding year, yields were highly variable and so no significant differences
in grain yields among the cropping systems were detected (Table 1). However,
average millet grain yields from the alternate triple row millet/S. hamata 
treatment decreased by 78% in 1989. Millet stover yields were 10-53% lessfrom intercrops than from sole crops. Reductions were greatest in the millet/S. 
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Table 1. Seedingyear yields ofmillet and Stylosanthes (millet and stylosown on the same date) 
as affected by cropping rysiem 

Millet Residue' 

Grain Stover Stylo herbage Eomass Crude protein 
Cropping system (kg/ha) (kg/ha) (kg/ha) (kg/ha) (%) 

1989 

Pure millet 1080 2706 - 2706 4.3 
Pure S.ftuticosa - - 213 213 11.9 

Milet/S fruticosa single rows 805 2405 14 2419 5.6 
Pure S. hamata - - 552 552 12.4 
Millet/S. hamaxa single rows 1020 2428 22 2450 5.5 

Millet/& fruticosa triple rows 613 2400 327 2727 6.2 

Millet/S. hamata triple rows 246 1276 353 1629 5.9 

LSD (5%) Is 1181 123 948 1.7 

1990 

Pure millet 591 1960 - 1960 4.8 

Pure S. futwosa - - 783 783 12.2 
Millet/& fruticosa single rows 407 1484 202 1686 5.0 

Pure S.hamata - - 126 126 12.2 
Millet/& hamalasingle rows 414 1453 51 1504 5.7 

Millet/S. fruticosa triple rows ­ 539 1349 395 1744 7.5 
Millet/S hamata triple rows 341 939 61 1000 4.1 
LSD (5%) us 433 324 476 1.2 
' Residue = millet stover + stylo herbage 

hamata association. When millet was grown with S. hamata in alternate triple 
rows, total biomass yield decreased by 40% in 1898 and 49% in 1990. Although 
stylo intercropping reduced yields in some treatments, crude-protein content of 
intercrop total biomass was 4-56% higher than that of sole millet crop in all 
treatments, except in 1990 when stylo herbage yields in intercrops were very 
low. Yet crude protein concentration of all harvested biomass was below 7%, theminimum maintenance level for ruminants (Humphreys, 1978). This poor 
feeding quality was due to.the low stylo yield, probably caused by intermittent 
drought and poor germination during the seeding year. 

When millet was sown into pre-established stylo, grain yield was reduced 
by 26-83% relative to monocrop millet (Table 2). Total bioniass, crude-protein 
and phosphorus contents of ittercrops were, however, igiper in both years than 
those obtained in sole millet crop. Alternate triple row planting of millet with 
either stylo resulted in lower millet grain yield in 1989 than alternate single row 
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Table 2. Yields ofmillet andStylosanthes (millet sown into pre-established stylo) as affected by 
croppingsystem 

Millet Residuea 

Grain Stover Stylo herbage Biomass Phosphorus Crude j;tein 
Cropping system (kg/ha) (kg/ha) (kg/ba) (kg/ha) (%) (%) 
1969 

Pure millet 642 2662 - 2662 3.4 5.7 
Puie S.f'uticosa - - 307, 3075 5.1 13.0 
Millet/S.fruzicosa 313 1214 2032 3246 4.6 9.3 

single rows 
Pure S. hamata - - 1265 1265 1.7 12.2 
Millet/S hanamta 276 1006 4698 5704 8.0 10.9 

single rows 
Millet/& frugosa 106 618 2508 3126 5.4 11.1 

triple ruws 
Miple Samata 139 814 4122 4936 6.8 11.2 

triple ivws 
L_ (5%) 183 798 889 931 1.1 1.7 

1990 

Pure millet 832 3204 - 3204 1.5 2.9 
Pure S.fruticosa - - 2889 2889 4.6 12.2 
Millet/S. fruticosa 429 2234 1518 3752 3.0 7.3 

single rows 

Pure S. hnata - - 3936 3936 5.3 12.8 
Millet/S hamata 217 1286 3064 4350 4.4 9.5 

single rows
M/illet/S fruticosa 

triple610 1845 1154 299 2.8 6.2 
Millet/& hamara 439 1308 2271 3579 3.9 8.5 

triple rows 
LSD (5%) 112 787 429 652 1.0 1.0 

a Residue = millet stover + stylo herbage 

planting. Cropping patterns involving S. hamatareduced millet yields more than 
those involving S. fruticosa. 

Dry-matter yields of both stylos were greatest the second year after
establishment. Stylosantheshamataproduced significantly more herbage
(P<O.01) and assimilated more nutrients (P<0.01) than S. fruticosa.An exception
to this was lower pure S. hamatayields in 1989 due to plants being cut too short 
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the previous year, resulting in poor regeneration. Higher legume yields in the 
second year versus the first year of establishment contributd to the increase of 
intercrop dry-matter and crude-protein content but cause a decline of millet 
yields. 

Sheep feeding trials 

For sheep grazing millet stover, average daily liveweight gains (ADG) for the 
control, stylo and cowpea supplemented sheep were 78, 98 and 115 g, 
respectively, during the first 22 days of the trial (Figure la). Unsupplemented 
animals maintained their weight up to the 42nd day, after which they consistently 
lost weight. Supplemented sheep continued to gain weight up to the end of the 
trial. Average daily gains at the end of the trial were 12, 48 and 53 g for the 
unsupplemented, stylo and cowpea supplemented sheep, respectively. Weight 
gains of unsupplemented sheep during the first three weeks were probably due to 
animals grazing selectively the more nutritious portion of the biomass such as 
leaves, tillers and weeds. A parallel trial involving sheep grazing millet stover 
and browse wind breaks (ILCA, unpublished) found that crude-protein (CP) 
content of millet residue dropped from 50 g CP/kg DM at the start of grazing to 
39 g CP/kg DM after four weeks. The reason why unsupplemented sheep began 
to lose weight, and weight gains of supplemented animals decreased after the 
first three weeks of grazing, was probably a decrease in the nutritive value of 
millet residues. 

Pen-fed sheep consumed mostly millet leaves (blades and sheaths) and 
refused most stems. Supplemented animals had steady growth rate throughout 
the feeding period (Figure 1b). Unsupplemented sheep gained weight for a week 
and then maintained it up tc 49 days, after which they lost weight up to the end 
of the 70-day trial. Resulting ADG for the entire trial were -1.8, 78 and 51 g for 
the control, stylo and cowpea hay supplemented sheep, respectively. That 
supplemented animals consistently sustained growth rate throughout the trial 
period was primarily due to constant nutritive value (53.1 g CP/kg DM) of feed 
supplied in the basal diet. 

CONCLUSIONS 

There appear to be distinct tradeoffs in grain and feeJ1 output when millet and 
stylo are intercropped. When millet was sown into year-old established stylo, 
grain yield decreased but total feed biomass and protein yield increased as 
compared with sole millet crop. The adoption cf such intercropping systems will 
depend on the relative emphasis placed by small-scale farmers on grain versus 
feed production. The cut-and-carry system seemed to have an advantage over 
grazing but this benefit would need to be weighed against other factors such as 
labour input, storage, nutrient cycling, etc. 
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Figure 1. 	Effect ofsupplementing cowpea or stylo hay on liveweight ofsheep grazing millet 
-. ver (a) or fedmillet stoverin pens (b) 
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In terms of improved feeding systems, the study showed that as little as 6 g 
N in the form ofstylo supplemented daily to sheep fed millet residue is enough 
to obtain steady animal growth. The average additional 35 kg N/ha produced by 
intercropping S. fruticosa with millet could, therefore, in theory provide 
sufficient N supplement to 30 animals for 194 feeding days. Corresponding 
millet stover yields could, however, be reduced. Appropriate management 
strategies are therefore required to maximise the benefits of forage legume 
introduction into mixed crop-livestock farming systems of the Sahel. 
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ABSTRACT 

Two experiments were carried out to investigate the effects of supplementary
feeding on the dry-matter intake and growth rate of young Horro sheep grazing
native pasture during the dry season. In the first experiment, there was no 
significant difference between the dry-matter intakes of adlibitum Eupplements 
of dry or wetted teff straw (117 and 139 g/day, respectively). Neither dry nor 
wetted teff-straw supplements significantly increased lamb growth rates in 
comparison with unsupplemented controls (41, 40 and 37 g/day, respectively). 
Lamb growth rates were, however, significantly increased by daily
supplementation with 238 g dry Leucaenaper lamb, offered alone or with dry or 
wetted teff straw (79, 69 and 78 g/day, respectively). In the second experiment, 
feed supplements comprising different proportions of maize grain, noug cake 
and dry Leucaena all significantly increased lamb growth rates above the 
average of 10 g/day of unsupplemented controls. Growth rates of supplemented 
lambs increased approximately linearly from 45 to 64 g/day as Leucaena 
gradually replaced noug cake as the source of crude protein in the supplement. 

These results demonstrate that home-grown Leucaenasupplements can 
improve the productivity of small ruminants during dry periods when feed 
supplies are limited. 

RESUME 

Effet d'un aliment compltmentairecompost de paillede tefhydratieet des 
sourcesdeprottinessurl'ingestionvolontaire de pail. de tef et la croissance 
d'agneauxHorrodilevds surpiuragenaturelau coursde la saisons~che 

Deux expdriencesont dtd effectutes en vue d'6valuerl'effet d'un aliment 
complmentairesur l'ingestionde matihresche et la croissanced'agneaux 
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Horrodleves surpiuragenaturelau cours de la saisons&he. Dansla premnire 
expgrienc=4 aucunedifference significativen'a et enregistrdeentre la 
consommationde mati re s&he d'un complement de tefoffert ad libitum, qu'il 
soit sous forme stchee ou hydratee, les chiffres tantde 117 et 139 g 
respectivement. Par ailleurs,la paillede tef,qu'elle soitsechde ou hydratde, 
n entrainaitaucune accelerationsignificativede la croissance des agneaux, 
laquelles'dtablissait4 41 et 40 g/j respectivement contre37 g/j pour le lot 
tdmoin. En revanche,un compldment de 238 g de Leucaena parjour etpar t&e 
offert seul ou associM d de la paillede tefsdchde ou hydratfe entratnait une 
augmentationsignificative des taux de lacroissance,les gainsdepoidsdtant 
respectivementde 79, 69 et 78 g/j. 

Dansla seconde expdrience,des alimentscomplimentairescomposds de 
diffdrentes combinaisonsde grainsde mais, de tourteaude noug et defourrage 
de Leucaena sdchd entrainaientchez les agneaux des accroissementssignificatifs 
des taux de croissancesupdrieursd la moyenne de 10 g/j enregistrdechez les 
tdmoins.Les gainsde poids des agneauxaugmentaientde mani~re lineairede 45 
4 64 g/j 4 mesure que le Leucaena remplajaitle tourteaude noug comme source 
de protdinedans l'alimentcompldmentaire. 

Ces rdsultatsmontrentqu'unecompldmentationde Leucaena, ldgumineuse 
poussantsurplace,peutpermettre d'accroftrela productivitddespetits 
ruminantsau coursde lasaisonseche, c'est-4-direen pdriodedepdnuries 
d'alimentsdu bMail. 
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ABSTRACT 

Ruminant livestock production in Ghana is based predominantly on native 
grassland. The nutritive value of the natural pastures varies drastically according 
to season: protein content is between 8 and 12% of DM at the start of the rainy 
season but drops to 2-4% in the four- to six-month dry season. Animal 
performance fluctuates widely, and there is overwhelming evidence of 
undernutrition and malnutrition in the animals. 

About 2.3 million tonnes of cereal crop residue are produced in Ghana 
annually. If it is used strategically, this feed resource could save up to 186 
million kg of livestock weight loss during the 120-day dry season. 

Research work jz underway on methods of transforming fibrous feeds into 
adequate feed rmsourmes for ruminants in the dry season. For example, animals 
fed urea-ensiled straw either maintained their liveweight or made modest 
positive weight gains. When supplemented withLeucaenaleucocephala(15 to 
30%of total DM intake) liveweight gains in goats fed urea-treated rice straw 
rose from 33 to 61 g/d over 56 days. It is suggested that feeding urea-treated 
low-quality roughages supplemented with leguminous browses is the key to 
solving dry-season feeding problems for the smallholder livestock farming 
system in Ghana. 

RESUME 

Alimentationdes ruminantspendantla saison seche au Ghana:utilisationdes 
rifsidusde rdcolte etdufourragedes igumineusesarbustivesdans ks rations 

L'Ilevage des ruminants au Ghana repose essentiellementsur laproductiondes 
pdturagesnaturelsdont la valeur nutritive varie trssensiblementen fonction de 
lasaison.Ainsi la teneurenprotdinesde I'herbenaturellevarie de 8 4 12% de la 

149
 



matieres&he au debut de l'hivernagepourchuter6 2 ) 4% au cours desquatre 
a six mois de saisons&he.Les performancesanimalesfluctuem donc trds 
largement et la sous-nutritionainsique la malnutritionsemblent trs rdpandues 
chez les animaux. 

Environ 2,3 millions de tomes de rdsidusde cr&alessomproduiteschaque 
anngeau Gana.Utilisde de manirerationnelle,cene production peut 
permettred'viter chez les animauxdes pertesde poids 6valudes d 186 millions 
de kilos depoids vifau cours des 120jours de sdcheresse. 

Des travauxsont actuellement en courssur la transformationdes aliments 
fibreux en ressourcesalimentairesutilisablespar les ruminantsau coursde la 
saisons&he.Parexemple, on s'est aperquque des ensilagesde pailletraitde 
avec de l'urdepermettaientaux animaux de maintenirleurpoids ou m&ne de 
l'augmenterlegrement.Parailleurs,une compldmentationde Leucaena 
leucocephala (15 d 30% de la quantitetotalede mati~resdche ingdre) 
entrafaitun accroissementdes gainsde poids de 33 d 61 g/jpendant56jours 
chez des caprinsnourrisavec de lapaillede riz traitee avec de l'urge. 
L'utilisationde fourragesgrossiersde qualitgmediocre traitdsavec de l'urgeet 
complnenzs avec dufourragede Mgumineuses ligneusespourraitdonc 
permettrede rdsoudreleproblbne des pdnuriesalimentairesauquelson 
confrontdsau cours de lasaison sdche lespetits Jleveursau Ghana. 
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ABSTRACT 

Uvestock in Botswana depend on natural rangelands for feed during both wet 
and dry seasons. Indigenous browse plants providing feed for livestock include 
leguminous types such as Acacianioticaand nonleguminous types such as 
Colophospermummopane.The mopane tree has long roots which enable it to 
extract moisture at great depth: because of this ability the plant breaks dormancy 
and produces fresh green leaves before the rainy season. During the dry season 
and drought years, mopane trees bear pods with seeds and these, together with 
the dry mopane leaves, are consumed by livestock. 

Cereal stovers are used to feed livestock during the dry season in certain 
areas of Botswana. Because cereal stovers are low in crude protein, digestible 
energy and mineral content, livestock farmers grow lablab (Lablabpurpureus),a 
legume fodder crop, to feed in association with crop residues in the dry season. 

A dietary selection study on goats showed that the crude-protein content of 
the plant material browsed in May, June and July was about 11.5%, compared 
with about 9% in August. The average dry matter of the plant material browsed 
in June, July and August was 93% compared with 84% in May. Liveweights of 
animals dependent on browse plants during the dry season remained constant. 

Differences in the apparent digestibilities of dry matter, crude protein and 
organic matter found in a nutrient digestibility study with goats were highly 
significant (P<0.001). There was a wide variation in the feed value of the dry 
mopane leaves offered to the animals. 

Fresh green mopane leaves contain more polyphenolic compounds and 
condensed tannins than dry mopane leaves. 
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Average liveweight change and daily gain for steers fed sorghum stover 
with lablab hay were higher (P<0.001) than those of steers fed sorghum stover 
alone or with dry mopane leaves. The average cold dressed weight for Bonsmara 
steers fed stover with lablab hay was higher (P<0.05) than for Bonsmara steers 
fed stover alone or stover with mopane leaves. The poor performance ofsteers 
fed stover with dry mopane leaves could be due to poor condition of the plant
material and/or to using steers that were not used to browsing the mopane plant. 

RESUME 

Utilisationdefourragede Colophospermum mopane et depaile de sorgho 
dansl'alimentationdes ruminantsau coursde la saisonseche au Botswana 

Que ce soitau coursde l'/zivernageou pendant lasaisonseche, l'essentieldes 
alimentsdu bdtailutilisesau BotswanaprPwiennentdes ressourcespastorales 
naturelles.Les esp8ces ligneses locales quientent dans I'alimentation du 
bdtailsont,entre autres,des legumineuses(exemple: Acacia albida) et d'autres 
esphaesvdg~tales comme Colophospermum mopane. Avec ses longuesracines, 
ce ligneuxpeut aller chercher l'eau i des profondeurs insoupgonnees,ce qui lui 
permet d'dviter le phenom8ne de dormanceet de produiredes feuilles vertes 
avant le debut de la saisondes pluies.Au cours de la saisonseche,
 
Colophospermum mopane porte des gousses avec des graines,lesquelles sont
 
consomm~espar les animaux au mame titreque les feuilles mortes.
 

Lapaillede cerdalesentre Ldgalemnem dans l'alimentationdes aninaux 
d'elevagedarscertainesrdgionsdu Botswana.Etantdonnd que lapailleest
 
pauvreen protdinesbrutes,en dnergiedigestibleet en matidresmindrales,ele
 
est complmnentee en saison sdche par du foir de Lablab purpureus, une
 
legumineuse cultivde surplaceparles dleveurs. 

Des analyses ont rdvdleque le taux deproteines brutes des ligneux broutis 
par les caprins 6tait d'environ11,5% en ma4 juin et juillet contre 9% en aoat. 
Quantd leurteneuren matidres~che, elle dtaiten moyenne de 93% en juin,
juillet et aoatcontre 84%en mai. Le animnaux se nourrissantde ces ligneux au 
coursde la saisonseche parveuaientd inaintenirun poids relativementconstant. 

Ut, etude de digestibilitgdes ldments nutritifseffectude sur des caprinsa 
permisde mettre en evidence des diffdrences hautementsignificatives(P<O,O01) 
entreles taux de digestibilitgapparentede la mati-tresch4 les teneurs en 
protinesbrutes ou les taux de matiere organique.Parailleurs,d'nimportantes
diffdrences ont ed enregistreesdans la valeurnutritive desfeuilles s&hes de 
Colophospermum mopane. 

Dememe lesfeuilles vertes contenaientplus de composds polyphenoliques 
et de taninsque lesfeuilles seches. 

Les variationset les gains moyens de poids des boeufs sownis 4 un regime 
compose depaille de sorgho compldmemde avec dufoin de Lablab purpureus
etaientplus dlevds (P<O,O01) que ceux des anirnauxrecevantde lapaillede 
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sorghoassocideou non ddufourrage de Colophospermum mopane. Chez les 
boeufs Bonsmara, un rdgime composg de paillecomplbnentge avec dujoin de 
Lablab purpureus setradwisaitparun poidsmoyen de la carcasserefroidie 
superieur (P<O,05) d celui associd4 un rdgime constitudde paillecomplmentde 
ou non avec desfeuilles de Colophospermum mopane. Les performances 
mdiocres ides 4 la compldmentation avec desfeuilles s&hes de 
Colophospermum mopane pourraients'expliquerparle pidtredtat du matdriel 
vdgdtalutilisdet/ou lefait que les boeufs de cette expdrience n'avaient gure 
l'habituded,fourragede Colophospermum mopane. 

INTRODUCTION 

There are several species of indigenous trees in Botswana which provide feed for 
both game and livestock, especially during dry seasons and drought years. 
Browse plants provide the bulk of the protein, vitamins and mineral elements 
which are normally lacking in grasses during the dry season (le Houdrou, 1980). 

Colophospermummopane trees, which have formed a distinctive vegetation 
in the mopane veld area, provide feed for livestock during dry seasons and 
drought years. Livestock browse mopane leaves when they turn reddish-brown 
in colour, at which time their crude-protein content averages about 11%. Fresh 
green mopane leaves have higher crude-protein content (almost 13%) but they 
are not eaten as readily by livestock as the reddish-brown leaves. Fresh mopane 
has low pH (4.83-5.0i) and a bitter taste, which might contribute to its J,.w
acceptability by livestock (Ernst and Sekhwela, 1987). Furthermore, during the 
time when the mopane leaves are still green, natural grasses are abundant, and 
livestock prefer to graze rather than browse. Also, antinutritional factors such as 
tannins and polyphenolics may be present in high concentration in fresh mopane 
and may reduce its intake by livestock. Polyphenolic compounds and tannins in 
browse affect intake, digestibility and animal performance by reducing 
degradation of fibre and protein by rumen micro-organisms. 

During the dry season C. mopane plants bear pods with seeds which contain 
15-16% crude protein and are readily eaten by livestock. The mopane plant has 
long roots which enable it to extract moisture at great depths. Because of this 
ability, the mopane plant breaks dormancy and produces fresh green leaves 
before the rainy season, and therefore provides fodder for ruminants during the 
periods of grass shortage. 

The importance of goats and cattle to Botswana's economy, and of browse 
plants to these animals during the dry season and drought years, justifies
conducting studies to determine the nutritive value and goats' selection patterns 
of browse plant:. Utilisation of dry mopane leaves and lablab (Lablab 
purpureus) hay as dry-season supplementary feeds for beef steers fed sorghum 
stover was investigated. The objectives of the studies were to: 
" assess antinutritional factors in fresh and dry mopane leaves 
* determine the nutritive value of goats' diets 
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" evaluate the effect of feeding dry mopane leaves with sorghum stover on
 
nutrient digestibility by goats


" evaluate the performance of beef steers fed sorghum stover with mopane
 
dry leaves or lablab hay as supplementary feeds during the dry season.
 

MATERIALS AND METHODS 

The sorghum (Sorghtan bicolor) stover used in the goat nutrient digestibility and 
steer performance studies was obtained from Sebele Agricultural Research 
Station fields: it was chopped through a 10-cm size screen using a forage 
harvester, left on the fields for two weeks to dry, and then piled together to 
prevent loss of nutrients through leaching. Fresh and dry mopane leaves were 
hand picked from Lesego Government Research Ranch in north-east Botswana. 
Lablab hay was grown and harvested from Sunnyside Research Station farm. 

Experiment 1 

A study of goat diet selection patterns was conducted at Lesego Government 
Ranch. The ranch covers an area of about 3990 ha, of which two 200-ha 
paddocks, each with a similar vegetation cover, were used for the experiment. 
There are several varieties of browse plants on Lesego ranch, but its vegetation is 
classified as mopane mixed tree and shrubland. 

Four castrated male Tswana goats (average initial liveweight 62 kg), fitted 
with an oesophageal Fstula, were used in the study. One day before sampling, 
animals were kraaled at 1200 hours to starve them so as to increase their intake 
of the browse plants during the sampling period. At 0800 hours on the day of 
sampling, the fistula plugs were removed and each animal was fitted with a 
collection bag around its neck. Sampling was done monthly for four months 
during tht dry season (May to August). At least two samples for each goat were 
collected each month. Sampling time was about 30-40 minutes and this was 
preceded by removal of the sampled plant material from the collection bag into 
plastic bags kept on dry ice to prevent further changes by plant enzymes. After 
sampling the fistula plugs were refitted and the goats were transferred to the 
paddock not used for sampling. The browsed samples for each individual goat 
were freeze-dried, the ratio of browse plants/pods with seeds of the dried 
browsed plants was determined, and the dried plant material was ther ground 
through a 1-mm screen for chemical analysis. 

Experiment 2 

A second study with goats was conducted to investigate nutrient digestibility. 
Three groups of four Tswana goats (average initial liveweight 55 kg) were 
randomly assigned to one of three diets: 
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* 	 540 g sorghum stover per day (diet 1) 
* 	 407 g sorghum stove, + 133 g mopane dry leaves per day (diet 2)
* 	 280 g sorghum stover + 260 g mopane dry leaves per day (diet 3). 

The expeririatal regimen consisted ofan ad libitum intake period of 18 
days, followed by a five-day adjustment period to the feeding levels of the three 
experimental diets. 

Each animal also received (at 0800 hours each day) 260 g of concentrate
 
supplement containing 50%lablab leaves, 45% sorghum bran and 5% mineral
 
mix (dicalcium phosphate and salt (1:2)). The chemical composition of the
 
supplement was:
 
* 	 dry matter: 94.04% 
• crude protein: 13.35% of dry matter
 
• organic matter: 79.97% of dry matter
 
• 	 ash: 20.03% of dry matter 
* 	 crude fibre: 11.23% ofdry matter 
* 	 ether extract: 11.81% of dry matter 
* 	 nitrogen-free extract: 3.58% of dry matter 

All animals were kept in metabolic crates during both the voluntary feed 
intake and nutrient digestibility periods and were weighed at the start and end of 
the experiment. 

Weights and samples of feed offered and refused were taken daily during 
the last seven days of the voluntary intake and nutrient digestibility period. Urine 
and faeces were also collected d.ly from each animal during the digestibility 
study. Samples of feeds offered and refused and of faeces were ground through a 
1-mm screen and analysed for dry matter and nitrogen by standard methodology 
(AOAC, 1980). Crude fibre was determined using a Fibertec System M (#1020
Hot Extrator). Ether extract was determined using the Soxtec System HT6 
(#1043 Extraction Unit). Neutral and acid detergent fibre were determined on the 
browsed plant material using the method of Goering and Van Soest (1970). 
Lignin was determined using the 72% sulphuric acid procedure (Goering and 
Van Soest, 1970). Aquantitative analysis for polyphenolic compounds and 
condensed tannins was done on both the fresh and dry niopane leaves using the 
procedure outlined by Marini-Bettolo (1980). 

Experiment 3 

The effect of dry mopane leaves and lablab hay as supplementary feeds for beef 
steers fed sorghum stover during the dry season is being evaluated in an 
on-going study. 

Three groups of three Tswana and three Bonsmara steers (average initial 
liveweight 385 kg) were randomly assigned to one of three diets: 
• 	 50%sorghum stover + 50% mopane diy leaves (diet 1)
• 	 70%sorghum stover + 30% lablab hay (diet 2) 

sorghum stover alone (diet 3) 
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All animals were also offered dicalcium phosphate and salt (1:2) ad libitum. 
The amount of feed offered to the animals was calculated based on the average 
body size of the animals. 

Animals were dipped every two weeks to control external parasites and 
were weighed monthly. At the end of the experimental period (90 days) animals 
were sent to the Botswana Meat Commission (DMIC) for slaughter and the 
carcasses were graded acccrding to standard procedures.

Samples of feeds offered and refused were taken daily during the first seven 
days of each month for a period of 90 days. The feeds were analysed for dry 
matter and nitrogen by standard methods (AOAC, 1980). Neutral and acid 
detergent fibre were analysed using the method described by Goering and Van 
Soest (1970). Lignin was determined using the 72% sulphuric acid procedure
(Goering and Van Soest, 1970). In vitro organic matter digestibility was 
measured using the Tilley and Terry (1963) procedure. The rumen fluid used in 
the in vitro procedure was collected from two steers fed lablab and grass hay. 

RESULTS 

Experiment 1 

The ratio of browsed plant material and pods with seeds found in the collection 
bags of goats during the months of June and July was equal. The pods with seeds 
were mainly of Dichrostachyscinera(Moselesele) and small quantities of 
Acacia nilotica(Moka). Monthly chemical analyses of the browsed plant
material are presented in Table 1. Average dry-matter content of goats' extrusa 
samples was lowest in May, while crude-protein content and in vitro organic 
matter digestibility were lowest in August. 

Table 1. Monthly chemical analysis ofplmn material browsed by g.. ats arLesego Ranch 

Chemical composition (%DM) 

May June July August 

Dry matter 84.00 93.00 93.00 93.77 
Crude protein 12.00 10.98 11.49 9.07 
Neutral detergent fibre 38.41 39.96 38.24 38.27 
Acid detergent fibre 27.21 29.97 26.58 27.52 
Lignin 12.03 12.45 11.09 11.99 
Calcium 1.57 1.11 1.62 1.48 
Phosphorus 0.18 0.27 0.18 0.20 

In vitro organic-matter 

digestibility - - 58.25 45.23 
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Experiment 2 

In the digestibility trial, substituting dry mopane leaves for stover increased the 
crude-protein content and the total digestible nutrients ofdiets 2 and 3 over the 
control diet (Table 2). The digestibilities o2 nutrients in goats fed diet 3 were 
higher (P<0.001) than those in goats fed diet 1 or 2 (Figure 1). 

The concentration of condensed tannins was higher in fresh than in dry 
mopane leaves. 

Average liveweights of the goats were 68 kg in May, 70 kg in June and July 
and 67 kg in August. 

Table 2. Chemical composition and total digestible marientsofdets fed to goats in t&e nutrient 

dgestibiity tria 

Chemical composition (%DM) 

Ingredients Diet 1 Diet 2 Diet 3 

Dry matter 95.02 95.07 95.07 

Crude protein 6.48 8.55 10.62 

Organic matter 82.87 85.25 86.78 

Ash 17.13 14.75 13.22 

Ether extract 9.28 14.25 14.25 

Crude fibre 22.52 21.78 21.09 
Neutral detergent fibre 44.59 40.67 40.82 

Total digestib!e nutrients 43.69 66.15 67.41 

Experiment 3 

The chemical analysis of the diets given to the animals is presented Table 3. 
Average daily dry-matter intakes were 31.i7, 49.17 and 43.80 k6 for 

animals fed stover + mopane, stover + lablab hay and stover alone, respectively. 
There were differences (P<0.001) in the liveweight changes and average daily 
gains of the animals offered the experimental diets, and in the cold dressed 
carcass weights of Bonsmara steers (P<0.05) (Table 4). 

Two carcasses of steers that were fed stover alone and one carcass of a steer 
fed stover and dry mopane leaves were condemned at BMC because of 
cysticercus bovis. 

DISCUSSION 

The lower crude-protein and higher DM content obtained in browsed plants 
sampled in August confirms that plant material deteriorates in quality as the dry 
season progresses. Subsequently, the performance of animals dependent on this 
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Table 3. Ingredients andchemical composili,nof the dets fed to steers 

Chemical composition (%Dh) 
Ingredient Diet 1 Diet 2 Diet 3 

Dry matter 93.76 93.44 93.52 
Crude protein 7.86 10.06 5.57 
Neutral detergent fibre 52.16 65.54 u9.90 
Acid detergent fibre 33.31 41.98 4135 
Lignin 6.38 6.00 4.80 
In vitr dry-matter digestibility 45.1 59.46 49.15 

plant material is affected. In the tropics, ,nimals need a diet of 7%crude protein
and 45% dry matter digestibility to maintain their liveweight. Animals fed a diet 
with the 10-11% crude protein and 55% DMD are expected to gain weight
(McDowell, 1972). In this experiment, the average liveweights of the goats
remained constant in May, June and July and dropped slightly in August. The 
decrease in liveweight of the goats in August may be attributed to the decrease in 
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Table 4. 	 Liveweight changes, dailygaint andcold dressedcarcassweights of beefsteersfed 
sorghwn stover + mopane leaves, stovr + lablab hay and sorghum stover alone ding 
therdyseas.w 

Parameters 	 Diet I Diet 2 Diet 3 SE 

Initial mean liveweight (kg) 384 385 385 ns 

Final mean liveweight (kg) 404 436 402 22.0 

Change in liveweight (kg) 18 51 17 6.66 

Average daily gain (g) 200 566.7 188.2 52.65 

Cold dressed weight (kg) 

Tswana 	 166 168 158 us 

Bonsmara 	 168 191 168 

crude protein and increase in DM of the plant material eaten by the goats. The 
lignin content of the sampled plants during the dry season was similar and high. 
Previous studies comparing the digestive efficiency of goats, sheep and other 
ruminants have shown that goats are more efficient in digesting crude fibre 
(Devendra, 1986; ILCA, 1988). The greater efficiency for goats to digest fibre is 
associated with the intake of poor quality roughages, the feeding behaviour, 
concentration of cellulotic bacteria and rate of feed movement along the 
alimentary tract (Devendra, 1986). 

Even though a significant increase in the digestibility of nutrients was found 
in goats fed diet 3, this increase was due mainly to the high proportion of 
concentrate supplement fed with the stover. There was a high degree of variation 
in the crude-protein, calcium and phosphorus content in the dry mopane leaves 
offered to the goats during the nutrient digestibility study (Table 5): this variation 
may be due to picking mopane leaves that may be low in feed value even though 
still attached to the plant. Mopane and other browse plants selected by the goats 
during the dietary selection study had crude-protein contents higher than the 7% 
suggested for liveweight maintenance (McDowell, 1972). This therefore 
indicates that goats are able to select nutritious plant material. However, the 
overall productivity of these animals dependent on browse plant during the dry 
season can be improved by providing them with locally a iailable supplementary 

Table5. 	 Percentagecrudeprotein, calcium andphophorusofColophospermum mopne/plan 

offered to goats atLesego Government Ranch duringthe dry season 

Cont'at (%DM) 

Nutrient 	 May June July August 

Crude protein 10.53 9.01 9.23 &97 

Calcium 	 1.74 1.42 1.45 1.40 

Phosphorus 	 0.19 0.15 0.14 0.14 
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feeds such as sorghum bran, sorghum chaff and a mineral supplement. The
 
higher concentration of condensed tannins in fresh than in dry mopane leaves
 
suggests that these antinutritional factors have a contributory effect on the intake 
of fresh mopane leaves by animals. Research work on the quantitative and 
qualitative analysis of both the fresh and dry mopane leaves is necessary in order 
to make any recommendations on the efficient utilisation of the mopane plant for 
livestock feeding during the dry season and drought periods. 

The average daily gain of 0.566 kg obtained for steers supplemented with 
lablab hay was due to the high intake of lablab hay and agrees with the results of 
McDowell (1972) that animals given a diet with 10% crude protein and 55% 
DMD can gain 0.5-0.6 kg per day. The high average liveweight change, daily 
gain and cold dressed weight obtained with steers supplemented with lablab hay 
was mainly due to the better performance of the Bonsmara animals; these 
increased their liveweight by 21% compared to 12% for Tswana steers fed the 
same diet. The better performance of Bonsmara cattle indicates that animals with 
a high genetic potential can perform better under improved management. 
Utilisation of cereal crop stovers with lablab hay for cattle feeding in the dry 
season is a new intervention which has been adopted by a number of livestock 
farmers in Botswana, especially dairy producers. However, appropriate 
technology for harvesting, conservation and utilisation of the lablab crop is 
needed if it is to be used efficiently as a livestock feed. 

It is generally accepted that tree forage improves livestock performance 
when fed in combination with cereal residues (Agishi, 1988). However, in this 
experiment, dry mopane leaves were poorly accepted compared with lablab hay. 
The poor acceptance of the dry mopane leaves could have been due to poor 
condition of the plant material and/or to using steers that were not used to 
browsing the mopane plant. More research work is being planned with the 
mopane plant and with other browse plants that provide fodder for livestock 
during the dry season and drought years when there is no grass available for 
livestock feeding. 
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ABSTRACT 

Experiments were conducted to investigate the effect ofLeucaena leucocephala 
supplementation on the intake and rumen degradation of maize stover (Staha 
variety) by sheep. A feed intake study on four levels of Leucaena 
supplementation (0, 3, 6 and 9 g dry matter/kg liveweight per day) in a 4 x 4 
Latin square design was undertaken. Dry-matter degradation of maize stover and 
rumen ammonia concentration were measured using two fistulated sheep fed the 
four diets. 

Total dry-matter intake of the supplemented diets was significantly (P<0.05) 
higher than that of the unsupplemented diet. Daily dry-matter intake of maize 
stover alone increased from 32.8 g/kg for the unsupplemented diet to 36.2 g/kg 
for the diet containing the lowest level of Leucaenasupplementation. Higher 
levels of Leucaenasupplementation led to a decrease in the amount of maize 
stover consumed. 

Leucaenasupplementation significantly (P<0.05) increased the rumen 
degradation of maize stover at 48 hours of incubation compared to 
unsupplemented maize stover. 

Ammonia concentration in the rumen increased significantly (P<O.05) with 
increase in the level ofLeucaena supplementation up to 6 g/kg per day. Higher 
levels ofLeucaenain the diet did not result in further increase in rumen 
ammonia concentration. There was no change in the rumen pH for the different 
levels of Leucaenasupplementation. 

The results indicate that intake and rumen degradation of maize stover in 
sheep could be improved by supplementing the animals with up to 6 g DM/kg 
liveweight per day ofLeucaena hay. Higher levels of supplementation appear to 
lead to substitution effects. 
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RESUME 

Am61iorationde 'utilisafionde la paiede madsparles ovins gracedune 
compl~mentation de Leucaena leucocephala 

Des expgriencesont 4tJ menses sur des ovinspour determinerl'cffet d'une 
corpldnentationde Leucaena leucocephala sur la consommation et la 
degradationde lapaillede mais (varidteStai:a) dans le rumen.L'ingestiona Jtd 
,tudide avec quatreniveaux de compldmentationde Leucaena (0, 3, 6 et 9 g de 
mati~res~che parkilo de poids vif etparjour)sur le modele d'un carrdlatin 
d'ordre4. La degradationde la matires&ce de lapailede mals et la 
concentrationde t'ammoniacdans le rumen ont Jte mesurds surdeux ovins 
fistul&s alimentdsavec les quatrerations. 

L'ingestion totalede matidrestche 4taitsignificativementplus glevde
(P<0,05)avec la compldmentation.En ce qui concerne lapaille du seul mas, la 
consommationjournalirede matires&he avaitaugmentd de 32,8 g/kglj pour
la ration non compldmentde d 36,2 g/kg/j pour la rationcomplidmentde contenant 
le niveau leplusfaiblede Leucaena. Des niveaux plus dlevds de 
compldmentationentrafnaientune baissede la comormationde paillede ma!s. 

Parrapporta la rationnon compldtentde, l'apportde Leucaera entrainait 
un accroissementsignificatif(P<0,05) de la degradationde lapailledans le 
rumen aprds 48 heuresd'incubation.La concentrationd'ammoniacdans le 
rumen augmentaitsignificativement(P<0,05) avec l'accroissementdu niveau de 
Leucaena dansla rationet ce, jusqu'd 6 g/kg/j.Au-del4 l'augmentationdu 
niveau de compldmentationn'entrainaitplus aucun accroissementde la 
concentrationd'aimoniacdans le rumen. Le pHdu rumen dtaitinddpendantdu 
niveau de compldn:entation de la ration. 

Ces rdsultatsmontrentque l'onpet accroltrelaconsommation depaillede 
ma's et sadgradationdartsle runen des ovins en les soumettantd une ration 
compldmentee avecjusqu'ti6 g de matires&he defoin de Leucaena parkilo de 
poidsvifparjour.Desniveaux plus dlei'*sentrainentdesphnomdnes de 
substitution. 

INTRODUCTION 

Intake of straws and stover by ruminants is usually too low to maintain body
weight: tough textuie, poor digestibility and nutrient deficiency all contribute to 
the low level of consumption (EI-Naga, 1989). These roughages are low in 
readily available energy, carbohydrates and nitrogen, which reduces the 
efficiency with which they are utilised by animals. Chemical treatment of straws 
using sodium hydroxide (Urio, 19 77; Kategile, 1979) or urea (Kiangi 1981; 
Raymond, 1989) can improve both their 'digestibility and intake, but is not 
always practical under farmer conditions. Thus alternative strategies to improve 
straw utilisation have been sought. 
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Leguminous forages such as Leucaena leucocephalahave been used to 
improve dry-matter intake and digestibility of pasture hay by sheep (Bamualim 
et al, 1984). Because of the increased interest in the use ofLeucaenaspp as 
protein supplements for ruminants, the present study investigated the effect of 
various levels ofLeucaena leucocephalasupplementation on the intake and 
rumen degradation of maize stover by sheep. 

MATERIALS AND METHODS 

Experimental animals and feeds 

Six Blackhead Persian sheep were used in the experiment. Four sheep, weighing 
about 28 kg, were used for intake studies in a 4 x 4 Latin square. The other two, 
weighing 33 kg and 41 kg, were fistulated and used for degradation studies. 

Maize stover was obtained from harvested maize fields and chopped into 
3-5 cm lengths. Leucaena leucocephalahay was obtained by cutting and wilting 
leafy branches of the plant and threshing the branches to separate the leaflets (the 
hay) from the twigs. 

Intake studies 

For the intake studies, the animals were confined in individual metabolic cages 
and offered a known quantity of maize stover ad libitum twice a day at 0900 and 
1600 hours. Each animal also received 200 g of maize bran and vitamin/mineral 
mixture, alone or together with one of three levels ofLeucaena hay supplement 
(3, 6 and 9 g dry matter/kg liveweight per day), at the morning feeding. Each diet 
combination was fed to each animal for 14 days, a seven-day preliminary period 
and a seven-day data collection period. 

Degradability of maize stover 

Degradation of maize stover was investigated for each diet combination using 
the nylon-bag technique (0rskov et al, 1980). 

Maize stover was ground to pass through a 2.5-mm screen and 2-g samples 
were weighed into 20 labelled nylon bags of known weight. For each ration, 10 
bags were put into the rumen of each sheep and removed, two at a time, after 6, 
12,24,48 and 72 hours of incubation. The removed bags were washed under 
running tap water until the water was clear and the residues were dried in an 
oven at 600C for 43 hours, cooled in a desiccator and weighed. Dry-matter 
degradability was calculated using the formula 

%DMD= weight ofDM incubated - weight ofdry residue X100
 
weight ofDM incubated
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Rumen ammonia and pH 

For rumen ammonia and pH determination, rumen liquor was obtained from the 
fistulated animals during the data collection period for each level of Leucaena 
supplementation. The liquor was collected at 0600, 1000, 1400 and 1800 hours, 
strained through cheese-cloth and centrifuged at 3000 rpm for 15 minutes, and 
20-ml samples were taken for immediate pH determination. 

For ammonia determination, 25-mi samples of the centrifuged rumen liquor 
were treated with two drops of concentrated sulphuric acid and frozen to await 
analysis. For the analysis, 5 ml of rumen liquor were mixed with 10 mi of 5% 
sodium tetraborate solution. Two drops of mixed indicator were added and the 
mixture was distilled using the kjeltec system. The distillate was collected in a 
flask containing 25 mi of20% boric acid, and titrated with 0.1213N HC. 
Ammonia concentration was calculated by 

%Ammonia-N - 14.01 x (titre-blank)x norm ofHCl 
mis of samplex 10
 

%Ammonia =Ammonia-Nx 1.21
 
%Ammonia was then converted into ng ammonia/litre.
 

Statistical analysis 

Two-way analysis of variance for a Latin square design was used for intake 
studies data, and one-way analysis of variance was used for other parameters, 
according to Snedecor and Cochran (1980). The significance of the results was 
tested using F test and LSD. 

RESULTS 

Dry-matter intakes (DM1) of the total ration roughage (maize stover plus 
Leucaena)and of maize stover alone are shown in Table 1. 

Total DMI was significantly (P<0.05) increased by Leucaena 
supplementation. Total DM1 of ration B was significantly lower (P<0.05) than 
that of ration D, but there was no significant difference between the DMI of 
rations B and C or rations C and D. 

Dry-matter intake of maize stover alone increased when the diet was 
supplemented with 3 g LeucaenaDM/kg liveweight per day, but further increase 
in the level Leucaenasupplementation led to a decline in the amount of maize 
stover consumed. 

Dry-matter (DM) and organic-matter (OM) degradabilities of maize stover 
in the umen of sheep fed the different rations are shown in Table 2. Leucaena 
supplementation increased DM and OM degradability Pi"maize stover at all 
incubation times. The greatest increase was observed at the supplementation 
level of 3 g LeucaenaDM/kg liveweight per day. Statistical analysis of the DM 
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Table 1. 	 Dry-mater intake of totalmughage (maize stoverand Leucaenasupplement) and maize 
stover alonefor the four rations 

Daily intake (g DM/kg liveweight) 

Total roughage Maize stover 

Ration Mean SE Mean SE 

A 32.8 1.29 32.8 1.29 

B 39.2 1.29 36.2 0.29 

C 41.4 0.67 35.7 0.83 

D 42.8 1.29 33.8 1.29 

Ration A = unsupplemented 
Ration B = supoiemented with 3 g LeucaenaDM/kg liveweight per day 
Ration C =supplemented with 6 g LeucaenaDM/kg liveweight per day 
Ration D = supplemented with 9 g LeucaenaDM/kg liveweight perday 

and OM degradabilities at 48 hours of incubation revealed that ration A had 
significantly (P<0.05) lower DM and OM degradability than the supplemented 
ra:ions. Ration B had lower (P<0.05) DM and OM degradabiLities than ration D, 
but the differences between rations B and C or rations C and Dwere not 
significant (P>0.05). 

Table 2. 	 Dry-matterand org uic-matter degradabilitiesofmaize sover at dfferen incubation 
times 

Degradability (%)at various incubation times 

48 hours 

Radon 0 hours 6 hours 12 hours 24 hours Mean SE 72 hours 

Dry-matter degradability 

= supplemented with 3 g LeucaenaDM/Vg liveweight per day 

A 7.25 7.73 9.65 12.99 14.84 0.01 29.94 

B 7.25 11.05 15.95 23.68 33.79 1.46 44.44 

C 7.25 13.38 19.11 28.62 35.02 0.48 52.59 

D 7.25 &13 16.63 27.20 37.60 0.30 51.59 

Organic.matter degradabllly 

A 3.96 4.42 6.40 10.65 12.12 0.89 29.38 

B 3.96 7.48 12.59 20.75 31.74 1.26 41.60 

C 3.96 9.90 15.73 25.55 32.71 0.37 51.19 

D 3.96 6.61 13.10 24.15 35.76 0.40 49.58 

Radon A = unsupplemented 
Radon B 
Ration C = supplemented with 6 g LeucaenaDM/kg liveweight per day 
Ration D = supplemented with 9 g Leucaena DM/kg liveweight per day 
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Rumen ammonia concentrations in sheep fed the four rations are shown in 
Table 3. Inclusion of Leucaenain the maize-stover-based diet significantly 
(P<0.05) increased the rumen ammonia concentration. The concentration in 
sheep fed ration B was significantly (P<0.05) lower than those in sheep fed 
rations C and D, which were not different (P>0.05) from each other. 

Rumen ammonia concentration increased immediately after feeding, and 
then decreased (Figure 1). 

Rumen pH was not affected (P>0.05) by ration (Table 3). 

DISCUSSION 

The high dry-matter intake of rations supplemented with Leucaena indicates that 
Leucaena is a good supplement to low quality roughages such as maize stover. 
This improvement in intake with Leucaenasupplementation is in agreement with 
results reported by Bamualim et al (1984). However, Dixon et al (1981) 
cautioned that an increase in total dry-matter intake could be due to consumption 
of the supplementper se rather than the ro ighage. 

The fact that the highest dry-matter intake of maize stover was obtained at a 
supplementation level of 3 g Leucaena DM/kg liveweight per day may indicate 
thrit it is this optimum level of supplementation for poor quality roughages. 
Further increase in the level of Leucaena supplementation led to a substitution 
effect whereby the intake of maize stover was reduced. Increase in the intake of 
maize stover with Leucaenasupplementation could be due to the increase in the 
conctntration of rumen ammonia and dry-matter degradability of maize stover. 

The improvement in the rumen degradation of maize stover dry matter and 
organic matter with Leucaenasupplementation indicates a possible improvement 
in microbial growth. Iis is supported by the observed increase in rumen 
ammonia concentration. 

Table 3. Rumen anvnot da concentrationamd rumen pHfor th four raions 

Rumen ammonia concentration 

Ration Mean 

(mg/litre) 

SE Mean 

Rumen pH 

SE 

A 

B 

C 

D 

32.0 

74.8 

91.3 

90.1 

4.83 

6.21 

6.71 

6.16 

6.83 

7.10 

6.61 

6.9 

0.07 

0.65 

0.03 

0.07 

Ration A =unsulemented 
Ration B=supplemented with 3 g Lucana DM/kg liveweight per day
Ration C=supplemented with 6gLeucatna DM/kg liveweight per day 
Ration D=supplemented with 9gLeucaena DM/kg liveweight per day 
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Rumen ammonia concentration is an indicator of nitrogen available for 
microbial protein synthesis. In this study, rumen ammonia concentration 
increased from 32 mg/litre for the unsupplemented diet to about 90 mg&1itre for 
higher levels of Leucaenasupplementation. FAO (1986) reported that, for 
efficient rumen function, ammonia concentration in the rumen should be 
between 50 and 90 mg/litre. With the unsupp!emented maize stover diet, the 
rurmen ammonia concentration was below the critical level, and this corresponds 
with the low dry-matter intake and dry-matter and organic-matter degradabilities 
for that ration. 

CONCLUSIONS AND RECOMMENDATIONS 

Dry-matter intake, rumen degradation and rumen ammonia concentration all
 
showed improvement when the maize stover diet was supplemented with
 
Leucaenaleucocephala.This means that the efficiency of utilisation of maize
 
stover is improved by Leucaenainclusion. However, the improvement declined
 
at higher levels of Leucaenasupplementation. It is therefore recommended to
 
supplement maize stover with Leucaena at a level not exceeding 6 g DM/kg
 
liveweight per day.
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ABSTRACT 

A questionnaire survey was conducted to determine the browse species and 
supplementary feeds used for sheep and goat production in Ogun State, 
south-west Nigeria. Results indicate that farmers sustain their sheep and goats on 
browse plants supplemented by farm and household wastes. Th' predominant 
browses are Spondias mombin, Gliricidiasepium, Fictasp and Marantochloa 
leucantha;the main sulpplements are cassava, cocoyam and yam peels, maize 
residues and millet; and grasses include Panicummaximum and Cynodon sp. The 
supplements fill the animal feed availability gap during dry months. Farmers 
spend variable amounts on supplements and little effort is made to establish 
pastures. Alley farming and intensive feed gardens are not common in this area. 
Free ranging and cut-and-carry systems fre predominantly practised. 

RESUME 

Les ligneuxfourragerset ks alimentscomphdmentairesdansI'alimentation 
despetitsruminantsdons 'Etatd'Ogun(Nigiria) 

Une dude a &Lf effectu~e dl partird'un questionnaireen vue de dterminer les 
espacesligneusesfourragareset les comp rments alirnentairesutilissdans 
l'levagedes ovins et des caprinsdans 'Etatd'Ogu, dans le sud-ouestd 
Nigtria.I1ressortdes r6ultatsenregistrdsque lespaysansnourrissaientleurs 
animauxavec des ligneux, des sous-produitsagricoleset des orduresnwdnag~res. 
Les esp&es ligneuses les plus utilises 9taientSpondias mombin, Gliricidia 
sepiunm, Ficus sp et Marantochloa leucantha; les principauxsous-produits 
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agricoles9taient lespelures de manioc, de taroet d'ignameainsique ,es rdsidus 
des cultures de mais et de mil. Certaines gramindes entraient en outre dams 
l'albentationde ces animaux,notwnment Panicum maximum et Cynodon sp.
Utilisdspourcombler les ddficits de saisons~che, les alimentscomplOnentaires
occasionnaientdes ddpenses variables.Les ptturagesartificiels,les culturesen 
couloirset les vergers d'embouchedtaientraresdans cette rdgion.En revanche 
ladivagationet l'alimentationd l'auge dtaientextrdementfr~quentes. 

INTRODUCTION 

Browse forms an important part of goat diets iu the tropics (Devendra and Burns,
1983), especially in rural areas where goat meat is a major source ofprotein.
Livestock feeds and feeding have always been production constraints in 
sub-Saharan Africa; inadequate feeding can lead to ,eproductive wastage, low 
birth weights, high infant mortality, etc (Sumberg, 1985: Reynolds, 1986).

Rural small ruminants roam around freely and eat a variety of grasses,
legumes and kitchen wastes. However, during the dry season, green forages are 
less nutritive, particularly grasses which are lignified (le Itou6rou, 1983). The 
feed problem is further magnified by the handling of small-ruminant production 
as a minor enterprise with few or no inputs. With the pressure on land for crop
production, there is need now, more than ever before, to ook in depth into the 
feeds and feeding of small ruminants. 

The nutritive values of browse plants to livestock have been studied (Jones,
1979; Onwuka, et al, 1989). This study was concerned mainly with identifying
browse species and suppiements fed to sheep and goats in south-west Nigeria. 

MATERIALS AND METHODS 

Three hundred questionnaires were administered by trained enumerators to 
small-ruminant owners in five Local Government Areas (Remo, Obafemi-
Owode, Egbado North, Ifo and Ijebu-Ode) of Ogun State, south-west Nigeria,
during the wet and dry seasons of 1990. The five areas were randomly selected 
to represent the socio-political and ecological zones of the state. 

The questionnaires covered such topics as the types of feeds used, sources,
times of feeding, reasons for using specific forages, the commonest browses and 
supplements in use, and awareness by the farmers of intensive feed garden/alley
farming :,lchnology. To minimise errors, the same trained enumerators were used 
in all five Local Government Areas. They could all communicate in the local 
language of these areas. 

In most cases the interviewee was the household head. Some of the forages
used by the respondents to feed their stock were collected for identification. 
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RESULTS AND DISCUSSION 

A total of 290 questionnaires weie recovered. 
Small-ruminant owners in the study area show a clear preference for goats; 

74% of the households surveyed owned goats (average flock size 5.1), but only 
13% owned sheep (average flock size 1.9). 

Most of the respondents were crop farmers and traders (Table 1)who use 
family labour to take care (ifany) of their livestock. There are no large 
commercial goat and sheep enterprises in the areas surveyed. 

Table 1. 	 Predomian occupitionsofsurvey respcndenta in five Local GovernmentArear in Ogun 
Stete, Nigeria, 1990 

Percentage of respondents by occupaion 

dafrcmi- Egbado 
Occupation Remo Owode North Iho ljebu-Ode 

Farming 50.0 95.2 76.7 70.4 92.0 

Trading 31.0 4.8 14.0 16.6 1.6 

Civil servants 3.4 - 4.7 7.0 4.8 

Retired civil seavants 5.2 - 2.3 2.8 -

Tridesmen 3.4 - 2.3 3.2 1.6 

Unemployed 1.7 - - - -

Others 	 5.3 -.. 

Small ruminants are generally left to roam freely and fend for themselves 
on whatever forage or other feed they can find. However, household wastes 
(cassava, yam and cocoyam peels) are given to stock as supplements (Table 2); 
they are offered in the mornings, or as they bccome available. Cut forages are 
de-emphasised during the dry season when green material is in short supply. 

Table 3 shows the commonest browse species and supplements used in 
small-ruminant production in the study area. Some of these browses and 
supplements have high nutritive value and can support animal production 
(Oyenuga, 1978; Fomunyam and Meffeja, 1987; Onwuka et al, 1989). Their use 
could, however, be limited by some antinutritional components (Onwuka, 1991). 

The supplements come mainly from the stock owners' farms. Farmers also 
buy some supplements (Table 4) from either local markets or neighbours, but 
generally small-ruminant owners invest minimally in animal feed (Table 5). 
None of the respondents in this study claimed that they used compounded diem. 

Most sheep and goat keepers give specific forages to their stock believing 
that they induce rapid growth rates; some use them for medicinal purposes and a 
few use some forages to prevent their animals being attacked by evil spirits 
(Table 6). Table 7 shows that browse are generally fed to ruminants because they 
are readily available and palatable. 
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Table 2. 	 Sources ofanimal feeds by season infive Local Government Areas in Ogun State, 
Nigeria, 1990 

Sources of feed (%) by season 

Obafemi- Egbado 
Remo Owode North Ifo Ijebu-Ode 

Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet 

Animals fending 37.7 39.5 51.6 U 25.9 34.5 25.0 50.0 50.8 50.4 
for self 

Improved pasture 17.8 13.2 1.6 1.6 25.9 29.3 - - - -

Household waste 35.6 40.7 45.2 38.7 34.5 25.9 75.0 - 45.8 38.2 
Cut forages 8.9 6.6 1.6 51.6 13.7 10.3 - 50.0 3.4 11.4 

Table 3. 	 Commonest browseslgrasses and supplements in use infive Local Government Areas in 

Ogun State, Nigeria, 1990 

% of total diet 

Obafemi- Egbado 
Feed Remo Owode North Io Ijebu-Ode 

Browse/gras 

Gras/pasture 14.6 29.9 5.9 15.0 36.4 
Musa cv paradisc ca 1.2 - - 1.; -

Cymbopogon cutrifis 3.7 .-. 

Gliricidasepium - 3.5 -

Marantochloa eucantha - 2.0 - - -

Spondias mombin - - 1.2 2.0 -

Ficussp - - 2.0 3.0 ­

"Ewe akoko' - - 1.2 2.0 -

Leucaena leucocephala - - 1.2 

Supplemnti 

Cassava peeL 58.5 53.7 34.5 40.0 34.1 

Yam peels 4.9 7.2 9.4 5.0 -
Cocoyam peels 1.2 7.2 - 7.0 12.5 
Millet - - 15.3 - -

Maize waste 	 15.9 - 25.8 25.0 15.9 

The forages usually preferred by stockmen are Eupatoriumodoratum,giant
star grass, elephant grass, lemon grass, cassava leaves, Guinea grass, bamboo 
leaves, Ficus sp, Centrosemapubescens,Spondiasmombin,Aegeratum 
conizoides,Cida acuta, Talinumtriangulaire. 
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Table 4. 4pes offeedsiuffs boughtby sheep and goatsfarmas infi LocalGovernme Area 

in Ogn State,Nigeriq 1990 

%of pirchased feeds 

Obafemi-
Feedstuff Remo Owode Egbado North Ifo Ijebu-Ode 

Cassava peels 59.2 64.6 37.5 55.4 11.8 

Maize chaff 13.6 26.2 25.0 20.5 35.5 

Yam peelk - - 6.3 6.0 -

Millet - 1.5 18.7 8.6 -

Dried brewers' gain - - 3.1 - 2.7 

Cocoyam peels - 4.6 - 9.5 14.7 

Rice waste - - 353 

Lemon grass 13.6 3.1 - - -

Cassava leaves 13.6 - 9.4 - -

TableS. Atitdes ofsheepand goatkeepers to thepurchase offeeds infive Local Govinmenl 

Areas in Ogun State, Nigeri, 1990 

Percentage of respondents 

Obufemi- Egbado, 
Remo Owode North Ifo Ijebu-Ode 

Farmersthat buy feed 31.0 33.9 27.9 36.3 30.2 

Farme thatdo not buy feed 65.5 59.7 65.1 57.6 68.2 

Farmeahr indfiferent to purchae 35 6.4 7.0 6.1 1.6 
offeed 

Tibe 6. Reansor sfaru ofspecific forage infiw Local GowrnmsntArew in Ogun Stte 

Nigera 1990 

Percentage of farmers giving reason 

Obafemi- Egbado 
Ro Remo Owode North Ifo Ijebu.Ode 

Rapid growth Of animals 88.9 81.3 68.9 83.4 95.0 

Medicnal 11.1 12.5 28.9 10.0 5.0 

Fetsh beliefs - 6.2 2.2 6.o -

Although stock owners are willing to feed forage to their stock, they are not 
willing to propagate the crops to ensure availability (except in Ijebu-Ode; Table 
8). The major constraints are availability of land and capital (Table 9). The land 
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Table 7. 	 Reasonsforfeedngforage to sheep and goats infive Local GovernmentAreas in Ogun 
State, Nigerig 1990 

Percentage of farmers giving reason 

Obafemi- Egbado 
Reason Remo Owode North Ifo Ijebu-Ode 

Readily available 51.8 - .40.7 50.0 31.2 

Palatable 13.8 1.6 50.0 50.0 -

The only species farmers know 10.3 62.9 1.9 - 6.3 

Cheap '3.8 12.9 5.5 - 62.5 

Recommended by others 10.3 - 1.9 - -

Table& 	 Attitudeoffamers to growing forage in fiveLocal GovernmentArear in Ogun State,
 
Nigeri. 1990
 

Percentage of respondents 

Obafemi. Egbado 
Remo Owode North Ifo Ijebu-Ode 

Willing to plant 34.5 17.7 35.7 34.8 71.4
 

Not willint to plant 51.7 45.2 40.5 60.0 27.0
 

Undecided 13.8 37.1 23.8 5.2 1.6
 

Table 9. 	 Major problems associatedwithfodderproducion in five Local GovernmentAreas in
 
('Vm State, Nigeria 1990
 

Percentage of farmers citing problems 

Obafemi- Egbado 
Problem Remo Owode North Io Ijebu-Ode 

Land 64.0 35.3 25.6 2&4 20.6 

Credit 10.3 47.1 41.9 30.4 66.7 

Labour 10.3 - 1M6 - -

Seed availability 5.1 17.6 4.6 38.0 11.1 

Others 10.3 - 9.3 3.2 1.6 

issue is worsened by the land-use policy in the country. These are usully 
subsistence farmers who invest minimally in their enterprises and will not 
welcome any extra investment in feed/forage propagation, except, of course, for 
crops that can also be used as food. 
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The survey found few farmers who were aware of alley farming or intensive 
fetd gardens (Table 10). However, many farmers indicated an interest in these 
tchnologies when the possibilities of augmenting animal feed supply were 
explained to them (Table 11). The interest in alley farming may be partly 
explained by the perceived human food benefits of this technology. 

Table 10. 	 Ai wwness of intensive feed garden and alley farming technologies by sheep andgoa 
famers in five Local Government Areas in Ogun State, Nigeriq 1990 

Percentage of respondents 

Obafemi- Egbado 
Remo Owode North Ifo Ijebu-Ode 

Unaware 98.3 100 86.1 90.0 81.7 

Aware 1.7 - 13.9 10.0 18.3 

Table 11. 	 Wdlingness to establish alley fwrms/intensive feed gardens in five Local Government 
Arear in 0gun State, Nigeria,1990 

Perentage of respondents 

Obafemi- Egbado
Remo Owode North Io jebu-Ode 

Willing to establish intensive 50.0 -	 40 27.0 

feed gardens 

Willing to establish alley farms 13.8 6.5 22.2 29.1 65.1 

Undecided 	 36.2 37.893.5 	 30.9 7.9 

When they were shown a detailed analysis of the benefits of investing in 
livestock feed, up to 85% of the small-ruminant farmers interviewed were 
willing to invest up to Naira 500 (about US$ 63) a year to purchase feed 
supplements. Some, however, were ready to stake up to US$ 380, provided they 
could be guaranteed a return from such investments. Granted that nutrition is just 
one of the small-ruminant production constraints in sub-Saharan Africa, with a 
good nutritional base, other factors could be kept to the barest minimum. 

CONCLUSION 

Browse plants supplemented with some agricultural byproducts form an essential 
component of goat and sheep diets in Ogun State, south-west Nigeria. 
Small-ruminants owners invest minimally in livestock production and so have to 
resort to cheap green feeds and supplements while allowing the animals to fend 
for themselves. Browses are fed to small ruminants when they are readily 
available and because farmers believe browses initiate rapid weight gains in their 
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animals. However, most small-ruminant owners do not cultivate forage because 
land and planting materials are scarce, and they are reluctant to invest in 
non-food-crop production. A lot of extension work still needs to be done to 
interest rural farmers in forage-producing technologies, such technologies could 
provide important fhed resources, especially during the dry period when 
available grasses are low in feed quality. 
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ABSTRACT 

Six diets, 100% Gliricidiasepium (T1), 100% Pan/cum maximum (T2), 100% 
cassava peels (T3), 35% G. sepium plus 35% P.maximum plus 30%cassava 
pee.. (r4), 70% G. sepium plus 30% cassava peels ("5) and 70% P.maximum 
plus 30% cassava peels (T6) were fed to 24 intact male West African Dwarf 
goats in a completely randomised experiment. Four bucks were randomly 
assigned to each dietary treatment for 90 days. Treatment 73 was discontinued 
after 28 days and results for this treatment are not presented. 

Goats on T4 consumed the most dry matter (DM) and organic matter (OM) 
(P<0.05); those on 72 consumed most acid detergent fibre (ADF) and neutral 
detergent fibre (NDF); and those on T1 consumed the highest amount of nitrogen 
(N). Least N consumption was by goats on T2 and T6. Goats on T1 digested DM 
and OM least (P<0.05); those on T2 digested ADF most (P<0.05); N and NDF 
were best digested (P<0.05) by goats on T5. Goats on diet T4 achieved the 
highest liveweight gains (P<0.05). 

Supplementing equzl proportions of G. sepium and P maximum with 30% 
(w/w) cassava peels appeaied most beneficial to goats. 

RESUME 

Performncespondiralesde ch~vres haines d'Afrique occidental. soumisesd 
des rationscomposies de Gliricidia sepium, de Panicum maximum et de 
pelures de manioc (Manihot) 

Six rations constUzs de 100% de Gliricidia sepium (Ti';100% de Panicum 
maximum (T2); 100% de pelures de manioc (T3); 35% de G. sepiumplus 35% 
de P.maximum plus 30% de peluresde manioc (T4); 70% de G. sepiumplus 
30% depeluresde manioc ('f5);et 70% de P. maximum plus 30% depeluresde 
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manioc (T6) ont didservies chacunependant90 jours d quatreboucs enders de 
la racenaine d'Afrique occidentale.Cette experiencea did conquesur le modele
des blocs aldatoirescomplets et '-s animauxont dt4 assigndsau hasard i l'un ou 
l'autrede ces traitements.Les rdsuhiatsenregistrdspour le traitementT3 n'ont 
pas dt prdsentdscarcelui-ciavait did interrompuau bout de 28jours d'essai 

La consommationde matitres&he (MS) et de matireorganique&ait 
maximum pourla rationT4. Cellede lignocelluloseet defibresNDF&taitlaplus
elevdepour laration TZ tandisque celle d'azote dtaitmaximum pour la ration 
T1. Quant au niveau minimum de consommation d'azote, il avait 6id enregistrd 
pour les rationsT2 et T6. Le taux de digestibilitd de la matires&he et celui de 
lamati~reorganiquedtaientminimums (P<0,05) pourla rationTi; celui de la 
lignocellulosedtaitmaximum (P<0,05)pourla rationT2 tandisque ceux de
 
l'azote et de lafibreNDFdtaient maximum pourla rationTs (P<0,05).Enfi,

les gainsde poids lesplus dlevds dtaient associdsd la rationT4 (P<0,05).


La combinaisonalliantG. sepium et P. maximum enproportionsdgales
 
avec enpoids30% de pelures de manioc semble &relaplus indiqudepourles
 
caprins.
 

INTRODUCTION 

West African Dwarf goats are among the c. important trypanotolerant livestock 
species ofhumid Nigeria. Matthewman (1979) reported an average of four goats 
per household in humid Nigeria but larger numbers are kept in the savannah 
parts of the country. Nigeria has an estimated 26 million goats.


Inadequate nutrition has been recognised as the major constraint to
 
livestock, especially goat, production in Nigeria (Olubajo and Oyenuga, 1974).


The use of Gliricidiasepium as livestock feed has received attention in
 
Nigeria only recently (Mba et al, 1982; Onwuka, 1983; Ademosun et al, 1985).

The chemical composition of G. sepiunt has been variously reported as
 
7.4-34.5% dry matter (DM) ("as-fed basis"), 81.9-92.3% organic matter (OM),

3.1-4.2% nitrogen (N), 30.8% neutral detergent fibre (NDF), 18.5-44.4% acid
 
detergent fibre (ADF) and 12.7-32.5% crude fibre (CF) (Chadhokar, 1982; Ifut,
 
1987).
 

Panicummaximum is highly palatable to ruminant animals and has 
23.5-29.9% DM at harvest (Olubajo, 1977; Aken' ova and Mohamed-Saleem 
1982; Ifut, 1987). Nitrogcn content in Panicummaximum ranges from 0.8 to 
2.0% DM and CF from 29.5 to 42.2% DM (Akinyemi and Onayinka 1982; Ifut, 
1987).

Inparts of Nigeria where Manihot (cassava) isgrown, the average annual 
yield of tubers is21.1 t/ha. Since peels constitte about 20% of the tuber, large
quantities of cassava peels could be available to feed ruminants, especially goats.
Currently, however, cassava peels are largely under-exploited as livestock feed. 

Cassava peels have been found to contain 86.5-94.5% DM, 89.0-93.9% 
OM, 10.0-31.8% CF and 0.7-1.0% N (Oyenuga, 1968; Adegbola, 1980; Carew, 
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1982; Onwuka, 1983; Ifut, 1987). Sun-dried cassava peels have been reported to 
contain 14.2-116 9 mg HCN/kg, depending on variety. Sun-drying has been 
reported to reduce HCN content by 89.4-94.0% ren'dering the peels innocuous 
(Maner and Gomez, 1973; Tewe et al, 1976). 	 075 

Average G. sepium DM intake of goats has been reported as 66.7 g/kg 
°'75 
per day (Ademosun et al, 1988) and 21.3 g/kg per day (Carew, 1983;
 

Onwuka, 1983; Ademosun et al 1985). Mba et al (1982) also noted DM intake
 
'
values of G. sepium by kids ranging from 54.8 to 71.3 g/kg per day. 

Growing West African Dwarf goats fed Panicu achieved daily DM intakes 
ranging from 54.9 g/kg° '75 for young, well fertilised grass to 43.1 g/kg ° 75 for 
standing hay (Ademosun et al, 1988). 

Reported liveweight gains by growing West African Dwarf goats on a sole 
Gliricidiadiet were 17.5-20.0 g/day (Onwuka, 1983) 27.0 g/doy kM.,a t al, 
1982) and 233 g/day (Ademosun et al, 1988). 

This paper reports work on intake and body weight response by goats fed 
Gliricidiaand cassava peels, Pan/cum and cassava peels and Gliricidiaplus 
Pan/cum plus cassava peels. 

MATERIALUS AND METHODS 

"Wenty-four growing, parasite-free, intact West African Dwarf bucks aged six to 
nine months and weighing an average of 6 kg (range 5-10 kg), obtained from the 
University of Ibadan Teaching and Research Farm, were used for this 
experiment. The bucks were housed for 90 days in previously sanitised 
individual metabolism cages and offered liberal, but known, quantitieC of the 
experimental diets daily for a 21-day preliminary period to adapt the animals to 
the diets and cage environment. Fresh water and salt lick were available ad 
libitum in the cages. 

Fresh G.sepium branches (about 1.2 m long and 1.5 cm thick) with leaves 
and branchlets and fresh P maximum, chopped to about 2 cm length, were 
obained daily from TT1A. Ihadan, during the wet season (April-July). Cassava 
peels from low-HCN TMS 30572 ani TMS 1425 varieties were obtained fresh 
from local cassava grating plants in and around the University of Ibadan campus. 
The peels were sun-dried for three to four days. 

Diets fed to the goats were: 
* 	 100% G.sepium (i) 
• 	100% P maximum (2)
* 	 100% dried cassava peels (3) 
• 	35% (w/w) each of G. sepium and P.maximum plus 30% cassava peels (T4) 
• 	70% G. sepium plus .30% cassava peels (T) 

70% P maximum plus 30% cassava peels (T6). 
Treatment T3 was discontinued after 28 days because the animals were 

losing weight and were in danger of dying. 
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The amount of each diet offered to each experimental animal ensured at 
least a 5%left-over. Residues were collected after a 24-hour feeding, weighed
and the voluntary intake determined. 

Samples of the diets offered and rejected were taken daily during the 90-day
period. Subsamples of each were. taken for DM and chemical determination 
according to standard methods (AOAC, 1975; Van Soest and Robertson, 1930). 

Total faeces and total urine were collected in the mornings before feeding
and watering during days 22-28 and 84-90 of the experiment. The faeces were 
weighed fresia and 10% aliquots of each day's collection for each animal were 
taken, dried at 60°C for 48 hours in a forced draught air oven and bulked. A 
subsample of faeces from each animal was dried in a similar oven at 100-105"C 
for 48 hours for DM determination. The two seven-day faecal samples for each 
experimental animal were thoroughly mixed and milled to pass through a 
0.6-mm sieve and put in sealed polyttene bags until anzl-ed. 

The urine was collected in a plastic bucket placed under each cage; 75 ml of 
25% sulphuric acid was added to the bucket daily to curtail volatilisation of 
ammonia from the urine. The total output of urine per animal was measured and 
10% aliquots were saved in stopperel, numbered plastic bottles and stored at 
-5*C. At the end of each seven-day collection penod the sample collections were 
bulked for each animal and subsamples were taken for analysis. 

The animals were weighed once a week in the morning before feeding and 
watering. Liveweight change was estimated as the difference between the initial 
and final body weights of the animals during the experiment.

The data obtained were subjected to analysis of vaiiance and correlation 
analyses. Differences between treatment means were detemined by Duncan's 
multiple range test using the Genstat V computer program, release 4.04B (1984, 
Lawes Agricultural Trust, Rothamsted Experimental Station UK). 

RESULTS AND DISCUSSION 

No results are presented for treatment T3. This treatment was discontinued after 
only 28 days, because the animals were losi-ag weight dramatically. HCN 
toxicity could not have been i,"licated in this liveweight loss because sun-dried, 
low-HCN varieties of cassava were used, but it is clear that a diet of sole cassava 
peels is not a suitable feed for goa-. 

The cheri :I ,mpositions of the other five experimental diets are shown 
in Table 1.Chemical components of G. sepium, P.maximum and cassava peels 
compare favourably with values reported in literature (Oyenuga, 1968; Olubajo,
1977; Adegbola, 1980; Aken' ova and Mohamed-Saleem, 1982; Carew, 1983; 
Chadhokar and Sivasupiramaniam, 1983; Onwuka, 1983; Ifut, 1987). 

Dry-matter and nutrient intakes and digestibilities by West African Dwarf 
goats are summarised in Table 2. 

The highest DM and OM intakes were from diet T4 probably because this 
combination was more palatable than the other diets. 
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Table 1. 	 Chemical comnosition of the diets fedto WestAfricam Dwarf goat; (means ofsix 
deteinnigons) __________________________ 

DM() 	 %of DM 

Diet As fed Residual OM ADF NDF N 

Ti 31.0 87.3 91.3 28.3 41.5 3.8 

T2 24.7 88.9 87.7 40.2 65.5 1.7 

T4 45.4 87.9 89.4 31.1 47.7 2.2 

T5 47.7 87.3 90.7 27.0 39.3 2.9 

T6 43.2 88.4 88.1 35.3 56.1 1.5 
Diet TI = 100% Giricidia scpium 
Dict 'r2= 100% Paticwn marsmum 
Diet T4= 35% G. sepium + 35% P maximwn + 30%cassava peels 
Diet T5= 10% G. sepium + 30% cassava peels 
Diet T6= 70% P marinum + 30%cassava peels 

TableZ 	 Dry-mater andnutrient intakes, digesdblity coefficients and body weight changes of 
West Africa Dwarfgoats 

Parameter Diet TI Diet T2 Diet T4 Diet T5 Diet T6 SE 

Intake Wkg per day) 

Dry matter (DM) 46.3 635 86.4 76.0 73.8 8.7 

Organic matter (OM) 4.0 55.1 77.3 67.5 64.6 7.8 

Acid detergent fibre (ADF) 18.7 27.5 20.8 20.5 26.9 3.9 

Neutral detergent fibre (NDF) V7.7 44.4 36.2 36.9 41.1 5.6 

Nitrogen (N) 1.8 1.1 i5 1.5 1.1 0.3 

DIguetIblly coefflkE (%) 

DM 54.2 58.8 71.9 74.3 65.2 4.1 

OM 56.8 61.1 73.1 76.6 67.5 4.0 

ADF 42.9 60.1 36.1 46.2 58.4 3.6 

NDF 45.2 54.5 57.4 67.7 62.6 4.7 

N 56.S 27.1 41.0 573 56.7 7.2 

Body weigt change (g/day) 51.0 25.7 66.3 54.2 41.5 0.3 
Diet TI = 100% G/iricidia sepium 
Diet T2 = 100% Panicwn maximum 
Diet T4 = 35% G. sepium +35%P maziw + 30%cassava peels 
DietTS= 70% G.s epium + 30% cassava peels 
Diet T6 = 70% P mimum + 30%cassava peels 
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The highest intake of NDF and ADF was by goats on T'2-. ADF intake from 
T6 was significantly (P<0.05) the highest among the composite diets. However,
there were no differences (P>0.05) in NDF intake among the composite diets. 

Dry matter of T5 was digested best by goats, probably due to a better 
balance of nutrients resulting from the simultaneous feeding of N-rich Gliricidia 
(70%) and soluble carbohydrate-rich (30%) peels. DM digestibility of T6 was 
superior (P<0.05) to that of T2. 

The N of T5 was digested most, which suggests that a favourable energy:N
balance resulted from the diet. However, the N digestibility of T5 was not 
different (P>0.05) from that T1 or T6. 

Supplementating either Gliricidiaor Panicumwith 30%cassava peels did 
not seem tu improve (P>0.05) ADF digestibility. However, the composite diets 
contained NDF which was distinctly superior (P<0.05) in digestibility to that 
contained in T1. The h; aest NDFD of T5 might have been due to a better
 
balance of nutrients, particularly N from Gliricidiaand soluble carbohydrates
 
from the peels.
 

The highest average daily body weight gain vas by goats on T4, probably
because this diet provided the best balance of nutrients for growth. Goats gained 
more weight when Gliricidiaor Panicu was supplemented with 30% cassava 
peels than when each was fed alone. 

CONCLUSION 

Cassava peel, as a supplement to a leguminous and/or grass feed, is potentially

beneficial to goats as a source of readily available carbohydrates. The most
 
beneficial diet appeared to be equal proportions of G. sepium andP.maximum
 
supplemented with 30% (w/w) cassava peels.
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PEARL AND FINGER MILLET CULTIVARS 
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ABSTRALT 

Two experiments were conducted to evaluate the value of sorghum and millet 
residues as feeds for indigenous sheep. In the first, wethers received a daily diet 
of 100 g cottonseed meal plus hay (control) or one of the following stovers ad 
libitum:sorghum (white, SVI; or red, DC75); pearl millet (white, SDMV 89004; 
or red NCD2); finger millet (white, SDFM 63; or red, 25C). Nitrogen (N)and 
neutral detergent fibre (NDF) concentrations differed between species but not 
variety. Finger millet stover contained most N and least NDF, was most readily 
eaten (P<0.05) and resulted in the highest N retention and the lowest NDF 
digestibility. In the second experiment wethers received one of the following 
diets: hay plus 100 g/day cottonseed mea! (control); threshed heads of white 
(SVI) or red (DC75) sorghum, with or without 100 g/day cottonseed meal; or 
threshed heads of red finger millet (25C). Finger millet heads contained most N 
and least NDF and were most rodily eaten and digested (P<0.05). The addW -a 
of cottonseed meal was beneficial and SVI was more digested than DC75. 

RESUME 

Valeurnutritivede rnsidusde culitvarsde sorgho,de milperlt et d'dleusine 

Deux experiencesont 6t effectu4es en vue d',valuerles rdsidusde sorgho, de 
milperlMet d'dleusinedans l'alimentationdes ovins. Danslapremiere6tude, les 
animauxavaient t soumis dune rationcomposde de 100 g de toureaude 
cotonparjour etdefoin (tbnoin)ou de pailled'une des cdrdalessuivanles 
offerte ad libitum: sorgho (blanc,SV1; ou rouge, DC75); mil perlg(blanc,SDMV 
89004; ou rougeNCD2); gleusine (blanche,SDFM63; ou rouge, 25C). Les 
concentrationsen azote et en paroiscellulaires9taientdiffdrentes entre espces 
mais non entre varidt&.Avec la teneuren azote la plus 6levde et la 
concentrationen paroiscellulaires !,jplusfaible, l',leusine Jtaitplus volontiers 
consomme (P<0,05) etdonnaitliru d une rMention d'azotemaximum et une 

189
 



digestibilitiminimum des paroiscellulaires.Dansla seconde expdrienc4 les 
animaux dtaient soumis d l'une des rationssuivantes: Joinplus 100 g de tourteau 
de coton par jour (idnoin); dpis dgrends de sorgho blanc (SVI) ou rouge (DC75) 
seuls ou avec 100 g de tourteaude coton par jour; ou dpis dgrendsd'dleusine 
(25C). Les dpis d'eleusine avaien "ateneur la plus odlevde en azote et la plus 
faible en parois cellulaires, et dta ient plus consommds et plus facilement digdrds 
(P<0,05). L'addition de tourteaude coton dtait bdndflque pour les animaux et le 
cultivar du sorgho SVI dtait plus facilement digdre que le DC75. 

INTRODUCTION 

The constraints to livestock production from feeding large quantities of fibrous 
byproducts are known (Sundstol and Owen, 1984), as are interventions which 
can ameliorate them. However, much of the information has been derived from 
temperate crops and in circumstances where inputs, such as chemicals ..A 
protein supplements, are available and affordable. In much of Africa maize, 
sorghum and millet are the major cereal crops and there is little scope to 
purchase inputs for livestock production. In some areas of Zimbabwe up to 50% 
of dry-season feeding can come from crop residues. 

In Zimbabwe maize is the preferred staple but because of low rainfall and 
short grazing seasons in natural ecological regions IV and V (Johnson, 1987) 
sorghums and millets are recommended by researchers and extension staff. Total 
crop-residue production in 1989/90 from the three major cereals, based on 
preliminary estimated forecasts of giain yield (Kossila, 1988; CSO, 1990), 
amounted to more than 5.5 million tonnes. Methods for improving the utilisation 
of maize stover have been reported (Manyuchi et al, 1990). Work is now in 
progress to evaluate sorghum and millet residues as livestock feeds. 

MATERIALS AND METHODS 

Two experiments were conducted to measure intake, digestibility and nitrogen 
retention (NR) of sorghum and pearl and finger millet residues. 

In one experiment, 35 indigenous wethers (average initial liveweight 34 kg; 
age about 18 months) were allocated at random to one of seven treatment grmups 
(five animals each):
• hay (control) 
" white sorghum stover (SVI) 
* red sorghum stover (DC75) 
* white pearl millet stover (SDMV 89004) 
" red pearl millet stover (NCD2) 
" white finger millet stover (SDFM 63) 
" red finger millet stover (25C). 

All animals in this trial also received 100 g cottonseed meal (CSM) per day. 
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The second experiment used 30 of the wetiters from the first experiment, 
after they had grazed on veld for one month: their average initial liveweight was 
31 kg. Thcy ,ere allocated at random to six treatments (five animals each): 
• hay p , .OO1 . M/day (control) 

of white sorghum (SVI) with or without 100 g CSM/day• threshed hee is. 
• threshee heads of r s sorghum (DC75) with or without 100 g CSM/day 
• thresLed brads of m.' dinger millet (25C), alone. 

Cereal bead's wcr. threshed using a mechanical thresher. Residues were 
milled using a 25-mm screen and offered to sheep ad libitum at 0800 and 1400 
hours daily. Sheep were individually pznned; water was always available. Intake 
was measured after 21 days acclimatisation, after which 80% of ad libitum 
intake was fed prior to measuring digestibility and nitrogen retention. A seven­
day period was allowed for adjustmct to the digestibility crates. Faeces and 
urine were weighed daily, subsampled and stored at -20°C to await analysis. 

RESULTS 

Experiment 1 

Neutral detergent fibre (NDF) and nitrogen (N) contents of the stovers were 
different between species (Table 1) but not between varieties within species. 
Finger millet contained most N and least NDF. The hay used contained less N 
and more NDF than the residues. Intake was highest (P<0.05) with finger millet 
and lowest with hay and SDMV pearl millet (Table 2): differences between pearl 
millet varieties may have been due to traces of mould in SDMV. Dry-matter 
(DM) and organic-matter (OM) digestibilities were lowest for hay (P<0.05), and 
NDF digestibility was lowest in the finger millets (P<0.05). (The differences in 
digestibility between sorghum varieties were probably due to a higher 
concentration of phenolics in DC75.) Nitrogen retention was greatest with finger 
millet, especially 25C, and least with hay (P<0.05). 

Experiment 2 

The threshed stover heads contained about 70 g grain/kg DM. Finger millet 
heads contained most N and least NDF (Table 1). Heads of red sorghum 
contained more N than those of white sorghum. Intake was highest with finger 
millet heads and lowest with hay (P<0.01). CSM increased (P<0.05) intake of 
the sorghum heads, especially DC75 (Table 3). DM and OM digestibilities were 
greatest with finger millet and DC75 plus CSM and least with hay (P<0.05). 
Intake and digestibility of both sorghums were enhanced by CSM; SVI was more 
digestible than DC75. Digestibility of NDF was greatest with SVI plus CSM and 
hay and least with DC75 alone and finger millet (P<0.05). Nitrogen retention 
was increased by CSM and finger millet (P<0.05). 
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Table 1. Chemical compositionofstoversand threshedheads 

Chemical composition (g/kg DM) 

Dry matter Neutral detergent Organic
Roughage (g/kg) Nitrogen fibre matter 

Hay 941 6.1 861 940 
Sloven 

Sorghum 
SVI 938 &6 762 935 
DC 75 932 &8 765 923 

Pearl millet 

SDMV 89004 935 10.2 784 902 
NCD 2 938 10.4 777 901 

Finger millet 
SDFM 63 918 15.5 605 901 
25C 925 17.0 637 906 

Thlmf Lad 

Sorghum
 
SVI 917 &5 
 710 946 
DC 75 918 14.2 776 949 

Finger millet 
25C 888 18,9 434 929 

DISCUSSION 

The results confirm earlier reports (Smith and Balch, 1984) that low protein and
high fibre reduce the nutritional value of cereal residues. Intakes of the residues 
used here were much higher than those reported in lambs receiving maize stover 
supplemented with urea (Manyuchi et al, 1990) or CSM (Smith et al, 1990),
probably reflecting the relatively low N content of maize stover. 

Quantities of threshed heads available are minimal compared to stover.The
retained grain in the heads (about 70 g/kg DM) would have contributed to their
acceptability as feed. The finger millet heads could probably be effectively used 
as a supplement to dry-season grazing or stover diets. 

In another study, the grains removed from sorghum (SVI) and pearl millet 
(SDMV) stovers were compared as replacements for maize grain in high-energy
finishing diets for steers (Nengomasha et al, in press). The results indicate that 
thee two varieties can replace maize grain in fattening diets. 

The study of sorghums and millets is continuing with emphasis on the 
effects of agronomic and handling techniques on stover yield and quality. 
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Table 2. Voluntmy iate,dgesabili~yandN retndonin sheepfed sorghum andpearl nd ftnger 

mida stowvrs 

Intake Digestibility (g/l 8 DM) N retention 

Neutral 

Rougage g/day ga 
ugg

5 
Dry 

matter 
Organic 
matter 

detergent 
fibre g/day 

g/kg N 
intake 

Hay 690 49.4 456 483 554 1.78 213 
sorg1wd 

SVI 874 61.1 548 559 583 4.03 352 

DC 75 900 62.9 502 521 565 3.69 316 

PearImillet 

SDMV 89004 684 48.8 498 504 544 4.70 429 

NCD 2 957 66.8 510 528 570 3.65 292 

Finger millet 

SDFM 63 1054 75.8 523 539 459 6.76 375 

25 C 1017 72.1 517 540 482 9.23 482 

SE 40.6 3.1 0.66 0.65 0.96 0.46 

Table 3. Volunary it digesibUityaJ-iN retentionin sheep fed sorghum andfingermillet 

threshed heads 

Intake Digestibility (g/kg DM) N retention 

Neutral 
R g Dry Organic detergent g/kg N 

Roughage g/day matter matter fibre g/day intake 

Hay 708 57.4 492 521 481 3.54 378 

Sorghmm 

SVI 1090 87.5 493 505 444 2.34 312 

SVI + CSM 1262 101.2 563 585 528 5.63 392 

DC 75 888 69.8 446 443 403 2.91 282 

CD 75 + CSM 1141 89.3 513 531 443 7.20 341 

Finger millet 

25 C 1409 110.3 570 589 413 9.27 428 

SE 81.1 5.62 1.39 5.46 0.98 0.47 
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ABSTRACT 

During the dry season in the savannah region of Nigeria, low quality hay 
constitutes an important source of energy for ruminants, especially cattle. 
Because of its high fibre and low protein contents, the hay ispoorly digested and 
intake is consequently limited. 

Grazing cattle, especially those managed under nomadic conditions, 
commonly lose body weight during this time unless they are provided with some 
form of protein supplement. Cottonseed and groundnut cakes are the traditional 
supplements but their use is limited by several factors, one of which is that most 
of the oilseed cakes produced find their way into compound feed for 
monogastric animals and so are now too expensive for use in cattle feed 
supplements. For this reason, other non-conventional sources of protein 
supplement need to be explored. Fertiliser grade urea with or without molasses 
and bloodmeal with or without bonemeal, used as supplements, improve 
digestibility and reduce weight loss in beef heifers fed low quality hay during the 
dry season. 

RESUME 

Utilisation de sourcesnon conventionneles d'alimrnts pourla 
compl~mentationdes rationsde ginissesde race de boucherierecevant dufoin 
de qualitd m'diocre 

Au cours de la saison sache, lefoin de qualitgmidiocre constitueune importante 
source d'ebnergiepour les ruminants, et notamment les bovins, dans la savane au 
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Nigeria Etant donnd que ce foin est riche en cellulose et pauvre en protines, sa 
digestibilitd demeure faible et sa consominmation est en consdquence 1'nitde 

Les bovins dlevds sur pdturage et notamment par les dleveurs nomades, 
perdent gendralenent du poids pendant lasdcheresse, d moins d'avoir accds d 
une compldmentation protdique. Les tourteaux de coton et d'arachide constituent 
les sources traditionnelles de compldmentation lesplus frdquemment rencontrdes 
dans cette region. Malheureusement, leur utilisation est limitde par un certain 
nombre defacteurs, notamment lefait que laplupart d'etre eux entrent 
dgalement dans les aliments composds des monogastriques et sont en 
consdquence trop chers pour etre incorpords dans les rations des bovins. Ilfaut 
donc rechercher d'autres sources de compldments pour cette catdgorie 
d'animaux.Cette dtude a permis d'dtablir que i'addition ou non de melasse i 
l'urde utilisde dans laproduction d'engrais et la farine de sang additionnde ou 
non defarine d'os permettaient d'accrottre la digestibilitd et de rdduire les 
pertes depoids des gdnisses de race de boucherie recevant du foin de qualitd 
mddiocre au cours de lasaison seche. 
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ABSTRACT 

The potential use of diets based on maize stover and groundnut hay with either 
urea or sunflower seed as a supplement was investigated using indigenous Small 
East African goats. Four female goats fitted with permanent rumen cannulae 
were randomly assigned to a 2 x 2 change-over design to determine dry-ma'ter 
loss using the nylon-bag techique. The sunflower-supplemented diet contained 
more readily degradable fraction than the urea-supplemented diet (11.45 vs 
4.64%) but had a lower dry-matter degradation (45.08 vs 56.02%). In another 
trial, 33 female goats were balanced for weight and assigned to two groups and 
given one of the two diets for 16 weeks. Intake and liveweight changes were not 
different between the two diets. Both diets were adequate to maintain weight. 

RESUME 

Utilisationde grainesenti~resde tournesolet d'ureecomme complments de 
rationsd basede rMsidusde ricolte chez ks caprins 

Des rationsi base de paillede maiset de fourrage d'arachide compldmenMs 
avec de l'ureou des graines e tournesolont 6td dvaludes surdespetites
chvres d'Afrque de l'Est. Quatrefemelles dans le runendesquelles avaientAfe 
en permanencefxes des canulesont d repartiesau hasardselon tn mo&ie 
croisgen vue de dterminerles p'ertesde matiresechepar la mdthode des 
sachetsen nylon. II ressorndes Yesultats enregistrdsque lafractionfacilement 
degradable taitplus importanteavec les grainesde tournesolqu'avec l'uMe 
(11,45% contre 4,64%). Parailleurs,le taux de la degradationde lamatiere 
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sche dtaitplus faibleavec lepremier(45,08%) qu'avec le secundtype de 
complbnent (5602%). Dans un autreessa4 33 chAvres avaient t4 divisdes en 
deux groupes depoids homog~ne soumis chacun 4 l'uneou l'autre de ces deux 
rations pendant 16 semaines. Ces deux rdgimes alinentairespermettaienten 
outreaux animauxde maintenirleurpoidset n'dtaientdiffirentsnien ce qui 
concernela consommation, ni en ce qui concerneles variationsdepoids des 
animaux. 

INTRODUCTION 

Nutrition is tl.,iain constraint to goat production in Zimbabwe (Maayuchi and 
Sibanda, 19B&) and stocking rates may be as high as 15 times the recommended 
ievels. As pressure on land continues to increasc wit. the increasing population 
(3.6% per year), especially in the crop-livestock areas, ovu'gi zlmg in the wet 
season does not allow sufficient weight carry-over for the dry season, leading to 
weight loss and general low productivity Results from the University of 
Zimbabwe (Nyamangara and Ndlovu, 1991) show that goats lose weight even in 
the wet season, especially when continuous rain restricts grazing time. 

One possible solution is to provide supplementary feed. The resources 
available in communal areas are mainly crop residues (maize and sorghum 
stover and groundnut tops). Cereal stovers have high fibre and low nitrogen 
contents and thus low degradabilities in the rumen, and so are generally low in 
nutritive value. Groundnut hay has higher nutritive value and has been found to 
improve utilisation of stovt.s (Ndlovu and Hove, 1989). However, low nitrogen
diets supplemented with legume still need a source of readily fermentable 
nitrogen to ensure adequate concentration of ammonia in :he rumen (Preston,
1986). Urea used as a feed supplement, even in small amounts, can inci-,asu 
fermentable nitrogen. There may also be a need to supply animals with 
"by-pass" entigy in the form of lipids. Most farmers in the communal areas 
grow some sunflowers. Sunflower seed contains about 20% crude protein and 
40% oil and its use in crop-residue-based diets could be beneficial. 

The aim of this study was to characterise diets basd on crop residues 
supplemented with small amounts of urea or sunflower secd. 

MATERIALS AND METHODS 

Animals and diets 

The experimental animals were indigenous female Small East African goats. 
Two experimental diets, based on maize stover and groundnut hay, were 

investigated; one (diet A) contained urea as a supplement, the other (diet B) 
sunflower seed (Table 1). 
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Table 1. As-fed composition didchemical analysisofdets 

Diet A Diet B 

As-fed composition (%) 
Grouncr.;t bay 28.2 25.9 
Maize stover 65.9 60.2 

Urea 1.9 -

Sunflower seed - 10.3 

Ground limestone 1.2 1.1 

Salt 2.6 24 

Vitamin/mineral mix 0.2 0.2 

Chemical analysis (g/kg DM) 
Dry mater 95.78 95.89 

Crude protein 7.17 8.45 
Neutral detergent Libre 73.05 69.35 

Acid detergent fibre 5272 48.49 

Ash 1.09 &33 
Fat 1.31 3.49 

Dry-matter degradabifity 

Dry-matter degradabilities of the diets were determined using four female goats
fitted with rumen cannulae and randomly assigned to a 2 x 2 change-over design.
Feed samples were milled to pass through either a 3-mm or a 1-mm screen to 
assess the effect of particle size on degradability. Nylon bags (195 x 90 mm; pore
size, 38 tm)containing 3 g of feed were incubated in the rumnen of each goat.
Bags were withdrawn at 3, 6, 9, 12, 24, 48 and 72 hours, washed under running 
tap water and dried at 60C to constant weight. Dry matter was analysed at each 
sampling time. Degradability was described using a derivation of the equation 
described by 0rskov and McDonald (1979: 

Amount degraded in time t = a + be 
where: 
a = readily degradable fraction (%)
b = extent of degradation (%) 
c = rate of degradation 
t = time (hours) 

Intake and growth of goats 

A total of 33 young indigenous female goats were stratified according to weight
and then randomly assigned to two groups. Goats with a liveweight less than 
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15.5 kg at the start of the trial were classified as light, the others as heavy. The
 
goats were housed in individual pens with concrete floo-s and received either
 
diet A or diet B for 16 weeks. Feed intake was recorded aaily. Liveweight
 
changes were recorded fortnightly.
 

RESULTS
 

Dry-matter degradability 

Results of the dry-matter degradability studies are shown in Table 2. 
Diet B had a significantly (P<0.001)higher readily degradable fraction than 

diet A. Screen size had an effect on degradability of diet b,but not of diet A. 
There were significant diet and screen interactions (P<O.05). Within the 1-mm 
screen size, diet B had higher (P<0.05) readily degradable values than diet A. 
There were no such differences with between samples milled through the 3-mm 
screen. 

Diet A had a higher extent of degradation than diet B (P<0.001). Within diet 
A, samples milled through a 1-mm screen had a higher extent of degradation
(P<0.05) than those milled through a 3-mm screen. Diet B was not affected by 
screen size. Within both screens diet A had a higher extent of degradation 
(P<0.05) than diet B. 

Rate of degradation was similar for both diets and was not affected by 
screen size. 

Table Z 	 Dry-matter degradability values ofcrop-residue.based dets supplemented with either 
urea (diet A) or sunflowerseed (dietB); feed samplesmilled through 1-mm or3-mm 
screen 

Readily degradable fraction (%)a 

DietA 


Diet B 

Extent of degradation (%)' 

Diet A 

Diet B 

Rate of degradatlona 

Diet A 

Diet B 

In the equalion (amount degraded in time t = 

degradation; c = rate of degradation; t = time 

Degradability value (%)
 

1-mm screen 3-mm screen
 

3.42 	 5.85 

14.37 	 8.54 

58.97 	 53.08 

46.06 	 44.10 

0.041 	 0.045 

0.044 0.051
 

a + be-), a = readily ciegradable fraction; b = extent of
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Table 3. Effect ofdiet and weight category ofdoats on liveweight change, feed intake and 
efficiencyofproduction forgoatsfed crop-residue-basvddiets supplementedwith either 
urea(d&et A) or sunflwer seed (detB) 

Total liveweight 
change 

(kg) 
Total intake 

0kg) 

Feed efficiency 
(liveweight gain/feed 

intake) 

Diet A 0.70 49.6 0.014 

Diet B 0.66 50.7 0.013 

SE 0.35 1.21 0.007 

Light goats 

Heavy goats 

SE 

0.84 

0.52 

0.35 

48.3 

52.1 

1.21 

0.017 

0.010 

0.007 

Animal responses 

Feed intake and growth responses of the animals fed the experimental diets are 
shown in Table 3. There were no differences in liveweight changes within diet 
groups or weight categories. There were no differences in daily intake between 
diets but, as expected, heavier animals consumed more than light animals 
(P<0.01). Feed efficiency did not differ within diet or weight groups. 

DISCUSSION 

Dry matter degradabiities 

The inclusion of sunflower seed in diet B was meant to increase both ene:gy and 
protein content of the diet. This was, however, not achieved as the diets were 
similar in terms of chemical composition. Adding a source of oil to diets based 
on maize stover is supposed to alter the glucogenic ratio in volatile fatty acids in 
favo.r of propionate (Preston and Leng, 1987) thus leading to higher gains of 
goats on such diets. However, the maximum recommended level of oil inclusion 
is 5%, as higher values tend to dpress intake and reduce microbial activity 
(Jenkins and Palmquist, 1984). Adding 12% unprocessed sunflower seeds 
supplied 3.5% oil inclusion. As this was less than the maximum recommended 
level, the lack of response by the goats was probably due to poor degradation of 
the unprocessed sunflower seed. Sunflower seed has a thick seed coat which 
might be resistant to degradation by rumen bacteria. It is also possible that the fat 
in the sinflower seed reduced hydrophility of feed particle surfaces and 
paevented further microbial adhesion and digestion (Lindberg, 1985). 

According to Preston (1986), if extent of degradation of roughage after 48 
hours is less than 40-50%, then it ii not worth feeding. Degradability of both 

201
 



diets Aand B had exceeded 40% by 48 hours; these diets thus appear to be
 
promising feeds.
 

Effect of screen size 

Milling samples through a 3-mm screen decreased the readily degradable
fraction in diet B and the extent of degradation in diet A compared with the 
1-mm screen. Decieasing screen (feed particle) size increases the surface area 
exposed to microbial activity and hence results in higher degradation values 
(0rskov, 1975). However, in other instances screen size had no effect. Lindberg
(1984) postulated that lack of effect due to particle size could be due to reduced 
inflow of rumen liquar and microbes into the nylon bags. Other workers (van
Keuren and Heinemann, 1962) also found no significant effects due to screen 
size. Differences in dry-matter disappearance due to screen size may bc
 
noticeable at short incubation times, but prolonged incubation reduces the
 
magnitude of differences in digestibility (McLeod and Minson, 1969).
 

Animal responses 

Goats on both diet A and B managed to mairtain weight throughout the 16-week 
cxperimental period. The results obtained are in contrast to work done by Prasad 
and Mandebvu (Makoholi Research Station, Masvingo, Zimbabwe) who 
reported weight loses (-14 and -11 g/d) when groundnut and siiatro hay,
respectively, were fed with maize stover. However, Banda and Ayoade (1986)
reported that groundnut haulms significantly improved liveweight gains in r3ats 
fed maize bran. 

CONCLUSIONS 

Although neither diet could support goat production, both were adequate to meet 
the maintenance requirements, and this is a positive step in improving goat
productivity in critical periods (hot wet and cold dry seasons) when the goats
lose weight. 
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ABSTRACT 

Under natural husbandry conditions, kid birth weights and growth rates are 
lowest in the dry season when feed is s.arce and of very low quality. The 
experiment investigated the potential of veld hay supplemented with lucerne hay 
as feed for pregnant goats. The digestibility and metabolisable energy (ME) 
content of the forages were estimated from the ray-matter (DM) disappearance, 
which was measured by tie rumen-bag technique. Forty-five mutiparous 
Matebele goats (mean liveweight 35.1 kg) in the 14th week of gestation were fed 
at one of three levels: low (L: 0.26 MJ ME/kg LW0 "75), medium (M: 1.5 x L) and 
high (H: 2 x L, with veld hay offered ad libitum). Maize grain (13.2 MJ ME/kg 
DM), lucerne hay (7.2 MJ ME/kg DM) and veld hay (5.52 MJ .M,/kgDM) were 
fed at 20, 24 and 56%, respectively, of the total metabolisable ei, rgy per 
treatment. The goats were weighed and body-condition scord (scale 1--0) 
weekly during pregnancy and within eight hours of parturition. 

Results for 42 goats that gave birth to single living kids are presented. Mean 
ME intakes during pregnancy were 10.23, 5.91 and 4.08 MJiday (SE=0.261) for 
H, M and L groups, respectively. Between week 15 and kidding, changes in net 
liveweight were +4.8, +0.9 and -1.5 kg (SE=0.86), and changes in body 
condition were -0.4, -1.6 and -1.3 (SE=0.27), for thz goats on H, M aad L 
treatments, respectively. Kid birth weights were 3.18, 2.92 and 2.89 kg 
(SE=0.154). These birth weights were higher than normally realised in the dry 
season under natural rearing conditions. It is concluded that Matebele goats can 
eat sufficient quantities of veld hay to meet energy requirements during 
pregnancy. 
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RESUME 

Alimentation de ch~vresMatebele avec dufourragede veld au coursdes trois 
derniersmois de gestation 

Dansles conditionsnormalesd'elevage, lepoids des chevreaux d la naissanceetleur vitesse de croissancetombent au plus bas au cours de la saison s~che, aumoment oa les alimentsdu betailsont rareset de trs mauvaise qualit. Cetteexpd&ence examine l'effet de l'alimentationde ch&vres en gestationavec dufourragede veld complbnent avec du foin de luzerne.La digestibilit. desfo'srrageset leur teneuren 4nergiemftabolisable (EM) ont 6te estimdes d partirdu ;auxde d6gradationde la matireseche, mesur, par la techniquedes sacs en.aylonintroduitsdans le rumen. Quarantecinq chdvresMatebelepesanten moyenne 35,1 kg et qui se trouvaientdansleur 14' semaine de gestationont L0divisees en troisgroupes.Chaque lot a 6d soumis d l'un ou l'autrede troisrdg'mesalinentairescaracteris6sparleur teneuren btergie, laquellegtaitfaible(F.: 0, 26 A9EM/kg PO' ), moyenne (M: 1,5 x F) ou dlevde (E: 2x F avec dufourragede veld ad libitum). Le mais grain(13,2 M EM/kg MS), lefoin deluzerne(7,2 MJ EM/kg MS) et lefoin de veli (5,52 MJ EM/kg MS) constituaiemrespectivement20, 24 et 56% de l'dnergie metabolisablecontenue danschaqueration.Les chtvres taientpesdeset leur &at d'engraissementenregistreunefois parsemaine au coursde la gestationpuis dansles huit heurespr~c~dantla 
parturition.

Les rdsultatsprdsent6siciportent surles 42 chevres qui avaientdonndnaissanced un seulchevreau vivant au coursde cette expdrience.L'ingestion
moyenne d'EMpendanz lagestation6taitde 10,23; 5,91 et 4,08 MJ/j (erreurtype=0,261)pour les lots soumis rcspectivementaux niveauxfaibk, moyen et ,evg d'dnergie De la 15' semainede gestationd laparturition,les variationsde poids vif net dtaientrespectivementde +4,8; +0,9 et -1,5 kg (erreurtype=0,86)avec des variationscorrespondantesde l'&at d'engraissement6galesd -0,4; -1,6 et -1,3 (erreurtype=0,27). Lespoidsd la naissancedes chevreaux4taientde 3,18; 2,92 et 2,89 kg (erreurtype=0,154)respectivementpourlesniveauxfaible, moyen et 1leve d'nergie.Ces valeurs dtaientsuperieuresauxchiffres habituellement enregistrdsen saisonseche dans les conditionsnormalesd'alevage.Les chevresMatebeleen gestationpeuventparconswquertconsommer suf'fisamment de Join de veldpour couvrirleurs besoinsen 4nergie 

INTRODUCTION 

Goats play a vital role in the livelihood of smaliholder farmers in Zimbabwe.
Over 70% of the national goat population are found on communal lands withinagro-ecological zones IV and V (Vincent and Hack, 1960). As these areas aregenerally unsuitable for cropping, livestock rearing on natural vegetation is the 
major agricultural enterprise. 
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The natural vegetation of these semi-arid areas of Zimbabwe (cor.monly 
referred to as sweetveld (Rattray, 1957)) consists mostly of palatable annual 
grasses which goats willingly graze in the rainy season when they are nutritious 
(high protein content) and abundant (Nyamangara, 1990). However, during the 
dry season the grasses are very mature and of low palatability. Moreover, the 
trees and bushes on which the goats rely for browse shed their leaves. Elliot and 
Fokkema (1961) showed that the dry-matter intake of range livestock in 
Zimbabwe during the dry season is unlikely to exceed 1.5%, and may be as low 
as 1.2%, of body weight. This energy and protein deficiency causes weight loss 
in all livestock, but the effects are particularly severe in goats. Seventy per cent 
of the indigenous Matebele goats in the communal areas kid in the dry season; 
consequently, kid birth weights and growth rates are low (<2 kg and 40 g/day) 
and kid ,urvival rates below 65% are not uncommon (Ndlovu and Royer, 1988). 

Adequate nutrition of goats during pregnancy and lactation can improve kid 
birth weights and survival rates (Sibanda, 1990). Veld hay, harvested during the 
rainy season, is a potential low cost feed resource for the dry season, but the 
responses of p-egnant goats to diets based on veld hay are not known. The study 
reported here examined the effects of three levels of feeding on doe liveweight 
and body-condition score changes and kid birth weights. 

MATERIALS AND METHODS 

Location 

The expenments were conducted at the former Thuli Breeding Station, Guyu, 
situated within agro-ecological zone V in Matebeleland ProvinL.e, south-west 
Zimbabwe. Total rainfall during the study year (1989) was 362 mm. Mean 
maximum and minimum temperatures were 28 and 13'C, respectively. 

Experimental diet 

The experimental diets consisted of maize grain, lucerne hay and veld hay, 
providing 20, 24 and 56%, respectively, of the total metabolisable energy. Three 
levels of feeding were investigated: the low level treatment (L) allowed 0.26 MJ 
ME/lg LW°' 75; the medium level treatment (M) was calculated as 1.5 x L; and 
the high level treatment (H) was calculated as 2 x L for the purposes of 
establishing the allowance of maize grain and lucerne, while veld hay was given 
ad libitan at 1.4 times the previous day's intake. 

Feedstuffs 

Lucerne hay and veld hay were obtained from Aiselby Municipality Farm, 
Bulawayo, which is in the same agro-ecological zone as Guyu. The lucerne was 
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Table 1. Chemicalcompositionofmaize grd, lucerne hay and veldha.,
 

Chemical composition (g/kg DM)
 

Feed 
Dry matter 

(g/kg) Ash Crude protein 
Neutral detergent 

fibre 

Maize grain 90.0 1.6 8.2 -
Lucerne hay 90.1 9.5 18.1 53.8 
Veld hay 91.2 10.8 128 72.6 

harvested at the early flowering stage, left to wilt overnight, baled and then 
hteat-dried in a barn. The veld hay was made from natural annual grasses
growing on cleared rangelands during the rainy season. The grass was baled and 
then dried in the same manuer as the lucerne. 

The dry-matter, ash, crude-protein and neutral detergent Oibre contents of 
the feedstuffs were determined and are shown in Table 1. 

The rumen degradabilities of the lucerne hay and the veld hay wete 
established using the nylon-bag teclmique (Mehrez and Orskov, 1977). Four 
individually-penned, non-pregnant multiparous indigenous Matebele does fitted 
with permanent rumen cannulae (40 mm tiameter) were used in a 2 x 2 cross­
over design that investigated the degradability of the two feedstuffs when the 
does were fed at the low and medium feeding levels. The goats were offered the 
diets for three weeks before any measurements were made. Water and a 
salt-mineral lick were freely available at a'J times. 

Representative samples of the two hays were ground through a 3-mm screen 
using a laboratory hammer mill. Nylon bags containing 4 g of the sample were 
suspended in the rumen for 3, 12, 24, 36, 48, 60 and 72 hours. After withdrawal, 
the bags were hand washed in cold water for 30 minutes. A further feed sample 
was used to determine the amount of soluble material by soaking in water before 
wnsling. All the bags were then dried at 600C to constant weight.

The rumen degradability of the feeds was calculated from the percentage
dry-matter loss from the incubated samples, as described by the mathematical 
model p = a + b(1 - e- c ) (0rskov and McDonald, 1979), where p is the 
percentage dry-matter loss at time t, (a + b) defines the maximum potential
degradability (the asymptote) and c is the rate constant of b. 

Feeding trial 

Forty-five multiparous Matebele goats that had been synchronised for oestrus 
using progesterone-impregnated sponges, mated after oestrus and diagnosed 
pregnant by consistently high plasma progesterone concentrations, were 
individually penned and randomly allocated to one of the three feeding levels 
from week 14 of gestation. Maize grain and lucerne hay were offered at the same 
time (0800 hours) and veld hay for the M and L groups was offered in two 
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portions (at approximately 1000 and 1500 hours). Refused forage was collected 
and a repres-ntative sample aralysed for crude-protein and neutral detergent
fibre contents. Water and a salt-mineral lick were always available. 

Does were weighed and body-condition scored (Honhold et al, 1989) at 
weekly intervals. Kids were weighed within eight hours of birth. 

Statistical analysis 

Data were analysed by the method of least squares analysis of variance using
general linear model procedures (SAS, 1986). Post-kidding weights and body­
condition scores were adjusted using the initial weights and scores as covariates 

RESULTS 

Rumen degradation of lucerne hay and veid hay 

The degradability characteristics of the forages are shown in Table 2. Feeding

level had no effect on any of the parameters. The lucerne hay contained more
 
soluble material and was degraded at a more rapid rate than the veld hay.
 

Table 2. Dry-matter degradability constants oflucerne hay and reid hay at low and tigh feecing 
levels 

Degradability constants 

Feed Feeding level a b c 

Lucerne hay Low 24.43 40.58 0.0926
 
Lucerne hay 
 High 24.05 40.12 0.0901 
Veld hay Low 14.52 56.65 0.0392 
Veld hay High 14.90 54.24 0.0423
 

- )
From the equation p = a+ b(l - C
 
where:
 
p = dry-matter loss (%)
 
a = readily degradable fraction (%)
 
b = potentially degradable fraction (%)
 
c = rate of degnadation of the b fraction
 
t = time (hours)
 

The effective degradability of organic matter (P)was calculated as from the
equation P = a + {bc/(c +ki)}, where ki is the passage rate of digesta from the 
rumen. As k1 was not determined in this experiment, P was calculated for a 
range of ki values, as shown in Table 3. The mean Pvalues were then used to 
provide an estimate of the ME values of the two forages, assuming that P is 
equivalent to organic matter digested (OMD%). The OMD% was converted to 
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Table 3. Derivation ofmetabolisableenergy valuesfor lucerne hay and veldhayfrom potential 
organic mater degradabilityparwneters 

Runen
 
turnover rate 
 ME Mean ME 

Feed (ki) OMD%' DOMD%b (MJ/kg DM)c (Mi/kg DM) 

Lucerne hay 0.03 56.64 51.26 7.69 
0.04 5231 47.34 7.10 7.20 
0.05 50.33 45.55 6.83 

Veld hay 0.025 43.86 39.13 5.87 

0.03 41.69 37.20 5.58 5.52 

0.04 38.17 34.05 5.11 

b OMD% is effective OM degradability = a + fbc/(c + ki))

DOMD% = OMD% (100- ash%)/100 (MAFF, 1984: equation 55)
r ME =0.15 DOMD% (MAFF, 1984: equation 58) 

digestible organic matter in the dly matter (DOMD%) using the equation
DOMD% = OMD% (100 - ash%)/100 (MAFF, 1984: equation 55). ME was then 
calculated as ME = 0.15 DOMD% (MAFF, 1984: equation 58). The ME values 
of lucerne hay and veld hay are shown in Table 3. 

Feeding trial 

Two does gave birth to twins and a third was pseudo-pregnant. The other 42 does 
gave birth to single, living kids; results from these does (14 per treatment) are 
shown inTables 4 and 5. 

The mean crude-protein and neutral detergent fibre contents of the refused 
veld ay from the H treatment were 125 and 756 g/kg DM, respectively, 
compared to 128 and 726 g/kg DM for the offered material. Therefore there was 
little evidence of selective feeding. The H treatment does were able to consume 
36 g DM/kg liveweight on average over the period of the experiment (Table 4).

Table 5 shows the liveweight changes and body-condition scores of the 
does, and the birth weights of the kids. Both M and H treatment does showed a 
net gain in liveweight over the course of gestation, while the L treatment does 
lost a small amount of weight. Only H treatment does maintained their body
condition. There were no significant treatment effects upon kid birth weight.
Although there was a trend for birth weight to decline with energy intake, the 
differences were small compared to the veiy large differences in energy intake. 

DISCUSSION 

The ME values estimated for both hays are lower than the values found by Topps
and Oliver (1966). The differences could be attributed to many factors, including 
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Table 4. Least-quares meanfeed inteae, ofgoats &uring late gestation 

Hfigh Medium Low 
feeding level feeding level feeding level SE 

Number of animals 14 14 14 

Daily dry-matter intake
 

Maize grain (glbead) 180 107 74 3.9
 

Lucerne hay (/head) 37G 2270 150 7.4
 

Veld hay (g/head) 930 520 360 34.4
 

Total (g/k) 36 24 16 0.82
 

Daily ME intake
 

MI/head 10.23 5.91 4.08 
 0.261 
° MI/kg LW .7 5 0.58 0.37 0.26 0.011 

Table 5. Least-quares mean doe liveweights and body condition scores andid birth weight 

High Medium Low 

feeding level feeding level feeding level SE 

Numbtu ofanimals 14 14 14 

ULveweight (kg)
 

Week 15 36.4 33.1 35.6 1.45
 

Post-kidding 39.8 36.0 33.6 0.92
 

Net change 4.8 0.9 -1.5 0.86
 

Body-cowdition scxreo
 

Week 15 5.6 5.4
5.4 0.27 

Post.kidding 5.2 3.9 4.2 0.27 

Net change -0.4b -1.6 -1.3 0.27
 

Kid birth weight (kg) 3.18 2.92 2.89 0.1.54
 

a scale of 1 (severely emaciated) to 10 (over-fat)
Not significantly different from zero 

the degree of maturity of the forages at cutting and the methods of preservation, 
as well as the methodologies of establishing the energy values. 

Despite the poor digestibility values of the forages, the goats were able to 
achieve high levels of intake. The intakes achieved by the H treatment does were 
well in excess of the 3% of liveweight considered by Devendra and Burns (1983) 
to be the maximum achievable. These high intakes were achieved without 
recourse to selection, a characteristic of goats offered poor quality forages 
(Wahed et al, 1990). The lack of selection could be a reflection of the very poor 
quality of the veld hay. 
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The net liveweight gains of H and M treatment does indicate the adequacy
of nutrient supply for maintenance and production on these treatments. Does on 
the L treatment utilised body tissue to support the demands of the foetus, so this 
treatment had little effect on birth weight. The mean birth weights on all three 
treatments were greater than those reported by Tawonezvi and Ward (1987) for 
single kids from Matabele goats under a semrd-intensive system on-station. 

CONCLUSIONS 

Veld hay, even of poor digestibility, supplied as a major part of the diet, can be
 
eaten in sufficient quantities to support the energy needs of Matebele goats in
 
late pregnancy.
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ABSTRACT 

Forage legumes were grown as intercrops with maize, sorghum and bullrush 
millet, and maize was planted in alleys of Leucaena, for two growing season 
(1988/89 and 1989/90) at Mpwapwa, Tanzania. The objective was to de.ermine 
the best entry points of these legumes into the crop-livestock systems of 
semi-arid Tanzania. 

Cereal grain yields were not significantly depressed by the presence cf 
forages, pointing to the possibility of introducing forages to the cereal-cropping 
systems existing in serr-arid Tanzania, through such methods as intercropping 
and alley cropping. 

RESUME 

Introductionde ligumineusesfourrageresdans les systimes agrairesde Ik 
zone semi-arideen Tanzanie 

Des essais ont dt effectu&s en vue de determinerla meilleure manire 
d'introduiredes 1Mgumineuses dans les systmes agrairesmixtes de la zone 
semi-aridede la Tanzanie.Dansle cadrede ces travaux,des lgumineuses 
fourragresont 6t9 intercalees eture des culturesde mals, de sorghoet de mil 
chandelleet du mais a &6 semd entre des haiesde Leucaena pendant deux 
saisonsde croissance(1988/89 et 1989/90) t Mpwapwa (Tanzanie). 

II ressort des resultatsenregistrdsque laprdsencede plantesfourragres 
n'entrainaitaucune baissesignificative de laproductionde c~rdales,ce qai 
signifie que l'onpeut introduireces especes vdgetales dans lez systdmes d base 
de crdalesde la zone semi-aridede la Tanzanie en utilisant la technique des 
cultures intercalairesotu en couloirs. 
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INTRODUCTION 

It is common practice, in semi-arid Tanzania, for grazing lands to be taken for 
crop growing and so for livestock production to be pushed out to poorer, less 
productive lands, where rainfall is unreliable. In these areas, sound land-use 
practices, aimed at economically using the land resources at a sustainable level,
need to be developed and employed. One such practice is to produce more good
quality forage feed within the existing crop-livestock systems. 

Forage legumes have played an important role in raising the productivity of
farming in temperate areas, a role which has yet to be clearly demomtrated for 
the tropics. The primary role of the legumes is fixation of atmospheric nitrogen;
this leads to improved soil ftrtility, enhanced forage and mulching quality
(Tothill, 1986), and also to a supply of high quality feed for ruminants. In 
Tanzania, semi-arid areas are characterised by small-scale mixed crop-ivestock
farming systems. In such systems, forage legumes could be integrated into both 
the crop and the livestock components. In the crLp phastL, legumes can reduce 
the rate of decline of soil fertility, or even enhance crop yields, and can also 
reduce the lengil of the fallow period. In the pastoral phase, legumes contribute 
to better quality and use of crop residues and of natural forages on fallow land 
(Kusekwa, 1990). 

This paper discusses the testing of best-bet legumes for semi-arid Tanzania 
under two cropping systems with a view to determining their possible entry
points into the crop-livestock farming systems in the area. 

MATERIALS AND METHODS 

The work was carried out at the LUvt tock Production Research Institute, 
Mpwapwa, Tanzanir, (60 20' S; 36'30 / E; altitude 1100 in). Annual rainfall here 
is 700 ram, with 90,, bof the rain falhlig during December-April. Maximum and 
minimum temperatures are 27.5 and 15.5C, respectively. 

The cereals used in the study were varieties of maize, sorghum and millet 
commonly grown in the area. The maize and sorghum varieties used were early
maturing (80 days): the millet (a local variety) took about 100 days to mature. 

The legumes used were best-bet forage legumes: Stylosantheshamata 
('4rano stylo): S. scabra (Seca stylo); Lablabpurpureus(Rongai and Red);
Macroptiliwn a.ropurpureum(Siratro). Neonotoniawightii (Tinaroo glycine) ard.i 
Leucaena leucocephala(Peru). 

Intercropping trial 

The six forage legumes were grown as intercrops with the thre,. cereal crops
commonly grown in central Tanzania, during the 1988/89 growing season. The 
cereals and legumes were planted 30 cm apart, in rows 99 cm apart. The split 
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plot design was used, with the cereals making up the main plots and the legumes
the subplots; the contml was cereal with no legume. In anticipation of severe 
competition for nutyients by the intercrops, phosphorus and nitrogen fertilisers 
were applied as recommended for the area, 40 kg P/ha as triple superphosphate
(46% P205) and 42 kg N/ha as calcium ammonium nitrate (26% N). Nitrogen 
was split-applied at active vegetative growth and then at the pre-ear-emergence 
stages of the cereals. 

During the 1989/90 growing season, two legumes were dropped from the
study: Rongai lablab because of severe smothering effects on the cereals; and 
Seca stylo because of its poor survival, caused by termite damage. The 
established legumes were slashed to ground level before the cereals were 
sod-seeded at the usual spacing of 30 x 90 cm. 

Alley-cropping trial 

For the alley-cropping study, an area was selected from a previously established 
5-haLeucaena field, in which rows ofLeuca.ma were spaced 3, 4, 5 and 6 m 
apart; maize was sown in the alleys at 30 x 90 cm spacing. The rows of 
Leucaenawere cut back to stubbls_ heights of 25, 50 and 75 cm, making the
study a four alleys x three cutting heights combination of treatments. Maize was
fertilised with phosphorus and nitrogen in the first year of the study (1988/89),
but in the subsequent year (1989/90) fertiliser N was withdrawn as fertility
build-up was anticipated from the effects of mulching. During the 1989/90
growing season, interface competition was also investigated by looking at yields
of grain and stover in relation to distances of the maize rows from the Leucaena 
rows. 

Statistical analysis 

Statistical analysis was performed with Instat (PC version, June 1987: Statistical 
Service Centre, University of Reading, UK). 

RESULTS AND DISCUSSION 

Intercropping trial 

In 1988/89, grain and stover yields of the different cereals were significantly
(P<0.05) different (Table 1). However, the type of cereal did not significantly
effect legume dry-matter (DM) production, which was about 3 t/ha in each case. 
Millet and sorghum yielded higher (P<0.05) total forage (stover + legume
herbage) than maize. The trends in yield of cereal grain and stover and legume
forage during the 1989/90 growing season were similar to those in the 1988/98
growing season. 
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Table 1. 	 Effects of intercropping forage legwnes with cereals on grain-stover and 
legume-herbage yiel4 19801/89 and 1989/90 growing seasons 

Yield (t/ha) 

Cereal grain Cereal stover Legume herbage Total forage
Cereal (air dried) (DM) (DM) (stover + legume) (DM) 

198889 growing saeion 
Maize 5.6 3.9 3.2 7.1 

Sorghum 2.0 5.0 3.4 8.4 

Millet 3.7 5.7 3.2 8.9 

M-an 3.77 4.87 3.27 8.07 

LSD (5%) 0.69 0.64 ns 1.33 

1969/90 growint seasou 

Maize 4.5 3.4 3.5 6.9 

Sorghum 3.1 5.5 2.9 8.4 

Millet 3.9 6.0 2.9 8.9 

Mean 3.83 4.97 3.10 8.07 

LSD (5%) 0.59 0.79 0.46 1.41 

The grain yield did not seem to be depressed by the presence of intercrops 
as the yields were high com-'red with the are;i averages which, according to the 
Mpwapwa District Agricutural Officer, are 3.0 t/ha for maize, 1-5 t/ha for 
sorghum and 2.5 t/ha for millet. This result points to the possibility of 
introducing forages to the cereal cropping systems of the area, especially
dual-purpose legumes such as lablab. Traditionally, agropastoralists in this area 
usually intercrop cereals with grain legumes. This could be realised if and when 
farmers can be shown that overall productiity of the land is increased when 
forage from stover and legume is put to proper use such as maintaining a 
productive animal. 

Table 2 shows the effects of forage: legumes on grain and stover yields and 
legume herbage production when intercropped with cereals. Rongai lablab 
appeared to depress grain yield of the cereals the most, probably as a result of 
smothering effects of the lablab on any companion plants, while Siratro and 
Verano and Seca stylo seemed to enhance grain yield, which indicated that there 
was some soil fertility build-up in plots under these legumes. In general, the 
more DM produced by the legume the more the depressing effect on grain yield.

It is evident that the inclusion of forage legumes in cereal plots led to 
increased quantity and quality of the total forage (stover + legume herbage)
produced. Stovers alone had an average crude protein (CP) content of2.4% 
while legumr,. averaged 13.9% CP. Such an improvement in the quantity and 
quality of he feed resource is seen as the key to improved nutritiod of the 
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Table 2. Effects offorage legumes on grain, stover and legume-hrbageyieldT when intercropped 

with cereals, 1988189 and 1989190 growingseasons 

Yield (t/ha) 

Total forage
Cereal grain Cereal stover Legume herbage (stover + legume) 

Cereal (air dried) (DM) (DM) (DM) 

198/89 growing season 

No legume 3.7 5.1 - 5.1 

Verano stylo 4.2 5.8 1.0 6.8 
Lablab (red) 3.4 5.1 2.1 7.2 

Lablab (Rongai) 2.8 4.3 9.8 14.1 

Siratro 4.2 5.8 4.7 10.5 

Tinaroo glydue 3.7 5.2 1.1 6.3 

Seca stylo 4.1 5.6 1.0 6.6 

Mean 3.73 5.14 3.28 8.09 

LSD (5%) 0.25 1s 0.93 0.78 

1989/90 growing season
 

No legume 3.6 5.3 - 5.3
 

Verano stylo 4.2 5.3 1.7 7.0
 

Lablab (red) 3.4 5.0 3.0 8.0
 

Siratro 4.3 5.0 4.9 9.9
 

Tinaroo glyane 3.5 4.8 3.3 8.1
 

Mean 3.80 5.10 3.10 7.66
 

LSD (5%, 0.23 1s 0.52 0.91
 

ruminant livestock during the extended dry season ofsix to seven months in 
semi-arid central Tanzania. 

Further work is needed on some aspects of soil fertility build-up and animal 
feeding in order to determine the extent of improvement in productivity when 
forage legumes are introduced into the crop-livestock farming systems of 
semi-arid Tanzania. 

Alley-cropping trial 

Table 3 shows the effects of the width ofLeucaenaalleys on maize grain and 
stover yields and Leucaenaleaf-meal production. Grain yield tended to increase 
with increase in alley width, but the increases were not significant. During the 
1989/90 growing season grain and stover yields were lower than in the previous 
year. The lower yields could be attributed to withdrawal of fertiliser nitrogen. 
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Table 3. 	 Effects ofwidth ofalleys ofLeucaena on maize grain and stoveryields and Leucaena 
leaf-mealproduction,1988/89 and1989/90 growingseasons 

Yield (t/ha) 

Maize grain (air dried) Maize stover (DM) Leucaena Ieaf meal (DM) 

Alley width 
(m) 1988/89 1989/90 1988/89 1989/90 1988/89 1989/90 

Control 4.3 2.71 6.8 4.00 ­ -
3 2.8 2.53 4.7 3.48 3.0 3.60 
4 2.7 2.41 5.0 2.10 2.5 3.20 
5 3.0 2.65 5.5 3.28 2.3 3.00 
6 4.0 2.52 6.9 2.99 2.1 3.10
 
SE 0.55 0.30 0.62 0.37
0.34 	 0.39 

Increases inLeucaenastubble height tended to progressively decrease 
maize grain and stover yields (Table 4), but the effects were not significant. The 
effects of distance of maize rows from Leucaena alleys were not clear (Thble 5). 

Table 4. 	 Effects ofstubble height ofLeucaena rowson maize grain and stover yields, 1989/90 

Yield (I/ha)
 

Leucaena stubble height Maize grain 
 Maize stover 
(cm) (air drie_4) (DM) 

Control 2.71 	 4.00 

25 	 2.66 3.06 
50 	 2.48 3.10 

75 2.44 3.39 
SE 0.26 	 0.30 

TableS. 	 Effects ofdistanceof maize rowsfrom Leucaena on maize grain andstover,yields, 
198990 

Yield (t/ha) 

Distance from Leucaena rows Maize grain Maize stover 
(cm) (air dried) (DM) 

Control 2.71 	 4.00 

90 2.49 3.16 
180 2.56 3.21 

SE 0.22 	 0.24 
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These results indicate that it is feasible to introduce Leucaena into the 
cropping system, using the alley-cropping approach. The additional production 
(forage) from the Leucaena rows could serve to supply mulch arzd supplement 
forage feed, particularly during the dry season. 

CONCLUSIONS 

Results from these two cropping studies, intercropping and alley cropping, show 
that including legumes in the cropping systems in semi-arid central Tanzania can 
increase the productivity of these systems. Grain as well as fodder for mulch and 
livestock feed are produced with negligible or no adverse effects on grain yield. 
It would be even more useful if dual-purpose legumes, such as lablab, were used. 
Screening for more suitable multipurpose legumes is required to cater for fitting 
legumes into the cropping systems. The total produce would then include grin 
from both cereals and legumes, forage, stover and nitrogen from N-fixation. 
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ABSTRACT 

A comparative study was undertaken on the effect of grazing time on milk yield
and general performance of lactating dairy cows. Two groups of 20 crossbred 
cows were used; they were grazed on natural pasture over one calendar year
(1983--84). Cows in group I were allowed day-round grazing (less milking
hours), with a little supplewentation only during the dry season. Cows in group
II were grazed in the traditional way, with about seven hours of grazing a day,
and were fed hay (1.86 kg DM/day per cow) and concentrate (0.5 kg/litre milk 
yield). 

Average daily herbage intake for cows in group I was 1.2 and 2.6 kg DM/
100 kg liveweight during dry and wet season, respectively. Corresponding
figures for cows in group II were 0.9 and 1.2 kg. Mean milk yield during the 
year differed (P<0.05) between the two groups at 1261 and 1762 litres/cow for 
groups I and II, respectively. The difference, however, varied with season, being,
high in the dry season and falling to zero during wet season when pastures were 
lush and green. 

RESUME 

Effet du temps de pdturageet d'unecomplgmentationde concentrssurla 
productionde laitde vaches mitissesdans les hautsplateauxde la rigion 
d'Arsi (Ethiopie) 

Une tude comparativea td effectude sur l'effet du temps de pituragesurla 
productionde lait et lesperformancesde vaches laitiresen lactation.Deux 
groupescompos&s chacun de 20 vaches m4tisses avaient Jtd Jlev&s surprairie
naturellependantun an (1983-1984).Les animauxdu groupeI avaien:accesau 
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pturagetoute lajourn&(4 l'exception despdriodesde traite)et recevaienten 
outreun peu d'aliment compl~mentaireau cours de la saisons&he. Quant4 
ceux du groupeII, ils Ltaient gdr&sselon la m46thode traditionnellede pfturage, 
avecparjourenviron sept heures deprdsenceeffective sur les parcours,et 
recevaienten plus dufoin (1,86 kg de matiareskche partte)et des concentr~s 
(0,5 kg/litrede laitprodui). 

La consommation des aninauxdu groupe16tait en moyenne de 1,2 et 
2,6 kg de matires~chepar100 kg depoidsvif respectivement au cours de la 
saisonseche et de l'hivernage.Les chiffres correspondants9taientde 0,9 et 
1,2 kg pour les animaux du groupeI. Laproductionmoyenne unnuelle de lait 
des deux groupes itaitdiffrente (P<O,05) et s'&ablissaita 1261 litresparvache 
pour le groupeI contre1762 litrespourle groupe1;4 Cependant,cette diffirence 
dtpendaitde la saison;glevde en saisonsdche, elle dm inuaitpuis s'annulait au 
cours de l'hivernage, c'est--direau moment oa I'herbe draitabondanteet verte. 
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ABSTRACT 

Degradation of vanous feedstuffs (protein sources, energy concentrates and 
roughages) eaten by dairy cattle in the high potential areas of Kenya was studied 
by incubating samples in nylon bags in the rumens ofsteers. For each feedstuff, 
degradation characteristics were estimated from a hand-drawn degradation curve. 

Average dry-matter solubility was about 25.3, 18.0 and 24.8% for protein
feeds, energy concentrates and roughages, respectively. Maize germ flakes had 
the highest degradable fraction (65.0%) and fish meal the lowest (38.5%). 
Degradation rate constants averaged 0.05% per hour for protein feeds, 0.06% per 
hour for energy concentrates and 0.03% per hour for roughages. 

The use of degradation characteristics in evaluaiing livestock feedstuffs and 
in formulating ration combinations for dairy cattle is discussed. The nylon-bag
technique is a useful tool for improving tropical animal production systems
because it is reliable, cheap and easy to perform. 

RESUME 

Etude comparde de la digradabiliWde diversalimentsdu b6tailparla 
techniqued'incubationdes sacs en nylon dansle rumen 

Le rythme de dtgradationde dffrents aliments(sources de protdines,aliments 
dnerg~tiqueset fourragesgrossiers)consommnsparles bovinsde race laitire 
darn les zones d fortepotentialitddu Kenya a 66 6tudidparincubationde sacs 
en nylon dan la runmen des animaux.Une courbea 6t6 tracdepour chaque 
aliment en vue de determinersespiramtresde d~gradabilitr. 
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II ressortdes rdsultasenregistr&s que la solubilit moyenne de la mati~re 
sache Jtaitd'environ25,3; 18,0; et 24,8% respectivementpourles sources de 
protines,les alimentsdnergdtiqueset lesfourragesgrossiers.Les taux de 
dgradationvariaientde la valeurmaximum de 65,0% pourlafarinede germe
de mas auchiffre minimum de 38,5% pour lafarine de poisson. Quanta la 
constantehorairede degradation;elle s'dlevait4 0,05%; 0,06%; et 0,03% 
respectivementpour les sourcesde protdines, les alimets nerggtiqueset les 
fourragesgrossiers. 

L'6valuationdes aliments du bdtailet laformulationdes raionsd par&
des £!udes de dgradabilitgont dt6 discutdes.La techniquedu sac en nylon
constitueun instrumentutiled'amliorationdes systmes d'levage dans les 
rdgionstropicalesdans lamesure oil elle estfiabl, peu choreet d'utilisation 
facile. 

INTRODUCTION 

As a tool for studying rumen digestion, the artificial-bag technique is not new 
(see, for example, Quin et al, 1938; Fina et al, 1958). In recent years the 
nylon-bag technique has become more widely used, and it is now being
recommended as a means for evaluating tropical livestock feeds. However, little 
work has been done on the practical application of the technique to the 
evaluation of feeding systems. This study aimed to use degradation
characteristics as a means of formulating ration combinations for dairy cattle. 

MATERIALS AND METHODS 

Samples of various feedstuffs, used for feeding dairy cattle on small-scale farms 
in different parts of Kenya, were studied. The feedstuffs included byproducts of 
the food industry, pasture forage, crop residues and non-conventional feeds. 
Samples were degraded in nylon bags in the rumens of three crossbred steers 
(average weight 590 kg) fitted with permanent cannulae. The daily diet of the 
animals comprised Napier grass and concentrate. 

Feedstuffs for analysis were oven-dried at 70'C and then ground to pass
through a 2-mm screen. Samples (2-5 g) were measured into nylon bags
(approximately 14 x 8 cm) which were securely tied with a knot at the end of a 
24-cm long string. The bag strings were permanently tied in groups of 20 to a 
main string about 60 cm long, and the whole assembly was inserted into the 
ventral sac of the rumen ofone of the steers. All samples were incubated in 
duplicate per steer and replicated in the three steers. Withdrawal of the bags was 
timed to give incubation times of 1,6, 12, 18, 24 and 36 hours for protein feeds 
and energy concentrates and 1,12, 24,36, 48 and 72 hours for forages.
Zero-hour incubation was obtained by extrapolation of the degradation curve to 
the y-axis. Retrieved bags were washed under running water until the water was 
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clear. Dry-matter degradation was determined from dry-matter determinations on 
original and degraded samples.

For each feedstufL degree of dry-matter degradation was plotted against
incubation time and the curve drawn by hand (Figure 1). The values ofa
(%solubility) and b (potentially degradable fraction) were determined from the
graph. The steepest section of the curve (where the change dy/d was most rapid,
indicating maximum rate of dry-matter degradation) was identified and the 
percentage degradation (p)and incubation time (t) corresponding to the mid­
point of this section were read off; this enabled the degradation rate constant (c)
to be calculated from the following exponential equation (0rskov et al, 1980): 

p =a + b(1-e~c ) 
where:
 
p = dry-mater degradation (%)
 
a = dry-matter solubility (%)

b =potentially degradable fraction (%)
 
t = time ofmaximum rate of dry-matter degradation (1iours) 
c = degradation rate constant 

Figure 1.Haddmvn cww for eidmating % degradation (p) at time t 
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The constants estimated from the hand-drawn curve were compared to those 
derived using a computer program. 

RESULTS AND DISCUSSION 

The contents of major nutrients in the feeds (Table 1) were within the published 
range (Said, 1971; Abate, 1980; Kamande, 1988) except that the level of 
insoluble material in the fish meal was very high, probably because of a high 
proportion ofscale and contamination in the sample analysed. 

The degradation characteristics (Table 2) are generally comparable to those 
obtained for similar feeds by other authors (0rskov et al, 1980; Kamande, 1988). 
Previous studies used sinkers of sand or water (Kamande, 1988) or nylon tubes, 
or weights to position bags in the rumen (0rskov et a], 1980), but the present 
study indicates that reliable, acourte, results can be cbtained without these aids. 
There is, however, some variation in estimates of solubility. For example, 
compared with the values found in this study, Kamande (1988) repox,d a higher 
solubility value for wheat bran and a lower solubility for lucerne. This may 
suggest that solubility is unreliable as an indicator of feeding value. 

Table 1. Dry-mauer, ash, crude-protein andfibre contents offeedstuffr 

Content (% DM) 

DM Crude Crude Neutral 
Feed (%) Ash protein fibre detergent fibre 

Protein so- rces 

Fish meal 96.4 15.6 35.0 nd nd 
Soybeans 90.9 4.9 40.8 9.1 nd 
Cottonseed cake 97.3 5.9 31.1 20.7 nd 
Sunflowerseed cake 96.5 5.7 33.6 28.8 nd 
Lucerne, flowering 91.8 10.4 22.7 nd 77.8 

Energy concentrales 

Maize germ flakes 87.8 6.0 16.5 11.4 nd 

Wheat bran 91.2 7.9 17.2 13.4 ,d 

Cornflakes waste 91.4 27 8.1 9.3 nd 
Green banana frui: 92.5 6.1 5.0 6.4 nd 

Roughages 
Bean stalks and pods 90.7 8.7 6.3 nd 70.8 

Coffee pulp 89.9 10.7 13.6 nd 51.5 
Hay (mixed species) 92.0 8.7 8.8 nd 76.6 

Kikuyu grass 93.5 12.6 19.0 ad 64.8 

nd = value not determined 
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Table 2. Degradation characterisLicsoffeedstuffsobtainedfrom a hand-drawn curve and by 

where: 

computer 

a b c 

Feed Hand Computer Hand Computer Hand Computer 

Protln sources 

Fish meal 15.3 13.9 38.5 43.1 0.054 0.066 
Soybeans 34.9 34.8 62.6 665 0.053 0.078 
Cottonseed cake 21.8 14.6 45.6 47.8 0.057 0.220 
Sunflowerseed cake 22.5 21.7 41.4 46.3 0.054 0.069 
Lucerne, floweriig 32.1 30.3 47.6 48.0 0.050 0.074 

Energy concentrates 
Maize germ flakes 10.2 11.9 65.0 61.8 0.047 0.A86 
Wheat bran 14.4 12.7 55.2 56.6 0.072 0.128 
Cornflakes waste 28.8 30.3 51.4 56.5 0.063 0.067 
Green banana frit 18.4 17.5 53.6 169.4 0.044 0.012 

Roughages 

Bean stalks and pods 15.0 126 45.9 52.7 0.033 0.041 
Coffee pulp 42.8 41.3 48.4 54.9 0.035 0.037 
Hay (mixed species) 16.4 15.3 41.8 48.2 0.029 0.033 
Ky grass 25.2 22.9 55.3 62.2 0.037 0.043 

p = a + b(--e ) 

p = dry-matter degradation (%) 
a = dry-matter solubility (%)
b = potentially degradable fraction (%) 
t= time of maximum rate of dry-matter degradation (hours) 
c = degradation rate constant 

Degradation characteristics derived by computer are also given in Table 2.
There was a high coirelation (r = 0.97) between the solubility estimates obtained 
by the two methods, indicating that both methods are equally applicable for 
determining this parameter. However, there was little or poor agreement between 
the methods in the estimation of b (r = 0.32) and c (r = 0.60); on averagr the b 
and c values were higher than those obtained from the hand-drawn curve. It is 
therefore difficult to judge the reliability of either method, but comparison of 
results from this study with those reported in the literature suggests that the 
estimates made from the hand-drawn curve are moir accurate. 

All the protein sources showed similar rates of degradation. However, this 
similarity can be misleading. The relatively low total degradability (potentially
degradable fraction) of the fish meal implies that this feed could be a source of 
undegradable protein and therefore would be useful for cows that are high
producers of milk. In contrast soybean was so highly degraded that mole of its 
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protein would be exposed to hydrolysis, and so diets based on this feedstuff 
would need to be supplemented by a source of rumen degradable energy, such as 
cornflakes waste or possibly wh ,atbran (but not coffee pulp which, despite a 
high total degradability, has a low degradation rate). 

The low solubility of the bean stalks and pods and hay is in agreement with 
similar values demonstrated for Kenyan pasture grasses and fodder legumes 
(Kamande 1988) and low quality range forage (Rutagwenda, 1989). More 
recently Abate (1990) has shown that maize forage harvested and ensiled at 
different stages of growth differed in solubility and degradability. Fibrous 
materials are less soluble because of the dominance of structural over soluble 
carbohydrates in the cell wall. Also, Van Soest (1982) has demonstrated that 
degree of lignification has a negative effect on cell wall digestion in forages. The 
low solubility of fish meal, compared with cottonseed and sunflowerseed cakes, 
may be a result of the composition of the meal or of contamination with 
indigestible matter. Low and slow degradability, as found in the hay, can limit 
voluntary intake of feed. It is hence desirable that roughages such as hay or crop 
residues be combined with highly soluble feedstuffs; such a combination would 
stimulate a more active rumen microbial population which would degrade the 
fibre faster and hence increase digesta passage rate and DM intake. 

CONCLUSIONS 

Knowledge ofdry-matter degradation characteristics of feedstuffs can be used as 
a basis for formulating ration combinations for dairy cattle in tropical animal 
production systems. The nylon-bag technique offers a cheap, reliable and easy to 
perform method of obtaining this information; analysis can be done by hand 
without the need for expensive computer equipment and software. However, 
assessment of protein degradability of feedstuffs is also desirable, to ensure that 
protein requirements are met. 
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ABSTRACT 

Large quantities of crop residues and agro-industrial byproducts are produced
each year in Zambia. The potential value of these materials in animal nutrition is 
well known, but little information has been published on their actual utilisation 
as livestock feed or on their availability to smallholder farmers in the country.
Where they are availabl:, most of them are used haphazardly because farmers 
lack storage facilities and knowledge of how to use them effectively in animal 
diets. Efforts currently being made to help smallholdcrs solve their animal feed 
problems are focusing on improving methods of harvesting, handling and 
processing crop residues and byproducts, and on incorporating them into 
year-round feed budgets. Improved feeding methods could lead to substantial 
increases in Zambia's livestock population. 

RESUME 

Les risidusde rcolteet les sous-prod itsagro-indurimdsen Zambie: 
production,uilisationet valeurpotentiellapourl'alimentationdesruminants 

De grandesquantitsde Msidas de r~colteet de sous-produits agrondutsriels 
sontproduitschaqueanne en Zambie.Alors que leur valeurpotemielleen tam 
qu'aliment du bdtailest bien document6e, on nepeut en rewanche pas en dire 
autantde leurutilisationrele et de lewr relativedisponibilif au niveaudes 
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petispaysans.Ceux-ci les utilisent aupetitbonheur,faute de matrielde 
conservationet d'une mdthode rationnelled'introd-ictionde ces produitsdans 
l'alimentationdu bdtail.Aussi les efforts ddployds actuellement en Zambiepour 
aiderles peris dleveurs ii mieux nourrirleurs animauxvisent-ils enprioritd,non 
seulement aandliorerleurs mndthodes de rcolteet de traitement des rdsidusde 
rdcolte et des sous-produits agro-industriels,mais dgalement d les amenerd 
prdvoirdans leurs budgets les ddpensesannuelles d'achatde cesproL ts. 
L'amdliorationdes mdthodes d'alimentationdu bdtaildevraitpermettre 
d'accroltrede maniresubstantielleles effectifs des anirauxd'dlevagedans le 
pays. 

INTRODUCTION 

Zambia's ruminant livestock population currently comprises about 2.4 million 
cattle, more than 600 000 goats and more than 50 000 sheep. Malnutrition is the 
major constraint on animal production, especially during the seven-month dry 
period when grazing ruminants lose weight dramatically. However, Zambia 
proi.uces sufficient feed resources, in the form of crop residues and agro­
industrial byproducts, to make it potentially capablt of supporting a much larger 
animal population. The problem is that these resources may not be readily 
avrilable to smallholder farmers, or are not being used as effectively as they 
could be. This paper discusses the availability, utilisation and potential value in 
ruminant nutrition of agro-industrial byproducts and crop residues in Zambia. 

CROP RESIDUES AND AGRO-INDUSTRIAL BYPRODUCTS IN 
ZAMBIA 

Production 

Zambia produces a wide variety of cereals and other food crops (Table 1). After 
these crops have been harvested and processed, various residues and byproducts 
remain-for example, stovers, straws, husks, cobs and brans from cereal crops; 
and shells, heads, pulp, peels and tops from other crops. 

No accurate data have been published on the quantities of crop residues and 
agro-industrial byproducts produced in Zambia. However, based on government 
crop production statistics, and using appropriate crop:residue ratios (Munthali 
and Dzowela, 1987), it is estimated that more than 3.25 million tonnes of crop 
residues and byproducts could be available each year (Tables 2 and 3). 

Value in livestock nutrition 

Basic chemical composition and nutritive value data available for most of the 
crop residues and agro-industrial byproducts produced in Zambia (Chimwano, 
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Table 1. Proviia dstributionofcropsin Zambia 

Province Crops
 
Central Maize, sweet potato, soybean, groundnut, cotton, watermelon, sunflower,
 

wheat, tobacco
 

Coppebelt Maize, sunflower, scybean, beans, groundnut, wheat, oilseeds
 

Easr Maize, soybean, sunflower, orange, sweet potato, cassava, cotton, groundnut, 

pigeon pa sorghum 

Lapula Cassava, rice, maize, sunflower, sweet potato, millet, beans, banana, groundnut, 
oilseeds
 

Lusaka Maize, soybean, sunflower, sorghum, tobacco, sweet potato, pigeon pea, rice, 
cotton, wheat, watermelon, orange 

Northern Rice, m'aize, cassava, sunflower, millet, sweet pe tatoe, banana, cotton, beans, 
soybean, coffee 

Northwestern Maize, pineaple, sweet potato, soybean, sunflower, millet, orange, cassava,
 
haba bean, sorghum, coffee, groundnut, rice
 

Southern Maize, soybean, sunflowzx, tobacco, sugarcane, cotton, banana, millet, oranges 

Western Maize, sorghum, rice, millet, groundnut, faba bean, cassava 

Table 2. Annuproductionof cropresidues 

Annual production (thousands of tonnes) 

Soy/ 
Maize Sorghum Millet Rice Wheat Groundnut sweetbean Sunflower 

Province stover stover stover straw straw straw straw heads 

Central 586.7 11 1.4 - 1.8 1.4 2.4 8.1
 

Copperbelt 727 18 - 0.1 1.5 0.7 0.8 0.1
 

Eastern 641.5 9 0.5 1.4 - 9.1 1.0 7.5
 

Luapula 22.9 0.5 0.1 0.7 - 0.4 0.4 0.1
 

Lusaka 119.5 - 5.9 0.4 5.2
6 - 1.6
 
Northern 182.5 0.5 8 5.2 - 1.6 4.6 0.1
 

Northwestern 20.5 7.2 1.2 0.8 - 0.3 4.7 
 0.1
 

Southern 536.0 20.1 0.5 - 1.8 3.8 3.7 7.6
 

Western 40.8 17.1 11.7 3 - 0.4 - -

Total 2223.1 90.0 23.4 11.2 11.0 18.1 22.8 25.2
 

Based on government crop production statistics and stover to grain ratios of 2:1 for maize, sorghum and 
millet; and straw to grain ratios of 1:1 for rice, wheat, groundnut and soybean (Munthali and Dzowela, 
1987) 

1990) show clearly that they could satisfy the nutritional requirements of 
ruminant livestock. 
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Table 3. Annualproducuon of agro-inrtrialbyproducts 

Annual production (thousands of tonnes) 

Soybean Cottonseed Sunflower 
Province Maize bran Rice bran Wheat bran cake cake cake 

Central 94.6 - 0.3 1.2 77.4 2.5 

Copperbelt 11.7 0.1 0.4 0.3 0.8 -

Eastern 103.5 0.1 - 0.2 50.7 2.3 

Luapula 3.7 0.7 - - 0.2 -

Lusaka 19.3 - 1.4 2.4 29.1 0.5 

Northern 29.4 0.5 - 0.2 0.4 -

Northwestern 33 0.1 - 0.1 0.1 -

Southern 86.5 - 0.5 1.8 233.3 2.3 

Western 6.6 03 - - 2.1 -

Total 358.6 1.8 2.5 6.2 484.1 7.6 

Based on government crop production statistics and grin to bran/cake ratios of 3.1:1 for maize; 10:1 for 
rice; 4:1 for wheat; 2:1 for groundnut; and 3.3:1 for cottonseed (Munthali and Dzowela, 1987) 

Many of these materials have been studied in detail. For example, orange 
pulp and peels, byproducts of the citrus industry, are known to be good sources 
of energy for cattle, small ruminants and even monogastrics (Ammerman et al, 
1963; Devendra, 1973). Peels, hulls and pulp of other crops, such as cassava, 
groundnut, sunflower, soybean, potato, pineapple, banana and watermelon, have 
also been shown to be of valut; in livestock nutrition (Ting and Deszyck, 1961; 
Bhattacharya and Harb, 1973; Devendra, 1973; Cantner, 1987; Balock et al, 
1988). Malt screening, brewers' grains and Chibuku (local brew) wastes, tonnes 
of which are produced annually by Zambia's two breweries (at Lusaka and 
Ndola), are high in protein and of medium energy, and their value in livestock 
nutrition is well documented (Adebowale and Ademosun, 1981; Ugye et al, 
1988; Aregheore et al, 1990). The use of molasses as a carbohydrate and an 
energy source has been extensively studied (Reyley, 1961; Shindende, 1990). 
And milling byproducts such as bran, wheatlings and screenings are important 
byproducts which, along with oilseed cakes from soybean, groundnut, cotton and 
sunflower, could form important raw materials in the production of livestock 
feed in Zambia. 

UTILISATION OF CROP RESIDUES AND AGRO-INDUSTRIAL 
BYPRODUCTS
 

Little information is available on the extent to which smallholder farmers in 
Zambia use crop residues and agro-industrial byproducts as livestock feed. It is 
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very likely, however, that these resources are under-utilised. Even when they are 
utilised, farmers may not be able to incorporate them effectively into their 
year-round livestock feeding programmes because they lack suitable storege
facilities and technical knowhow on treatment and processing methods and on 
formulating feed rations. 

The few crop residues known to be used for livestock nutrition in Zambia 
are brans, stovers and straws of wheat, maize, sorghum and millet. But these are 
not used in the most efficient manner; smallholder farmers usually feed them to 
their stock in siku during harvest seasons. 

Most of the valuable agro-industrial byproducts produced in Zambia are not 
used for livesiock production at all, and are simply wasted. The problem is 
mainly one of availability; food manufacturing and processing industries are 
generally located in urbaD centres along the railway lines, and so their 
byproducts are not readily available to smallholder farmers in the rural areas of 
the country. 

IMPROVING LIVESTOCK PRODUCTION IN ZAMBIA 

Ruminant livestock production in Zambia could be increased substantially if 
more efficient feeding methods could be introduced. Adequate feed resources are 
potentially available, and so the challenge before animal nutritionists is how to 
improve their utilisation and hence help smallholder farmers solve their feed 
problems. Current research is focusing on: 
" improving methods of harvesting, handling and storing crop residuLs so as 

to reduce wastage
" developing treatment methods that could increase the availability of 

nutrients 
" introducing supplementation techniques to correct nutrient deficiencies 
" determining seasonal availability and nutritional values of residues and 

byproducts with a view to formulating adequate year- round feeding systems 
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ABSTRACT 

Twenty young Kirdi rams of the West African Dwarf sheep, averaging 22 kg 
liveweight and 15 months of age, were randomly assigned to four feeding groups
and subjected to an eight-week feeding trial, to determine the effect of different 
protein supplements on voluntary intake of rice straw and on performance. 
Control group animals were fed a daily basal diet of ad libitum rice straw and 
250 g of rice bran. Other groups were fed the basal diet supplemented with 300 g
of groundnut haulms, 45 g of cottonseed cake or 210 g of chopped cowpea vines. 
Liveweight changes of the supplemented groups did not differ significantly but 
there was a difference (P<0.05) in liveweight gain between the supplemented 
groups and the control group. There were highly significant (P<0.01) differences 
between the groups in the intake of rice straw; cottonseed cake increased intake 
while the crop residues reduced intake. Variations in height at withers, heart girth 
and scapulo-ischial length showed no significant differences between treatments. 
Cottonseed cake was the mot effective supplement, in terms of both liveweight
gain and intake of rice straw. However, because crop residues are readily
available to farmers, it is worthwhile paying some attention to them. 

RESUME 

Effet de la complmentationde la paillede riz avec des rdsidusde culturede 
lMgumineuse et des concentr6ssur l'ingestionvolontaired'ovinsKirdi 

Un essaid'alimentationd'une durde de huitsemaines a &e effectudpour 
d6terminerl'effet de divers complInentsprotdiquessurles performanceset 
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l'ingestionvolontairedepaillede rizchez des ovins. 20jeunes bdliersKirdide 
raceDjallonke,pesant en moyenne 22 kg et dgds d'environ15 mois ont die 
divises au hasarden quatregroupessoumischacun d un regime alimentaire 
donne. Tous les animaux recevaientde lapaille de riz ad libitum comme aliment 
de base;ceux du lot temoin recevaienten outre250 g de son de rizparjouret 
partete, alorsque ceux des troisautreslots recevaientsoit300 g defanes 
d'arachide,soit 45 g de tourteaude coton soit 210 g defourragede niebe 
broy. Les variationsdepoidsdes animaux recevantune complementation
n'dtaientpas significativementdiffdrentes de celles du lot tdmoin mais leursgainsde poids vif etaient significativement(P<0O) diffdrents.L'ingestionde 
paillede riz variaitsignifTcativement (P<O,01)selon la ration:elle etait dlevde 
avec le tourteaude coton etfaibleavec les rdsidusde rdcolte. En revanche, les 
variationsdes mensurationslingaires(hauteurau garro pdrim~rethoracique 
et longueurscapulo-ischiale)n 'taient passignificativementdiffirentes.Bien 
que le tourteaude coton donne les meilleursrdsultatsen ce qui concerne les 
gainsde poids et l'ingestionde paill4 on ne sauraitcependant ddconseiller 
l'utilisationdes rdsidusde recolte, dtant donndque lespaysanspeuvent se les 
procurerfacilement. 

INTRODUCTION 

Thousands of tonnes of rice straw are destroyed every year in the Far North 
Province of Cameroon. This is a waste of resources: even with a crude-protein 
content of only 4% (Nour, 1986; Udo and EI-Harith, 1985) and an organic-matter
digestibility of between 40 and 50% (Pearce, 1984; Zainur et al, 1984), rice 
straw could be a major feed for ruminants if properly supplemented. Intake of 
rice straw islimited to less than 2% of body weight (Jackson, 1978) because of 
the slow rate at which it is fermented in the rumen, but it can still be a major 
source of energy for ruminants in an area like the Far North Province where 
pasture and grain production is hampered by a long (eight-month) dry season. 

Chemical, physical or microbial methods of treating straws to improve their 
low energy and protein content (Hartley, 1981; Kiangi et al, 1981; Saadullah et 
al, 1981; Wongsrikeao and Wanapat, 1984; Mason and Owen, 1986) are of little 
economic relevance to small-scale farmers. However, it is at this level that the 
problem of weight loss by animals during the dry season is most critical. There is 
thus a great need to prevent weight loss by the use of simple techniques
applicable to farmers and involving readily available agro-industrial byproducts
and crop residues. Supplementation of poor quality roughages, including cereal 
crop residues, with legumes is been shown to increase their digestibility
(Devendra, 1982) or intake (Mosi and Butterworth, 1985) or both (Minson and 
Milford, 1967; Lane, 1982; Moran et al, 1983; McMeniman et al, 1988).

This study investigated the effects of different protein supplements on the 
intake of rice (Oryza sativa)straw, on the efficiency of nutrient utilisation and on 
the performance of Kirdi rams. 
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MATERIALS AND METHODS 

Animals 

Twenty Kirdi yearling male lambs (average age 15 months; average liveweight
22 kg) were randomly assigned to four treatment groups of five animals each.
The animals were kept in a roofed half-walled shed with a concrete floor. They
were treated against worms and ectoparasites and fed polyvitamins dissolved in 
water. 

Feeds and feeding 

A two-week adaptation period on a daily diet of adlibitun rice straw and 250 g
.rice bran per animal was followed by an eight-week experimental period, during
which the groups were allocated to one of four diets: 
" basal diet (control): rice straw (adlibitum, 125% ot daily intake) plus 250 g

rice bran per animal per day
* diet 1: basal diet plus 300 g groundnut haulms per animal per day

" diet 2: basal diet plus 45 g cottonseed cake per animal per day

" diet 3: basal diet plus 210 g chopped cowpea vines per animal per day


The experimental period was divided into four periods of two weeks each to
examine the effect of time of feeding on voluntary intake and performance.

Table 1 shows the nutrient composition of the ration ingredients. The rations 
were formulated to be approximately isonitrogenous. Diets 1 and 3, unlike diet 2, 
were isocaloric. The protein tipplements were offered each morning before the
basal diet. Water and a 50:50 common salt/bonemeal mineral supplement were
offered ad libitum. The feed ingredients and refusals were weighed each morning. 

Table 1. Nutrient composition ofration ingredients 

Digestible
Dry matter Energy' crude protein Calcium Phosphorus

Ingredients (%) (LF/kg DM) (% DMA) (% DM) (%DM) 

Rice straw 95 0.42 0 0.19 0.08 
Rice bran 94 0.85 0.9 0.16 1.74
 

Cottonseed
 
cake (Alibet) 95 0.84 38.3 0.24 1.24
 

Groundnut 94 
 0.43 5.8 1.41 0.21 
haulma
 

Cowpea vines 94 0.60 
 9.2 0.64 0.29 

[UF = unite fourrag~re = 1883 calories 
Dry-matter content was determined on-station. Other analyses were carnied out by the nutrition 
laboratory of the Institut d ilevage et de m&lecine vWttrinaire des pays tropicaux (IMVT) in France 
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Animals were weighed every two weeks during the experimental period. 
Height at withers, heait girth and scapulo-ischial length were measured at the 
beginning, middle and end of the experiment. 

Statistical analysis 

Liveweight changes, average daily gains and feed intake were subjected to 
analysis of variance (Steel and Torrie, 1980). The tieatment means were 
compared using Duncan!s new multiple range and Stuaent's test (Ott, 1977). 

RESULTS
 

All animalk remained in good health throughout the experimental period. 
The voluntary intake of rice straw varied highly significantly be.ween 

feeding groups and with time of measurement (Table 2). Rice straw intake 
increased highly significantly (F<0,01) in animals supplemented with cottonseed 
cake but decreased highly significantly m animals supplemented with the legume 
crop residues (Table 3). 

The liveweight changes of the supplemented animals did not differ 
significantly from each other (Table 2) although they were highly significantly 
affected by the time of measurement. Average daily gain tended to be affected by 
the type of protein supplementation (Table 2). This tendency may reflect the 

Table 2. 	 Least-squares audys." nfv rianceofmean squares ofrice straw intake, !iveweight 
change and average daily gain 

Source of variation df Mean square Significance level 

Rice straw Intake 

Treatments (1) 3 7.123 P<0.01 

Supplenentation period (P) 3 0.432 P<0.01 

TxP 9 0.206 P<0.05 

Residual 192 0.060 

Lvewelghi change 

Treatments (1) 3 0.897 

Suplementation period (P) 3 9.162 P<0.01 

TxP 9 0.410 as 

Residual 64 0.449 

Average daily gain 

Treatments 3 1144.58 P<0.1 

Residual 16 467.60 
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Table 3. Efficiency offeed utilfsaion and cost of raionforKird sheep by trewmnen group 

Parameters Basal diet Diet 1 Diet 2 Diet 3 

Dry matter intake 

Rice straw (g/animal per day) 502 380 552 446 
Total (g/animal per day) 736 829896 877 
Total (g/kg liveweight ° ' S) 77.1 93.8 86.8 86.2 

Energy intake (UF/animal per day)' 0.41 0.48 0.47 0,51 
Digestible crude protein intake (g/animal 20.8 37.2 37.2 39.0 

per day)
 

Protein:energy ratio (g/UF)' 
 50.7 77.5 79.2 76.5 
Feed utilisation efficiency (kg DM 368 183 15.9 17.8 

consumed/kg liveweight gain) 

Cost of daily ration/animal (FCFA) 13.4 19.2 15.6 17.8 
Cost per kg liveweight gain/day (FCFA) 670.0 392.6 291.5 361.1 

UF = unit6 fourrag-Orr = 1883 calories
Basal diet = ad libitum rice straw plus rice bran (250 g/animal per day)
Diet 1 = basal diet plus grounsiut haulms (300 g/animal per day)
Diet 2 = basal diet plus cottonayed cake (45 g/animal per day)
Diet 3 = basal diet plus chopped cowpea vines (210 g/animal per day) 

short duration (eight weeks) of the experiment. However, the objective of the 
study was to maintain the weight of the animals during the period of scarcity
which, evidently, was achieved. The average daily gain of the supplemented 
groups exceeded (P<0.05) that of the control group. 

Cottonseed cake was the most effective protein supplement in terms of both 
intake and weight gain (Tables 3 and 4). In the supplemented groups, the 
quantity of protein offered was similar, suggesting that the intake of rice straw 
was influenced by the source of protein supplement. The high protein:cnergy
ratios (Table 3) are explained by the poor quality of rice straw which was the 
major source of energy in the diets. Height at withers, heart girth and scapulo­
ischial length did not differ significantly with the treatments (Table 4) although
there was a general increase in the supplemented groups. Within the same 
treatment group, variations in heart girth and scapulo-ischial length were greater
than the variation in height at withers. 

DISCUSSION 

The dry-matter intakes of rice straw observed for sheep fed the different diets 
were comparable to the values of 0.3-0.5 kg/animal per day reported by other 
authors (Zainur et al, 1984; Boonloom and Potikanond, 1984) under similar 
experimental conditions. They were, however, lower than values reported for 
chemically treated straws: chem, zal treatment of straws increases their 
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Table 4. Weight gmn and linear measurement? ofKirdisheep by treatment group 

Zootechnical parameters Basal diet Diet 1 Diet 2 Diet 3 SD 

Number of animals 5 5 5 5 

Average initial weight (kg) 22.26 22.58 22.54 24.04 

Average final weight (kg) 23.38 25.32 25.46 26.80 

Average daily weight gain 
(g/day) 

20.00 48.93 52.14 49.29 9.67 

Average change in height at 
withers (cm) 

1.33 1.00 1.80 1.70 0.30 

Average change in heart girth 

(cm) 
Average change in 

scapulo-ischial length (cm) 

230 

2.60 

3.10 

3.10 

3.50 

3.00 

200 

250 

0.40 

0.50 

Basal diet = ad libitum rice straw plus rice bran (250 g/animal per day)

Diet I = basal diet plus grounduuz haulms (300 g/animal per day)
 
Diet 2 = basal diet plus cottonseed cake (45 g/animal per day)
 
Diet 3 = basal diet plus chcpped ccwpea vines (210 g/animal per day)
 

digestibility and intake (Ibrahim, 1984). Rice straw, like a~y other crop residue, 
has a high crude-fibre content of 40% (Suriyajantratong and Wilaipon, 1984) and 
low levels of protein, soluble carbohydrates and minerals. It has also been 
reported that the ash fraction of rice straw contains mostly silica which not only 
has no nutritional value for animals but also depresses the digestibility of other 
nutrients (Clawson and Garett, 1970). It is thus likely that the high fibre and ash 
contents of rice straw are the major factors limiting its utilisation by ruminants. 
Intake and digestibility of rice straw are consequently too low to sustain animal 
maintenance, let alone support animal production. Supplementation with energy 
and/or protein should thus increase the efficiency of utilisation of rice straw. 

Supplementation with groundnut haulms, cowpea vines and cottonseed cake 
produced positive effects on growth rate. However, intake of the basal diet 
decreased when supplemented with legume crop residues. An ideal supplement 
should maintain or increase the intake of the basal diet rather than substitute for 
it, a phenomenon often seen with animals fed legumes (Moran et al, 1983) or 
legume crop residues (Mosi and Butterworth, 1983). Supplementation with 
legume crop residLt.s contributes fermentable energy to the rumen in the form of 
available cellulose and hemicellulose which stimulate fibre digestion (Silva and 
Orskov, 1985). It is possible that offering such material prior to the daily feeding 
of rice straw may induce a greater degree of colonisatioa of rice straw by rumen 
bacteria and by rumen fungi, which have been implicated in the b 'eakdown of 
fibre (Bauchop, 1981). 0rskov and Dolberg (1984) stated that if animals feeding 
on untreated straws or poor quality roughages are supplemented with substrates 
which increrse the fermentation rate of cellulose, the rumen environment 
becomes similar to that of animals receiving ammonia-treated straws. This may 
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explain why Nolan and Stachiw (1979) found an increase in the intake of wheat 
straw by sheep when 50 g of lucerne chaff was added to their ration. 

The improvement of the rumen environment wl-"u animals are fed untreatedstraws or poor quality roughages with certain supplements is very important in areas where chemical treatment of these poor roughages is not possible. The
supplement should be an easily digestible byproduct containing cellidose and/or
hemicellulose (0rskov and Dolberg, 1984), such as green grass, azolla, water
hyazinth, legumes or citrus pulps. The higher intake of rice straw by sheep
supplemented with cottonseed cake is explained by the fact that cottonseed cakenot only provided the essential nutrients to maintain optimal rumen activity but 
was also more rapidly degraded in the rumen. Groundnut haulms and cowpeavines, although contributing the essential nutrients, took much longer to break
down, hence the lower intakes of the basal diet. Ingested fibre material must be
broken down by rumination, microbial fermentation or both to produce particles
which are small enough to pass through the reticulo-omasal orifice (Blaxter et al,
1956; Crampton, 1957; Campling and Balch, 1961; Campling et al, 1962).
Cottonseed cake turned out to be the most efficient supplement, probably
because animals fed this supplement had more than twice the quantity of energy
received by the other treatment groups. This is attributed to the higher intake of
rice straw by this group (Table 3). The cottonseed cake supplemented diet was
the cheapest (Table 4). However, as groundnut haulms and cowpea vines are 
more readily available to farmers, it is worth paying particular attention to them. 

CONCLUSIONS 

The use of low quality roughages in ruminant diets is limited, at least in part, by

the insufficient intakes of these roughages to ensure satisfactory animal

performance. It has been suggested that the intake of these roughages is limited
mainly by their low digestibilities. This study shows that giving small quantities
(up to 30% of total DM intake) of a legume crop residue will substantially
increase the total DM intake and improve the digestibility of rice straw above
that which can be obtained by use of non-protein-nitrogen supplements.
Judicious amounts of legume crop residues, which aie generally available in
abundance during the harvest season, could be fed in combination with ricestraw and rice bran to small ruminants in the hot dry season to ensure minimal
weight loss, mortality and weakness due to malnutrition. 
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ABSTRACT 

Atrial was established at the Makerere University farm, Kabanyolo, Uganda, to 
study the growth characteristics, dry-matter yield and nutrient composition of 
Russian comfrey (Symphytum officinale) to assess its potential for livestock 
feeding in Uganda. 

Dry-matter (DM) yields increased from abou: 2 t/ha at eight weeks of 
growth to 3 t/ha at 12 weeks ofgrowth. Yie!ds of 2-3 t DM/ha were sustained 
during four, five and six weeks of regrowth. Crude-protein (CP) production
increased steadily from 344 kg/ha nt eight weeks to 517 k,/ha at 12 weeks of 
growth. However, CP content remained constant at about 16% at all cuttings.
This is comparable to CP values of good to medium quality forage legumes, but
is higher than observed in most pasture grasses. Both macro- and micro-mineral 
contents of the plants were higher at all cuttings than normally observed in most
Ugandan fodder plants. Amino acid analyses indicated that the protein quality of 
comfrey is comparable to that of good quality alfalfa leaf meal, but higher than 
that ofAmaranthus leaf meal. 

Russian comfrey thus has potential as a complement to forage legumes, 
grasses and crop residues for sustair, ble animal production in Uganda. 

RESUME 

Evahationde la consoude voyageuse (Symphytum officinale) en vue de 
I'alimnntationdu bitailen Ouganda 

Un essaia&6 rialisid laferme exp&inentalede l'UniversitdMakerered 
Kabanyolo(Ouganda)pouritudierlacroissance,laproductionde madire 
sache et la teneuren ildmentsnutritifs de laconsoude voyagease (Sym,.ytum
officinale) en vue de son introductiondansl'alimentationdu btail en Ouganda. 
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Laproductionde mati~reseche, qui 6taitd'environ2 t/ha d 8 semaines, 
passait4 3 t/ha d 12 semainespuis allaitde 2 d 3 t/ha aprs4, 5 ci 6 semaines 
de repousse.Quanti laproductionde protdinesbrutes, elle augmentait
rMguli~rementde 344 kg/ha 4 8 semainesA517 kg/ha 1 12 semaines. Toutefois, 
la teneuren protdinesbrutes demeurait constante, s'dtablissant toujours autour 
de 16%. Ce taux e-t comparableti ceux enregistr&spour les legumineuses 
fourrageresde bonne qualit6 ou de qualitd moyenne, mais supdrieur4 ceux 
rapportspour laplupartdesparcoursde gramindes.En ce qui concerneles 
analyses mindrales macroscopiqueset microscopiques,les chiffres enregistrs
,taientplus levds que les valeurs correspondantesrapportessurlaplupartdes 
plantesfourragresrencontrdes en Ouganda.Enfin, une analyse des acides 
.. inds a montre que du point de vue qualitatif,lesprotdines de la consoude 
voyageuse 6taientcomparables 4 celles desfeuilles de la luzerne mais 
supdrieures d celles des feuillesde !'amarante. 

La consoude voyageuse peut donc etreutilisde comme complement des 
lMgumineusesfourragres, des gramindes et des residusde rdcolte en vue d'une 
production soutenue des animaux d'glevage en Ouganda. 

INTRODUCTION 

The majority of ruminant animals in Uganda depend wholly on grazingunimproved natural pastures. These pastures are dominated by coarse and 
stemmy grasses with low dry-matter yield and nutritive value. Hence animal 
production is limited from such pastures. Very little attention has been given to 
the developmeat of suitable forage species and/or establishment of pastures
capable of sustaining high levels of animal productivity. 

Cultivated comfrey (Symphytum officinale), often referred to as Russian or 
Quaker comfrey, was introduced in Uganda in the 1950s. It is a perennial herb 
with the arrangerment of stems and leaves similar to that of the tobacco plant.
The root system of a well-established comfrey plant is fleshy and extensive. The 
plant is semi-sterile and is propagated vegetatively mainly through root cuttings 
and root offsets. 

Once comfrey plants are well established, plenty of vegetative material can 
be harvested by cutting several times during the year; the plants regenerate
quickly because of the large food reserves in the roots. Comfrey could become a 
major source of fresh herbage for most of the year in Uganda where there is 
plenty ofsunshine and rainfall. Comfrey is also the only known land plant that 
extracts vitamin Bi2 from the soil (Odwongo et al, 1987). It also contains 
alantoin which is used by herbalists for treating digestive disorders. However, 
comfrey contains at least eight pyrrolizidine alkaloids which cause acute 
necrosis of liver and lungs in cattle and horses (Culvenor et al, 1980).
Administration of comfrey pyrrolizidine alkaloids to rats resulted in mortality 
and liver damage (Culvenor et al, 1980). 
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Because little is known in Uganda about the agronomy wd nutritive value 
of comfrey, a study was carried out to study its growth characteristics and 
nutrient composition. 

MATERIALS AND METHODS 

The study was conducted at Makerere University Research Institute, Kabanyolo,
19 km north of Kampala (00 28' N, 320 37' E; altitude 1200 m). The upland soils 
of Kabanyolo are classified as ferralitic soils. The area has a moist tropical
climate with mean maximum temperatures varying from 28.5°C in January to 
26.0'C in July and minimum temperatures ranging from 17.4°C in April to
15.9'C in July. Mean annual rainfall is about 1300 mm, with peaks in April and 
November and two periods of low rainfall in January and July when the monthly 
mean drops to 60 mm. 

Russian comfrey was planted as offsets with 8 cm ofcut root buried into the
ground at a spacing of 1 x 1 m in a 0.2-ha plot. Weeding was carried out every
three weeks after planting.

Comfrey was harvested at weekly intervals from eight to 12 weeks after 
planting. (Harvesting was stopped at 12 weeks of growth because the plants had
become very coarse. They were also heavily infested with blight caused by
Cladosporium sp, indicating that bacterial blight is potentially a major disease of
comfrey in Uganda.) Regrowth materials were harvested after four, five and six 
weeks of regrowth. For each harvest, 12 plants were randomly selected from 
each quarter of the field, cut about 2.5 cm above ground, weighed and 
subsampled. The subsamples were dried to constant weight in an air-draught 
oven at 65°C and then ground through a 1-mm sieve for chemical analysis
(AOAC, 1980). Amino acid profiles were determined by high performance
liquid chromatography (Waters/Millipore). Minerals were assayed by atomic 
absorption spectrophotometry. 

RESULTS AND DISCUSSION 

Dry-matter (DM) and crude-protein (CP) yields of the comfrey plants are shown 
in Table 1. These DM yields are lower than that obtained from a comfrey field 
planted at a spacing of0.9 x 0.9 m in Kenya-a total of about 40 t/ha from 12 
monthly harvests, equivalent to a monthly yield of 3.4 t/ha (Anon, 1960). The 
differences in the yields may be due to variations in spacing, soil fertility, stage
of plant establishment and plant variety. Most of these factors remain to be 
defined for comfrey production in Uganda.

There was a steady increase in CP yield during both growth and regrowth
(Table 1), but CP content stayed constant at about 16%. This is comparable to CP
values of good to medium quality forage legumes but higher than for most 
pasture grasses (Soneji et al, 1971; Sabiiti and Mugerwa, 1990). 
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Table 1. Russian comfrey d&y-matter and crude-protein yields and contents during cutting trials 

Dry matter Crude protein 

Cutting time Yield (t/ha) Content (%) Yield (kg/ha) Content (%DM) 

Weeks of growth 

8 2.11 13.74 343.93 16.30 

9 2.48 13.27 409.94 16.53 

10 2.60 12.89 440.70 16.95 

11 3.64 14.96 591.86 16.26 

12 3.34 14.44 516.70 15.47 

Weeks of regrowth 

4 2.06 12.87 339.49 16.48 

5 2.88 12.38 419.04 14.55 

6 2.58 12.48 408.67 15.84 

During all harvests, the comfrey plants had higher contents ofboth macro­
and micro-minerals (Table 2) than are usually observed in many fodder crops 
(Kabaija and Smith, 1988). Similar results have been reported from studies in 
Britain and New Zealand (Anon, 1960). The potassium content is very high, 
which may indicate that comfrey plants have a high requirement for potash 
fertiliser. However, Hart (1972) attributed the high potassium content of comfrey 
plants to soil clinging to the hairy leaves during harvest. It was not possible to 
estimate the contribution of such contamination to the values observed in the 
present study. 

Table 2. Mineral contentofRussiancomfry duringcuttingtrials 

Content (%DM) 

Cutting time Calcium Phosphorus Potassium Magnesium I=on Copper Sulphur 

Weeks of growth 

8 1.94 0.51 &07 0.41 0.27 0.0019 0.26 

9 1.90 0.44 7.11 0.45 0.45 0.0021 0.23 

10 1.95 0.45 6.47 0.42 0.42 0.0017 0.23 

11 1.86 0.45 7.03 0.45 0.45 0.0016 0.22 

12 1.56 0.41 6.11 0.38 0.38 0.0016 0.21 

Weeks of regrowth 

4 1.80 0.48 7.00 0.39 0.39 0.0018 0.22 

5 1.90 0.43 7.40 0.40 0.39 0.0018 0.22 

6 2.24 0.45 6.90 0.55 0.55 0.0012 0.22 
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Table 3. Amino acidprofiles ofRussian comfrey duringcuttingtrialsa 

Content (%DM) 

Weeks ofgrowth Weeks of regrowth 

Amino acid 8 9 10 12 4 5 6 Mean 

Alanine 1.30 1.22 1.44 1.21 1.16 0.85 0.84 1.15 
Arginine 1.13 0.99 0.95 0.90 0.94 0.64 0.57 0.87 
Asparagine 1.95 1.95 - 1.85 1.94 1.59 1.74 1.84 
Glutamine 209 1.86 1.92 2.17 2.38 1.95 2.26 209 
Glycine 1.17 1.13 1.15 1.03 i.10 0.84 0.50 0.99 
I-istidine - - - 0.30 0.28 0.23 0.23 0.26 
Isoleucine - - - - 0.86 0.88 0.60 0.78 
Leucine - - - 0.86 1.38 1.12 0.98 1.09 
Lysine - - - - 0.63 - 0.54 0.59 
Proline 0.99 0.95 1.00 0.90 1.01 0.87 0.89 0.94 
Phenylalanine - - - - 0.96 0.74 0.65 0.79 
Serine 0.85 0.80 0.82 0.75 0.79 0.65 0.59 0.75 
Threonine 0.95 0.92 0.90 0.75 0.84 0.65 0.57 0.80 

yrosine - - - 0.58 0.66 0.63 0.50 0.59 
Valine 1.33 1.23 1.26 1.07 1.10 0.83 0.79 1.09 

£ Assays for methionine and typophan ",renot available 

Amino acid profiles of comfrey are shown in Table 3. Amino acid content
tends to decrease as the plants ma-ttw. A comparison of essential amino acid
profiles (Table 4) indJictes that the protein quality of comfrey is comparable to
that of good quality alfalfa but higher than that ofAmaranthus leaf meal. These
observations need to be confirmed through direct animal studies. 

CONCLUSIONS 

The results of this study suggest that comfrey could provide average monthly
yields of2 t DM/ha, containing over 300 kg high quality crude protein and high
levels of minerals. It would therefore be worthwhile investing in comfrey
production for livestock feeding because these yields are higher than those of 
most forage legumes and grasses available in Uganda. 
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Table 4. 	 Comparisonof essentialamno acidprofile ofeggprotein (standardprotein)with thos 

of leafmeals ofRussian comfr Amaranthushybridus andalfalfa' 

Amino acids as %crude protein 

%deficiency compared with egg 
Alfalfa Comfrey protein 

Egg Amarawthw (23% (16% 
Amino acid protein (29%CP) CP) CF) Amaranthus Alfalfa Comfrcy 

Arginine 6.60 5.86 5.65 5.44 11.2 14.4 17.6 

Histidine 2.40 1.45 1.74 1.63 39.6 27.5 32.1 

Isoleucine 6.60 2.79 4.35 4.88 57.7 34.1 26.1 

Leucine 8.80 5.45 6.52 6.81 3&1 25.9 22.6 

Lysine 6.60 4.03 4.78 3.69 3X9 27.6 44.1 

Phenylalalne 5.80 3.69 4.35 4.94 36.4 25.0 14.8 

Threonine 5.00 3.82 3.48 5.00 23.6 30.4 0.0 

Valine 7.40 3.52 4.78 6.81 52.4 35.4 &0 

"Asays for methionine and tryptolhane of comfrey are not available 

Sources: Amino acid profiles: egg protein and alfalfa leaf meal, NRC (1982); Amaranthus leaf meal, 
OLhboro (1975) 
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RUMINANTS DOMESTIQUES AVEC DE LA PAILLE ENRICHIE
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RESUIE 

Deux expriences ont t6 mendes au Mali en vue d' 6valuer 1effet de la paille
enrichie avec de 1'urde sur la proraction des ruminants. 

Dans la premiere exp6rience, 30 boeufs de labour de race Z6bu maure, peul
et Mr6 ont W divis~s en trois lots 6lev6s pendant 63 jours sur paturage (lot
t6moin), avec compl6ment de paille enrichie (lot 2) ou de paille additionnde 
d' aliment bdtail Huicoma (ABH) (lot 3). La consommation de compl6ment du 
lot 2 (2,28-0,28 kg/tete/j) dtait sup6rieure Acelle du lot 3 (1,86±0,45 kg/t8te/j). II
n' y avait pas de difference significative entre les gains moyens quotidiens des 
lots 2 (38,3 g) et 3 (53,9 g). Quant au lot tmoin, il perdait en moyenne 148 g/j.

Dans la deuxidme experience, des ovins de race Djallonk6 mdtis et Bali Bali 
et des caprins de race Djallonk6 Agds de 24 h 48 mois ont t6 6lev6s sur pAturage 
avec divers compldments alimentaires. Les variations de poids ont t6 
enregistr6es chez ces deux espces animales tandis que la production de lait a t6 
analys6e chez les seuls caprins. Une 6tude 6conomique a montr6 que la 
technique de production de paille enrichie utilis6e 6tait h la port~e des petits
6leveurs. 

ABSTRACT 

Supplementationofruminantdiets with 4% urea-enrichedstraw 

Two experiments were carriedout to evaluatethe effect of urea-enrichedstraw 
on ruminantproduction.

In the first experiment 30 Maure FulaniandMd Zebu work oxen were 
divided into threegroupsandkept for 63 days onpasture(control)with two 
types ofsupplements-enrichedstraw(Group2) orstrawwith HuicomaAnimal 
Feed(ABH) (Group3). Group2 consumedmore supplement (2.28±0.28 
kg/anitmalper day) than Group3 (1.86±0.45kg/animalper day). There was no 
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signifirantdifference between the average daily weight gainsofanimalsin 
Group2 (38.3 g) andGroup3 (53.9 g). The controlanimals losi weight. 

In the second tria West African DwarfcrossandBaliBalisheep and West 
African Dwarfgoats agedbetween 24 and 48 months were kept onpasturewith 
different feed supplements. Weight changes were recordedin both speciev while 
milk productiondata were recordedonly for goats.An economic analysis 
showed that the enrichedstrawproductiontechniqueused was within the reach 
of smallholders. 
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ABSTRACT 

Holstein-Friesian heifers were used to study the effect of nutrition in late 
pregnancy on early lactation performance. Before calving heifers were fed 10 kg
Sudan grass (Sorghum sudanense)per head per day, supplemented with 6 kg
concentrate supplement for 43 days (treatment 1); 6 kg concentrate for 60 days
(treatment 2); or 8 kg concentrate for 60 days (treatment 3). During the early
lactation period all the animals were fed 10 kg Sudan grass per day plus 
concentrate adlibitun. 

Average daily liveweight gains during the steaming-up period were not
different (P>0.05) among treatments. The level of concentrate feeding affected
(P<0.05) calf birth weight; calves born to heifers on treatments 2 and 3 were 7 
and 8%heavier, respectively, than those born to heifers on treatment 1. No
differences (P>0.05) were observed among the treatment groups in average daily
gain after calving or in milk fat percentage. However, heifers on treatment 3 
produced more milk than those on treatment 1. 

RESUME 

Performancespost-partumde ginissescroisiesHolstein x racefrisonne 
alimentiesavantle vdlageavec du fourrage de sorghofourager(Sorghum
sudanense) comp lmenti avec des concentrs 

L'effet du r~gimealimentairevers lafm de laparturitiona& 6tadi sur les 
performancesde lactationpost-partum de gnissesmdtissesHolsteinx race 
frisonne.Avant le v9lage, le rdgime alimentairedes animaux 6tait composdde 10 
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kg de fourrage par jour complmentd soit avec 6kg de concentrs par jour et 
par animalpendaud 43 jours (traitement 1)ou 60 jours (traitement 2)soit avec 8 
kgde concentrds pendant 60 jours (traitement 3). Au debut de la lactation, le 
rdgime am.nentairetdtait constitue de 10 kg de sorgho fourrager parjour 
complbnentd avec des concentrds ad libitum. 

Les traitementsn'avaientaucun effet signifwatif(P>0,05) sur les gains 
moyens quotidiensenregistr&s avant laparturition.En revanche, ils avaientune 
in]luence signifwative(P<0,05) sur lepoids des veaux d la naissance: ceux ns 
defemellesprdalablemeatsoumises aux traitements2 et 3 pesaient 
respectivement 7et 8% de plus que ceux dont la mnre avait Otd soumise au 
traitement1.Parailleurs,le type de rationn'avaitd'effet ni sur les gains 
moyens quotidienspostpa,'uin,ni sur le tauxbutyreux du laitproduit.Toutefois, 
la productionde lait des animauxprIaloblementsoumis au traitement3 &ait 
supdrieure d celle des autresg&nisses. 

INTRODUCTION 

Many tropical and subtropical countries are importing exotic breeds of dairy
cattle or up-grading local types in an attempt to meet the local demand for milk 
and milk products. However, imported animals rarely achieve the levels of 
production tat they show in their original habitats. Nutrition seems to be the 
major factor limiting the productive and reproductive performance of such 
animals. 

Management practices in the tropics normally emphasise nutrition of 
milking cows and neglect, to some extent, nutrition of heifers and dry cows. 
Therefore, the aim of this work was to study the effects of feeding period and 
level of concentrate supplements in late pregnancy on post-calving performance 
of Holstein-Friesian heifers. 

MATERIALS AND METHODS 

The study used 18 in-calf heifers (liveweight 320-420 kg: average 359 kg) born 
in Sudan to Holstein-Friesian cows imported as in-calf heifers in October 1984. 
Because the experimental animals were selected randomly from a larg herd 
which was housed and managed as one group, they were given one week to 
adapt to the experimental handling. They were then blocked, according to 
liveweight, into three groups, of six animals each. All animals were fed a daily
ration of 10 kg Sudan grass (Sorghumsudanense) and, in addition, the groups 
were randomly assigned to three dietary treatments: 
* 	 Group 1: 6 kg concentrates/head per day for 43 days pre-calving 
* 	 Group 2: 6 kg concentrates/head per day for 60 days pre-calving
* 	 Group 3: 8 kg concentrates/head per day for 60 days pre-calving

All the animals were housed and fed individually. 
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The forage was offered in one meal at 1300 hours and concentrates were 
offered in two meals at 0800 and 1700 hours; the compositions of the feed 
ingredients are shown in Table .. 

After calving all animals were group fed 10 kg Sudan grass per head per 
day plus concentrates adlibitum. 

Animals were machine-milked every 12 hours, at 0400 and 1600 hours; 
milk yield was recorded at each milking. Milk samF les were collected once a 
week and tested for butter-fat content by the Gerber method. 

Liveweight changes during the pre- and post-calving periods were assessed 
by weighing each animal once a week at 0700 hours, before the morning meal. 

Calves were weighed immediately after calving. After calving, mastitis was 
kept at a minimum level by strict sanitary control (including good hygiene and 
teat dipping), and all calvers were tested for mastitis by rapid mastifis test at 
monthly intervals. ".icks were controlled by spraying with Gamatox. 

Data were subjected to analysis of variance applicable to a randomised 
omplete-block design (Steel and Torrie, 1980). 

RESULTS 

Animals in group 3 achieved higher liveweight gains titan animals in the other 
two groups (Table 2), but the differences were not significant (PM.05).

Calves born to heifers on treatment 2 (mean weight 34.6 kg) and 3 (34.8 kg) 
were heavier (P<0.05) than those born to heifers on treatment 1 (32.3 kg). 

Table 1. Composition and analysisoffeed ingredients used in the feeding trial 

Composition (%) 

Pre-calving Post-calving
 
Ingredient concentrate concentrate Sudan grass
 

Sorghum grain (dura) 40 35 
Cottonseed cake 30 35 
Wheat bran 28 28
 
Salt (NaCI) 1 
 1
 

Limestone 1 1
 

Chemical composition!
 

Dry matter 93.6 94.1 
 45.0 
Ash 5.8 5.9 12.3 
Crude protein 13.7 15.8 6.7 
Crude fibre 12.8 11.5 50.5 
Ether extract 3.8 5.A 1.2 
Nitrogen-free extract 57.5 55.8 29.3 

'Determined according to AOAC (1980) 
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Liveweight at calving did not differ (P>0.05) among the treatment groups 
(Table 3). There were also no significant differences in average daily gain and 
final body weight at the end of the early lactation period. 

Milk yields and fat percentage in early lactation are shown in Table 4. 
Heifers in group 1 clearly produca more milk than those in group 1, but 
butter-fat percentage did not differ (P>0.05) among treatments. 

DISCUSSION 

Heifers on treatments 2 and 3 appeared to be superior to heifers on treatment 1 in 
final body weight and liveweight gain before calving, but the differences were 
not significant. The apparent comparative rapid increase in the rate of weight 

Table 2. Effect ofpre-calving nutrition on performance ofheifers in thepre-calving period 
Treatment Steaming-up period Average body weight (kg) Average daily gain 

group (days) Initial Final (kg) 

1 43 358.0 411.2 1.2 

2 60 359.0 438.6 1.3 

3 60 359.0 451.5 1.5 

SE 14.1 15.4 0.3 

Table 3. Effect ofpre-calving nutrition on performance ofheifers in the early lactation period 

Liveweight 
Treatment Early lactation at calving Final body weight Average daily gain 
group (days) (kg) (kg) (kg) 

1 98 355.3 455.0 1.0 

2 98 388.3 464.5 0.8 

3 98 396.0 473.7 0.8 

SB 14.1 16.1 0.1 

Table 4. Effect ofpre-calving nutrition on milkyield andfat content in the early lactation period 

Treatment Milking period Mlk yield (kg) Fat content 
group (days) Total Daily average (%) 

1 91 980.2 10.7 3.9 

2 91 1030.1 11.3 4.1 

3 91 1329.2 14.6 3.9 

SE 127.6 1.4 0.2 
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gain as calving approached, for heifers on treatments 2 and 3 compared with 
those on treatment 1, was probably due to availability of nutrients which catered 
for both dam and foetus growth. This agrees with previous work (Greenhalgh 
and Gardner, 1958) which showed that the increased weight of heifers in the 
later stages of pregnancy, as a result of an increase in concentrate feeding, was 
related to the increase in weight of mother and foetus and its membranes at this 
time.
 

The observed improvement in milk yield of heifers on treatment 3
 
compared with that of those on treatments 1 and 2 indicates that supplementation
with high levels of concentrates before calving tends to cause heifers to exhibit 
their potentials in milk production. This is in line with previous studies (Keys et 
al, 1984; Nocek et al, 1986) which showed that feeding cows and heifers at high
levels before calving resulted in better body condition at calving and better 
production performance after calving. This may be attributed mainly to 
availability of enough nutrients during the later stages of gestation, which would 
enable the dam to meet the increased nutrient requirements of lactation. 

Milk fat contents were not significantly different (P>0.05) among
 
treatments. Gardner (1969) also showed that milk fat percentages were not
 
influenced by prepartum plane of nutrition.
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ABSTRACT 

Poultry litter has a crude-protein content of about 22-25% and has been 
successfully used as a component of ruminant feeds. However, poultry waste is a 
potential carrier of pathogenic microorganisms and must be treated to reduce the 
isk of transmitting diseases. This study assessed the effect of sun-drying,
ensiling, deep-stacking and fumigating with formaldehyde gas on the nutritional 
value ofcaged-layer waste (CLW). Deep-stacking resulted in a higher (P<0.01)
ash content and undesirable odour, but also in a higher (P<0.01) dry-matter
degradability (DMD) than the other treatment methods. Duration of sun-drying 
or deep-stacking or the number of times the CLW was fumigated did not affect 
(P>0.05) DMD in the rumen. However, ensiling CLW for 42 days resulted in a 
higher (P<0.01) DMD than ensiling for 21 days and also reduced odour. 

In another study, CLW was ensiled in 21-litre plastic silos for 21 or 42 days, 
at 0, 20 or 40% (DM basis) rate of inclusion with crop residues having low 
crude-protein levels (maize stover, maize cobs or wheat straw). Fermentation (is
indicated by pH) approached optimum (P<0.01) at 40% rate of CLW inclusion 
and 42 days of ensiling. Crude-protein, ash and in vitro dry-matter digestibility
increased with level of CLW in the silage mixtt res but NDF decreased (<0.01).
Ensiling fibrous crop residues with caged-layey waste could provide a means of 
more efficiently utilising caged-layer wastes and crop residues as livestock feed. 

RESUME 

Utilisationdesdijectionsde pondeuses ievoes en batteriescomme source de 
complmentprotfiquedes risidusde rifcolte 

Avec une teneuren protdinesbrutesd'environ 22 i 25%, la litire de volaille est 
incorpor&eavec succ~sdans Pa imentationdes ruminants.Cependant, dtant 
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donnma qu'ellespeuvent transmettredes microbes,les djectionsdes volailles 
doivent &retraitdespour rMduire les risques de maladies.Une &udea& 
effectu en vue d'dvaluerl'effet du sdchagesolaire,de l'ensilage,de l'empilage 
ei de lafumigation auformol sur la valeur nutritive des ddjectionsde volailles. 
Parrapportaux autresmdthodes, l'empilage, quis'accompagnaitd'odeurs 
dsagrdables,se traduisaitparune plus forte teneuren matieres mingrales et un 
taux de dgradationde la matires&heplus 6levg (P<0,01).Ni la dure du 
sechageii lairet de l'empilage,nile nombre defumigationsn'avaientd'effet 
(P>0,05)surla digestibilitede la matieresche dans le rumen. Cependan4 un 
ensilagede 42 jourspermettaitde rdduireles mauvaises odeurset se traduisait 
en outreparune digestibilitede la mati resche plus olevge (P<0,01)qu'un 
ensilagede 21 jours. 

Dans une autre ditudeeffectue immdiatement aprs,des dejections de 
pondeusesen batteriesont Jteensildespendant21 ou 42 joursdansdes silosen 
plastique(environ21 litres). Elles avaientetg incorpordesd 0,20 ou 40% (sur la 
base de la mati&e s8che)dans des rdsidus de rilcolte pauvres enprotdinesbrutes 
(paillede maK, dpis gren&s de mais ou paille de biW). Lafermentation (mesurde 
parlepH)dtaitmaximum (P<0,01)au taux de 40% et avec l'ensilagede 42 
jours.Enfi, la teneuren protdinesbrutes,le taux de matiares mindralesel la 
digestibilitdin vitro de la matidre s&che augmentaientalorsque la teneur en 
paroiscellulairesdiminuaient (P<0,01)avec laproportionde ddjections. 
L'ensilagedes r~sidusde rdcolte richesen cellulose avec des ddjections de 
pondeuses en batteriespeut doncpermettred'utiliserl'un et l'autreproduitsde 
maniereplu3 rationnelle. 

INTRODUCTION 

In Kenya, crop farming produces a wide range of crop residues, mainly maize 
cobs, maize, sorghum and millet stovers and wheat, barley and rice straws. Other 
important crop residues are produced by the sugar industry and from 
horticultural crops. An estimated 7.2 million tormes of highly lignified arable 
farm products are produced annually (Said and Wanyoike, 1987). However, it is 
difficult to assess the amounts of crop residues fed to livestock as there are great 
variations with season and individual farm requirements. 

Most available crop residues have low protein and high fibre contents, 
factors that lead to their poor utilisation by li estock (Said and Wanyoike, 1987). 
Utilisation of the energy component of such materials by ruininants is highly 
dependent on the efficiency of fermentative activity in the rumen (Mehrez et al, 
19"7) which depends, in turn, on adequate supplies of nitrogen in the rumen. 
Positive responses on intake and liveweight gain have been recorded when a 
nitrogen source has been included in a diet based on crop residues (Alayu, 1987). 
In Kenya, most studies on crop residues have been on evaluat.ng chemical 
treatment methods such as the use of alkali and/or urea to improve utilisation 
(Kevelenge et al, 1983; Alayu, 19o/, -,aid and Wanyoike, 1987). However, the 
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applicability of results from such work has been limited by the high cost of
chemicals and by farmers' lack of knowledge. The need has thus arisen to find
alternative, more practical, ways to improve the nutritive value of crop residues. 

Caged-layer waste (CLW) is reported to contain between 22.3 and 25%
crude protein (Kayongo and Muinga, 1985; Nambi, 1987). Between 40 and 50%
is true protein and the rest non-protein nitrogen (Nambi, 1987). However,
feeding unprocessed CLW can pose potential health hazards, both to the

livestock consuming the feed and to people eating products (meat and milk)

from such animals (Shah and Miller, 1983). Ensiling is an inexpensive

biological method of processing poultry litter for incorporation into rations

(Caswell et al, 1977; Shah and Miller, 1983). It has also been reported that

ensiling broiler litter with corn forage or wheat straw improved the nutritional 
value of the crop residues compared to ensiling the crop residues by themselves 
(Caswell et al, 1977; Daniels et al, 1983). This study therefom examined the
effect of processing methods on the composition and degradability of CLW. The
effect of ensiling CLW (as a nitrogen source) with crop residues on the chemical
composition and degradability of the silage was also investigated. 

MATERIALS AND MTHODS 

Experiment 1. Processing methods 

Caged-layer waste was collected from laying Shavers chickens, aged 50 weeks
and housed in battery cages. Apolythene sheet was spread below the cages and

the droppings, which included excreta, feathers, broken eggs and spilled feed,
 
were collected after three days. The waste was processed by one of four
 
methods, all applicable at farm level in Kenya:

Sun-d&ying. Caged-layer waste was spread on polythene sheets in 1-2-cm
thick layers and raked thoroughly twice a day. Drying lasted four or eight days at 
an average temperature of 25.740 C and radiation intensity of 20.37 MJ.

Ensiling. Caged-layer waste was packed into plastic silos with a capacity of 
0.021 m3 (21 litres) and left for either 21 or 42 days. Samples were taken at
ensiling and after opening the silos.
 

Deep-stacking.Deep-stacking was achieved by heaping approximately

1000 kg of caged-layer waste on a concrete floor under direct sunshine. The 
stack was then covered with a polythene sheet and sampled after 21 or 42 days
by taking composite sdmples from the entire stack. 

Fumigation.Caged-layer waste was spread on perforated trays in layers
0.5-1 cm thick and sun-dried for two days. The trays were then placed in an
air-tight metal chamber with a capacity of 0.81 M3 . The chamber was fumigated
using a 1:2 mixture of potassium permanganate and 40% formalin in a glass jar:
the amount of formalin used was 1.85 ml per chamber. Fumigation was carried 
out four or eight times: the CLW was turned by hand after each fumigation. 
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All samples were dried in an oven at 60°C for 48 hours, ground in a Wiley 
mill fitted with a 2-mm screen and stored in air-tight bottles. 

In sacco dry-matter degradability studies were carried out using five 
fistulated Somali Blackhead wether sheep (15-18 months old; average weight 
32.4 kg.) The sheep were fed Rhodes grass (CIlorisgayana)hay and 
supplemented with a commercial concentrate at a rate of 0.3 kg/animal per day.
The animals wep, dewormed with Valbazen 10% (Kenya Swizz Chemical 
Company, Nairobi, Kenya) at a rate of 1ml per 10 kg body weight one week 
before the start of the study. 

Samples (5g) of each feed were weighed into nylon bags (15 x 7 cm: pore
size of 35 lrn). The bags were attached to nylon cords and incubated inside the 
rumens of the sheep for 6, 12, 24, 48 or 72 hours. After incubation the bags were 
removed, washed thoroughly with tap water, dried at 700C in an oven for 24 
hours and weighed to calculate dry-matter losses (0rskov and McDonald, 1979).
The experimental layout was a 4 x 2 x 5 factorial arrangement in a completely 
randomised design, with four treatment methods at two levels each and five 
durations of incubation in the rumen. Unprocessed CLW was used as the control 
giving a total of nine test feeds. 

Experiment 2. Effect of ensiling crop residues with graded levels of 
caged-layer waste 

Maize stover and cobs and wheat straw were cut into 2.5-5-cm lengths; water 
was added at a ratio of 1:1 to increase moisture content. Freshly collected caged­
layer waste was mixed with the crop residues at a rate of 20 or 40% (dry-matter
basis): no CLW was added to the control materials. Molasses was added to all 
ensilages at a rate of5%. The ensilage materials were thoroughly mixed by hand 
and packed in 21-litre plastic silos in triplicate. The silos were opened after 21 o 
42 days. The top 2.5 cm of the silage from each silo was discarded. The silages 
were observed for colour, odour and any mould growth. 

Proximate composition of crop residues, molasses, CLW and silages before 
and after fermentation was determined using standard AOAC (1984) procedures. 
Detergent fibres were analysed by the methods of Van Soest (1963) and Van 
Soest and Wine (1967). In vitro dry-matter and organic-matter digestibilities of 
the crop residues, CLW and silages were determined by the methods of Tilley
and Terry (1963). Water extracts of the silages were prepared by homogenising 
25 g of wet silage with 100 ml distilled water in a blender for two minutes. The 
homogenate was filtered through four layers of cheese cloth and its pH measured. 

The rest of the silages were dried at 600C for 48 hours, milled through a 
2-mm sieve and stored in air-tight jars. Samples (5 g) of each milled silage were 
weighed into nylon bags and incubated for 12, 24, 36, 48 or 72 hours in the 
rumens of the same sheep used in Experiment 1.A completely randomised 
design with a factorial arrangement of 3 x 3 x 3 x 5 (three crop residues, at three 
levels of CLW, three durations of ensiling and five incubation times) was used. 

268
 



Calculations 

In both experiments, degradability was estimated using the model developed by
0rskov and McDonald (1979): 

p = a + b(l - e ' t) 
where: 
p = actual degradation after time t 
a = readily degradable fraction (%)
b = potential degradable fraction (%) 
c = rate constant for the degradation of b 
t= incubation time (hours).

The constants a, b, and c were derived using EUREKA, an iterative
computer programme (Borland International Inc).The data obtained were
subjected to analysis of variance us.ng Harvey's Least-Squares analysis. The
differences between treatment means were tested with orthogonal contrasts. 

RESULTS AND DISCUSSION 

Experiment 1 

Chemical compositionofunprocessedandprocessedCLW 

The proximate compositions of unprocessed, sun-dried, ensiled, deep-stackedand fumigated CLW are shown in Table 1. Dry-matter (DM) content increased
with increasing duration of sun-drying and deep-stacking as has also beenreported by Fiano et al (1984) when CLW was sun-dried for 30 days. Fumigated
CLW also had a higher DM content than fresh CLW. However, ensiling did notchange the DM content of CLW. Crude-protein (CP) content had declined
sharply after sun-drying for four days, but thereafter the decrease was negligible;
this result .salso in agreement with the study by Fiano et al (1984). The loss inCP was attributed to the breakdown of uric acid (Caswell et al, 1975) whichconstitutes 40 to 50% of total nitrogen in CLW (Nambi, 1987). Direct sunlightcould have caused volatisation of the uric acid (Fiano et al, 1984); Caswell et al(1975) showed that dry-heat processing of broiler litter lowered the uric acidnitrogen as well as ammonia nitrogen. Other treatment methods did not affect the
CP values significantly.

Deep-stacking increased the ash content of CLW suggesting that CLWunderwent a composting process in which the organic matter might have beenconverted into soluble materiils (Miller, 1982). This increase in ash content
might reduce the digestible energy of CLW and hence its nutritional value
(Miller, 1982). The other methods had no effect on ash content of CLW; thisresult is in agreement with observations by Fiano et al (1984) from air-drying,
autoclaving and oven-drying of CLW. 
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Table 1. Chemical compositionofunprocessedandprocessed caged-layer waste 

Proximate component (%) 

Processing method Dry matter Ash Crude protein 

Unprocessed 31.02 20.50 21.80 

Sun-drying 

4 days 81.44 21.57 13.13 

8 days 90.12 20.22 12.76 

Ensiting 

21 days 28.88 23.92 17.29 

42 days 29.41 23.80 1&72 

Deep-stacking 

21 days 54.17 33.56 16.38 

42 days 78.10 35.45 17.20 

Fumigation 

4 times 77.32 21.04 17.97 

8 times 76.52 20.98 16.55 

DegradationcharacteristicsofunprocessedandprocessedCLW 

Dry-matter degradabilities (DMD) of unprocessed and processed CLW are 
shown in Tables 2 and 3. Deep-stacked CLW had a higher DMD (P<0.01) than 
CLW processed .y the other methodc, whose DMD were similar (P>0.05). 
However, the deep-stacked CLW had an offensive odour. DMD increased 
(P<0.01) with incubation time for all methods of processing, as has also been 
reported by Alayu (1987). 

Sun-drying for four or eight days, deep-stacking for 21 or 42 days or 
fumigation four or eight times did not affect DMD of CLW within method 
(P>0.05). However, ensiing for 42 days gave superior (P<0.01) DMD than 
ensiling for 21 days. This result agrees the finding of Daniels et al (1983) who 
reported that ensiling broiler litter for 42 days gave better quality silage. 

Experiment 2 

Chemical compositionof crop residues ensiledwith CLW 

Table 4 shows the chemical composition of the crop residues and molasses used 
for ensiling with CLW. All the three crop residues had low crude-protein and 
high crude-fibre and detergent fibre contents, in total agreement with reports by 
Kevelenge et al (1983), Alayu (1987) and Tuah and Oiskov (1989). After 
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Table 2. 	 Leasts wuares means of the effect ofmetho4 level within method and time on dry-matter 
degradability ofunprocessed orprocessed caged-layer waste 

Independent variable 	 Dry-matter digestibility (%) 

Proceskg methods 

Unprocessed 41.99 

Sun.drying 41.67 

Ensiing 43.85 

E'ep-stacking 53.42 

Fumigation 43.63 

SE 0.60
 

I.vel wilhin nmthod
 

Sun-drying
 

4 days 	 41.22 

8 days 	 42.13 

Ensiling 

21 days 	 4(.85 

42 days 	 46.86 

Deep-stacking 

21 days 	 53.46 

42 days 	 53.37 

Fumigation
 

4 time 44.41
 

ames 42.85 

SE 0.85 

Duration of Inubaion 

6 hours 27.69 

12 hours 33.67 

24 hours 45.27 

48 hours 54.98 

72 hours 62.96 

SE 0.64 

ensiling, all silages that had CLW as an additive had a pleasant aroma, a 
gold-brown colour and no mould growth. However, the control silages only had 
a weak characteristic silage smell. Similar observations have been made on 
poultry litter ensiled alone or with barley straw, a mixture of weeds and 
grapefruit peels (Hadj ipanayotou, 1982). 
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Table 3. Fied dby-matterdegradation constants for unprocessed andprocesed caged-layer 
waste incubated in nylon bags in the nnen ofsheep 

Method of processing 

Unprocessed 

Sun-drying 
4 days 

8 days 

Ensiling 

21 days 

42 days 

Deep-stacking 

21 days 


42 days 


Fumigation
 

4 times 


8 times 


Degradation constants' 

a b c 

20.4 49.9 0.021 

20.9 51.9 0.019 

13.6 51.3 0.034 

15.6 43.8 0.036 

22.1 66.5 0.017 

24.5 53.0 0.026 

29.4 45.3 0.030 

18.9 57.6 0.022 

19.2 39.3 0.040 
From the model p a + b(l - el 

p - actual degradition after time t 
a - readily degradable fraction (%) 
b = potential degradable fraction (%) 
c - rate constant for the degradation of b 
t = incubation time (hours) 

The pH values were not affected (P>O.05) by type of crop residue (Table 5).
However, maize stover and wheat straw silages had higher CP and ash and lower 
neutral detergent fibre (NDF) (P<0.01) than silage based on maize cobs. These 
changes cou!d be attributed to the inclusion of CLW in the mixtures. As the level 
of CLW was increased from 0 to 40% there was a significant increase in pH, CP,
ash and in vitro dry-matter digestibility (IVDMD) of the resultant silage whereas 
NDF values decreased. Similar findings have been reported by Daniels et al 
(1983) and Hadjipanayotou (1984). Ensiling for either 21 or 42 days had no 
effect on ash and NDF content of the silages (P>0.05) but significantly decreased 
pH (P<0.01) suggesting that desirable fermentation had taken place (Daniels et 
al, 1983). 

Degradabilityof cropresiduessilages 

Wheat straw silage had a higher degradability (P<0.01) value than maize stover 
and maize cob silages (Table 6), probably because of higher readily soluble cell 
contents (Tuah and Orskov, 1989). Tables 6 and 7 show that increasing the level 
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Table 4. Chemical composition ofmaize stover maize cob wheat strw, caged-layer waste and 
usedin Expemrient 2molasse 

Component 
Maize 
stover 

Wheat 
straw 

Maize 
cobs 

Caged-layer 
waste Molasses 

Dry matter 94.30 94.30 91.76 30.65 67.74 
Crude protein 4.60 3.64 4.20 22.5 3.40 
Ash 3.20 2.32 4.68 20.36 832 
Crude fibre 45.70 47.86 48.61 6.69 0 
Neutral detergent fibre 85.25 84.28 91.84 57.65 -
Acid detergent fiore 58.0 58.79 44.84 22.80 -
Lignin 8.40 7.33 14.96 6.12 -
Cellulose 49.60 51.46 29.88 16.68 -
Hemicellulose 26.75 25.49 47.0 34.85 -
Cell content 14.75 15.72 8.16 4235 -
In vitro digestibility 

Dry matter 30.32 29.84 43.58 74.31 
Organic matter 29.32 32.19 42.70 74.40 * 

Not assessed 

TableS. Least-squares means for chemical cosnposition and in vitro digestibility ofcropresides 
ensiled with caged-layer waste 

Crude In vitro dzy-matter NeutralIndependent protein Ash digestibility detergent fibrevariable pH (%) () () () 
Crop residues 

Maize stover 4.36 9.31 10.89 60.79 69.67 
Wheat atraw 4.09 9.11 10.09 57.41 67.12 
Maize cobs 4.39 7.62 6.76 59.89 77.08 
Level of caged-hyer wade 
0% 4.39 5.39 6.34 53.57 80.07 
20% 4.72 9.03 9.51 60.93 70.40 
40% 4.93 11.63 12.71 63.60 63.40 
Duration ot enlllng 
0 days 5.32 7.67 9.40 60.37 72.10 
21 days 4.57 9.39 9.55 5&65 70.67 
42 days 4.16 8.99 9.61 59.09 71.11 
SE 0.03 0.13 0.24 033 0.43 
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Table 6. 	 Leat-arwresmeans for dy-maerdegradabityof crop residuesensued with
 
ced-layer wite
 

Independent variable 	 Dry-matter degradabdlity (%) 

Crop rsidue 

Maize stover 	 39.16 

Maize cobs 	 37.75 

Wheat straw 	 41.03 

SE 	 0.42 

level of caqed-yer wase 

0% 	 32.08 

20% 	 39.83 

40% 	 45.99 

SB 	 0.42 

Duraton o emilbi8 

0 days 	 38.16 

21 days 	 39.05 

42 days 	 40.69 

SE 	 0.42 

I="onUmn nthe rumn 

12 hours 	 22.09 

24 hours 	 26.72 

36 hours 	 35.65 

48 hours 	 50.03 

72 hours 	 57.59 

SE 	 0.60 

of CLW in the ensilage significantly (P<0.01) increased the degradability, 
probably because of increased nitrogen content (Alayu, 1987). There was an 
increase (P<0.01) in degradability when the duration of ensiling was increased 
from 21 to 42 days suggesting that a longer period was desirable to facilitate 
microbial activity on the ensiled crop residues (Daniels et al, 1983). Alayu 
(1987) reported that extending treatment time for wheat straw from 14 to 28 days 
improved the DM degradability. The increase in degradability of the siiages with 
longer duration of ensiling could be attributed to the increased degradability of 
CLW observed in Experiment 1when CLW was ensiled for up to 42 days. The 
longer the silages were incubated in the rumen the higher was the degradability, 
in agreemeut with earlier sti'lies on wheat straw treated with urea (Alayu, 1987). 
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Table 7. Fitteddy-maunrdegradationconstantsfor cropresiduesensiledwith caged-layerwaste 

Degradation o ,statts' 

Duration of ensiling 
Crop residue (days) 

Maize stover 0 

21 

42 

Maize cobs 0 

21 

42 

Wheat straw 0 

21 

42 

-'From the model p =a + b(1 - e )
p " actual degradation after time t 
a f readily degradable fraction (%)
b =potential degradable fraction (%) 
c =rate constant for the degradation of b 
t = incubation time (hours) 

Level of CLW 
(%) 

0 

20 

40 

0 

20 

40 

0 

20 

40 

0 

20 

40 

0 

20 

40 

0 

20 

40 
0 

20 

40 

0 

20 


40 


0 


20 


40 


a 

7.9 

13.1 

19.8 

13.9 

16.3 

19.4 

10.9 

15.6 

11.3 
11.1 

16.0 

18.5 

12.2 

12.5 

19.3 

13.5 

13.4 

14.5 
12.5 

15.6 

15.9 

13.3 

14.1 

16.4 

10.2 

17.5 

17.9 

b 

55.7 

78.3 

78.8 

62.8 

64.1 

67.1 

86.1 

72.9 

66.4 

45.9 

59.5 

62.8 

48.5 

58.5 

64.9 

53.9 

52.4 

69.6 
52.9 

67.2 

76.2 

55.9 

52.7 

75.2 

64.0 

71.3 

72.0 

c 

0.011 

0.011 

0.014 

0.010 

0.014 

0.017 

0.010 

0.023 

0.030 

0.009 

0.011 

0.013 

0.011 

0.017 

0.021 

0.011 

0.018 

0.024 
0.013 

0.013 

0.020 

0.013 

0.018 

0.019 

0.013 

0.019 

0.023 
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CONCLUSIONS 

The study showed that processing CLW by deep-stacking gave best results with 
respect to DM degradability. However, the steep increase in the ash content was 
indicative of composting, which might reduce the nutrient utilisation of deep­
stacked CLW. Therefore, ensiing for 42 days would be preferred for odour 
control of the processed product. Ensiling crop residues with CLW as the 
additive at an inclusion rate of 40% and ensiling for 42 days was considered to 
be beneficial in improving the nutritional value of the crop residues. 
Investigations into the performance of growing sheep fed such silage are 
underway at the University of Nairobi. 
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ABSTRACT 

Maize stover is an important feed resource in Malawi, but it is poorly utilised. 
Simple methods of processing and/or treating the stover to optimise its utilisation 
by stall-fed cattle are being sought. An experiment was conducted at the 
Chitedze Agricultural Research Station during October to mid-December 1990 to 
assess the effects of water or urea treatment of maize stover and supplementation
with urea-molasses blocks or different levels of maize bran on the growth of 
yearling steers and heifers. 

Animals fed water-treated stover without supplementation lost weight and 
had the lowest crude-protein intake, indicating that this diet was deficient in 
nitrogen. Urea treatment increased the crude-protein content of maize stover 
four-fold compared with untreated stover. Water or urea treatment of maize 
stover did not affect stover dr-matter or total dry-matter intake. Supplementing
urea-treated stover with high levels of maize bran significantly (P<0.01)
increased liveweight gains. 

RESUME 

Performancesde bouvilonset deginissesen croissancealiments avec de la 
paUle de mas traite avec de l'urieet compltmentie avec du son dc mals ou 
un concenirofde miasse-urie 

Bi, qu'elleconstitue l'unedes principales sources d'alhmentsdu bdtail 
rencontrdesau Malaw4 lapaillede ma!s estpeu utilisiedans cepays.Lez 
efforts dploys actuellement visent entre autres,a mettre aupointdes mdthodes 
simples de transformationet/ou de traitement de ces rdsidusde rdcofte afim d'e,
optimiserl'utilisationdans l'alimentationdes bovi zd l'table.A cet effet, un 
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essai a9td effectue' d'octobrc d la mi-&cembre 1990 d la station de recherche de 
Chitedze en vue de dterminerl'effet, sur la croissance de bouvillons et de 
giissesJgds dI an, d'un rdgine alimentairecomposd de paille de mais trait~e 
avec de l'ea.u ou de 'urde et conplmentde avec un concentrg melasse-urdeou 
diffirents niveaux de son mais. 

Les animaux recevant uniquement de la paille traitge avec de l'eau 
perdaient depoids et consommaient moins deprotdines brutes que ceus somis 
aux autresregines alimentaires, ce qui signifie que cette ration prdsentait une 
carence en azote. Le traitement avec de l'urepermettait de quadrupler la 
teneur en protdines brutes de lapaille. Par ailleurs, le traitement avec de I'eau 
ou de l'urden'avait aucun effet sur l'ingestionde paille brute ou de matie 
s&he totale. Enfin, lapaille traitee avec tde 'urgeet compldmenide avec des 
niveaux devs de son de ma's entrainait un accroissenent significatif (P<0,01) 
des gains de poids vif. 

INTRODUCTION 

Maize stove" is the largest animal feed resource in Malawi following crop
harvests. Although it iswidely acknowledged to be a useful feed, it is not utilised 
efficiently; it is grazed in situ and so is subjected to trampling, soiling, termite 
damage and fires. As a result, less than 50% of the available stover is actually 
consumed by livestock. 

Acute cattle feed shortages occur at the peak of the dry season (September
through November). The animals hardest hit are the stall-fed dairy cows and 
their followers or fattening steers which, by regulation, are not supposed to graze
freely in order to avoid diseases and indiscriminate mating. For this group-of
animals, improvements in the utilisation of maize stover and other crop residues 
are essential in order to maintain productivity. In zddition to proper storage of 
maize stover, attempts are being made to intugrate forage legumes in maize crops
and to find simple methods of processing and/or treating the stover to optimise
its utilisation by stall-fed cattle. Urea was chosen for treating maize stover 
because, apart from its ability to increase the nitrogen content of the treated 
stover, it is being vigorously promoted as a fertiliser, and hence is readily
available in the country, and farmers can handle it safely. 

An experiment was conducted ct the Chitedze Agricultural Research 
Station, Malawi, during October to mid-December 1990 to assess the effects of 
water or urea treatment of maize stover and supplementation with maize bran or 
urea-molasses block on the growth of yearling steers and heifers. Specifically,
the objectives were to compare water-treated maize stover with urea-treated 
maize stover. water-treated maize stover with and without urea-molasses block 
supplementation, and urea-treated maize stover supplemented with three levels 
of maize bran. 
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MATERIALS AND METHODS 

Animals 

The experimental animals were 40 yearling crossbred (Friesian x Malawi zebu)
cattle (22 steers and 18 heifers) that had been previously grazed as a group on
Rhodes grass (C/doris gayana) standing hy, maize stover and unimproved
dambo grasses. All animals were dewormed with Thibenzole at the start of the 
experiment. They were then randomly allocated to five feeding treatment groups
(eight animals each), taking into account sex and initial liveweight differences. 

Feeds 

The animals wre.fed maize stover (treated with water or urea), groundnut tops,
Rhodes grass hay, maize bran, urea-molasses blocks and a mineral mixture.

Maize stover from the station was collected and chopped, using a forage
harvester, into pieces up to 14 cm long. The stover was ensiled in circular pits,
1.5 m in diameter and 2.0 m deep, with a seepage pit at the bottom. Weighed
batches of chopped stover were placed in the pit and sprayed (using a garden
watering can) with either plain water or a urea solution at the rate of 1.5 litres of
water/solution to 1kg of stover. (Previous work (Munthali et al, 1990) had
 
shown that spraying at the rate of 1 litre of water to 1 kg of stover DM resulted
 
.n inadequate wetting of the stover and hence poor chemical reaction.) The
 
amount of urea used was calzulated to give a treatment of 4 g urea to 100 g

stover (ie, 4% urea-treated stover). The stover was mixed and trampled by two to
three people to compress it. More batches of stover were then added and treated
until the pit was filled. Finally, the pit was covered with polythene sheets and a 
thick (about 45 cm) layer of soil. 

Groundnut tops were also collected at the station and either baled or kept

loose in stooks under a barn. Hay was made from fully mature Rhodes grass,

baled and kept in a barn. Maize bran was purchased either from families in and

around the station or from Grain and Milling Company as ,ahominy chop (maize 
germ meal). 

Urea-molasses blocks were manufactured using fertiliser grade urea (45%
nitrogen) and type C cane molasses. The characteristics of the molasses and the
compositions of the urea-molasses block and of the mineral mixture (also
included in the urea-molasses blocks), are given in Table 1. 

Feeding 

Animals were fed in pairs at 0800 and 1400 hours. 
During the first 10 days, animals were fed hay adlibitun and maize bran

(1.0 kg/animal per day). Thereafter, all animals were fed the experimental 
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Table 1. Chxuateristicsoftype C cane molasses mid comp isitionsofurea-molasses-mineral
 
blockandmineral mixture
 

Molasses, Molasses-urea-mineral block Mineral mixture 

Value Content Content 

(% DM) Component (g/kg) Component (g/kg) 

Dry solids 78.8 Molasses 370 Meat and bone meal 600 

Brix 77.4 Urea 100 Common salt 350 

Sucrose 32.8 Maize bran 300 Magnesium sulphate 35 

Polarisation 30.0 Salt 50 Copper sulphate 6 

Total invert 50-56 Cement 130 Zinc oxide 8.5 

Ash 13.7 Mineral mixture 50 Cobalt sulphate 0.2 

Purity 38.8 Potassium iodide 0.3 

'Source: Sugar Corporation of Malawi (SUCOMA), Personal commiunication, 1991 

diet-a daily allowance of 1 kg groundnut tops, 0.5 kg hay and 0.05 kg mineral 
mixture plus one of the following treatment diets: 
* 	 Diet 1: ad libitum water-treated maize stover plus 1.0 kg maize bran 
" 	 Diet 2: ad libitum water-treated maize stover plus 1.0 kg maize bran plus 

urea-molasses block for three hours 
* 	 Diet 3: ad libitum 4% urea-treated maize stover plus 1.0 kg maize bran 
* 	 Diet 4: ad libitum 4% urea-treated maize stover plus 2.0 kg maize bran 
* 	 Diet 5: ad libitum 4% urea-treated maize stover plus 3.0 kg maize bran 

The experimental diets were first fed for a 22-day acclimatisation period, 
during which time the animals on diet 2 were exposed to the urea-molasses 
block for only one hour daily. The experimental period was 56 days, ending at 
the onset of the rainy season. 

Data collection 

Quantities of feed offered and refused were recorded daily. Feed intake was 
calculated from daily intakes on four consecutive days weekly. Urea-molasses 
block intake per animal was calculated from the total number of blocks 
consumed by each treatment group during the 56-day experimental period. 

Initial and final liveweights were calculated as a mean of three consecutive 
daily weights taken after depriving animals of water for approximately 16 hours. 

RESULTS AND DISCUSSION 

The chemical compositions of the feeds are shown in Table 2. 
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Table 2. Chemical compositions offeeds 

Feed material Dry matter(%) Crude protein (% DM) 

Maize stoves 

Untreated 91.7 2.8
 
Water-treated 
 43.3 3.5
 
4% urea-treated 
 35.9 14.4 

Maize bran (madeya) 90.1 9.6
 
Groundnut tops 
 90.6 1.8 
Rhodtes grass hay 91.8 5.6 

The chemical compositions of groundnut tops, hay and maize bran were
similar to those commonly found in samples collected on the station. However,
crude-protein (CP) content of untreated stover was lower than that previously
reported by Munthali (1987). The stover used in the present experiment was 
collected late in the dry season and exposure to varying climatic conditions may
have led to nitrogen degradation (Berger et al, 1979).

Urea treatment increased the CP of the maize stover more than four-fold. 
Similar increases in CP content of forages following urea treatment have been 
reported elsewhere (Jackson, 1978; Klopfenstein, 1978; Sundstol et al, 1978;
Kiangi, 1981). Therefore, urea treatment is a practical method of increasing the 
nitrogen content of low quality roughages. 

The observed differences in dry-matter (DM) content of the water- and 
urea-treme'td maize stover may be attributed to sampling errors. 

The Ferformance of growing steers and heifers is shown in Table 3. 
Crude.protein intake increased when animals were fed 4% urea-trcated 

maize stove,,. It declined as the amount of maiz.-bran fed increased from 1.0 to 
3.0 kg/animal per day because stover intake declined with increased feeding of 
maize bran. The decline in CP consumption was due to the substitution of high N
urca-lar..ied maize stover by maize bran. The intake of the urea-molasses block 
was calculated to be 200.8 g/animal per day, giving a nitrogen consumption from 
the block of approximately 90 ganimal per day. The anticipated intake of the 
block was 300 g/animal per day, so the limited exposure time (three hours) of the 
animals to the block probably lowered its intake. 

Total DM intake did not vary greatly, and all animals appeared to have 
satisfactory DM intakes of3% or more of their body weights. Urea treatment of 
maize stover did not increase DM intake compare.d with water treatment of the 
stover. However, Smith et al (1989) reported significant increases in DM intake 
of urea-treated maize stover compared with dry tresh maize stover, indicating
that water treatment followed by ensiling has a similar effect in increasing DM 
intake to urea treatment followed by ensiling. 
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Table 3. Performance ofgrowing steers fed maize stover diets' 

Diet I Diet 2 Diet 3 Diet 4 Diet 5 

Crude-protein content in diet 
(%dry matter)b 5.7 5.7' 13.2 123 11.7 

Stover dry-matter intake 

kg/animal per day 3.56 3.71 4.46 3.46 2.99 

%of body weight 1.86 1.98 2.29 1.76 1.55 

Total dry-matter intake 

kg/animal per day 5.80 5.95 6.70 6.58 6.99 

% of body weight 3.02 3.17 3.44 3.36 3.63 

Mean liveweight at sta of 187.1 197.1 201.0 2227 229.2 
experimental period (kg) 

Daily gain dunng 56-day 
exFerimental period (g) 

Mean -83.0 170.6 116.1 483.0 649.8 

SE 70.0 65.3 96.3 51.9 85.8 

Diets were: 
Diet 1: ad libtuwn water-treated maize stover + 1 kg maize bran + 1 kg groundnut tops + 500 g hay
+ 50 g mineral mixture 
Diet 2: adlibitwn water-treated maize stover + I kg maize bran + I kg groundnut tops + 500 g hay
+ 50 g mineral mixture + urca-molasses block 
Diet 3: ad libitwn 4% urea-treated maize stover + 1 kg maize bran + 1 kg groundnut tops + 500 g
hay + 50 g mineral mixture 
Diet 4: adlibitwn 4% urea-treated maize stover + 2 kg maize bran + 1 kg groundnut tops + 500 g
hay + 50 g mineral mixture 
Diet 5: adlibitwn 4% urea-treated maize stover + 3 kg maize bran + 1 kg groundnut tops + 500 g 

50 
b hay + g mineral mixture 

Crude-protein content in maize stover was determined using fresh samplescUrea N from urea.-mola.sses block not included, but intake of nitrogen was 90 g/animal per day 

The highest liveweight gain (P<0.01) was achieved by animals on diet 5, 
the treatment with the highest level of maize bran supplementation. Animals fed 
unsupplemented water-treated stover (diet 1) lost weight; these animals showed 
the lowest crude-protein intake, indicating that diet 1 was deficient in nitrogen. 
Supplementation of the water-treated stover with urea-molasses block (diet 2) or 
trnatment of the stover with urea (diet 3) was enough to support maintenance and 
slight liveweight gains of the animals, further showing that nitiogen could have 
been the limiting nutrient in diet 1. The improvement in liveweight gain by 
animals on diets 4 and 5 could be attributed to the increased intake of energy and 
an accompanying improvement in the utilisation of non-protein nitrogen in the 
4% urea-treated maize stover. Early work by Pearson and Smith (1943), Arias et 
al (1951) and Belasco (1956) showed that starch induced better utilisation of 
non-protein nitrogen than any other carbohydrate source, and the maize bran 
used in the present study is rich in starch. 
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CONCLUSIONS 

Treatment of maize stover with water followed by ensiling gave comparable DM 
intakes to that ( tained when the stover was treated with 4% urea and ensiled,
although animals fed unsupplemented water-treated stover lost weight.
Supplementing water-treated stover with urea-molasses block, or treating the 
stover with urea, was sufficient to support maintenance plus small liveweight
gains in cattle. Supplementing urea-treated stover with a suitable source of 
energy (such as starch, as in maize bran) promoted high liveweight gains.

The experiment has demonstrated that an adequate supply of nitrogen is
essential to maintain cattle fed basal diets of maize stover, and that farmers could 
supplement their animals with energy to promote faster liveweight gains, even 
when the sole diet is treated maize stover. 
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ABSTRACT 

The effects of different sources of undegradable protein supplements
(cottonseed, soybean, meat and bone and blood meals) on the performance of 
Hereford x Africander we3ner steers (205 kg liveweight) offered veld hay
sprayed with 1% urea wer: investigated. Supplementation with undegnidable
protein increased dry-mattor intake of veld hay offered ad libitum by 18% 
(P<0.05) and reduced loss of live- and carcass weight in steers offered sub­
maintenance quantities of veWd hay, but had little effect on rumen pH and
ammonia concentration, or degradation of veld hay in the rumen. The results 
confirm the beneficial effects of supplementing low quality roughages with a 
supply of undegradable protein, but suggest that the undegradable protein from 
the four supplements studied was of equal value. 

RESUME 

Effet des sourcesde prolfinesnon digradablessur les performancesde veaux 
sevrisrecevantdufoin trait parpulv6risationavec de l'urie 

L'effet de diversessourcesdeprotdinesnon ddgradables(grainesde coto, de
soja,farine de viande et d'osetfarine de sang)sur les performancesde veaux 
sevr&s de racecroisdeHerefordx Aft 'canderpesant en moyenne 205 kg de poids
vif et recevant duJoin de veldtraitdparpulvgrisationavec de l'urdei 1% a &9 
dtudid.La compldmentationentrainaitune augmentationde 18% (P<0,05)de
l'ingestionde mati&re s&he de veld offerte ad libitum. Ellefreinaiten outre la
baissedu poidsvif et du poids de la carcassem6me lorsqueles quwuitds de veld 
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offertes dtaient infdrieuresaux niveaua ndcessairesd l'entretien.Cependant,la 
complmzwtation n'avaitqu'un effet limite sur le pH et la concentrationen 
ammoniacdu rumen ainsique sur la ddgr,'-'ationdufoin de veld dans le runen. 
Ces rdsultatsconfirment les avantagesde la compldmentation defourragesde 
qualitdmddiocre avec des sourcesde protdinesnon ddgradables.Ilspermettent 
de conclureparailleursque les quatresourcesdeproteines Lvaluees ici sont de 
valeurcomparable. 

INTRODUCTION 

The poor performance of ruminants fed low quality roughages is mainly due to a 
deficiency of nitrogen which results in :ow intake and digestibility of dry matter 
(Topps, 1972). Protein and non-protein nitrogen suppleeAcs ray be used to 
correct this deficiency (Topps, 1972; Siebert and Hunter, 1982). 

One of the problems of supplementing low quality roughages with a single 
daily meal of urea is that the urea is rapidly degraded into ammonia in the rumen 
(Falvey, 1982). This results in non-synchronised release of amr.'onia and energy, 
leading to poor utilisation of urea for microbial protein synthesis and substrate 
fermentation (Satter and Slyter, 1974). This problem may by'.overcome by using 
slow-release forms of non-protein nitrogen (Ferero et al, 1980) but these 
alternatives are generally more expensive than urea. 

Spraying urea onto poor quality roughages just before feeding has been 
suggested as a way of ensuring uniform release of ammonia to rumen microbes 
(Hennessy, 1984). Urea supplementation at the rate of 1%seems adequate for 
roughages containing 3-4% crude protein (Verma and Jackson, 1984). However, 
the optimum level of urea is likely to vary with the type of roughiage. 

Further improvements in animal performance may be expected when 
roughages fed with urea are supplemented with a source of dietary undegradable 
protein (UDP) (Kempton et al, 1979; Smith et al, 1980; Mullins et al, 1984). The 
magnitude of the response at equal levels of UDP may depend an the quality of 
the protein (Petersen and Clanton, 1981). 

Astudy '.4z"'d out to determine the effects of different UDP 
supplements on the performaice of weaner steers fed veld hay sprayed with 1% 
urea. A combined supplement containing iso-nitrogenous levels of cottonseed, 
soybean and meat and bone meals was also tested in order to determine if these 
proteins were complementary. 

MATERIALS AND METHODS 

Animals and housing 

Twelve rumen-cannulated Hereford x Africander steers (average weight 535 kg) 
were used to measure the degradation patterns of veld hay. The cannulae (Pigot 
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Maskew (Pvt) Ltd, Bulawayo, Zimbabwe) were made of rubber with an internal 
diameter of 8 cm. In addition, 84 Hereford x Africander weaner steers (average
weight 205 kg) were used to measure intake of veld hay and growth response to 
protein supplementation. 

The steers were housed in individual pens with concrete floors, asbestos 
roofing and sides made of wooden rails. Each pen had a permanent food trough
at one end and a water trough at the other. No bedding was provided. 

Experimental design, protein supplements and basal diet 

The 84 weaner steers were stratified bv weight and ran'omly allocated to two 
groups of six animals and six groups of 12 animals. One group of six animals 
was used to determine the initial carcass weight, to provide the baseline for the
growth performance assessment. The animals were fasted for 24 hours and 
weighed. They were then slaughtered and their carcasses were weighed. Initial 
carcass weight was estimated from the i.gression equation

ICW = 10.36 + 0.4521SLW (RSD = 3.266; R = 0.906)
 
where:
 
ICW = initial carcass weight (kg)

ISLW = initial starved liveweight (kg)


The other group of six animals, and five of the groups of 12 animals, were
 
used in the feeding trial. The treatments were:
 

1. Basal diet of milled veld hay sprayed and mixed with 1% urea just before 
feeding (control, six animals)

2. Basal diet plus cottonseed meal supplement (12 animals)
3. Basal diet plus soybean meal supplement (12 animals)
4. Basal diet plus meat and bone meal supplement (12 animals)
5. Basal diet plus bood meal supplement (12 animals)
6. Basal diet plus a combined supplement of cottonseed, soybean and meat 

and bone meals (12 animals)
The remaining gror Jf 12 animals was used to measure intake of veld hay

for the six treatments. 
The basal diet was prepaed by dissolving urea in warm water and spraying

it onto milied (25-mm screen) veld hay just before feeding. Five litres of a 20% 
urea solution were sprayed onto 100 kg of hay to give a 1% level of application.
A mechanical mixer fitted with a horizontal auger was used to prepare the feed,
to ensure that the hay and urea were well mixed. Half of the urea solution was 
sprayed onto the hay in the mixer, using a watering can fitted with a rose on the 
spout, and the mixer was run for 10 minutes. The remainder of the solution was 
then added and the mixing repeated. 

The composition of the protein supplements (Table 1)was based on 
effective degradabilities determined in an earlier experiment (Sibanda, 1989). 
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Table 1. 	 Composition ofprotein supplements offered to wsanersteers fed 1%-urea-treafed veld 
hay __ _ _ _ _ _ _ _ _ _ _ 

Composition of treatment diets supplemented with 

Cottonseed Soybean Meat and Blood Combined 
Ingredient meal meal bone meal meal supplemei!s 

As-fed composition of supplements (WW 

White maize grain 780 783 815 815 85 

Cottonseed meal 143 - - - 29 

Soybean meal - 207 - - 120 

Meat and bone meal - - 104 - 14 

Blood meal - - - 30 -

Urea 14.7 - 16 26 7.6 

Gypsum (calcium sulphate) 12 - 12 12 11.7 

Salt (sodium chloride) 25.1 5 26.5 58.5 1.4 

Monocalcium phosphate 25.2 5 26.5 58.5 1.3 

Calculated chemcal composltion 

Dry matter (g/kg) 900 905 900 900 935 

Rumen degradable protein 131 125 126 131 124 
(g/kg DM) 

Undegradable protein 49 53 56 51 50 
(g/kg DM) 

Total crude protein 180 178 182 182 174 
(g/kg DM) 

Metabolisable energy 12.8 12.8 12.8 12.8 12.8 
(Mft) 

Cottonseed, soybean and meat and bone meals 

Determination of degradation patterns of veld hay 

The 12 rumen-cannulated steers were used in an incomplete (6 x 2) Latin Square 
design with two periods of 24 days each and two animals per treatment; the 
imatments were the six diets sed in the feeding trial. The steers were offered 
veld hay sprayed with 1% urea once daily at lie rate of 36 g DM/kg0.75 .Animals 
on treatments 2 to 6 were also fed 300 g/day of the protein supplement split into 
two equal parts and fed at 0800 and 1400 hours. Water was f;eely available. 
After 21 days on each feeding regime the degradation patt.;rns of veld hay were 
measured using the nylon-bag technique (Mehrez and Orskov, 1977; Orskov and 
McDonald, 1979). Six bags containing veld hay samples (2.5-mm screen) were 
incubated in the rumen and one bag at a time was witlhd.awn after 12, 24, 36, 48, 
60 and 72 hours. The constants of the degradation curve (p = a + b(1 --cct) were 
determined according to Mehrez and 0rskov (1977). 
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Rumen liquor samples were taken after all the bags had been withdrawn, 
two hours after offering the morning supplement. The contents of the rumen 
were mixed by hand before a 200 ml sample was taken with a beaker. The rumen 
liquor was strained through four layers of cheesecloth. 

Measurement of intake of veld hay 

The 12 steers allocated to the intake measurement group were paired in such a 
way that animals with weights as similar as possible were placed in one cell. 
Intake of veld hay was measured for each of the treatments in an incomplete
(6 x 3) Latin Square design with three tour-week periods. 

The animals were. fed individtwfly for a preliminary period of three weeks,
followed by a period of seven days when intake was measured. Veld hay sprayed
with 1% urea was offered adlibium (15% more hay than the previous day's
intake) on a daily basis, with the previous day's refusals being weighed, recorded 
and removed before fresh hay was offered. The protein supplements were offered 
in two equal meals of 150 g at 0800 and 1400 hours. Water was freely available. 

Performence ofweaner steers fed veld hay and protein supplements 

The feeding trial lasted 90 days. The animals were housed in individual pens and 
fed the basal diet (veld hay (sprayed with 1% urea) at the rate of 36 g DM/kg. 7 5 
once a day in the morning. The protein supplements were offered in two equal
meals at 0800 and 1400 hours at the rate of 300 g/head per day. The Lnimals 
were weighed weekly and the allowance of veld hay adjusted ifnecessary. Water 
was freely available. After 90 days the animals were fasted for 24 hours and 
weighed. They were then slaughtered and their carcasses were weighed. 

Laboratory analyses 

The dy-matter content of ved hay and protein supplements was determined by
drying in a forced draught oven at 100"C for 24 hours. Nitrogen was determined 
by a macro-Kjcldahl technique. 

The pH of the rumea liquor was measured within 10 minutes of sampling.
For rumen ammonia determination, a mixture of 50 ml rumen liquor, 200 ml 
water and 100 ml 50% NaOH was distilled and the distillate collected over 2% 
boric acid. Released ammonium ion was titrated against 0.1 M HCI using 
screened methyl red indicator. 

Statistical analysis 

Analyses ofvariance for the degradation curve constants ofveld hay and the 
protein meals and intake ofveld hay were done with the MINITAB statistical 
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package. Analyses of variance of live- and carcass weights, with initial starved 
liveweight as a covariate, were carried out using the GENSTAT programme. In 
all eases differences between treatments were determined by Student's t-test. 

RESULTS 

Degradation of vet i hay 

The crude-protein content of the veld hay before and after spray.ng with 1%urea 
was 49 and 73 g/kg DM, respectively. Veld hay dogradation constants, rumen pH 
and A4,...nonia concentrations did not differ (P>0.05) between any of the 
tratment groups (Thble 2). 

Hay dry-matter intake 

Intake ofveld hay dry matter by steers fed the basal diet ad libitum is shown in 
Table 3. Steers fed the protein supplements ate 18% (P<0.05) more hay than the 
steers fed no supplement. However, differences among the supplemented groups 
wer- not significant (P>0.05). 

Table!2 Degradationcons:wts for veld hay dry marterandnmm pH and wnmonia
 
conmtradon in teers fed 1%-urea-Otedveid hay (36 gDM/k8 " perday) with or
 

*houtprotein siplements
 

Degradation constants for 

veld hay' - Rumen ammonia 

Treatment a b c Rumen pHb (mg/litre)b 

1.Basal diet (C): milled veld hay 10.3 75.4 0.016 7.2 309
 
treated with 1%urea
 

2. (C) + cottonseed meal 11.1 71.8 0.011 7.1 339 

3. (C) + soybean meal 7.0 72.7 0.025 7.4 301 

4. (C) + meat andbone meai 10.3 76.4 0.010 7.1 336 

5. (C) + bood meal 7.0 63.7 0.015 7.1 293 

6. (C) + combined supplemente 8.4 60.2 0.012 7.2 306 

SE 265 15.80 0.0083 0.16 62.0 

* From the equation p = a + b(1-~c)

where:
 
p = dry-matter loss (%)
 
a = readily degradable fraction (%)
 
b = potentially degradable fraction (%)
 
c = rate of degradation of the b fraction
 

= time (hours)
 
Rumen liquor samples were taken 2 hours after offering the morning suppiement

Cottonseed, soybean and meat and bone meals
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Table3. Intate of vewd ay dy mater by weanersteersfed '%-area-treated ved hay ad libitum 
with or withoutprotein supplements 

Intake of veld hay dry matter
Treatment Is(ga.g° ' per day) 

1. Basal diet (): milled veld hay treated with 1%urea 52.1 
2. (C) + cottonseed meal 62.5
 

3. (C) + soybean meal 61.1 
4. (C) + meat and bone meal 65.4 
5. (C)+ bood meal 61.5
 

6. (C) + combined supplement' 66.1 
SE 2.87 
a Cottonseed, soybean and meat and bone meals 

Live- and carcass weight changes of steers on resticted hay intake 

The live- and carcass weight changes of steers fed restricted amounts ofveld hay
sprayed with urea (36 g DM/kg ")and offered different protein supplements 
are shown in Table 4. 

All steers lost live- and carcass weight. Steers fed the combined supplement
lost 8.8 kg more (P<0.05) liveweight than the steers offered other supplements,
but this was not significantly different to the performance of the control steers. 
The steers in the other supplemented groups lost similar amounts of liveweight
but only the steers fed cottonseed meal performed ,oetter(P<0.05) than the 
control steers. 

Table 4. Live- andcarcass weight changes ofweanersteesfed 1A-wra-treaed veld hay (36g 

DM/kgP"7 
5 per day) wth or withoat protan supplemeats 

Starved liveweight (kg) Carcass weight (kg) 
Treatment Initial Final Change Initial Final Change 

1. Basal diet (C): milled veld hay 190.8 151.5 -39.3 98.9 72.5 -24 
treated with 1%urea 

2. (C) + cottonseed meal 196.2 162.7 -33.5 98.9 79.9 -19.0 
3. (C) + soybean meal 195.8 161.7 -34.1 98.9 80.6 -1&3 
4. (C) + meat and bone meal 195.4 160.0 -35.4 98.9 80.8 -1&1 
5. (C) + bood meal 195.4 160.4 -35.0 98.9 78.9 -20.0 
6. (C) + combined supplement' 199.2 155.9 -41.3 98.9 77.4 -21.4 
SE 6.60 2.53 2.53 0.01 1.41 1.40 

'Cottonseed, soybean and meat and bone meals 
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The steers in the control group lost 7 kg more (P<0.05) ccivass weight than 
the steers fed supplements. Among the supplemented steers th,. only significant 
(P<0.05) difference was between the steers fed the combined supplement and 
those fed soybean and meat and bone meal supplements. 

DISCUSSION 

Protein source had no significant effect (P>0.05) on the extent and rate of 
degradation ofveld hay in the rumen of steers on the different treatments. This 
indicates that the rumen environments in the steers on the different treatments 
were similar. The rumen pH and ammonia concentrations confirm this view. 
Preston and Leng (1987) have recommended rumen ammonia concentrations of 
at least 150 mg/litre for roughages of similar quality to the hay used in this 
experiment. The concentrations recorded in this experimnt were more than 
double this recommended figure. However, only one sample was taken, and 
sampling could have coincided with peak concentrations. 

The absence of a significant effect of protein supplementation on the 
degradation ofveld hay suggests that the basal diet supplied adequate nutrients 
for the rumen microbes and that the supply of pre-formed amino acids, peptides
and carbon chains from protein nitrogen sources provided no added advantage. 

Other studies (Kellaway and Leibholz, 1983; Sriskandarajah and Kellaway,
1984; Ndlovu, 1985) have found that when rurnen ammonia concentrations are 
adequate the response to rumen degradable protein from protein nitrogen sources 
is negligible. Thus, while acknowledging diurnal variation and the fact that spot
samples were used, it may be inferred that the ammonia concentrations found in 
this experiment were adequate for both maximum microbial protein production 
and optimum degradation of veld hay. 

Although there was ao increase in the rate or extent of degradat, .Aof veld 
hay with protein supplements, there was a significant (P<0.05) increa, in intake 
of veld hay dry matter. Kempton et al (1979) obtained similar results. Since the 
degradation of veld hay was similar in all treatments, it may be inferred that the 
increase in veld hay intake was not due to an improvement in the rumen 
environment of the supplemented animals compared to the control ones. 

Supplementation with protein, in addition to urea sprayed on the veld hay, 
resulted in a significant (P<0.05) reduction in live- and carcass weight losses in 
weaner steers offered sub-maintenance amounts of veld hay. This suggests that 
the effects ofprotein supplementation were achieved not only through an 
increase in roughage intake, but also through an improvement in nutrient supply. 
This agrees with the findings A'Smith et al (1978) and Ortigues (1987) who 
offered fish meal to growing dairy heifers and steers fed restricted amounts of 
fibre-rich diets, although their animals were fed in ecess of maintenance 
requirements. 

However, the reduction in live- and carcass weight losses with protein
supplemented treatments c impared to the control may be partly explained by an 

294
 



increase in energy intake. Assuming a metabolisable energy (ME) content of 
6.72 MJ/kg DM for veld hay (Topps and Oliver, 1978), an intake of 36 g of veld 
hay DM/kg075 would be equivalent to about 0.242 MJ ME/kg 7 .Taking a steer075'

ofabout 178 kg liveweight (mean of te initial and final weights), the 300 g/day
of supplement translaler to 6.2 g/kg ' , equivalent to 0.079 MJ E/kg 7' 5.This
level of supplementation ii equivalent to an increase of about 33% in ME intake. 
The average improvement in carcass weight change with supplementation was 
about 27%. 

While the contribution of ME intake in reducing live- and carcass weight
losses of the supplemented steers is acknowledged, it ispossible that part of the 
response was due to UDP (undegradable protein) supply. Several studies (Smith,
1978; Lindsay and Loxton, 1981; Fattet et al, 1984; Ortigues, 1987) hiwe shown 
the beneficial effects of UDP supplementation compared to energry at equal ME 
intakes. Smith (1978) used multiple regression analysis to show that for diets 
with high roughage and low protein content (85 g CP/kg DM), - used in this 
experiment, ME and UDP intake accounted for about 10 and 25%, respectively,
of the total variation in liveweight gains of growing dairy heifers and steers. 

Th,. metabolisability (ME/GE) of the diet used in the current experiment 
was estimated to be about 0.42. This would give a km value of 65% (ARC,
1980). Therefore the contribution of increased euergy intake to the reduction in 
carcass weight loss in this experiment would be about 79% of the total response
to supplementation. The remainder would be due to UDP supply.

The reason for including the combined protein supplement was to determine
if the individual protein sources would complement each other and result in
improved performance. There was no evidence of this for either veld hay intake 
or live- or carcass weight changes of steers. In fact, there was a slight negative 
response to the combined supplement compared to the individual protein sources. 

The lack of difference in the degradation and intake of veld hay and,
possibly, in the performance of weaner steers fed restricted quantities of veld hay
and offered different protein supplements, supports the observations by Oldham
(1981) and Orskov (1982) that there is little likelihood of improving animal 
performance by manipulating the quality of protein supply to the animal. This is
because the amino acid composition of digesta passing into the duodentm was
found to vary little under different feeding conditions (Oldham, 1981). 

CONCLUSIONS 

This study confirms the positive effects of UDP supplementation, in addition to
adequate rumen degradable protein, on the performance of growing steers 
offered restricted quantities of low-protein roughages. The feeding of protein
supplements led to an increase in intake of low-protein veld hay irrespective of
protein source. However, the source of UDP had no effect on either intake or the
performance of steers, suggesting that the UDP from the four proteins was of 
equal value. 
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ABSTRACT 

A feeding trial was conducted with crossbred dairy heifers to examine the effects on animal performance and sexual development of supplementing green
Sorghum bicolorwith low or high levels of concentrate. Supplementation hadhighly significant (P<0.01) effects on average daily gain, feed conversion
efficiency and heart girth of experimental animals. Animals supplemented with
the high level of concentrate reached puberty significantly (P<O.05) younger and 
at heavier liveweight than those on the low level of concentrate. Heifers fed 
forage only did not reach puberty during the experimental period. 

RESUME 

Performanceset d~veloppementsexuel de gtnissesdr race iaiti~realimentdes 
avec unfomgc de qual, midiocrecompltmenM avecdes concentrs 

Un essai d'alimentaion a &Jeffectual sur des gdnissesmetisses de race laitidre 
pourexaminer 'effe4 srleurs performances et leur dveloppement seue de la
compldmentation defourrage ver, de Sorghum bicolor avec deux niveaaxde 
concentrs. La comlpbnentation avait un effet hautement significauf (P<O,O1)
sur les gains moyens quotidiens, le taux de conversion des alimentset le
pdrim&rethoracique des animaux. Les gdnisses recevant le niveau d1evi de
concentr&s avaient atteint la pubertd aun age significativement (P<O,05)
inftrieurel d un poids ufsuprieur 4 celui des sujets soumis au faible niveau deconcentrd. Enfin, aucune des gdnisses recevant uniquement du fourrage n'avait
aueint la pubertd au cours de lapLriodeexpdrimentale. 
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INTRODUCTION 

Sorghum bicolor is a popular ruminant feed in Sudan. However, because its 
digestible crude-protein content is low, animals fed only this forage do not 
perform well. Supplementing forage-based diets with concentrates can improve 
rimen fermentation, fibre digestibility and forage intake (Church and Santos, 
1981; Lee et al, 1985; McCollum and Galyean, 1985). El-Tayeb and Gaber 
(1987) demonstrated that supplementing a combination of forages with 
concentrates improves performance and reproductive traits of Sudanese 
crossbred dairy heifers. However, during much of the year only one forage may 
be available. Therefore, the objective of this research was to examine the 
performance and sexual development of dairy heifers fed a low-quality forage 
(Sorghum icolor) supplemented with a concentrate mixture. 

MA[EX4ALAND MEHIODS 

Eighteen crossbred (Butana x Friesian) dairy heifers (average liveweight 
approximately 100 kg) were used in this trial; they were selected at random from 
a large herd which was housed and treated as one group. The animals were 
allowed a seven-day adaptation period after which they were stratified according 
to liveweights into three similar groups, of six animals each, which were then 
randomly assigned to one to the following treatments: 
* 	 forage only (diet A) 
* 	 forage plus 1 kg concentrate mixture (diet B) 
* 	 forage plus 2 kg concentrate mixture (diet C). 

Heifers were penned and fed in pairs. 
The concentrate mixture comprised 35% sorghum grain, 35% sunflower 

cake, 27%wheat bran, 2% limestone flour and 1%common salt. 
For th: first 130 days of the trial Sorghum bicolorwas the only forage 

offered to the experimental animals. For the next 45 days sorghum was in short 
suppi) and the heifers we re fed a mixture of groundnut hulls, alfalfa and 
sorghum. Sorghum then became freely available again and was offered to the 
heifers until they reached puberty. 

The chemical analysis of the feed irigrenwts is shown in Table 1. 
The concentrate was offered to the h,ifers once a day at 0800 hours 

throughout the experimental period. The heifers ate all the concentrate offered. 
Clean water was available throughout :he experimental period in all pens. 

The daily allowance of ihe forae was offered in one meal at 1000 hours, 
the amount offered being adjusted daily until the refusals were about 10% of the 
amount offered. Forage refusals were collected the following morning and the 
weight recorded. The daily feed intake was then calculated by subtracting the 
refusals from the amounts offered. 

The heifers were weighed, and their heart girths measured, every two weeks 
at 0700 hours before the morning meal. Average daily gain of the heifers was 
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Table 1. Chemical comm ition ofingredenuroftreatment diets 

Composition (% DM) 

Concentrate Sorghum Groundnut 
mixture bicolor hulls Alfalfa 

Dry matter (DM) 9&4 94.3 97.0 93.6 

Ash 6.2 &2 6.5 10.6
 
Crude protein (CP) 20.8 4.1 5.8 16.8
 

Crude fibre (CF) 33.4 39.3 66.! 28.0 

Ether exract (EE) 6.3 271.8 2.1
 

Nitrogen.free extract (NFE) 31.5 45.0 18.4 36.1
 

ME, MJ/kg DM 10.52 7.439.31 9.12 

Chemical compositions were determined by methods described by AOAC (1980)

Metabolsable energy (ME) values were obtained using the following equation (Ellis, 1980):

ME (Mi/kg DM) = 0.012CP + 0.031EE + 0.005CF + 0.014NFE
 

calculated by dividing the average biweekly liveweight gain by 14. Feed 
conversion ratio (kg feed/kg weight gain) was also computed. 

Sexual maturity was detected by the first presence of progesterone in the 
peripheral blood of the heifers. Jugular venous blood (5 ml) was obtained from 
each heifer once a week during the experimental period, by direct venipuncture 
uing 22G needles. Serum progesterine was assayed by direct solid-phase 
radioimmunoassay. 

Data were subjected to analysis of variance applicable to the randomised 
complete-block design (Steel and Torrie, 1980). Differences among treatment 
means were determined by least significant differences (Steel and Torrie, 1980). 

RESULTS AND DISCUSSION 

There were no significant differences (P>0.05) in dry-matter intake across 
treatments (Table 2). This finding agrees with that of Tayler and Wilkison 
(1972), but contradicts other studies which indicated that roughage intakes were 
depressed by increasing the level of concentrate supplementation (McCullough, 
1970; Leaver, 1973). 

As expected, metabolisable energy and crude-protein intakes increased 
(P<0.01) as the level of concentrate supplement was increased (Table 2). 

There were highly significant (P<0.01) differences in the fina liveweiglts, 
average daily gains and feed conversion ratios of heifers in the three treatment 
groups (Table 3). The weight improvement in heifers fed concentrates was 
expected, a.s the.concentrate would provide nutrients which may be lacking or 
deficient in the forage. Previous studies (Tayler and Wilkison, 1972; Leaver, 
1973; El-Tayeb and Gaber, 1987) also found that liveweight gain increased as 
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Table , Effect ofconcentrate sppementson feedintate ofdairyheifera oer130 days 

DietA Diet B Diet C 

DTy-matter intake (kg) 
Sorghwn bicolor 3.33 3.17 3.02 
Concentrate - 0.98 1.96 

Total 3.33 4.15 4.98 

Daily dzy-matter intake 2.59 2.55 
(% of liveweight) 

Daily ME intake (MJ) 31.00a 39.83b 48.73c 

Daily crude-protein intake (kg) 0.14a 0.33b 0.52c 

Means in the same row followed by a different letter differ significantly (P<0.01) 

Table 3 Effect ofconcentrate supplementson livweight gain and feed efficiency ofdairy heifers 

ower 130 das 

DictA Diet B Diet C 

Initial liveweight (kg) 100.0 99.8 100.2 

Final liveweight (kg) 119.8a 160.8b 195.7c 

Average daily gain (kg) 0.15. 0.47b 0.74c 

Feed conversion ratio 
(kg feedfg weight gain) 198 8.9b 6.8 

Means in the same row followed by a different letter differ significantly (P<O.01) 

the rate of concentrate supplementation increased. The feed conversion ratios 
found in the present study were higher than those observed by EI-Tayeb and 
Gaber (1987); this discrepancy may be due to the roughage used, which directly
affects the dry-matter intake and hence feed conversion ratio. 

The relationship between liveweight and heart girth is shown in Table 4. 
The greater (P<0.01) increase in heart girth was achieved by animals on the high
level of supplementation. Shioya et al (1975) and Takla (1988) also found that 
concentrate supplementation had a highly significant effect on heart girth.

Serum progesterone was not detected in heifers in group A (the
unsupplemented heifers), or in two heifers in group B. Serum progesterone
concentrations of the remaining heifers are shown in "able 5. These data are in 
line with those reported by Donaldson el al (1970) who found that the plasma 
progesterone concentrations of heifers ranged from 0.3 to 3.9 ng/ml when the 
first sample was obtained. 

Ovary surface examination by rectal palpation showed that high
concentrations of progesterone were accompanied by the presence of corpus
luteum. This agrees with previous work by Rakha et al (1970). 
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Table 4. Effect ofconcentratesupplementaon body conformaionofdaryhefers 

DictA Diet B Diet C 

Inidid 

Uveweighl (kg) 100.0 99.8 100.2 

Heart girth (cm) 112 112 111 

Correlation coefficient 0.99 0.99 0.97 

Final 

Uveweight (kg) 119.8a 160.8b 195.7c 
Heart girth (cm) 136a 187b 219c 
Correlation coefficient 0.98 0.98 0.97 

Means in the same row followed by a different letter differ significantly (P<0.01) 

Table5. Sermn progesteroneconce ation ofdairy heifers' 

Serum progesterone concentration (ng/ml) for individual heifers 

Diet B Diet C 

Ds = Detectable sample 

1st Ds 0.77 2.78 0.94 2.21 0.89 2.21 3.35 1.08 0.87 0.94 
2nd Ds 1.89 0.40 3.92 0.48 1.75 0.48 0.54 1.98 1.53 3.40 

3rd Ds 3.21 0.98 0.44 0.64 3.45 0.64 1D 3.47 2.20 ND 

4th Ds 0.42 3.12 0.82 1.74 ND 1.74 ND 0.67 0.60 0.91 

5th Ds 0.69 ND 1.68 3.27 0.98 3.-7 0.69 1.20 0.93 1.63 

' All betters in group A, and two heifers in group B, did not reach puberty 

ND = Non-detectable 

Some heifers showed visible signs of oestrus before progesterone was 
detected in their peripheral blood. 

Heifers fed the high level of concentrate reached puberty (first o1set of 
oestrus) at a significantly (P<0.05) younger age (20.5 months) and heavier 
liveweight (248 kg) than heifers fed the low level of concentrate (23.9 months 
and 231 kg, respectively). Generally, these findings agree with those of previous 
studies (Rakha et al, 1970; Short and Bellows, 1971; Little and Kay, 1979; 
Stewart et al, 1980; EI-Tayeb and Gaber, 1987) which showed that the improved 
nutrition affected the oret ofpuberty in cattle. 

The relationship between age and liveweight at puberty (r=0.33) was 
positive, but not significant (P>0.05), indicating that animals reached puberty at 
a given liveweight rather than at a given age. 
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CONCLUSIONS 

This work demonstrates that supplementing poor quality forage improves the 
performance and reproductive traits of crossbred dairy heifers. More research is 
needed to examine the influence of different types of supplement and 
combinations of forages, and to determine he optimum lihvel of ..pplementation. 
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ABSTRACT 

Welayita Sodo is a densely populated and intensively cultivated mid-altitude area 
of Ethiopia. Smallholder mixed farming is the dominant mode of production.
The crop and livestock subsystems are closely interdependent: livestock 
contribute to the cropping system in the form of draught power, manure and 
souices of cash for purchase of crop production inputs, while crop residues 
provide livestock feed, especially d.ing the dry season. 

Because of the high population density, land holdings per household are 
small. Inadequate feed supply is the main constraint to livestock production. In
 
order to optimise overall productivity there is a need to integrate food and feed
 
production. Introducing forage legumes seems an acceptable approach: forage
legumes will improve soil fertility, crop yields and herbage quality, and make the 
system more sustainable. Hedgerows of multipurpose fodder trees, productive
backyard forage. and undersowing or interplanting improved forages with food 
or plantation crops will probably be the most successful forage development
strategies -i this area. Research should look at temporal interactions between 
forage supply and form of feeding and nutrieri demand by animals to exploit
opportunities for marketing animals and their products. 

RESUME 

Perspectivesde l'intfgrationdes culturesvivri~reset de laproductiondes 
alimentsdu bitaild Wolayita Sodo (Ethiopie) 

Wolcyita Sodo est une regiond'altitudemoyenne, densdmemtpeuple, oil 
l'agricultureconstitueune activ;1t extrmement r6xanduedomineparle 
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systeme de lapetite erploitationmixte. L'Olevagey est 9troitementassocida 
l'agriculture:d'unepart, le bdtailfournitl'dnergiede tractionet lefwmier et 
assuredes revenus mondtairesservanta l'achatdes intrantsagricoles;de 
l'autre, les rsidusde rcoteentrent dans l'alimentationdes animnaux, 
notamment au cours de la saisons&'ize. 

Compte tenu de la forte denst depopulationde cette rdgion, les mdnages 
doivent se contenter de petits lopinsde terres.Paraillears,lespdnuries 
d'alimentsdu bdtailconstituentici le principalobstacleau ddveloppement de 
l'levage.Pouropiimiserlaproductivitl de l'ensemble di systdme, il convient de 
promouvoirl'intdgrationde la prodactiondes culturesvivridres et des ailments 
du bdtaiL L'introductionde ldgum6eusesfourragresdans ces sys:6mes de la 
petite exploitationmixte semble constituerune stratdgieviable.En effe4 celles-ci 
permettron non seulement d'ameliorerlafertilitedes sols, ses rendementv des 
cultureset la qualitddu couvert herbacg,maisdgalement de proinouvoirla 
durabilitgdu syst6-me. Lamise enplacede iaiesde ligneuxfourragersAusages
multiples et de vergers d'embouche ainsique l'introdictiond'espces
fourrag&esamliorcessous culture ou entreles ranggesdeplantes vivri~resou 
pdrennes constituentsansdoute cerainesdes meilleuresstraigiespossibles
dans cette rdgion.Enf-D, il convien pourpromouvoirla commercialisationdu 
bdtailet desproductionsanlmales, d'effectuer une &ude approfondiedes 
interactions4 long term4 entred'unepart les disponibilitdsfoirrag~reset de 
l'autre, le mode d'alimentationet les besoinsen 6l9mentsnutritifsdes animaux. 

INTRODUCTION 

A diagnostic survey was carried out in 1988 to assess the feed resources and the 
animal production situation in Welayita Sodo, Ethiopia. Data were collected by
interviewing 102 heads of households in the study area. In addition to the formal 
survey, supplementary information was collected from the Ministry of 
Agriculture. The information reported in this paper is partly based on this survey. 

Welayita Sodo is located at 6' 49' N latitude and 39' 47' E longitude, about 
400 km south-west ofAddis Ababa at an altitude of about 1900 m. The area has 
moderately drained, acidic red soils (nitosols). The average monthly temperature 
in the area ranges between 11.9"C (August) and 26.2C (January) with a mean 
annual temperature of 18.9C. Rainfall averages 1100 mm a year and is bimodal, 
with the short rains from February or March until April and the long rains from 
June until September or October. The area is representative of medium altitude, 
medium rainfall, acid soil areas of western Ethiopia, Kenya, Tanzania, Uganda, 
Rwanda, Burundi and Cameroon. 

The population density at Welayita Sodo is 250 inhabitants per km2, similar 
to that of other densely populated areas in Ethiopia. Land holdings are very 
small, the average per household being 0.96 ha. More than 65% of the total 
holding is cultivated, of which 68% is under food crops. Cash crops occupy 32% 
while cultivated forages occupy only 0.04% of the cultivated land. 
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The cropping system of the area is very intensive. Major food crops include,in order of importance, maize, sweet potato, enset (false banana), teff (Eragrostis
teJ), haricot bean, taro, sorghum, Irish potato, yam and cassava. Coffee is the
major cash crop. Intercropping is a common practice. Some farmers usechemical fertiliser, mainly diammonium phosphate, on food crops such as teff 
and maize. 

About 93% of the farmers are engaged in livestock production in addition tocropping. The average livestock holding per household is 3.60 cattle, 0.74 sheep,
0.25 goats, 0.13 donkeys, 0.02 mules, 0.02 horses and 2.09 poultry. The
predominant breed of cattle is the local zebu. 

Animal manure is applied on garden crops; livestock also provide draught
power for important farm operations. Crop residues are mainly used as
dry-season feed for livestock. It seems that there is a strong positive inter;ction
between crop and livestock production. This paper, therefore, attempts to assess
this complementarity and the prospects for further integration of food and feed 
production in Welayita Sodo. 

PREVAILING FEED RESOURCES IN WELAYITA SODO 

Type and nutritionalquality of available feed resources 

Natural pasture is the main source of feed for most of the year, but because ofpopulation pressure grazing land is limited to about 0.23 ha/household. Some
65% of the respondents do not have access to common grazing land and so haveto depend on their small individual holdings. About 50% of the farmers buy-in
additional grass from outside their farm. 

Quantitatively, therefore, stubble grazing and crop residues also serve as
important sources of feed. Cereal crop residues (straws and stovers) are mostly

stacked and fed to livestock during the dry season when the quantity and quality

of available fodder from natural pasture declines drastically.


The use of concentrate feeds is very minimal or nonexistent. However,
malted barley and boiled maize are occasionally fed to lactating cows to
stimulate minlk production. Agro-industrial byproducts such as meat and bone
meal, oitsced ciukes and flour mill byproducts are not available in the area.

Two :ineral-rich soils, locally known as Bole and Megadua are used as
mineral supplements for ruminants and equines, respectively.

Farmers also lop the leaves and branches of various trees and shrubs and
feed them to their animals during the dry season. They also collect herbaceous
wild plants, mostly legumes, as feed for lactating cows. Specimens of these
plants were collected and identified at ILCA. They include Acacia spp, Albzia 
spp, Budlejapolystachya,Clausenaanisata,Combretumspp, Cordia
abyssinica,Dodonaeaviscosa,Dracaenasteudneri,Ehretiacymosa,Erythrina
bruce4 Flacoviriaindica,Grewiaspp, Ipomoea spp, Neonotoniawightii, Olea 
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africana,Rubia cordifolia Schreberaalata,Triumfetta rhomboidea,Vernonia 
amygdalina,Zorniaglochidiataand Zorniasetosa. Enset and cassava leaves and 
sweet potato vines are also fed to animals during the dry season. 

The chemical composition and in vitro dry-matter (DM) digestibility of 
some of these feeds were determined. Crude-protein (CP) content ranged from 
3.38% (sweet potato tuber) to 24.19% (cassava tops). Neutral detergent fibre 
(NDF) content ranged from 31.28% (Dracaenasteudneri)to 62.20% (sorghum 
leaves). Acid detergent fibre (ADF) content varied between 6.73% (sweet potato 
tuber) and 56.85% (Cordiaabyssinica).Lignin content ranged from 1.35% 
(sweet potato tuber) to 27.86% (Cordia abyssinica).The ADF-ash content, 
which is indicative of the silica content, ranged from 0% in some of the feeds to 
17.13% in Combreturn sp. In vitro DM digestibility varied between 32.90 and 
82.17% and was negatively correlatea with ADF (r=-0.71) and lignin (r=-0.60) 
contents. About 74% of the feeds commonly used had in vitro DM digestibility 
va .es greater than 50%. 

All the feeds analysed, with the exceptions of sweet potato tuber, Schrebira 
alataand sorghum leaves, had resatively high CP content-above the 7.5% 
considered necessary for optimum rumaen function. Thus, most of them could be 
useful supplements to diets based oa crop residuies and poor quality natural 
pastures, which have low protein content. 

Most of the feeds analysed contained adequate amounts of all the required 
minerals, with the exception of phosphorus and sodium. Bole and Megaduasoils 
are rich in sodium, and could be used as sources of the mineral, but are low in 
phosphorus. Moreover, the high calcium content in the various feeds and mineral 
soils could aggravate the wide Ca:P ratio and precipitate the problem of 
phosphorus deficiency. Attempts should be made to correct the phosphorus 
levels of these feeds when they are used as dry-season supplements to diets 
based on crop residues and dry pastures. 

Availability of feed resources in Welayita district 

Estimatedquantitiesoffeed resources 

The total quantities of feed obtainable from crop residues in 1982/83 and 
1983/84 are shown in Table 1; there was drought in in Welayita Sodo in 1983/84. 
Assuming 10% wastage, the quantity potentially available for actual animal 
consumption was estimated as almost 166 000 and 107 000 t of DM in 1982/83 
and 1983/84, respectively. Among the many types of crop residue, maize stover 
and enset are quantitatively the most important, followed by teff, sorghum, 
haricot bean and sweet potato. 

In addition, natural sources provide more than 475 000 t of feed dry matter 
per year, about 73% of which is obtained from grazing and browsing of natural 
pasture (Table 2). 

312 



Table 1. Esrimated quantities offeed dry matter obtainable from different crop residues in 
Wdayita district in1982/83 and 1983/84 production years 

Crop production Crop residue production 
(t) Conversion (t DM) 

Crop 1982/83 1983/84 factor 1982/83 1983/84 

Teff 10810 9934 1.5 16215 14901 
Barley 304 343 1.5 ! 206 515 
Wheat 241 331 1.5 362 497 
Maize 37973 31122 2.0 75946 62244 
So.-,huwr 3699 1628 2.5 9248 4070 
Horse bean 1025 306 1.2 1'230 367 
Chick pea 66 122 1.2 79 146 
Haricot bean 4156 2791 1.2 4987 3349 
Field pea 135 66 1.2 162 79 
Potato 512 391 0.3 154 117 
Sweepotato 8 027 9366 0.3 2408 2810 
Yam 458 592 0.3 137 178 
Cassava 1025 365 1.0 1025 365 
Coffee 2302 1931 0.4 921 772 
Lentil 17 - 1.2 20 -
EFmt na na na 65200 22872 
Banana' na na na 4880 5272 
Total 18418M 118554 
@Crop production data not available. Crop rc.idue production based on area planted (8150 wn2859 ha ofenset, and 610 and 659 ha of bantna, n 1982/83 and 1983/84, respectively: MOA, 1984)

and crop residue yields of 8.0 t/ha per year for both crops (FAD, 1987) 
Sources: Crop production dita from MOA (1984). Conversion factors from FAD (1987) 

Availabilityoffeed dry matterrelativeto livestockpopulationofthe district 

The livestock population of Welayita district is estimated at 468 288 tropical
livestock units (TLU) (MOA, 1984; Jahnke, 1982). The availability of feed DM 
was calculated to be 1.37 and 1.24 t DM/TLU per year (equivalent to 3.75 and 
3.41 kg DM/TLU per day for the 1982/83 and 1983/84 production years,
respectively. The maintenance requirement is estimated at 4.6 kg DMITLU per
day (K-earl, 1982), so the available feed supply satisfied only ebout 78% of the 
livettock feed requirement of the area. However, the animals are reared
intensively; they are kept in the yards within the household and younger animals 
oi smallstock are kept inside the family's house. Hence, the animals have very 
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Table Z Feed dry mauer obtainablefrom dfferent landuse types in Wetayiua dsfrict 

Area DM yield Annual DM production 
Land use type (ha) (tha peryea) (t) 

Natural pasture 172 602 2.0 345 204 

Aftermath 53410 0.5 26705 

Fallow land 9 261 1.8 16670 

Fomat t2 771 0.7 8 940 

Woodland, bushland and 65016 1.2 78019
 
shrubland
 

Tbtal 475 538 

Source: FAO (1987) 

limited exposure to inclement weather and this minimises their maintenance 
requirement. The animals also ,ave constant access to household wastes, which 
gives them a decided advantage with reduced movment resulting in minimum 
energy loss. This, among other factors, is reflected in near acceptable animal 
performance in spite of the estimated inadequate feed supply. On the other hand, 
the metheds used in estimating the quantities of feeds available may not have 
been accurate and therefore there is a need to re-examine them. 

LIVESTOCK PRODUCTIVITY IN WELAYITA SODO 

The productivity of the ruminant livestock in the area issummarised in Table 3 
In general, livestock productivity is low for all classes of animals. The ielatively 
late age at maturity and the extended parturition intervals reflect an environment 
in which animals are subjected ,o long periods of nutritional stress. However, the 
estimated milk yield of cattle (about 500 kg/lactation, excluding milk consumed 
by the calf) can be considered acceptable for unimproved local zebu cows and 
this could be attributed to the practice of hand-feeding with various herbaceous 
and tree plants collected from the surroundings as well as with household wastes. 

Mortality rates could not be calculated from the data collected. However, 
farmers reporting mortality of young animals cited drought and nutritional stress 
as the main causes of death. 

MAJOR CONSTRAINTS TO LIVESTOCK PRODUCTION 

Shortage of grazing land and inadequate feed supply are the major problems 
facing livestock producers in the area. Most of the crop residues are used as 
livestock feed, but their supply is seasonal and they are used in the traditional 
way, without any pretreatment and/or strategic supplementation. The cultivation 
of fodder crops is limited due, among other reasons, to shortage of land. The 
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Table 3. 	 Producdtiw data for nawnw livestock in Wlayita Sodo, bared on iLnemiw data from 
102 households 

Cattle Sheep Goats 
Performance parameters Msian SD Mean SD Mean SD 
Weaning age (months) 9.8 4.8 5.32.9 1.8 1.0 
Age at sexual maturity (months) 52.3 10.2 11.4 4.6 11.0 6.6 
Age at first Parturition (months) 65.0 10.2 18.4 7.1 16.9 6.7 
Parturition interval (months) 26.2 6.6 12.9 4.3 11.1 2.3 
Daily milk yield (litres/head) 

Maximum 	 2.4 0.9 - _ 
Mimmum 	 1.0 0.5 ­ _
 
Mean 1.6 0.6 - _
 

Lactation length (months) 10.3 2.8 ­

integration of food and fodder crops in Welayita Sodo is nil to minimal due to
inadequate research data and extension services and the lack of economic 
incentives to the farmers. Generally, available feed resources are not sufficient
for optimum animal production. Lack of adequate financial resources and the
absence of institutionalised credit services for investment in livestock production 
are other constraints identified in the survey. 

PROSPECTS FOR INTEGRATING FOOD AND FEED PRODUCTION 

The traditional conpltmeniarity of food and feeds in Welayita Sodo 

Acute shortage of land and inadequate feed supply constrain animal output in
Welayita Sodo but the farmers in the area are amenable to supplementary feeding
of their animals. Where cash availability limits investment in livestock 
enterprises, as is the case in Welayita Sodo, the incorporation of forage legume
production with the crop subsystem may be an acceptable approach.

Leguinous forages can contribute to better utilisation of cereal crop
residues. Legumes are rich in protein and other nutrients such as minerals and
vitamins. Some forage legumes such as Desmodium intortum,Macrotyloma
axillareandStylosanthesguianensiswere shown in initial agronomic screening
trials to be suitable and productive; the trials were conducted by the International 
Livestock Centre for Africa (ILCA), in collaboration with the Ministry of 
Agriculture, in mid-altitude areas of Welayita Sodo and in the Rift Valley region
of Ethiopia. Some of the forage legumes were further evaluated in feeding and
digestibility trials and were found to be useful suppiements to crop-residue-based
diets (Table 4). 
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Tab:e4. 	 Voluniayfeedintak4 nitrogenretention and body wi&-t gwdn oflambs feda bayal diet 
ofmaize stover supplemnard wth differentlevelsoflegone hays 

Dry miatter intake (g/kg ' per day) Nitrogen 
Supplement retention Liveweight gain 
g/head per day Maize stover Legume hay Total (g/day) (g/day) 

Desmodium intortum 

250 28.9a 26.8c 55.7b -0.19 7.3b 

350 26.9b 35.0b 61.9a 1.51 24.9a 

450 17.Oc 44.7a 61.7a 1.41 30.9a 

Sty&osthes gWO-,nsis 

250 33.4a 26.0c 59.4b 0.82 15.Ob 
350 22.2b 36.6b 58.8b 1.61 13.9b 

450 20.3c 44.4a 64.7a 1.37 30.3a 

Within legume species, values in the same column followed by the same or .ao letter do not differ 
significantly(M .05) 

Leguminous fodders also make a very impoi: nt contribution to the crop 
subsystem. In systems with ninimum fertiliser inputs legumes enhance crop 
yields by reducing the rate of decline of soil fertility. Nitrogen fixed by the 
legumes will be available to food or plantation crops grown by the smallholders 
during concturent and/or subsequent seasons. For example, the planting of 
Desmodium intortuncv Greenleaf under coffee increased coffee berry yields by 
up to 19% on peasant holdings in Welayita Sodo (Lazier, 1987). Similarly, 
Haque (1990) found that intercropping maize with Macrotylomaaxillare 
produced significantly more total dry matter than sole maize plots, dthough the 
int-rcropped plots yielded less than half as much grain as maize in uure stand. 
From this finding, it was concluded that the production of large amounts of high 
quality feed during the dry season by Macrotyloiaaxillaremay be sufficient to 
offset the loss in maize grain yield for farmens with mixed crop-livestock farms 
and encourage them to adopt cereal-legume intercropping (Halue, 1990). But 
this tentative a, sumption needs to be tested in the field against farmers' 
responses/reactons to low grain yields vis-4-vis potential animal productivity 
and marketing hi Welayita Sodo. Alley cropping with leguminous multipurpose 
trees such as Sesbaniasesban,Leucaena leucocephalaand Gliricidiaspp offers 
alternatives to intercropped forage legumes. 

Stratification of livestock production 

The adoption of forage legume technologies would also assist in stratification of 
livestock production. During the dry season there is an acute shortage of feed in 
the lower altitude rangelands (mainly inhabited by pastoralists), resulting in 

316
 



substantial body weight loss and/or, during severe droughts, even death of the 
animals. These losses could be partially averted by selhng some meat animals 
(steers and small ruminants) to highland farmers for fattening, but this exercise 
would only be feasible if adequate feed can be made aval1able in the highlands,
through improved forage production and if there are suitable marketing facilities. 

In general, stratification of animal production is an advantageous strategy

for both the lowland pastoralists and the mixed crop-livestock farmers of the
 
higlands. Studies on animal health and on marketing are needed to assess the
 
subtainability of this intervention For the pastorahists, this strategy will:
 
* reduce feed problems for animals domiciled in the rangelands

* 
 protect the rangelands from the likely slow land degradation by adjusting

stocking rates through increased offtake 
• 	generate some cash income
 

And the highland mixed farmers will benefit from:
 
• 	increases in income, general welfare and cash input for crop production
* 	 enhanced soil fertility in the cropping areas from animal manure and from
 

the forage legumes
 

Temporal interaction between forage supply and demand 

If farmers are to adopt a sustainable integrated crop-livestock production system
there is dnieed to develop packages that will fit forage production and 
conservation with the nutrient demand curves by the animals to exploit market 
opportunities for livestock and livestock products. Researchers need to work in a 
more problem-oriented and integrated approach to overcome the isolation of 
disciplines like nutrition, forage agronomy and socio-economics. Research 
should be extension-oriented, addressing the needs of the smallholder in 
Welayita Sodo. 

The four "I"s 

Irrespective of the locality or the scale of operation, successful integration of 
food and feed production subsystems will depend on: 
* 	 institutional factors resulting from government agricultural policy
" 	 infrastructure that is conducive to agriculure production and marketing, 

nationally, regionally or internationally 
• 	inputs to the production systems-credit and financial facilities 
• 	incentives, interrelated to agricultural policy, infrastructure and ease with 

which inputs are available. 
In most cases farmers' incentives to increasing agricultural productivity are 

spontaneous and self-triggered. Lamentably the natuial wisdom of the peasantry
in Yationalising the practicabilities of these issues, as they affect their well-being,
is often assumed not to exist, underplayed or neglected by policy makers, 
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research workers and even by extension services. We might be excused, 
sometimes, for assuming that, as researchers, we have better tools to evaluate 
sustainability issues and other long-term interests of the farmers we are supposed 
to help. That should not blind us to the fact that they, the farmers, al3o know 
what are their priorities, in the short and medium term. 

CONCLUSIONS 

Our success in increasing agricultural production within the multiplicity of 
existing subsystems in sub-Saharan Africa depends upon our ability to recognise 
and appreciate the interrelationships of the four 'T's outlined. There is a need to 
develop these infrastructures at the rural level and especially, in these days of 
gender issues, to lessen the load of women in feeding their families. For Welayita 
Sodo, forage production technology will be more acceptable if it fits into the 
existing production system, based on the available marketing infrastructure and 
financial inputs. Forages should be integrated with cropping systems rather than 
displace crops. Other forages could be pruduced from fence lines and hedges or 
in a backyard forage bank. We advocate that research should be devoted to the 
temporal interactioa between forage supply and nutrient demand curves as they 
relate to a possible exploitation of market opportunities of animals and their 
products in Welayita Sodo. 
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ABSTRACT 

Inadequate feeding of livestock is a major problem in tropical Africa. Althougb
much is known about th: nutritional and economic value of crop byproducts as 
animal feed, little ifozm3tion is available on the regional distribution of these 
byproducts, o-rt their extraction rates or on levels of self-sufficiency. In 
Cameroon, large quantifies of ceieal, tuber and root crops are produced aanually
and byproducts from there crops could be used as animal feed. 

This paper provides a quantitative analysis of crop byproducts available in 
Cameroon. Various extraction tes are estimated and relatzd to the numbers of 
livestock and their nutritional requirements to determine the level of 
self-sufficiency in crop byproducts as animal feed. Results indicate that nutrients 
from crop byproducts are curiently in short supply and that the byproducts are 
underexploited for feeding animals. Integration of crop and animal production 
would be a way of alleviating animal feed problems. 

RESUME 

Etude nutridanneileet economique sur l'autosuffisanceen aliments du bdtail 
au Cameroungraced uneproductionfourraggre/vdgAtaleat animaleintgre 

Les p&uriesd'alinentsdu bdtailconstituentvL problmeserieux enAfrique
tropicale.Alors que l'on connait relativementbien lavaleur nutriionnelleet 
Oconomiquedes sous-produitsagricolesutilissdans 'alimnentationdes animaux 
d'dlevage, on ne petit en revanche en direautantde leur rdpartition
gdographique,des taux d'exploitationdesplantesou de lapartdes besoins 
qu'ilspermettenteffectivement de couvrir.Au Cameroun, onproduitchaque 
annded'importantesquantitds de cdrdales,de racineset de tubercules,cultures 
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dont les sous-produitspourraiententrerdais l'alimentaiondes anmnaux 
d'oflevage. 

Cette iu;epituente des doraueeschiffressur ces sous-prduitsagricoles.
Les taux d'exploitationdes diversesciduires ont 66 estim6 puis utiliss,compte
tenu des effectifs animaxet de leurs besoins nutritionneLv,pourdfterminerla 
partdes besoins cn alimnts du bMtailque ces sous-produitspourraient 
permetrede c(.uvrir Les r.sultatsrdvlent que ces sous-produitsnefournissent 
passufflsamme, d'&lmentsnutritifsaux aninauxet sont en outre sous-utilis&s 
ds l'alimentationaninale.Uneprodactionv9gdtale et animaleintogre
pourraitpermettred'amliorerI'alimentationdes animauxd'dlevage au 
Cameroun. 
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ABSTRACT 

The yields and quality of pastures, fodder grasses and food-crop-related sources 
of feeds in western Kenya are reviewed. 

Yields of up to 5.8, 40, 1 ard 14.1 t DM/ha for pastures and fodder grasses
(per yeah) and iwize thinnings and sweet potato vines (per season), respective!y, 
ar- reported. Deficiencies in phosphorus and sodium ir pastures in the region are 
reported. The potentials and limitations of the feed reso,.rces in the region with 
itsp,'zt to the feed needs of dual-purpose goats are discussed. 

RESUME 

Pro.uc on et utilisa'ondesalimentsdu bfallpar la chvred doublefin en 
petit dievage dansl'ouestd Kenya 

La productionet laqualit des herbagesdesparcours,desgramines
fourragares et des sous-prnduitsdes culturesvivri~resrenceintr6sdans l'ouestdu 
Kenya ont & analysesdans cette dtude 

Desrendementspouvant alerjusqu'. 5,8; 40; 1; et 14,1 t/ha ont gt
enregistrd respecthementpourles herbagesdespan'curset les gramin&s
fourragres(pa;-an), lesproduits du demariagedu maiset les tiges depatate
douce (par saison).Les carencesdesparcoursde cene rdgionen phosphoreet en 
sodium ont 6t4 adcriteset les potentialitdsainsique les limite desressources 
alimentairesdisponiblessurplaceont Wrexamindes. 
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INTRODUCTION 

Over the past 10 years the Small Ruminant Collaborative Research Support
Program (SR-CRSP) has been undertaking multidisciplinary farming systems
research in the intensive farming regions of western Kenya, with a view to 
developing an entire production technology package for dual-purpose (meat and 
milk) goats. The research has been concentrated mainly in selected sites 
(clusters) within Kakamega and Siaya districts. 

Kakamega district, at an altitude of 1400-1850 m, is considered to be a 
zone of high agricultural potential (Pratt et al, 1966); it has high annual average
rainfall of 1200-210 mm, distributed bimodally, and lush vegetation. According 
to Jaetzold and Schmidt (1982), however, 85% of the district is covered with 
infertile Acrisols except for a small fertile area of Nitosols around Kakamega 
town. 

Siaya district, on the other hand, is considered to be a zone of medium 
agricultural potential (Pratt et al, 1966). Rainfall is bimodal but Icwer than in 
Kakamega district and second season rains arc less reliable. Annual average
rainfall is about 1140 mm, ranging from 800 mm at the shoies of Lake Victoria 
to 2000 mm near the border with Kakamega. The altitude ranges from 1140 to 
1500 m. Soils here are generally of low fertility; they range from black cotton 
soils along the lake shores to red friable loams in the north-east of the district. 
According to Jaetzold and Schmidt (1982) the dominant soils in the district are 
mainly soils deve.loped on basic igneous rocks and occur on lower level uplands.
They include Luvisols, Nitosols and Ferralsols, the later being limited in fertility
and water-holding capacity. 

One of the major concerns of the SR-CRSP has been to study the crop and 
forage production systems currently used by smallh( ders in the region and to 
develop and test interventions to improve feed produ tion without adversely 
affecting food-crop production. This paper highlight, some of the research 
findings. It also exawines the practical implications of these res-ats with respect 
to the utiisation of these feeds by the dual-purpose goats being introduced in the 
region by SR-CR',P. 

MATERIALS AND METHODS 

Study sites (clustcr) were chosen in Kakamega and Siaya districts to represent 
two agro-ecological zonies. The sample sites used were drawn from a much 
larger national sample frame which had been designed earlier by Kenya's
Central Bureau of Statistics of the then Ministry of Finance and Economic 
Planning for use in the first phase of its Integrated Rural Surveys.

After the selection of the study sites and identification of households within 
each site, a baseline survey was undertaken to provide information on such 
aspecisc as household composition, land-use patterns, livestock numbers and 
types and other capital resources. Monitoring surveys then followed routinely at 
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28-day intervals to assess the seasonal changes in farming activities, quantity and
quality of feeds, and condition of the arimals (Sands, 1983). Samples of the 
major feeds consumed by livestock were taken at intervals over a year and their 
quality determined by laboratory analyses. After the surveys, several 
experiments were carried out, both on-station and on-farm, to develop feed 
production technologies which can be integrated into the existing cropping
systems of the region (SR-CRSP, 1981-90a, b). Technology packages
(Techpaks) have beer developed and are being tested on the farms. The adoption
patterns of the individual components of the Techpaks are being monitored. 

RESULTS AND DISCUSSION 

The major sources of feed for livestock in the smallholder farming systems of 
the two districts in western Kenya are mainly unimproved, uncultivated 
communal grazing areas, roadsides, homesteads, school compounds, planted
fodder grasses and food-crop-related sources. 

Natural grazing 

The natural pastuies in the region consist mostly of grasses of the genera
Cynodon,Hyparrhenia,Digitaria,Penmiseum, Loudeuia,Sporobolusand 
Cymbopogon. 

There are scanty data on the potential productivity of these pastures.
Goldson (1977), however, reported a mean annual yield for 18 pastures in six 
small farms in the region to be 4747 kg DM/ha. Basing their estimates on 
Goldson's results for botanical composition and annual rainfall, Sands et al 
(1982), working in the same region, gave specific DM yield figures for 
Kakamega and Siaya farms as 5757 and 3752 kg/ha per year, respectively. Of 
these annual totals, the long rains contribute 3838 and 2502 kg/ha per s 9asonfor 
Kakamega and Siaya while the short rains contribute 1919 and 1250 kg/ha per 
season, respectively. Table 1shows some estimates of on-farm grazing DM 
yields by farm size classes based on the seasonaJy available grazing areas. It can 
be seen from the foregoing that the greatest problem is lack of precise
information on the productivity of the available grazing areas which still 
contribute over 50% of the feed resources of livestock in the region. This 
information would be useful in designing feeding programmes for the livestock 
in a situation where the opportunity cost of growing feeds would be too high and 
labour is constraining. 

The species composition ef the pastures varies with district, microclimate 
and season. Table 2 gives a summary of the quality parameters for some of the 
dominant species across th. two districts. The crude-protein (CP) values for C. 
dactylon.P.purpureum and roadside mix compare favourably with values 
reported for grasses by other workers, especially for early stages of growth 

323
 



Table 1. Annuwproducotin offodderand digestble energy from grazingareas 

Short rains (1980) Long raiv' (1981) 

Farm size Dry-matter Digestiblc-energy yield Dry-matter Digestible-energy yield
(ha) yield (kg/farm) (MCal/fann) yield (kg/farm) CMCal/farm) 

< 0.5 295 516761 1338 

0.5-1.0 576 1489 716 1828
 

1.0-1.5 1257 1202
3245 3002
 

1.5-2.0 1336 3501 1786 4610
 

> 2.0 2384 19896150 5043 

Source: Sands ct al (1982) 

(French, 1943; Thairu and T-ssema, 1997). The CP value for C. afronardusir, 
however, more characteristic of late stage of growth or dry season. Most of the 
areas in Siaya district are, unfortunately, dominated by this grass which is also 
deficient in calcium, posphorns, magnesium and zinc. It is also low in 
digestibility and digestible-energy content as well as in dry-matter intake, and 
these conditions persist throughout the year (Sands et al, 1982). 

The macro- and microelement levels of pastures are equally important and 
tiieir importanc in livestock production has been adequately documented by 
Underwood (1966) for temperate regions. The mineral levels in pastures in 
western Kenya have been reported by Sands ,t al (1982), Musalia et al (1989) 
and Mbwiria et al (1984). Table 3 gives a suLimary of the results. It is appareL!
from the data reported by Sands et al (1982) and Musalia et al (1989) that the 
sampling method used has a real effect on the results obtained in mineral 
xnalysis for samples taken from the same study area. Whereas Sands et al (1982) 
collected samples of individual grass species at intervals over a year and pooled 
these per spe 'es for analysis, Musalia et al (1989) colltcttd representative 
samples of forage materials consumed by goats on a monthly basis for a period
of five months covering both the wet and dry seasons. The latter workers 
reported generally higher levels of minerals. For example, for the 
macroeleinems, it is only phosphorus and potassium (in C. dactylon and C. 
afronardus)levels which were higher in the data of Sands et al (1982) than in 
those of Musalia et al (1989). For the microelements, it is only copper levels in 
the data of Sands et al (1982) that were close to those of Musalia et al (1989), the 
rest being very low. Again Musalia et al (1989) indicated higher mineral levels 
for lower altitudes than fo: higher altitudes. Since Musalia et al (1989) were 
mimicking grazing goats when taking their samples their results are probably 
closer to the practical situation. This is because a grazi;rg animal is usually able 
to select a cGet of higher quality than that of the average pasture. 

it is, nevertheless , clear flom both studies that Mg is adequate in the area 
irrespective of sampling method. The same is !i ue of Fe which is exceptionally 
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Table 2. Mean q ality paramtersfor some of the dominant grass species in western Kenya 

C. dacty/on C. afronarus P purpmreum Roadside mix 

Quality parameters Mean SD Mean SD Mean SD Mean SD 

Crade protein 
Neutral detergentNbre (Nrdt) 

21.25 

64.56 

1.00 

4.03 

6.56 

74.36 

2.17 

1.35 

10.06 

65.92 

2.96 

3.72 

18.73 

69.39 

5.52 

6.86 
Abre (dtegnfibr 

Aciecdetergent fibre 31.55 1.24 44.90 2.34 38.25 3.54 33.59 4.08 
(ADF) 

Hemicelluloe 33.21 2.87 29.46 1.50 27.67 1.68 35.80 3.72 
Cellulose 27.33 1.38 38.13 1.70 34.28 2.84 29.25 3.35 
Lignin (L) 4.02 0.38 6.78 0.86 3.97 1.09 4.34 0.89 
I.ADF 0.13 0.01 0.15 0.01 0.10 0.02 0.13 0.02 
Silica 2.32 0.56 3.31 0.45 4.40 0.61 2.67 0.52 

Invitr cell-wall 69.79 4.42 45.46 11.48 64.81 5.47 69.42 5.36 
digestibility 

In vitro organic. 
matter digestibility 79.02 2.80 55.87 9.57 72.66 4.85 76.23 5.17 

Fredicted cell-wall 59.97 3.83 54.49 2.83 67.94 5.49 60.02 4.18 
digestibility 

Predicted organic­
matter digestibility 78.69 3.00 69.26 2.61 86.05 6.30 75.89 5.88 

Predicted digestible 
energy 3.14 0.11 2.12 0.39 2.90 0.19 3.06 0.21 
(MCalkg DM) 

Predic.ed dry-matter 
intake 
(g/kg BW 7 

)_ 

61.43 5.92 43.30 3.57 59.50 5.73 52.35 11.20 

Predictions based on summative equations of Goering and Van Soest (1970) 
Soure: Sands ct al (1982) 

high and Na which is low. It is apparent from this that it is difficult to rely on 
experimental data for establishing mineral supplementation regimes for grazing
livestock and more so for those that browse as well. 

It is known that concentrations of mineral elements in forages are generally
dependent upon the interactions of edaphic, biotic and climatic factors 
(McDowell, 1976). Spcific regiona differences in soil characteristics such as 
differences in geological formations, drainage and pH, account for most of the 
naturally occurring mineral deficiencies in livestock (Hartmans, 1970; Mitchell 
et al, 1957; Latteur, 1962; Pfander, 1971;). Some differences are species-specific, 
some plantr. being able to accumulate higher levels of particular mineral 
elements than others growing on the same soil (Beeson, 1961). Stage of maturity 
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Table 3. Macro- and microe/erentr v in pasitiesin western Kenya 

Sqk8 DM mg/kg DM 

Sample arAlysed Ca Mg Na Fe Zn MnP K CU 

C. afrm-nardus 1.56 2.2 0.9 16.3 0.012 1975 2 12 

P.purpureum 2.12 3.5 1.4 54.8 0.038 51 18 5 80 
Roadside mix! 4.72 3.3 1.9 3.8 0.122 202 49 9 77 

b
 
Tethering sites
 

Grass 3.60 1.6 1.8 5.1 0.20 222 28 7 118 
Browse 6.30 1.3 2.1 3.4 0.19 317 33 13 ill 

28 genera of gra.,es 3.70 2.8 3.1 28.0 0.60 480 34.1 29.4 165 
Expected range 0.40 0.2 0.3 - 0.01 - 1.0 1.1 9 

to to to tO toto tO 

60 7.1 10 21.2 120 100 2400 
Critical level (goats) 3.60 2.7 0.9 - 0.9 15 45 7 45 

b Roaiide mix is mainly Digitariascalarum andCyrodon d--%tylonData for tethering sites are means of four study sites (Maseno, Masumbi, Hamis; and Kaimosi)
Sourcc: Sands et ul (1982); Musalia et al (1989); Kayongo Male and Thomas (1975); Minson (1977;

1982) 

of pastures also affects levels of mineral contents with elements such as P,K,
Mg, Na, Cl, Cu, Co, Zn and Mo declining as the plant matures (TInderwoed,
1966). Pasture management and yield also affect plant mineral composition
through, for instance, grazing pressures which will determine the predominant
species of forage in an area and consequently affect mineral composition.

Mineral requirements, on the other hand, are highly dependent on the level 
of productivity (ARC, 1965; NRC, 1970) and breeds (Pilips, 1956; Correa,
1957; Wiener and Field, 1969). For example, unde' improved management
practices where levels of milk production and growth rates are highly improved,
mineral nutrition becomes a crucial part of the management strategy. It is, 
however, difficult to pinpoint specific mineral requirements since exact needs 
depend on the chemical form in which the mineral is available and 
interrelationships which exist between them, such as occur with Ca and P. 
Although estimates of requirements are useful, they can only provide guidelines
and cannot be a replacement for the critical diagnostic test-a positive response 
to correction ofa suspected deficiency.

In summary, pastures in westcm Kenya are generaLly low in P and Na and 
these deficiencies are more elaborate in some grass species than in others. 
Phosphorus levels in Cymbopogon, for example, are inadequate to support milk 
production and acceptable fertility levels. The grass species is also low in Mg,
Zn, and Na. The exce:,sive levels of Fe can have adverse effects by increasing 
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the likelihood of Cu deficiency dveloping. It has been shown that a relatively
minor increase in dietary iron to almost Ig/kg for cattle rapidly reduced liver 
plasma copper to concentrations indicative of deiciency (Humphnes et al, 1981). 

Fodder grasses 

Fodder grasses are mainly important as cut-and-carry sources of feed. The most 
widely grown fodder grass in Kenya is Napier grass (Peizisrumpurpureum)
and its derivatives such as bana grass (P.purputewn xi?. typhoides) which is the 
one mostly recommended for dairy tnterprises. Produitiviry of bans grass varies 
from one area to another and depends on[i whether or not ferliliser or manue is 
applied. Yields of up to 10 t DM/ha after cight month,, of growth have been 
reported (KARl, 1985). This represents on average a daily growth rate of about 
180 kgha.

In western Kenya, Mathuva et al (1985) reported a DM yield ot 3.4 t/ha for 
a first cutting height of 13 m with acrude-proteiu level of'13.3% when feriliser 

t
(NPK 20-20-60) was ;pplied at the aeof 100 kg N/ha. The ,uaiulative yield
for a year (tree cuts) was 40 t DMfha. 

"thequality of Napier grass at utilisadon tMaLe is often igh. Sidaned et al 
(t984) reported an avwrage in vitro apparent dry-mattei digestibility of 76.2% for 
western Kenya. Research on the use of Vie Napier-, in small ruminant production 
systems is still scarce. However, studies by van Eys et al (1986) have shown that 
goats fed only Napier grass of 6-8 weeks regrowth with a 12% CP content had 
an average daily weight los of Ig/day compared to a weight gain of 21 g/day
for goats fed Napier supplemented with Gliricidiamaculata,Leucaena 
leucocephalaor Sesbaniagrandiflora.Thus, although CP requirements of 
ruminns for moderate levels ofpro.ction are met at dietary DM 
concentrations of 11-12% (ARC, 1980), this study showed that productivity of 
goats fed Napier grass containing otherwise adequate levels of CP may still be 
limited by the inefficient utilisation of nitrogen. This is again demonstrated in a 
study by Yates and Panggabean (19M/), in which goats were offered either a 
basal diet of Napier grass ui libitunwith no supplement or Napier grags
supplemented with either an energy- and protein-containing concentraie or fresh 
chopped Leucaena leaves and small twigs, both supplements being offered at 
levels of 25, 50 or '75% or ad libiaan.The obje.,tive of this study was to look at 
the effects of increasing amounts of supplements on feed intake and 
performance. Those animals which weir on 100% Napier grass lost weight at the 
rate of 19 g/day whereas there wore posit-lve responses in liveweight change with 
increased intakes of concentrates and Leucaema, with maximum liveweight gains
of 76 and 43 g/day for ad libitum concentrate and Leucaena, respectively. It was 
shown that to maintain liveweights, approximately 180 and 220 g/day of 
concentrate and Leucaena,respe.ctively, were required in addition to the basal 
diet. The efficiency of protein utilisation can thus be increased by 
supplementation with tree legumes. 
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Food-crop-related sources 

Freshfeeds 

The major food crops in western Kenya include maize (Zeamays), beans 
(Phaseolusvulgaris),sweet potatoes (Ipomoeabatatas),sorghum (Sorghum
vuigare) and cassava (Madhotutillisima).The distribution of these crops in the 
region follows the agro-ecological zones, with cassava and sorghum being
mostly predominant in the lower altitude zones of Siaya district. 

The interactions between the food crops and animal production systems are 
stronger in K-.kamega tban in Siaya district. This is so becau e, with a population
density estim.ted at over 800 persons/km2 , Kakimega district has very little land 
left for graring. Maize, which is the major cereal crop in the district, is also a 
major source of feed for livestock. It can generate feeds through thinning and 
leaf-stripping just before the crop isready for harvesting of ears. Usually a 
fnumer would plant more than one seed per hill as a security against germination
losses. The extra seedlings a!e eventually thinned out at weeding and are a useftl 
somuce of feed, particularly for smallstock. Depending on the original plant
population, between 350 and 1000 kg DM/ha can be generated with a mean 
crude-prtein content and in vitro dry-mattet digestibility of 21 and 59%, 
respectively. Additional feed can be generated in this way just after silking stage 
from those plants that will have arborted. 

Leaf-stripping can begin 90 days after planting with the removal of one leaf 
per plant per week, starting with the bottom leaves. Four leaves, including the 
flag leaf and the leaves sub'.nding the cobs, should be,left on each plant. This 
procedure can give about 8(X kg DMha if done for ap to nine weeks. Table 4 
shows senie estimates of quality reported for fresh and dry (hay) leaf-strippings.
It has been shown that fresh maize leaves contain sufficient protein, macro­
elements and energy to support lamb gains at about 100 g/day with an intake of 
770 g/day and food conversion efficiency of 8- 0(Kayongo-Male and Abate, 
1982). 

Sorghum can also provide thinnings and strippings, although early stripping
should be avoided as itcan have a negative effect on grain yield. The advantage
with sorghum is that after harvesting the heads the crop can be ratooned and the 
regrowth used as feed. However, all sorghums (grain or forage types) contain at 
least trace amounts of cyanogenic glucoside. When an animal feeds on the plant
the glucoside is broken down by a glucosidase enzyme and hydrogeu cyanide is 
released; the enzyme is present both in the plant tissue and in the rumen liquor. 
The hydrogen cyanide released is rapidly absorbed into the bloodstream where it 
combines with haemoglobin to form cyanohaemoglobin which does not take up 
oxygen. The poisoned animal then dies from respiratory paralysis. Tb reduce the 
chances of poisoning, it is better to avoid grazing wilted or very young plants, 
and grazing very hungry animals. 
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Table 4. Quality etimates offresh and dy (hay) maize leafstrippings 

Content (%DM) 

Qu.,!ity parameters Fresh leaves Dry hay 

Crude prot,,in 128 9.5 
Acid deterger.1 fibre 41.8 47.5 

Ugnin 6.5 6.3 
In vwo dry-matterdigestibility 55.7 50.5 

Calcii=n 0.60 -

Phosphorus 0.25 -

Source: Adapked from Kayongo-Male and Abate (1982) 

The other major food crop in the region with potential for feed is the sweet 
potato which is traditionally grown to provide tubers for human consumption.
Several cultivars ozcar in the region, often planted together in mixtures, and they
differr n their potential for tuber and vine prodaction. Karachi (1982) evaluated 
31 local culivars for their tuber yields and protein contents cf both tubers ai-d 
vines after nine months of growth. He observed sigrificant differences in tuber 
protein content, mean tuber numbers per square metre, mean tuber weight and 
tuber yields. There were also significant differences in dry-matter content of the 
vines. On the basis of these observed differences he classified the cultivars into 
vine, tuber, and multipurpose types (Table 5). Similar studies have been done at 
Maseno using cultivars collected within a 15 km radius around the Maseno 
research station (Onim et al, 1985). Large ifferences in tuber and vine yields 
were again observed, the best tuber-yielding cultivar giving 20.9 t/ha of fresh 
tuber (equivalent to 6.81 t DM/ha) with a crude .protein content of 8% after the 
months ofgrowth. The poorest tuber yielder gave the highest vine yield of 14.1 t 
DM11 a ipeight months, indicating a negative relationship (r=-0.36) between 
vine DM yield and tuber fresh-weight yield. The mean vine yield of 8.5 t DM/h,, 
in eight months i,.s much higher than the range of 4.0-5.6 t DMA/a per harvest 
r-eported by Ruiz et 0l (1980). The performance of sweet potatoes in western 
Kenya is taus ver, good and the observed large and significant variations 
(P<.01) among the forage parameters and tuber yields indicate a potential for 
improvement through selection. In terms of forage production a high vine:tuber 
ratio would be the ideal choice. However, under smallhulder conditions where 
tubers are equally in high demand, a compromise between tuber and vine yield is 
a better optior and this is where the multipurpose types become most appropriate. 

Nutritional studies at Maseno using crosses of Toggenburg on East African 
goats have shown differences in dry-matter intakes of sweet potato vines 
according to the physiological status of the animals, with the lowest intakes 
being recorded in dry does (2.5-2.8% body weight) followed by kids of six 
months of age (3.9-4.8% body weight) and then lactating does (6.1-6.8% body 
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TableS. Cla sificgon ofsweet potatotson the basis ofbdler and ,.ine yield 

Tuber:vine Vine:tuber Total dry-matter yield 
Purpos Cultlivar ratio ratio (/ha) 

Taber Muibai 0.5 1.9 17.7 

3011 0.5 2.0 17.4 

3009 0.8 2.0 21.3 

Giganda (E) 1.0 .0 16.2 
Midtipurpoe Nyaliech 0.3 3.5 28.6 

Op:emo 0.4 2.5 296 

Nyakonde 0.6 1.7 23.9 

Mania 0.6 1.7 21.0 
Vines Namunjuna 0.2 6.4 21.0 

Calorne lea 0.2 4.6 21.9 

Musinyamu 0.3 3.7 24.0 

Toilo 0.3 3,5 20.8 

Source: Karachi (1982) 

weight) (Brown and Nderito, 1982). These differences would be expected,

although the high value recorded for the lactating does is more characteristic of
 
temperate dairy breeds. Values of up to 5-7%of body weight have been cited as 
suitable for dairy goats in a temperate environment (Mackenzie, 1967).
Devendra (1967) reported a value of 1.6% as the maintenance level for Kambing
Katjang goats (meat) in Malaysia. When the same goats were placed on three 
different planes of nutrition above maintenance, the value rose to 2.2, 2.6 and 
2.7% for each level, respectively.

Dry-matter intake (DM1) as a percentage of body , eight thus rises from 
that of meat goats through the dual-parpose types to the highest levels being
achieved in the dairy types. Indeed, for meat and fibre production, goats seldom 
exceed DM above 3% of body wcight. Again, although the DMI for dairy
breeds are higher they vary depending on breed-environment interaction. 
Typical values are about 3.3% for indigenous goals in the tropics, 3.6% for 
exotic breeds introduced in the tropics and 5.0% for Lhots in temperate regions.
The relatively lower intakes for tropical dair- breeds and a!so for exotic breeds 
imported into the topics are attributable to a combination of bGdy size and high
ambient temperatures which tend to depress appetite.

The very high DM1 values for lactating does reported under experimental
conditions in Maseno are surprising for a feed with high water content (86%)
given that a high level of water in feed has been reported to be one of the main 
causes of low DMI in the region (Semenye et al, 1989). Indeed in all the intake 
studies undertaken in Maseno so far the DMI for vines have been the highest 
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(Brown and Nderito, 1982; Said et al, 1985). The one advantage with the high
levels of water in vines is that a goat on the diet does not require free water 
unless it is a lactating doe producing over 2.5 kg of milk per day (Brown et al,
1983). However, when offered to a lactating doe as a sole diet it can only support
suboptimal leveLs of production. It is more appropriate for growing goat kids that 
can be weaned on it much earlier (three weeks postparturm) after achieving
almost thiree times their birth weight. Early weaning has the advantage of 
releasing milk for the farm family. 

The quality of the vines is high with a CP of over 20% and a digestibility of
about 70%, which compares well with dry-matter digestibility values reported by
other workeis (Ffoulkes et al, 1978; Ruiz et al, 1980). 

Cropresidues 

Maize stover is by far the most abundant cereal crop residue in Kenya with a.,
estimated annual availability of up to 5 million tonnes, accounting for over 70% 
of the total annual production of the lignified arable farm byproducts (Said et al,
1982). Its use in livestock feeding is, however, mostly limited to small-scale 
farms. In western Kunya, Sands et al (1982) reported that stover yields were
about 150% of the grain yield; this estimate was based on field measurements in 
which grain accounted for 37-49% of maize plant DM at harvest. Table 6 shows 
estimates of these yields according to farm classes. In more recent studies, Onim 
et al (1986) estimated stover yields for different maize cultivars, both local and 
commercial, under experimental conditions in Maseno. Under these conditions,
in which the local cultivars had been selected specifically for double cobs and all 
trial plots received fertiliser, stover and grain yields were much higher than those
obtaied from farmers' fields and in this case the ratio of crop residue to grain of 
2:1 proposed by Owen (1976) would not be applicable (Table 7). 

Table 6. Estimated sra.'eryield in western Kenya according tofwrm size classes 

Farm sze Maize stover yield (kg/farm)
 
(ha) 
 Short rains (1980) Long rains (1981) 

< 0. 99 348 
0.5-1.0 168 736 
1.0-1.5 149 1043 
1.5-2.0 273 1648 
> 2.0 279 1893
 
Siaya 162 584
 
Kakamega 192 1221 

Source: Sands et a (1982) 
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Table 7. Lng-rain gat andsfoveryiebld ofdifferent ncize cullvarsplaited under 
e.qmr,4-nensal condsion atMuaeno 

Grainyield Stover DM yield 
,ai.zt c ltivar (kg/ha) (a) 

Kaimosi Double Cubber 6 494 7269 

.TmisiDouble Cobber 7 136 6 778 

Nyahera Double Cobber 5 691 7 177 

Masumbi Double Cobber 5 803 5765 

H614 7 395 10 233 

H511 4 926 6224 

H622 5 901 6603 

Mean 5861 7150 

Mean grain to rtover ratio 1:1.2 

The value of maize atovers as livestock feed is, as with other crop residues, 
limited by their low digestibilities and crude-protein and mineral contents. Their 
nutritivc value can be improved either by treatment mcthods that increase the 
availability of nutrients by breaking down the lignocellulose constituents, or 
through supplementation methods that add deficient nutrients or correct nutrient 
imbalances. It has been shown that treatment of roughages with anhydrous or 
aqueous ammonia or with urea can increase digestibility, intake and liveweight 
gain in ruminants (Jackson, 1978; Sundstol et al, 1978). 

However, the effect of ammoniation is influenced to a certain extent oy type 
of roughage and q~tality before treatment (Sundstol et al, 1978). Generally, 
materials of lower digestibility respond better to treatment than those of higher 
initial value. In some cases ammoniation has been reported to decrease N 
digestibility of roughages (for example, Oji et al, 1977). Recent work in Kenya, 
Tanzania and Bangladesh has shown that Magadisoda (a natural alkali salt 
deposit) is effective in improving digestibility and intake of straws (Musirtuba, 
1980; I1ategile et al, 1981; Saadullah et al, 1981). 

In studies with male castrated sheep, Butterworth and Mosi (1986) reported 
that estimated intakes of metabolisable energy (ME) for crop residues fed alone 
were not sufficient for maintenance of a 20 kg male castrated sheep. However, 
when levels of Trifolium tembense hay supplement were increased successively, 
there was an increase in average ME intake sufficient to support modest levels of 
production. There were also significant increases in nitrogen retention, 
particularly for maize stover, oat straw and wheat straw diets. 

Thus legumes appear to be a viable option and one that would be more cost 
effective under snallholder conditions. Moreover, the conventional energy and 
protein feeds such as grains and oilseed cakes are neither readily available nor 
affordable to the small-scale farmer. 
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Mu.dtipurpose tree legumes 

Tree legumes are currently gainin2g prominence in sub-Saharan Africa due to 
their many uses and the fact that they can easily be integrated into existing
cropping systems. With the increasing demand for agricultural land in western 
Kenya, many of the indigenous tree legumes are being phased out as more land 
is cleared for cropping. Some of the introduced legume species such as Leucaena 
are slow to establish and vulnerable to wild ruminant browsers at the seeling 
stage. There are therefore just a few trees scattered within the homesteads and 
these play a negligible role as sources of feed. One of the indigenous species
which grows readily in the area is Sesbania3esban.It is seen in many farms left 
standing between crops; farmers believe, and rightly so, that it improves the 
yield of the companion crops. This is understandable taking into consideration 
the fact that it is a profusely nodulating legume. However, little information is 
currently available on the response ofSesbania to cutting management for forage
generation and work is currently being undertaken in SR-CRSP to establish this, 

Major limitations to the utilisation of available feeds by dual-purpose goats 

The areas available for natural grazing are rapidly diminishing due to the 
increasing human population and the attendant increase in demand for cropping
land. Even in Siaya district, where communal grazing areas have been relatively
abundant, the effect ofpopulation increase is beginning to show. Moreover, the 
land demarcation policy has meant that those areas that were initially used 
communally are now under strict individual ownership. The few areas that are 
still left available are dominateC by poor grasses of the genus Cymbopogon.
These grasses cannot maintain adequate levels of fertility and productivity. The 
levels of dry-matter intake recorded in the district with grazing goats is very low 
(1.6% of body weight) with consequent deficits in energy intakes and thus poor
growth (Karimi et al, 1985). In Kakamega district the available grazing areas are 
seriously ,vergrazed with the consequence that the actual amount of herbage on 
offer at any particular time is lower than the estimated potential productivity.
This has a severe effect on dry-matter intake. 

The Napier grasses, particularly bana grass, form an important sour.ce of
cut-and-carry forage in the region. However, the plots under these are often very
small and most of them are on embankments of erosion-control cut-off drains 
and terraces. Moreover, they are rarely given manure or fertiliser and being very
demanding crops they cannot do well under poor soil conditions. The small plots 
are often over-harvested and in many cases they are established under eucalyptus
trees where the shade affects productivity. It is difficult to convince farmers to 
clear the t-ees since these are important sources of income. Introduction of 
shade-tolerant grasses may be a solution. There is also an inefficient utilisation 
of the Napier grass due to wastage at feeding time. Many farmers simply throw 
the harvested grass on the ground and goats, being fastidious feeders, will not eat 

333
 



any contaminated forage. SR--CRSP scientists are making a concerted effort to
 
encourage farmers to hang the feeds, and this is currently picking up well.
 

Food crops still remain a very important source of feeds in mixed farming 
systems in the region. However, these can only provide maintenance diets in the 
form of leaf strippings, thinnings, stovers and sweet potato vines. It is therefore 
necessary to integrate tree legumes into the cropping systems to provide a source 
of supplement to the crop-related feeds. There is an urgent need to develop 
cropping systems that would incorporate both food crops and tree legumes in a 
self-sustaining manner and with optimal productivity under smallhclder 
conditions. The SR-CRSP is already experimenting with a model of such a farm. 
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ABSTRACT 

In response to a declining forage base, the Small Ruminant Collaborative 
Research Support Program (SR-CRSP) has developed a number of low cost 
forages and forage preservation techniques for the dual-purpose goat technology
currently on trial on smallholder farms in western Kenya. Representative whole 
farm linear programming models incorporating a number of the new forages 
were constructed for three farm sizes in Hamisi Division. Food and cash crops,
existing forages and zebu cattle were also included in the models. Results 
showed a high degree of complementarity between crop and liverstock 
production. Livestock stocking rates increased considerably with the smallest 
farm realising the largest net income gains from the new technologies. 

RESUME 

Incidences,conomiques des innovationsen matiurede technologies
fourrageresintroduitesdans lespetites exploitationsde l'ouestduKenya 

Faceh la degradationde la basede ressourcesfourrag~res,le Programme
d'appui4 la recherche concertdesur les petits ruminants(SR--CRSP) a mis au 
point un certain nombre d'esp&esfourrageres et de techniques de conservation 
des fourrages bon marche destindes d l'dlevage des caprins 4 double fin. 
Celles-ci sontactuellementdvaludes dans depetites exploitationsde la rdgion
d'Hamisidans l'ouest du Kenya. A cet effet, des modeles de programmation
lindairetenant compte de toutes les activitds agricoles,descaractdristiquesde 
certainesnouvelles variddsfourragreset de la tailledes exploitationsont dtd 
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6labor~s.Les autresparamtresprisen compte dans ces modles sont les 
caractdristiquesdes cultures vivriareset des culturesmarchandesainsique 
celles des esp&esfourragrestraditionnelleset de l'6levage bovin. Les analyses 
effectues font ressortirune forte compldmentarit entre laproductionvdgtale 
et l'6levage.Ces innovationstechnologiquespermettaientd'augmenter 
considdrablementles taux de chargedes petites exploitationsetpartant,de 
maximiser les b~ndflces nets despetits eploitants. 

INTRODUCTION 

Much ofAfrican development research has focused on crop farming to the 
neglect of the livestock sector (Senga, 1976). However, small ruminants (sheep 
and goats) play a significant support role in small farming systems of the world 
(Winrock International, 1983). In Kenya, for example, about 43% (6.5 million) 
of the country's small ruminants are reared on small farms Between 1969 and 
1978, the goat population increased by 4.8% annually, and the offtake rate rose 
from 17 to 31% (Schulter, 1984). With increasing prices ofother meat sources, 
such as beef, sheep and poultry, demand for goats will probably continue to rise. 

The agricultural sector is expected to continue to play a key role in the 
Kenyan economy, especially in employment creation. According to World Bank 
(1989) statistics the growth rate of the agricultural sector has steadily declined 
from 4.9% in 1965-80 to 2.8% in 1980-86. Several solutions are being explored 
to revitalise Kenya's agricultural development and growth. Currently research 
resources are being channelled to the lower strata of livestock tarmers who in 
many cases still employ traditional production practices. 

For the past 10 years the Kenya Small Ruminant Collaborative Research 
Support Program (SR-CRSP) has been working on development of the 
dual-purpose (milk and meat) goat and supporting technologies in smallholder 
farms of western Kenya, using a farming systems research approach. With 
increzsing populations and the resultant pressure on land, the dual-purpose goat 
is an appropriate livestock technology alternative to the zebu cattle which are 
usually reared on these farms. The dual-purpose goat is low risk and requires 
fewer capital inputs and smaller land area per unit, and yet under good 
management conditions produces higher milk yields per unit of required inputs. 
The overall objective of this study is to assess the economic impact of the 
dual-purpose goat and new forage technologies as a means of improving 
smallholder family incomes, and human nutrition, in Hamisi Division of western 
Kenya. The specific objectives are to: 
* 	 determine the magnitude of economic returns from the dual-purpose goat 

and forage technologies developed by the SR-CRSP in western Kenya 
* 	 determine the level of integration of the new forage technologies in these 

smallholdings 
* 	 determine economic and nutrition constraints to adoption of the 

dual-purpose goat. 
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MATERIALS AND METHODS 

Study area 

The study is being carried out in Hamisi Division, in the western highlands of 
Kenya in Kakamega District. The area is classified as a high potential
agricultural zone. Annual rainfall is 1200-2100 mm, with a bimodal 
distribution-the long rains season runs from March to June, and the short rains 
fall between September and November. The soils are humic nitrosols with 
moderate to high fertility (Hart el al, 1984). Hamisi Division is one of the most 
densely populated regions of Kenya with about 615 persons/km2. 

The farming system in Hamisi is a sedentary mixed crop-livestock system,
with two cropping seasons. The primary food crops are maize intercropped with
beans. Secondary food crops include sweet potato, cassava, banana and a variety
of green vegetables. Tea and coffee are the major cash crops. All household keep 
some,livestock. SR-CRSP (1986-87) surveys indicate mean livestock numbers 
per farm of 2.10, 0.20 and 0.20 Tropical Livestock Units (ITLU: 1 TLU = 250 kg
liveweight) for zebu cattle, sheep and indigenous goats. But because more than 
40% of participant farmers own 1 ha of land or less, these stocking rates are 
considered high (Semenye, 1990; Jaetzold and Schmidt, 1982); given existing
natural unimproved grazing pastures, Jaetzold and Schmidt (1982) recommend a 
stocking rate of 0.6 ha/TLU. It is clear that available land is being overgrazed. 

Sources of livestock feed 

Livestock feeds are derived from off-farm grazing and crop residues such as 
maize stover, maize thinnings, banana peelings and sweet potato vines. The 
importance and availability of any specific feed varies by season and off-farm 
grazing is perhaps the most important source, followed by crop residues. Heavy
reliance on off-farm grazing is supported by the long grazing hours reported by 
Con-lly et al (1987). 

Table 1shows the mean cultivable and grazing land, labour and capital
endowments for small, medium and large farms in the study area. Project data 
indicate no significant difference in labour availability per household so the 
same figure was used for all farms. There is a negligible variability in mean own 
capital per household. The small area of on-farm fallow land available for 
grazing on the small and medium farms is the land around the homestead which 
is not in direct competition with food crop production. On lerge farms a greater 
area can be left fallow for grazing. Livestock nutrition budgets constructed by
Hart et al (1984) estimate an average of 0.40 ha of off-farm grazing per
household for the sample of farmers in Hamisi. Detailed descriptions of the 
farming system and resource endowments for the study area have been reported
elsewhere (Sands, 1983; Nyaribo, 1989; Nyaribo and Young, 1991). 
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Table 1. Resouire constraintv by farm size, HarnisiDivision, western Kenya 

Land (ha) Labour adult 
equivalent Own capital 

Farm rize Cultivable Grazinga (days) (KSh) 

Small 0.59 0.50 1461 3051 
Medium 1.19 0.60 1461 3151 
Large 2.01 1.39 1461 3737 

'Refers to the stm of on- and off-farm grazing land available. On-farm fallow grazing land is 0.10 ha 
for the small and medium farms and 0.89 ha for the large farm 

KSh 23 =$US 1.00 in 199) 

Baseline surveys in the early phase of the SR-CRSP project identified lack 
of adequate quality feeds as one of the constraints to dual-purpose goat 
production (Sands, 1983). Seasonal fluctuations in the forage supply are such 
that in certain months there is excess feed which is wasted if it is not stored. In 
response to the shortage of livestock feed, SR-CRSP has introduced several 
forage interventions and forage storage technologies (Hart et al, 1984; Onim et 
al, 1985). 

Study methodology 

Linear programming was used to test the economic feasibility of dual-purpose 
goat and forage production and storage technologies. Representative farm linear 
programming models were constructed for three farm sizes for the Hanisi study 
site. The linear programming model maximises gross margin, net of human 
consumption, from the farm's production activities subject to fixed resource 
constraints. Gross margin is defined as total revenue minus total variable costs. 
The model solves for the following decision variables: 

1. How many hectares to plant to food, cash and forage crops 
2. The desired inventory of cattle and dual-purpose goats 
3. How many animals to sell during the year 
4. How much food to produce, how much to sell and how much to keep for 

home consumption 
5. How much cash to borrow to augment cash balances. 
The main constraints are: 
1. Maximum cultivable and grazing land available 
2. Maximum family labour available 
3. Maximum hired labour available 
4. Minimum family subsistence requirements 
5. Minimum livestock nutrient requirements 
6. Maximum available working capital for input and food purchases. 

342
 



The time urdt is one calendar year. The year is divided into four time
 
periods to allow for the transfer of products and resources. The seasonal
 
disaggregation of the livestock component is crucial because of the seasonal 
changes in the quality and quantity of forages, Also, most tar.ming activities are
performed at specific times during the year which leads to distinct seasonal 
patterns in resource use and supply (Hazel and Norton, 1986).

The livestock component gencrates demand for feed on a quarterly basis 
which in turn determine- the optimal stocking rate. This permits isolating
livestock nutrient needs that may be at risk in certain periods of the year. Dry
matter and crude protein supplied by the different sources are balanced with the 
demands for livestock feeding. The requirements are specified by livestock 
category and by period. 

Livestock production activities 

There are two dual-purpose goat breeding activities. The unit of measure is a 
doe-kid unit. Nutrient requirements for the doe-kid units are the sum of those 
for the lactating doe, the kid and a yearling replacement doe. The first doe kids in
April and the second in November. Weaner kids from the dual-purpose goat
production activities are available at five months of age. Nutritional 
requirements are withdrawn each period the animal remains on the farm. Kid 
rearing activities produce animals which are transferred to kid sale activities. 
Weaner kid nutrient requirements are drawn only up to 14 months. To allow for 
flexibility in sale of kids within the year, sale dates are not predetermined.
Accordingly four kid sale activities, one corresponding to each quarter, are 
specified in the model. The breeding stock replacement activity allows for 
yearling females to be kept for breeding stock ieplacement. The labour and 
nutrient requirements are included in the doe breeding activity.

One cattle production activity is specified. Zebu cattle produce milk for
home consumption as well as for sale. They also produce calves and culls for
sale. The milk sale activities allow for sales of milk from both dual-purpose 
goats and cows in all periods. 

The model includes three livestock feeding categories; April kidding
dual-purpose goat feeding, November kidding duel-purpose goat feeding, and
cattle feeding. Livestock derive their feed from eight sources: maize stover, fresh 
pigeon peas, Sudan grass, off-farm and on-farm fallow grazing, fence row 
forage, pigeon pea hay, Sudan grass hay and mixed grass hay. In the model this 
results in 78 seasonal feeding activities. The model determines the optimal mix
of feed consumed subject to dry-matter and crude-protein requirements. It also 
determines quantities of feed to be transferred to feed-deficit months. 

Other productioa activities of the model include intercropped maize and 
beans, sorghum, vegetables and bananas. Along with maize stover, grass hay and 
on- and off-tarm grazing, the new forages intercropped with food crops are 
Sudan grass and pigeon peas. Cash crops considered are tea and coffee. 
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Data sources 

The data used in this study came from surveys conducted by SR-CRSP scientists 
(SR-CRSP, 1986-87, 1.987; Hart et al, 1984). SR-CRSP work covers 
smallholder farmers in two agro-ecological zones and conducts on-farm trials in 
six villages with a total. of 150 participating farmers. In this study modelling 
results from the Hamisi village with 23 farmers are reported. 

MODEIJING RESULTS 

The different model runs are classified by type of technology and farm size. The 
technologies were introduced sequentially to the traditional (base) farm. Thus: 
, 'I denotes traditional techn3logy, referred to as the base model 
* TII denotes the base model with the dual-purpose goat and no new forages
" TIf denotes the addition to TIl of new forages without forage storage 

technology 
" TIV denotes the full technology package which includes forage storage. 

Up to 42% of the SR-CRSP participant farmers own I ha of land or less. It 
was thus important to evaluate the impact of these technologies on various farm 
sizes. Accordingly the sample was stratified into threo farm sizes and the means 
of the land, 'abour, and capital endnwments for each farm size category (see 
Table 1) were used in the linear programming models. 

Table 2 summarises the impact of the,new technologies on stocking rates 
and on farm income by farm size. As anticipated, the new technologies have had 
the greatest impact on the smallest farms, where the full technology package 
(TIV) increased stocking rates by 767% and farm income by 497%, compared 
with the base model. Results for the medium and large farms showed similar 
trends, but at much lower levels; for example, farm income increased by only 
22% on medium farms, and by a mere 8%on large farms, with the full package. 

Table 2. 	 Impact of dual-purpose goats and new forages on stocJdng rates and farm income ly 
fan, size 

Small farm Medium- size farm Large farm 
(0.69 ha) (1.339 ha) (3 ha) 

Technology 
Stocking 

rate (T.U) 
Income 
(KSh) 

Stocking 
rate (LU)' 

Income 
(KSh) 

Stocking 
rate (RLU) 

Income 
(KSh) 

TI 0.49 1509 0.49 9738 1.22 13792 

TII 0.73 1600 0.70 9813 1.22 13792 
Tifi 3.87 6946 2.73 11554 2.41 14773 

TIV 4.2.5 9003 3.35 11906 2.95 14949 

&TLU = Tropical Livestock Unit (I TLU = 250 kg) 

KSh 23 = SUS 1.00 in 1990 
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Figure 1 shovs the shares of salcs from livestock products (milk and meat)
and crop sales ,=small and size farms. (Relative magnitudes for the large farm 
follow the trend of the medium farm. Thus conclusions regarding the medium 
farm are also relevant to the large farm.) As each element of the dual-purpose
goat and forage technology package was added to the base model the share of 
crop sales declined while that of livestock product sales increased. This reversal 
of the contribution of livestock and crop sales to total farm sales can be 
explained by the fact that farm-gate prices for meat and milk are higher than thai
for maize grain, the major competing commodity. The results indicate that while
crop-livestock associations are biologically complementary, economically they
can be competitive because of the relative crop/livestock output price ratios. 

Complementarity of crop-livestock production 

The complementarity of crop-livestock production systems on smallholder farms
is determined by the degree of dependence of each enterprise on the other. In 
western Kenya crop residues play an important role in providing forages for 
livestock on the farms. This is clearly illustrated in Figure 2, which shows the 
share of each forage type in total feed consumed on the small and medium farms 
under the full technology package (TIV). On the large farm the new forage and 
hay storage technologies contributed 37 and 15%, respectively, or 52% of the
total feed consumed, while maize stover and grazing each contributed 24% of
total. These results demonstrate that maize, which is the most important food 
crop, is highly complementary with production of dual-purpose goats. 

Constraints to livestock production 

Four major constraints to livestock production were identified (Table 3).
Digestible energy was constraining for all farm sizes under all technology
alternatives. This finding is consistent with the study by Blackburn et al (1986)
in the same area. Grazing land and cultivable laud were also constraining for all 
farm sizes with the small farm realising the largesL shadow price on cultivable 
land. Capital was constraining for the medium and large farms. This points to the 
need for credit support for smallholder farms. 

CONCLUSIONS 

Adoption of the new forage and forage storage technologies significantly
increased stocking rates and farm incomes on smallholder farms in western 
Kenya. While all farm sizes benefited from the new technologies the smallest 
farm size realised the largest net income benefits from adoption of the new 
technologies. For all farm sizes maximum benefits were realised by adopting the 
new forages plus the forage storage technology, that is, the full technology 
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Figure 1. Sham. of livestock-products and cropa infarm -als 

%share 
100. 0.69-ha farm 

80- Livestock products 

60 Ile 

40­

20 Crops20­

01 

Cros...60~tc~ 

TI TI i TV 

Technology combination 

package specified as TV. Due to limited land endowment for the smallest farm, 
economic competitiveness between livestock anld crop production occurred at 
lower farm incomes, and lower technology levels (between TI and Til) than it 
did on the medium and large farms. Digestible energy, cultivable land and 
grazing land were identified as constraining resources for all farm sizes. Capital, 
on the other hand, was constraining for the medium and large farms. For the 
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Figure I Shar ofvrious forages in totalforage conumption 
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Tal:ile 3. Economicresults ofselected variables by tclnology combinau on indfarm size, 
Hwnisi Divisio, western lKm'a 

Dual valuesTotal live- Quantity DM 
stork. (kg) Farm Grazing Cultivated Opeiating 

earm units income Nutrientb land land capital 
.ze (rLU)8 Fresh Stored (KSh) (/g) (KSh/hl) (KSh/ba) (KSl/Y-Sh) 

I 

Small 0.49 1690 na 1 509 0.77 1358 7475 0.00
 

Medium 0.49 1705 na 9738 0.77 1358 7519 0.00
 

Large 1,22 4220 na 13792 0.30 294 2045 3.90
 

11 

Small 0.73 2049 na 1600 0.85 1509 7475 0.00 

Medium 0.70 1660 na 9813 0.65 1153 6 169 0.96 

Large 1.22 4220 na 13 792 0.30 294 2045 3.90 

III 

Small 3.87 992 na 6946 0.85 6349 11946 0.00 

Medium 2.73 8367 na 11 554 0.16 877 857 4.75 

Large 2.41 7111 na 14773 0.09 183 117 5.28 

IV 

Small 4.25 6161 1918 9003 0.32 2346 14 816 0.00 

Medium 3.35 9051 1164 11 906 0.07/0.67 217 469 5.11 

Large 2.95 7730 1391 14 949 0.08 161 3 5.36 

TLU = Tropical livestock Uvit (1 TLU = 250 kg)

Digestible energy was ihe constraining nutrient for all farm sizes under all technology alternatives.
 
Cride protein was al - constraining for the medium farm under TIV
 

KSh 23 = $US 1.00in 1990 

smallest farms, land constraints imply the need for further research in output­
increasing technologies per unit of land. This will require the use of improved 
management and husbandry practices and the use of high yielding maize 
varieties as well as high milk and meat yielding dual-purpose-goat genotypes. 

Considering the significant share of maize stover and grazing in total feed 
consumption, these traditional sources of feed will continue to play a key role in 
the diets of dual-purpose goats and other livestock. Livestock and crop 
production were shown to be highly integrated and technically complemente-y. 
This no doubt contributes to the sustainability of smallholder farms. However, 
complementarity of livestock-crop production is tempered by economic 
competitiveness due to farm-gate livestock/crop piice ratios. Given the price 
responsiveness of farmers the balance of farm activities will continue to shift to 
livestock production the higher the output price ratios. 
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EFFETDE LA COMPLEMENTATION ALIMENTAIRE SUR LA
 
PRODUCTION LAITIERE ET LA CROISSANCE DES BOVINS A
 

MADAGASCAR
 

J.H.Rasambainarivo 

Ddpartement de recherches zootechniques et v~tdrinaires (DRZV) 
B.P. 4, Antananarivo 101 (Madagascar) 

RESUME 

Apr~s avoir passd en revue les ressources alimentaires disponibles pour 1' 1evage
AMadagascar, cette 6tude pr6sente quatre exp6riences mendes pour dvaluer 
1'effet de diverses compImentations sur la production laiti~re et la croissance de 
diverses races de bovins. 

Dans la premiere expdrience, des vaches laitires issues de croisements race 
Frisonne x Zdbu, r6parties en lots et dlev6es sur pAturage artificiel de saison 
s~che de Stylosanthesguianensis,ont b6nfici6 de trois niveaux diff6rents d' une 
complementation de concentrds. I1ressort des r6sultats enregistr6s que celle-ci 
n' avait aucun effet significatif sur la production laiti~re. 

Dans la deuxiime exp6rience, des vaches m6tisses race Frisonne x Z&bu 
61ev6es sur paturage naturel de saison sche recevaient une compldmentation de 
tourteau de coton et de paille traitde ou non avec de 1'urge. La paille trait6e A 
1'urde entrainait une augmentation significative de la production laitire et un 
gain moyen quotidien pouvant allerjusqu' 119 g. Quant Ala paille brute, elle 
entrafnait des pertes de poids pouvant allerjusqu'A 286 g/j.

Dans la troisi~me exp6rience, des g6nisses crois6es Renitelo x Abu ont W 
6lev6es pendant 42 jours sur pAturage de saison s~che, avec une 
complmentation de divers niveaux de feuilles de Lei'caenaleucocephalaet de 
paille de riz traitde ou non. Le gain de poids des ani~naux soumis Ala ration 
compl6mentde 6tait significativement supdrieur .i celui des t6inoins. Le niveau de 
compldmentation et la nature de la paille n' avaienr pas d'effet ignificatif sur le 
gain moyen de poids. 

Dans la quatri~me exp6rience, des z6bus adultes ont t6 6levds sur paturage
naturel de saison sche avec ou sans une compldmentationi de graines de coton. I1 
ressort des rdsultats enregistrds que les gains de poias augmentaient lin6airement 
en fonction de la quantitd de graines de coton consommde. Les animaux 6levds 
uniquement sur pAturage naturel perdaient du poids. 
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ABSTRACT 

Effect offeed supplementationon cattle milk productionandgrowth in 
Madagascar 

After an overview offeed resourcesavailablefor livestockproduction in 
Madagascar,thisstudy reports onfour trialscarriedout to assessthe effect of 
varioussupplementson milk productionandgrowth in variouscattle breeds. 

In the first tria4 Friesianx zebu dairy cows dividedinto groupsandkept on 
sown dry-season Stylosanthes guianensis pasturewere fed three levels ofa 
concentratesupplement. Supplementationhadno significant effect on milk 
production. 

In the secondtrial Friesianx zebu cows kept on a naturaldry-season 
pasturewerefed a concentrateofcottonseedcake andstraw with orwithout 
ureaenrichment.The enriched straw significantlyincreasedmilk productionand 
resulted in an averageweight gain of up to 119 glday.Straw alone resultedin 
weight losses ofup to 286 g/day. 

In the thirdexperiment, Renitelo x zebu heifers were kept for 42 days on a 
dry-seasonpasturewith a supplement of various levels ofLeucaena leucocephala 
leaves andricestraw with or withouturea treatment. Supplemented animals 
gainedsignificandymore weight than unsupplemented ones. Supplementation 
level and type ofstrawhadno significanteffect on averageweight gain. 

In the fourth tria4 adultzebu cattle were kept on a naturaldry-season 
pasturewith orwithout a cottonseed cake supplement. There was a linear 
increasein weight gainsas cottonse-dcake consumption increased 
Unsupplementedanimals lost weight. 
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IMPROVING MILK PRODUCTION IN SMAI.1-SCALE DAIRY
 
FARMS IN BOTSWANA: INCORPORATING LEGUME FODDER
 

IN THE FARMING SYSTEMS
 

WS Boitumelo andWMahabile 

Department of Arcultural Research
 
Private Bag 0(J33, Gaborone, Botswana
 

ABSTRACT 

A research project was established to investigate the prablems ofmilk 
production by small-sczie cattle owners in Botswana. The major constraint 
identified was lack of adequate feed (quantity and quality), particularly during
the dry season. The research emphasis was therefore to integrate fodder crops 
such as lablab (fablabpurpureus)into the farming systems and establish a 
practical feeding programme based on planted fodders and harvested crop
byproducts. Participating farmers planted 1 ha with lablab, with or without single 
superphosphate fertiliser. O-station trials were established to study the effects of 
fertiliser application, the optimal stage of harvest and appropriate methods for 
harvesting, drying and storage. 

Feeding packages developed by the project were tested on-farm. A 
comparative feeding trial was conducted involving Simmental-Tswana 
crossbreds and Tswana milking cows fed sorghum stover supplemented with 
different levels of lablab and sorghum bran as protein supplements. 

During the four years of the trial (1985-1989), average lablab dry-matter
yields from farmers' fields were 1.14, 0.70, 2.82 and 0.87 t/ha. Fertiliser 
application did not affect (P>0.05) lablab yields on either farmers' or research 
plots, and there were no differences (P>0.05) in yields between farmers' fields 
and the research plots. Lablab contained more crude protein than sorghum stover 
(16.4 vs 6.4%). The la,;tation yield of the crossbred cows was more than twice 
that of Tswana cows (3.8 vs 1.5 kg/day). 

Although the major traditional crops in the project area are sorghum and 
millet intercropped with cowpea and watermelon, the project has succeeded in 
convincing farmers to allocate one 1 ha of land for lablab production and fodder 
production has become a component of the cropping system. 
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RESUME 

Amliorationde la productiondespetites exploitationslaitiresau Botswana: 
introductiondes lgumineusesfourragOresdansles syst~mes agraires 

Unprojetde recherchea dtr lance1 pour studierles problmes rencontrsdans le 
domaine de laproductionlaitireparlespetits gleveurs de bovins auBotswana. 
D'aprsles rdsultatsde ces travaux, lespdnurieset la qualitdmediocre des 
aliments,notamment au cours de la saisons?che, constituentcertainsdes 
obstacleslesplus sdrieux au d6veloppement de lapetite exploitation laitire 
dans le pays.Fortde ces conclusions,ila 4tg dcid de mettre l'accentsur des 
travauxdestinms ronseulement 4 int~grerdes plantesfourrag~rescomme la 
luzerne (Lablab pur!pureus) dansles systemes agrairesen place mais 9galement

,dlaborerun systme adaptdd'alimentationbasd sur la culturedeplantes
fourragereset les sous-produitsagricoles.Les paysansparticipantd ces travaux 
ont semi Iha de luzerne avec ousans applicationde superphosphatesimple.
Des essaisen stationont en outredtJconduits en vue d'tudierl'effet de 
l'engraiset de determinerle stade optimalde recolte ainsique les meilleures 
mdthodes de coupe, de sdchage et de conservation. 

Despaquets alimentaires4laboresdans le cadrede ce projetont 9t6 
experiment&s en milieureel. Un essaid'alimentationcomparatifa 6d rdalisgsur 
des vaches mdtissesSimmental x Tswanaet des Tswana, avec une ration 
compose d paillede sorghocompldmentge avec differents niveaux de luzerne 
et de son de sorghocomme sourcesde compldments protpiq,:es. 

Pourles quatreens qu'adur6 cette 9tude (1985-1989), laproduction 
moyenne de matisresache de la luzerne au niveau des paysanss'Atablissaiti 
1,14; 0,70; 2,82;et 0,87t/ha.L'applicationd'.engraisn'avaitaucun effet 
(P>O,05)sur laproductionde la luzerne, niam niveau despaysansou duprojet
ni entreles parcellesdes paysanset celles du projet.La teneurde la luzerneen 
protdinesbrutes(16,4%) dtaitsuptrieured celle de lapaillede sorgho(6,4%).
Enfun les vaches m~issesproduisaientplus de deux fois plus de lait (3,8 kglj) 
que les Tnvana (1,5 kg/j). 

Bien que lesprincipalescultures traditionnellesde la zone d'9tudesoient le 
sorghoet le mi4 entrelesquelles Ataient gdnralemnemintercaldsle nidbd et la 
pastdque,leprojeta russid convaincrelespaysansde rserverIha de terred 
la culturede luzerne,faisantddsormaisde laproductionfourragreuie 
composanted part entiredu systeine agraire. 

INTRODUCTION 

Increasing milk production by peri-urban small-scale farmers in Botswana has 
been the major objective of the Ministry of Agriculture during the current 
six-year National Development Plan (1985-91). The Animal Production 
Research Unit (APRU), Department of Agricultural Research, established a 
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project to investigate the problems of milk production by small-scale cattle 
owners. This project is jointly funded by the Government of Botswana and the 
International Development Research Centre (IDRC), Canada. 

The major constraint identified was lack of adequate feed (quantity and
quality) to sustain milk producaon, particularly during the dry season. Large
quantities of crop residues are produced and can be harvested for dry-season
feeding of lactating and in-calf cows (Mosienyane, 1983; Mosimanyana and 
Kiflewahid, 1987). However, crop residues are of low quality and cannot satisfy
the nutritional requirements of these cows. Therefore, the research emphasis has
been to incorporate fodder crops into the farming system and establish a practical
feeding programme based on planted fodder and crop residues. 

Agronomic trials to examine various varieties of fodder legumes and 
pasture grasses were conducted at a number of locations between 1977 and 1980 
(APRU, 1980). The results indicated that from among several annual legumes
screened for drought resistance, ease of management, grazing potential and 
dry-matter yield, lablab (Lablabpurpureus) was the most productive and the 
most easily established in the communal areas of Botswana (APRU, 1979). It has
soil requirements similar to those of cowpea, and better disease and insect 
resistance, and can be grazed, ensiled or conserved as hay (Humphreys, 1978). In 
addition to these qualities and its high nutrient content, it is useful in terms of
improving soil fertility in crop rotation in small-scale farm conditions (APRU, 
1979).

The specific of objectives of the work described here were to determine: 
" productivity and nutritive value of lablab 
" optimal methods for conservation 
" the potential for including a fodder legume such as lablab into the 

small-scale mixed farming systems. 

MATERIALS AND METHODS 

Fodder legume production and conservation 

Beginning in 1985, the project introduced lablab to the participating farmers. 
Each farmer was given 20 kg of lablab seed and 100 kg ofsingle superphosphate
fertiliser (10.5% P) to plaut 1 ha of land; the fertiliser was applied to half of each
hectare. Three 1-ha plots were also planted at Sebele Agricultural Research 
Station. Superphosphate was applied at the rate of 0, 100 or 250 kg/ha on each
plot. An additional 27 ha of land were planted to study the optimal stage of 
harvest and appropriate methods for harvesting, drying and storage, and for 
on-station feeding trials 

Lablab yield was measured using 2-m radius circular subplots from three
random locations in each of the farmers' plots and the research plots. After 
measuring yield, the plants were harvested, sun-dried and stored for dry-season 
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feeding. After harvest the total quantities of lablab, crop stovers and post-harvest 
residues stored by each farmer were estimated. 

Feeding tial 

A dry-season on-farm feeding trial was carried out to determine the voluntary 
feed intake and performance of Simmental-Tswana crossbred and Tswana 
lactating cows fed sorghum stover supplemented with various levels of lablab 
hay and sorghum bran. The objective was to formulate a nutritionally optimal 
diet for lactating cows based on low quality but widely available sorghum stover 
and farm-produced lablab hay or sorghum bran. The four treatment diets (see 
Table 1) were formulated to satisfy the daily nutrient requirements for 
maintenance and milk production of lactating dairy cows such as those used in 
this trial (NRC, 1978; Crampton and Harris, 1969). 

Table 1. Experimental deta 

Composition (%,dry-matter basis) Nutrient content (%) 

Sorghum Lablab Sorghum Crude Total digestble 
Treatment stover hay bran protein nutrients 

Diet 1 60 40 - 10.5 56.3 

Diet 2 60 X 10 10.0 58.8 

Diet 3 60 20 20 9.5 61.0 

Diet 4 60 10 30 9.3 64.1 

In diet 1 lablab was mixed with the stover by hand at the time of feeding; in 
the other three diets, the sorghum bran was fed separately in split oil-drums. The 
animals were provided with adlibitwn bonemeal-salt (1:1 w/w ratio) and 
vitamins A, D and E. The treatments were randomly allocated to each of 40 
farmers. Voluntary feed intake was determined in all treatment groups by 
measuring the daily refusals over a period of seven days and for a maximum of 
six lactating cows per farm. Statistical analysis using the t-test (Snedecor and 
Cochran, 1967) was conducted on the performance data obtained from the 
lactating cows that completed the trial. 

Nutritive value 

Three replicate samples of lablab, sorghum stover and sorghum bran were 
submitted for laboratory chemical analysis. 

Samples of fresh whole plants and plant parts were air-dried (60°C) and 
then ground in a Wiley mill (1-mm screen). The dried and ground samples were 
stored in a~r-ight bottles and later analysed for organic matter, crude protein, 
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crude fibre, ash and mineral components according to methods approved byAOAC (1975) and in vitro dry and organic matter digestibility according to
Tilley and Terry (1963) procedures. 

Dairy cattle performance 

Each farmer was provided with two calibrated 10-litre plastic milk buckets forrecording milk yield. Milk records were collected and summarised by project
staff at the end of each month. 

RESULTS AND DISCUSSION 

Fodder legume production and conservation 

Average dry-matter yields (t/ha) of lablab by farmers and on the research plots in1985/86 and 1986/87 are shown on Table 2. Fertiliser application had rio effect(P>0.05) on average dry-matter yields on farmers' plots or on research plots, andthere were no significant differences (P>0.05) in dry-matter yield betweenfarmers' fields and thc research plots. The results from the two seasons were notgreatly different. Low dry-matter yields and lack of fertiliser response could be
due to lower than average rainfall in both seasons.

Table 3 shows the total quantities of lablab dry matter harvested andconserved by the project farmers during the four years of the project. The higherlablab dry-matter yields in 1987/88 than in the other three years were attributedto higher rainfall in the project area (651 mm) in that year. The decrease in thetotal quantity of lablab hay hairvested by farmers in 19-88/89 season, even thoughthe rainfall was higher than normal, was due to the improved grazing conditions
caused by reasonable rainfall. 

Table 2. 	 Average dry-matter yield of lablabhay from project farms and researchplots as
 
influenced byfertiliser application rate
 

Dry-matter yield (/ha) at fertiliser application rate of 
Year Rainfall (mm) 0 kg/ha 100 kg/ha 250 kg/ba 

Farmers' plots 
1985/86 328 1.23 1.44 _
 
1986/87 380 1.37 1.49 -

Research plots 
1985/86 1.41 1.56 1.70 
1986/87 1.47 1.54 1.79 
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Table 3. Lablab dy-antryidds fromfarmera'fi ddr 

Average Total dry-matter 
Mean rainfall dry-matter yield yield 

Year (mm) No of farmers (t) (1) 

1985/86 328 12 1.14 13.1 

1986/87 380 30 0.70 21.0 

1987/88 651 40 2.82 112.8 

198W/89 565 40 0.87 34.8 

The major constraint observed during harvesting and conservation was the 
time required to dry the stems. Lablab leaves dry and shatter within three days 
but it takes up to six weeks for the stems to dry completely. Various methods of 
drying and slorage using tripods, stooking on the ground and combing three rows 
into one row were tried at Sebele Research Station. Method of drying had no 
effect on d/ing time but the crop was baled more efficiently from stooks and 
tripods witt, minimum dry-matter loss due to leaf shattering, mould or termite 
damage. In 1987/88 lablab was dried in rows and baled six weeks after harvest. 

Feeding trial (dry season) 

Thre were no differences (P>O.05) in the avernge daily dry-matter, crude­
protein and energy (TDN) intakes by lactating cows fed the four diets (Table 4). 

Table 4. Average vour,my intakeof nuien by lactaingcows 

Voluntary intake (kg/day) 

DM/100 kg CPII00 kg TDN/100 kg 
Diet DM liveweight CP liveweight TDN liveweight 

Diet 1 9.43 2.46 0.99 0.26 5.33 1.39 

Diet 2 8.77 2.43 0.88 0.24 5.16 1.42 

Diet 3 8.93 2.50 0.85 0.24 5.45 1.52 

Diet 4 8.22 2.24 0.76 0.21 5.27 1.48 

)let 1: 60% sorghum stover and 40% tablab hay 
Let 260%sorghum stover, 30% lablab hay and 10% sorghum bran 
DiOt 3:60%sorghum stover, 20% lablab hay and 20% sorghum bran 
Diet 4: 60% sorghum stover, 10% lablab hay and 30%sorghum bran 

Nutritive value 

The nutrient composition and in vitro digestibility valves for lablab, sorghum 
stover and sorghum bran are shown in Table 5. Lablab contained more crude 
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Table 5. Average nutrientcompositionofdet components 

Composition (% of dry matter) In vitro 
Organic Crude digestbilities (%) 

Feed matter protein Crude fibre Ash Ca P DM OM 

Lablab hay 90.8 16.4 27.7 9.2 1.68 0.13 59.9 57.1 
Sorghum 91.6 6.4 32.5 8.4 0.38 0.10 54.8 49.8 

stover 
Sorghum 97.3 11.5 3.2 2.7 0.38 0.31 54.4 47.2 

bran 

protein and had higher dry-matter and organic-matter digestibilities and calcium 
to phosphorus ratios than sorghum stover. The higher digestibility coefficients 
are attributed to the higher crude-protein and lower crude-fibre content in lablab
than in sorghum stover. The calcium to phosphorus ratios were within acceptable
limits reported for cattle (NRC 1978). Due to high crude-protein and mineral 
contents observed in lablab plants, dry-season diets for lactating and in-calf cows 
were based on sorghum stover supplemented with lablab hay. 

Dairy cattle performance 

Comparative basic data on dairy cattle performance on-farm are given in Table 6. 
Average !actation lengths for Simmental-Tswana cows were longer (P<0.05)
than for Tswana cows in 1985/86, 1986/87 and 1988/89 but similar in 1987/88.
Average daily milk yields per cow were similar within breed but different 
between breeds. On average, milk yield per day per cow for both breeds tended 
to increase with increasing seasonal rainfall; however, the reason for the low 
yield in the high rainfall year 1987/88 is not clear. 

On average under similar feeding and management systems, Simmental x 
Tswana cows produced twice as much milk as Tswana cows. These results are 
comparable with those obtained in on-station trials (APRU 1988). 

CONCLUSIONS 

The predominant crops in the traditional cropping system of the project area are 
sorghum, maize and millet intercropped with cowpea and watermelon. The dairy
project has succeeded in convincing participating farmers to allocate one hectare 
of land for lablab fodder production. Fodder production has become a 
component of the cropping system. 

The dry-season feeding strategy using high proteinLablabpurpureus
legume fodder, planted and harvested by farmers and fed in association with crop
byproducts and post-harvest residues, has been a significant intervention in the 
small dairy farms. 
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Table 6. Milk produconofSinmetalx Mrwanaand Tswanacoa 

Item 1985/86 1986/87 1987/88 1988/89
 

No offamen 12 30 40 40
 

No of cows per farmer
 

Slmmeataix "wama 10 15 24 20
 

Tswana 24 74 140 111
 

Lactation length (days)
 
SImmentalx"lwana 273 285 303 262
 
TaWaM 223 "402 296 181
 

Milk yieloww (kS)
 
Per lataltoa
 

Slmmental xTaaa 760 890 818 988
 

Tbwana 338 319 474 420
 

Per day
 
Smmental x Tswanu Z8 3.1 2.7 3.8
 

Tawana 1.5 1.6 1.6 2.3
 
Ratinfall (mm) 328 380 651 565
 

FeMliser applications on farm plots as well as on station plots did not show 
any significant effect (P>0.05) on lablab dry-matter yield. Lack of response may 
be attributed to low seasonal rainfall and distribution. 

Chemical analysis showed that lablab contained 2.5 times more crude 
protein than sorghum stover (16.4 vs 6.4%). The use of lablab as a protein
supplement in crop stover based diets is the practical approach for the dry-season 
feeding of lactating and in-calf cows. 
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ABSTRACT 

Although not fully integrated into the crop -famingsystems which constitute the
major agrichdtural activity in humid West Africa, small ruminants play important
economic, cutural and social roles. Of particular interest is their use as a means
of storing wealt, in times of agricultural plenty, to provide cash reserves for
emergencies and to guarantee a degree of food security in imes of crop failure.
If small ruminants are to continue to play these roles, in addition to improving
the protein nutrition of the population, constre-ints on productivity must be
alleviated. One of the major constraints is inadequate and fluctuating feed
 
supply. It is suggested that this resilts from poor feed management and
 
utilisation, rather than from absolute shortages.


The major feed resources available are natural pastures, browses and crop

residues and byproducts. The availability and qualit) of these resources vary, but
evidence is presented to show that when they are properly selected and
combined according to their nutritional characteristics, adequate and productive
diets could be provided all year round, for sustainable small-ruminant production
and productivity. A number of proven feed combinations targeted towards

particular seasons and ecosystems are suggested. Future research activities
 
required to identify additional feeding systems are highlighted.
 

RESUME 

Systdmes d'alimentationdestinisaux petitsproducteursd'ovinsetde caprins
dans la zone humide d'Afiique de l'Ouest 

Bien qu'ils ne soientpas encorepleinement intdgrdsdans laproductionvdgdtale,
la principale activitJ agricole de l'Afrique de I'Oues4 les petits ruminants 
occupent une placedconomique et socio-culturelle importante dans cette r6gion.
Plusparticulierement,ils constituent en prioded'abondance, uneforme 

Nevious Pa~b B1'a 



d'accumulationdes richesses.Celles-ciprocurentdes recettes mongiaires 
Fermettantde faireface aux situatiorsd'urgence et d'9viterle pireen cas de 
mauvaisesrcoltes.Celadit, seul .n accroisement durablede la productivitdde 
ces animaux leurpermett. de continuera remplirces fonctions tout en 
contribuantiiam liorerlalimentationprotdique des populations.Les 
princauxobstacles d l'amdliorationde cetteproductivitMsont l'insuffisanceet 
lesfluctuationsdes ressourcesalinentairesdu btaiL CesproblMessemblent 
dus, non pas d despdnuriesreelles,mais t une mauvaisegestion allide d une 
mauvaise utilisationdes ressourcesalimentai'esdisponibles. 

Celles-cisont constitugesdefoin de pfturagesnaturels,defourrages 
ligrwux, de rsidusde rdcoltes et de sous-produitsagricolesde diversesqualits
produitsen quantitdsvariables.Cette Jtudemontre que des choix rationnelset 
des cambinaisonstenantdment compte des caractdristiquesnutritionnellesde 
ces diversalimentspourraientpermettred'offrir auxpetits ruminants)d'un bout 
4 r'autrede l'anate,des rationspropres4 assurerchez ces animauxune 
proditivitget une productionsoutenues. Un certainnombre de combinaisons 
satisfaisantesont dt proposdesselon les saisonset les 6cosystemes. Enfin, des 
axes de recherches futures ont66 suggdrdsen vue de l'ident'ficationd'autres 
syst~mes d'alimnentationappropris. 

INTRODUCTION 

Humid West Africa is made up of two distinct belts--the lowland, coastal rain 
forest and, to the north, the derived savannah belt. Together, they cover a total 
land area of 707 000 km2 , stretching from the lower third of Nigeria to Guinea. 
According to Jahnke (1982), annual rainfall in this zone is well over 1500 mrm, 
and the crop growing season could be 270 days or more. The coastal lowland 
forest area contains cultivated farm land and bush fallow which, together with 
natural clearings, are often invaded by coarse grasses (Pennisetumspp). These 
grasses are sparse or absent under the forest trees that are abundant in this belt 
but sparse in the savannah belt, where regular fires have reduced tree cover to 
low trees, shrubs and bushes. Fallow areas in the savannah are also covered by 
coarse grasses, predominantly Hyparrheniaspp (Atta-Krah and Reynolds, 1989). 

Small ruminants are the dominant livestock species in the zone, with an 
estimated population of about 14 million (Table 1). The dominant breed of both 
sheep and goats is the West African Dwarf. These animals are raised exclusively
for meat, serve as cash reserves for emergencies and guarantee a degree of foud 
security in times of crop failure. They therefore play an important social and 
cultural role for the households and communities that keep them. Small-ruminant 
flock sizes in these communities are small, about two to six animals per 
household, with goats out-numbering sheep. But large numbers of households 
keep small ruminants: figures reported in the literature range from a low of 23 to 
a high of 70% of rural households. A large proportion of these animals are owned 
and managed by women. 
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Table 1. Sma/ ,.,mhzant and human agriculuralpopulations in humid West Africa 

Populations (thousands) Ratios 

Small ruminants 
Total small Agricultural per agricultural 

Country Goats Sheep ruminan=4 humans Goats:sheep human 

1.08Cot cd' Ivoire 816 874 1690 1555 0.93 

Ghana 1200 990 2190 4347 1.21 0.50 

0.15Guinea 79 86 165 1104 0.92 

Liberia 190 190 380 1 268 1.00 0.30 

Nigeria 5621 3476 9097 11 955 1.62 0.76 

Sierra Leone 59 20 79 1 601 2.95 0.05 

Togo 45 33 78 .33 1.36 0.33 

TOWal 8010 5669 13679 22 063 IAI' 0.62 

aMe=an­

Sou.xe: Jahnke (1982) 

PRODUCTION SYSTEMS 

Small-ruminant production is just one of several farm activities undertaken in 
humid West Africa. Household food needs are met from cereals (mrize, 
sorghum), root crops (cassava, yam, sweet potato) and food legumes (cowpeas) 
which are grown in a bush fallow rotation. Cash needs are met by income from 
cultivation of tree crops (cocoa, oil palm, rubber) and fruits (pawpaw, orange, 
plantain and banana). Small ruminants and other livestock are rareiy integrated 
with crop production, and account for a small portion of household expenditures, 
but nevertheless make an important contribution to the total economy. This lack 
of crop-livem tock integration means that crop residues and byproducts are not 
systxmaticaily and strategically used for livestock feeding, and the potential of 
animal waste to improve soil fertility and conservation is not fully exploited. 

Perhaps the most common small-scale small-ruminant production system is 
that described as the traditional system-a low-input extensive or subsistence 
system, based on free grazing of roadside and bush forages complemented wit 
kitchen wastes (peels of tubers and fruits, cereal brans) and crop residues (cereal 
stovers). Another common system of production is the intensive cut-and-carry 
feeding of tethered or confined animals, found in densely populated areas where 
almost all available iand is devoted to cultivation, such as Eastern Nigeria and 
Benin Republic. In such densely populated areas, small ruminans are tethered or 
confined to protect crops and are therefore hand-fed, albeit with the same feed 
resources as in the free-roaming system. 

Although the two systems are reasonably efficient in terms of the objectives 
and resources of the small-scale farmer (von Kaufman and Francis, 1989), there 
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is room for improvement if major constraints facing the producers can be
alleviated. Identified constraints include a high incidence of disease and pests,
inadequate and fluctuating feed supply, poor husbandry and a lack of effective 
extension services (Ademosun, 1988; Atta-Krah and Reynolds, 1989; von
Kaufman and Francis, 1989). This paper mainly ad,'r"sses the p',oblem of
inadequate and fluctuating feed supply, particularly highlighting ways of
alleviating this constraint through a judicious exploitation of the potential
complementarity of the available feed resources. 

AVAIIABLE FEED RESOURCES 

Feed resources available to smallholder production systems are natural pa,tures,
browses, crop residues and kitchen wastes. 

Natural pastures 

Natural pastures grow on uncultivated land to which animals have access for
grazing. They are found along roadsides and on fallow lands in the coastal forestbelt of humid West Africa. They assume more important proportions in the open
derived savannah. According to Atta-Krah and Reynolds (1989), natural pastures
connist of a mixture of grasses such as Imperatacylindrica,Andropogon 
gaywus, Pennisetumspp and Ilyparrheniaspp. These grasses grow rapidly
during the wet season, becoming fibrous and coarse, and are undergrazed
because of the large amounts thal, become rapidly available. Their quality
declines further during the dry season when they become standing hay and are 
subject to overgrazing.

A review ofpublished nutrient contents of these grasses shows that during
the period of rapid growth (wet season) they contain, on average, about 25% dry
matter, made up of 10% crude protein, 6% ash and a fibre content of 32% crL ' 
fibre or 43% acid detergent fibre (ADF). As the dry sfeasoe advances and

conditions become harsh, their nutritional quality declines to the extent that

crude protein could fall to as low as 2%. Ash values decline to about 3-4% as a

result of translocation to the root system, while fibre content increases in 
response to the process of lignification, sometimes to up to 50% crude fibre or 
60% ADF. 

In other words, these grasses cannot meet the nutrient requirements of small
ruminants for most the year. Even during the rains they can only satisfy
maintenance requirements. In vitro and in vivo studies carried out to evaluate 
these grasses have confirmed this conclusion. 

In a recent sudy in which rumen degradability in sheep, goats and cattle 
was used as a screening technique to evaluate the potential nutritive value of
various feed resources, Smith et al (1989) concluded, on the basis of 48-hour
dry-matter degradability in sheep and goats, that because of high cell wall 
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Table 2. Intake anudiuaiisaton of tropicalgrassesby goats 

Dry matter (g/kg ) Digestible dry-matter 

Feed Offered Consumed 
Digestibility

(%) 
intake

(g/kg°)75 )a 

Pmucwn maximum 
(well fertilised, 75 54.9 75.8 41.6 
6 weeks old) 

P mmdmum (hnay) 77 43 45 19.4 
Cynodon nlemfunsis 87.5 40.6 43.2 17.5 

(hay) 

C. nlemfuesis (hay) 131.5 39.9 46.6 18.6 
NRC (1981) maintenaace requirement for goats isJ' g digestible organic matter intake/kg.S per 
day, ie, about 30 g digestible dry matter intake/kg per day, assuming 10%ash 

Source: Ademosun et al (1988) 

contents during the dry season, the quality of grass forages such as Pennisetum 
and Andropogonspp may be too low to sustain the animals. Supplementation
with browse or crop residues was recommended. 

Data from Ademosun et al (1988), summarised in Table 2, confirm the 
suggestion that uness well fertilised, and harvested young, tropical grasses alone 
cannot supply small ruminants with the nutrients required for a reasonable 
production level. The production of high quality forages requires inputs and 
management know-how not yet available to the small-ruminant producers within 
the farming system described above. Other readily available feed resources must 
therefore be used to complement the forages. Foddier trees and shrubs (browses) 
can apparently fulfil this role. 

Browses 

Browses, in the form of fodder trees and shrubs, form an integral part of farming 
systems in humid West Africa (Atta-Krah et al, 1986). As their establishment and 
management require little effort, labour, time, technical know-how or resources, 
it should be easy to promote and intensify their use as animal feed. The multi­
purpose nature of browses as fuel wood, shade, food (fruits), poles, etc, as well 
as their potential to improve soil fertility and conservation, are added incentives. 

In terms of utilisation as animal feed, browses currently play an important,
albeit non-strategic, role, as animals under confinement often receive one type or 
another of browse, from fallow lands or around homesteads. Efficient utilisation 
in a complementary way with rrass forages and crop residues is what needs to be 
worked out through research, in order to exploit their potential nutritive value. 

Data in the literature demonstrate the potential complementarity between 
browses and grass forages. The nutrient contents of some common browses, 
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shown in Table 3, indicate that, on average, browses contain more crude protein
and organic matter, but less fibre, than tropical grasses, and should, therefore,
increase nutrient supply to the animal when combined with the poorer quality
forage. Rumen degradability studies by Smith et al (1989) and others (Minor and 
Hovell, 1979; Kabaija, 1985) show that many browses degrade fairly well and 
rapidly (Table 3), supplying much needed soluble carbohydrates and fermentable 
nitrogen to the rumen, thus enhancing forage breakdown. Many of these browses 
contain high levels of essential elements such as calcium, sodium and sulphur, as 
well as critical microelements such as iron and zinc (Kabaija and Smith, 1989;
Devendra, 1990), which have been shown to be deficient or borderline for 
productive purposes in many tropical grasses (Olubajo, 1974; Kabaija and Smith,
1987). Moreover, most of the browses remain green all year round and, if 
properly managed, continue to provide substantial amounts of foliage even 
during the dry season. Browses, therefore, complement grasses both 
quantitatively and qualitatively. Several feeding and growth trials have 
confirmed the potential of browses to enhance forage utilisation and improve
performance. 

In long-term studies designed to evaluate the effects of browse 
supplementation on the productivity of sheep (Reynolds and Adediran, 1987)

and goats (Reynolds, 1989), pregnant ewes and does maintained on a basal diet

of Panicu maxinum were supplemented with graded levels of a 1:1 (w/w)

mixture of Gliricidiasepium and Leucaenaleucocephalaover two reproductive

cycles. Browse supplementation increased growth rate to weaning of both kids
 
and lambs by 45%. When the effect of direct supplementation to the kids and
lambs was examined, browse supplementation doubled growth rate from birth to 
six months in both species. It was also observed that browse supplementation
increased overall daily dry-niatter intake by the dams during the final two 

Table 3. Nutrient contents and rumen desradabilities ofsome common browses 

% Dry matter 

Dry Acid Dry-matter Half life (hours) 
matter Crude detergent Crude digestibility


Browse (%) protein fibre fibre Ash (%) Dry tiatter Nitrogen
 

Bamboo 27.3 21.0 47.9 28.2 11.0 36.6 - ­
leaves 

Casva 
leave 23.8 23.0 29.8 17.4 3.5 84.3 13.1 20.5 

Glireada 23.5 28.4 29.4 20.7 9.7 75.7 12.0 7.9 
leavesLeucaena 
leaven 24.0 30.0 33.8 31.7 8.8 70.0 23.2 21.2 

Sources: Minor and Hovel (1979); Kabaija (1985); Ademosun et al (1988); Smith et al (1989) 

368
 



months of pregnancy and four months of lactation. Aproductivilty tnuex 
calculated as weight of offspring weaned/dam per year increased by 0.64 kg in 
goats, and 1.41 kg in sheep. 

Recently, Ademosun et al (1988) reported that in a series of feeding trials 
with goats, results from preliminary experiments suggested that tropical grasses 
alone could not provide stall-fed goats with the nutrients required for reasonable 
production levels. Therefore, in subsequent trials they evaluated the effect of 
supplementing these grasses with two common browses, Gliricidiaand 
Leucaena.The results, summarised inTable 4, demonstrate the potentials of 
these browses to improve the utilisation of poor quality fcrages. Follow-up 
studies were designed to investigate the potential of these browses as sole feeds, 
a feeding system that could be particularly valuable during the dry season when 
there is an acute shortage of conventional forages. Table 5 summarises some of 
the results obtained. 

All of these studies suggest that the use of browses, such as Gliricidiaand 
Leucaena,either as supplements to tropical forages or as sole feeds, is a viable 
feeding system in humid West Africa. The spectre of dihydroxypyridone (DHP) 
toxicity in the case ofLeucaena should not be a deterrent, as evidence exists that 
rations containing up to 50% by weight ofLeucaenaconstitute no hazards to 
sheep and goats (Ademosun, et al 1988). 

Crops residues and kitchen wastes 

As indicated above, an important component of the farming system in humid 
West Africa is the cultivation of various crops-food crops (maize, sorghum, 

Table 4. Complementarity oftropical forages and browses 

Intake (&/kg °" per day) 

Feed combination Dry matter Digestible dry matter 

Panicwn mauimum hay ad libitwn 43.1 19.4 

Panouwnmarwum hay ad libitum plus 

10 g Gliricida/k "7 5  
51.1 23.5 

20 g Gliricial/kg' 7 5 
5&7 30.0 

30 g Gl'rCidjz1kg °'75  69.1 37.9 

Pawdcwn maxirru hay ad libitum 4&3 22.9 

Panicwn mavirum hay ad libitum plus 

10 g Leucan/kg ° '75  50.8 20.2 

20 g Letic-na/kg '7 5  
66.1 34.4 

75  30 ALeucaena/k, 0 . 68.4 32.6 

Source: Adapted from Ademosun et al (1988) 
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TableS. Leucaena andGliricidia -i sole feedfor goats 

Intake (gWkg 7
S per day) 

Proportion 
consumed Total Digestible %of 

(%,dry-mater dzy dry Growth rate optimum
Feed combination basis) mattermatter (g/day) growth rate 

Panicwn maximum (hay) 100 43.1 19.5 

Gliricidasepisan 100 37.9 3966.7 23.3 

Gliricidiasepiwn 65 
plus 70.9 42.3 36.0 60 
Leucaena leucocephala 35 

Gliricida sepi m 36 
plus 
Leucaena leucocephala 31 70.1 49.6 43.5 73
 
plus
 
Cassava 33
 

Pamicwn maximum 20
 
plus 77 60
55 100
 
Concentrate 80
 

Source: Adapted from Ademosun et al (1988) 

cassava, plantain) or tree crops (cocoa, oil palm, rubber). Many of these crops
undergo primary processing, either at the homesteads or farmsteads, thus 
producing a substantial amount of crop residues. Unlike browses, which tend to
have medium to high nutritional values and hence complement poor quality
forages, the nutritional value of crop residues could vary from high to low levels, 
similar to those of poor quality forages.

Many crop residues are low in protein, are highly fibrous and, therefore,
low in fermentable carbohydrates. Such feeds fail to maintain an efficient rumen 
ecosystem for their own degradation and/or that of equally poor forages.
Theoretically, but also from practical observations, it has been suggested that the 
characteristics of a maintenance diet for adult ruminants are a crude-protein level 
of 6-7%, a dry-matter intake of about 1.7% of body weight and a dry-matter
digestibility of50-55% (Devendra, 1985). Table 6 shows that many crop
residues rarely meet these requirements. Such residues may require upgrading by
chemical, physical or biological treatments to improve their value and 
usefulness. Such treatments may, however, not be economically suitable for 
small-scale small-ruminant production systems in humid West Africa. 

Whereas crop residues (cereal straws, stovers) may not be suitable as 
supplements to poor quality forages, they could be used as basal feeds,
supplemented with better quality feed materials such as browses. Evidence exists 
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Table 6. Voluwy dry matter intaeanddigestibilityofselected crop residues 

Intake as % of body Dry-matter digestibility 
Crude weight (%) 
protein 

Crop residue (%) Sheep Goats Sheep Goats Sources 

Maize stover 4.0 - 0.7 - 53 1 

Sorghum stover 4.0 - 2.0 - 57 1 

Rice straw 4.2 1.4 1.9 47 48 2 

Cocoa pods 5.0 - - 20 - 3 

Sources: 1. Alhassan et at (1984); 2. McManus et at (1972); 3. Smith and Adegbo!a (1982) 

Table 7. Performanceofgoatsfedoncrop residuessupplementedwith browses
 
Dry-matter intake Growth rate
 

Basal diet' (g/kg 0 75 per day) (g/day) 

Corn stover 78.5 56.3 

Sorghum stover 74.8 55.0 

Sugar-cane tops 67.3 50.0
 
a All three diets supplemented with groundnut haulms, cassava tops andLeucmenaleaves
 

Source:Soedomo-Reksohadiprodjo (1985) 

in the literature (Table 7) that a feeding system consisting of fibrous crop
residues supplemented with browses is a viable one. 

Other crop residues could, nevertheless, be used as supplements in feeding 
systems based on poor quality forages, because of their fairly high nutritive 
values. Such residues as roots and tuber peels, cereal brans and grain legume
brans supply a fairly high amount of much needed soluble carbohydrate and 
fermentable nitrogen to the rumen. T"ne potential feeding value of this category
of crop residues is demonstrated in Table 8. 

Table& The value ofswn-driedpeeliay supplements topoorquality tropicalforageforsheep 

Dry-matter intake Weight gains Dry-matter digestibility
Dicta (kg/day) (g/day) (%) 

70%Pennisetumpurpureum 0.87 45.2 50.7 

35%Pennserumppureum 1.36 106.7 79.0 
plus 35% Cassava peels 

70%Cassava peels 1.06 227.1 8&1 

£ All diets a'al..emented with cottonseed cake 

Source: Fomunyam and Meffeja (1987) 
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In other words, in order to maximise the feed value of crop residues in 
humid West Africa, researchers need to investigate this nutritive-value-based 
dichotomy, and classify these materials into potential supplements to forages or 
browses, and potential basal feeds that require supplementation with browses. 
Table 9 shows such a classification for some crop residues available in the forest 
belt of humid West Africa. The classification based on crude-protein and fibre 
(ADF or NDF) ,ontents and in-situ degradability will facilitate the formulation 
of feeding systems that maximise the use of available feet resources. 

Table 9. Nutritionalrole ofcommon crop residues in humid West Africa 

% DM 

In situ 
Crop residue 
classification Crude fibre 

Acid detergent 
fibre Crude protein 

degradability 
(%DM) 

Basa feeds 
Rice straw 20-45 45-55 2-9 30-34 

Cocoa pods 20-45 55-59 2-8 38-40 
Sugar-cane tops 28-34 43 5-8 10-20 
Sorghum stovers 31-35 45-50 3-6 25-30 
Corn stovers 28-46 46-50 2-8 50-65 
Supplements 
Cassava peels 10-22 15-18 3-7 70-75 
Yam peels 5-8 10-12 5-8 75-80 
Sweet potato peels - 15-18 6-10 80-90 
Cowpea husk 40-45 38-40 6-10 70-75 
Maize bran - 8-10 15-20 75-80 

RECOMMENDATIONS 

From the foregoing, it is clear, that a rumber of feasible feeding strategies exist. 
In order to exploit available resources, the choice must be guided by season, 
number of animals to be fed, available resources and ecological zone. The 
suggested systems shown in Table 10 have been guided by these factors as well 
as by research results discussed above. 

The list of suggested feeding systems in Table 10 is by no means 
exhaustive, and many more could be added as a result of current and future 
research results. Some of the pressing future research needs which have high 
potential pay-offs include: 

characterisation through nutritional studies of the role ofvarious crop 
residues and kitchen wastes as supplements or basal feeds within particular 
feeding systems 
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Table 10. Suggestedfeeding systems for small ruminantsin humid West Africa 

Feeding system 	 Target belt Target season 

Forage based 

Forage plus browse Forest, Savannah Wet 

Forage plus browse plus crop residues Forest, Savannah Wet 

Forage plus highly fermentable crop residues Forest, Savannah Wet 
Browse based 
Browse alone Forest, Savannah Dry 
Browse plus fermentable crop residues Forest, Savannah Dry 

Crop-residue based 

Fibrous crop residues plus browse Forest, Savannah Dry 
Fibrous plus fermentable crop residues Forest, Savannah Dry 

Novel systems 

Under-tree crop grazing plus supplement Forest Wet 

Alley farm foliage plus crop residue Forest Dry 

Fodder banks Savannah Dry 

* 	 nutritional evaluation of local browse species. The advantages of promising
local species over introduced species such as Leucaena, in terms of farmer 
adoption, are obvious 

* 	 integration ofsmall ruminants into the alley farming concept, particularly

working out the proportion of foliage to be recycled directly as mulch, or
 
indirectly through animal faeces, in order to ensure sustainability


* 	 development of small-scale producer-targeted technology for making forage
silages. Such technology would involve no more machinery than a hand-run 
chopper and no additives other than forages, crop residues or browses rich 
in fermentabk carbohydrates and nitrogen 

* 	 integration of small ruminants into tree-crop production 
* 	 adaptation of the fodder bank concept to small-ruminant production. 

CONCLUSIONS 

Efforts to alleviate current constraints of inadequate and fluctuating feed supply
to small iuminants in humid West Africa should be directed primarily toward a 
proper knowledge of the nutritional characteristics ofvarious feed resources 
available in order to fully exploit the natural complementarity that exists 
between them. Current feed management and utilisation practices also need to be 
examined critically, in order to identify those that maximally exploit the 
nutritional potential of the feed resources. 
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For example, farmers keeping small ruminants in the forest belt of humid 
West Africa feed crop residues and kitchen wastes such as cassava peels, maize 
bran and cowpea husks to their animals first thing in the morning, before turning
the them out to graze fibrous grasses all day. Results of rumen degradability
studies suggest that this system should be the other way round, with the rapidly
degraded peels, brans and husks fed late in the afternoon and at night, to better 
synchronise the release of the energy and nitrogen they contain with those of the 
less rapidly degraded grasses. This thesis needs to be verified on-farm. 

The abundant, lush ard nutritive roadside and fallow land grasses during the 
rains are currently uneerutilised. This resource needs to be preserved as silage
for dry-season feeding. The challenge to researchers is to develop an ensiling
technology harmonious with the resources of the small-scale producers. 

Feed constraints currently limiting small ruminant production and 
productivity in humid West Africa are, to a large extent, due to a non-strategic
utilisation and combination of available feed resources, to develop production
feeding systems, rather than absolute quantitative and qualitative shortages. 
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ABSTRACT 

Nigeria has an immense capability to produce many different types ofcropresidues and agro-industrial byproducts which could be used to improve
livestock nutrition. However, for various socio-cultural and policy reasons,
farmers are not making use of these resources at present.

A model feeding trial demonstrates the profitability of the use ofnon-conventional feed resources, and suggestions are made for policyinterventions in areas of preservation and treatment, transportation, extension
 

and research.
 

RESUME 

Aspectssocio-6conomiqueset stratgiquesde l'utilisationdes risidusde
recote et dessous-produitsagro-industrielsdans l'alimentation des animaux
 
d'alevageau Nigeria
 

Compte tenu de ses dnornespotentialitesen la matire,le Nigdriapourraitproduireun grandnombre de rdsidusde rdcolteet de sous-produitsagro-industrielspropres6 servird'alimnents du bdtail.Malheureusement,lespaysans ne s'intdressentgureaujourd'huia ces ressourceset ce pourdiversesraisonsy comprisdes raisonsd'ordresocio-gconomiqueet stratdgique.Un rdgime alinentairemodle expdrimentd dans le cadrede cette eude acependantperinisde mettre en evidence les avantagesdconomiquesdeP'utilisationde ces ressourcesalinentairesnon conventionnelles.Enfin, desinterventionsstrategiquesapproprijesont dtd recommanddesen vue depromouvoirla conservation,le traitement,le transportet la vulgarisationdesresidus de rdcolte et des sous-produitsagro-industrielsainsique la recherche 
dans ce domaine. 
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INTRODUCTION 

Large quantities of crop residues, produced on private and government farms in 
Nigeria, are wasted year after year. Some are left to rot in the fields, which may 
improve soil fertility, but most are burned. Similarly, most agro-industrial 
concerns in the country dispose of their valuable byproducts in non-beneficial 
ways. Although there is much evidence that livestock fed crop residues and 
agro-inductrial byproducts can achieve substantial weight gains (eg, Ward, 1978; 
O' Donovan, 1979), a recent survey in Benue State, Nigeria, (Ayoade and Ayoola, 
1991) shows that, on average, more than 60% of livestock farmers are not aware 
of the value of crop residues in animal nutrition. 

Recently there has been a growing policy recognition of the role of non­
conventional feed resources in livestock development. Following the acute 
shortage of foreign exchange for importing concentrates in the stiuctural 
adjustment period, the government has set up a task force to investigate and 
advise on the prospects and possibilities of using the alternative livestock feed 
resources available in the country. This paper examines some aspects of the use 
of crop residues and agro-industrial byproducts in livestock production. 

AVAILABILITY AND UTILISATION 

A general knowledge of the availability and utilisation of crop residues and 
agro-industrial byproducts in the various agro-ecological zones of Nigeria is 
important for assessing the potential of these resources. 

The agricultural economy of the southern part of Nigeria is largely based on 
tree crops; ruminant production is a secondary activity, mainly because of the 
tsetse fly menace. The forest is principally exploited for wood, nrbber and palm 
oil; secondary crops include cocoa, coffee, citrus, banana and plantain. Towards 
the north, more land is available for arabi tarming. Swampy rice thrives in the 
delta areas, particularly in River and southern Bendel States, while yam, cassava, 
cereals and legumes are abuiidqnt in the rest of the southern zone, including 
Anambra, Imo, Ondo and the southcrn part of Oyo State. Thus the crop residues 
available in this zone are immense quantities of cocoa pods and cassava and yam 
peels as well as enough cereal straws and legume haulms to sustain the local 
livestock population during the dry season. 

The savannah middle belt (covering northern Oyo, Kwara, Benue, Niger, 
Plateau, and the southern fringes of Kaduna and Gongola States) operates an 
active grains economy. Arable farming thrives with crops like soybean, maize, 
upland and fadama rice, sugarcane, sorghum, yam and millet. These are usually 
cultivated in homesteads together with livestock-mainly goats and poultry, 
although sheep and cattle are also kept. Cattle rearing generally involves Fulani 
agropastoralists who move progressively southwards into this zone in the dry 
season. Sedentary and semi-settled Fulanis can also be found interspersed in the 
zone with small farms around their houses, integrated with cattle, sheep, goats 
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and poultry (Nuru, 1989). Thus the savannah middle belc produces large amounts 
of rice straw, maize stover, millet/sorghum stover, soybLan straw and ."onpeels 
as the main residues from cropping activities. 

The ecology of the far north, in Kano, Sokoto, Kaduna, Katsina and Bomo
States, supports valuable crops such as cotton, wheat, groundnut, millet, sorghum
and cowpea. The area is somewhat arid, but there is a vast expanse of land for 
arable cropping without the need to fell trees. This zone has great potential to 
supply large quantities of groundnut haulms, wheat stover, cowpea haulms and 
millet/sorghum stover. It also sustains a large population of numinant animals;
transhumance of cattle Fulanis is prominent in addition to homestead rearing of 
ruminants and poultry.


Nigeria has numerous small-, medium- and large-scale agro-industrial
 
concerns, and hence an immense capability to supply agro-industrial waste
 
materials to agriculture. For example, the brewing industry serves as an
 
important source of brewers' wastes for feeding livestock.
 

Although crop iesidues are widely available throughout the country, their 
use as livestock feeds is limited to the northern zone. On the other hand, the us­
of industrial byproducts is only popular in the south, among pig owners, who 
obtain brewers' waste direct from nearby breweries. Treatment of these products
to enhance nutrient intake and availability is not common in the country as a 
whole, although recently some attempts to introduce this technology have been
 
made by the National Livestock Development Project and Agricultural
 
Develcpment Projects.
 

SOCIO-CULTURAL DIMENSIONS 

Table 1shows a profile of livestock farmers in Benue State (Ayoade and Ayoola,
1991). Most livestock owners are of an age when their physical and mental
 
abilities limit their involvement in business activities; older people cannot invest
 
in crop residue sourcing, preservation and treatment on their own, without the
 
help of their children, but children are often away in urban centres, at school or
 
working. So most crop residues are left in the fields after the harvest. In addition, 
the level of literacy is too low to facilitate efforts of extension agents to 
introduce crop residues and byproducts into the farmers' animal nutrition 
practices; most farmers have had no schooling. Also, many small farmen keep
livestock for reasons other than cash income, for example, for ceremonies or 
simply as a hobby. Such farmers may be unwilling to spend money on a(quiring,
preserving and treating crop residues or byproducts. 

Ayoade and Ayoola (1991) also found that livestock production at the
household level is mainly the work of women. But according to other surveys in 
Benue State (Akpaiyo, 1991; Unaji, 1991), women's production capabilities are 
greatly limited by socio-cultural factors. For example: sheep and pig rearing is 
believed to reduce women's fertility and cause human infat mortality;
ownership of cattle by women is forbidden by the gods, who could punish 
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Table 1. Selectedfeaures oflivestockproduce's in Benue State,Ngeriga 1989 

Frequency (%) 

Age (n=72) <20 0.3 

21-40 36 

41-60 52 

>60 12 

Literacy level (n=740) No schooling 78 

Adult education 2 

Primary school 14 

Secondary school 5 

Post-secondary school 1 
OLjectives (n=81) Money 51 

Money and ceremonies 37 

Ceremo.ies 5 

Hobby 8 

Source: Ayoade and Ayoola (1991) 

defaulters; and certain animals are associated with witchcraft. As a result, 
livestock production is generally low, and so there is only limited demand for 
crop residues and agro-industrial byproducts in farm activities. 

The last socio-cultural factor to be considered is the transhumance of Fulani 
agropasto'alists. At the onset of the dry season these people rreve south in search 
of greener vegetation, and thus use grasses and harvested cereal straws in situ to 
feed their animals. Preservation of crop residues is not a priority for them 
because they move north again when the rains start. 

Extension efforts to develop the use of crop residues and agro-industrial 
byproducts in livestock production need to take into account these socio-cuitural 
factors. For example, taboos associated livestock keeping need to be overcome; 
agropastoralists could be encouraged to settle; the profitability of crop-residue 
use in animal production could be demonstrated, especially to farmers who keep 
animals only for ceremonial or hobby reasons. Such efforts may increase the 
numbers of ruminants kept by household which, in turn, may enhance the use of 
crop residues and industrial byproducts for their nutrition. 

ECONOMIC AND POLICY CONSIDERATIONS 

Profitability assessment 

In order to demonstrate the profitability of enhanced livestock nutrition, a 
feeding trial was conducted at Makurdi. Two-yeor old Bunaji and Gudali feeder 
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cattle, weighing 200 kg, were fed crop residues supplemented with 
agro-industrial byproducts (cottonseed cake (CSC), brewers' dried grains (BDG) 
and molasses) for 120 days. Health precautions taken during the fattening period 
included deworming, tick bathing and vaccinations according to standard 
recommendations. 

During the first two weeks in the stall, each animal was given 3 kg crop 
residue, I kg BDG, 1 kg CSC and 1kg molasses daily. After two weeks, each 
animal was given 5 kg crop residue, 2 kg BDG, 1.5 kg CSC and 2 kg molasses 
daily. The animals were fed twice a day, half the daily allowance being given at 
each meal. The supplements were well mixed before administration, and clean 
water and salt licks were available ad libitun. 

A daily weight gain of0.67 kg was achieved. Details of costs and returns on 
live and slaughtered animal bases are summarised below. 

Liveweight basis 
Naira 

Income from sale of two finished feeders at 
Naira 10/kg liveweight (finished weight = 280 kg) 5600 

Less variable costs: 
2 feeder cattle at Naira 1000 each 2000 
480 kg BDG at Naira 0.75/kg 360 
360 kg CSC at Naira 0.80/kg 288 
240 kg molasses at Naira 1.5/kg 360 
1200 kg crop residue at Naira 0.20/kg 240 
5 Salt licks at Naira 30 each 150 
Medication at Naira 50/animal 100 3498 

Gross margin 2102 

Slaughteredbasis 
Naira 

Income from slaughtering and processing 
of two finished fcede-: 
Lean meat (2 x 100 kg) at Naira 20/kg 4000 
Bone meat (2 x 15 kg) at Naira 15/kg 450 
Offals (2 x 10 kg) at Naira 15/kg 300 
Tails (2) at Naira 60 each 120 
Skins (2) at Naira 150 each 300 
Heads (2) at Naira 100 ;ah 200 
Shanks (2 x 4) at N.ira 30 each 240 5610 

Less variable costs 3498 
Less processing/slaughter cost (Naira 50/animal) 100 
Gross margin 2012 
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The cattle fattening enterprise is profitable on both liveweight and 
slaughtered bases and so farmers adopting the use of residues and byproducts
would be assured of substantial returns to labour and management. Proper 
management practices such as cooperative sourcing of animals, crop residues, 
byproducts and medication, would lead to even higher gross margins.

It appears that economic reasons alone cannot explain the observed limited 
uses of these feed materials in the livestock industry. The possibility exists,
therefore, for livestock extension services to make an impact in this regard 
among the livestock farming population. 

Inhibitory policy environment 

The national agricultural policy has provisions for encouraging livestock farmers 
to "practise various forms of fodder conservation techniques" and to "ensure the 
proper utilisation of all agro-industrial byproducts and crop residues which are 
found to be suitable for livestock feeding". However, few practical efforts have 
been made to apply these policy intentions (FMAWRRD 1988). 

There are three observable features of the livestock policy environment that 
inhibit the use of crop residues and industrial byproducts in Nigeria. First,
agro-industries are generally not located in the same areas as the main livestock 
population. Therefore byproducts which accumulate in the industrial areas 
cannot be distributed to livestock owners at the time, and in the form and 
quantities, desired, without incurring excessive transport costs. For example, the 
Savannah Sugar Company at Numan and the Nigeria Sugar Company at Bacita 
are located far from areas of livestock concentration such as Kaduna, Kano and 
Sokoto States, and there are no railway links for easy haulage. Furthermore, the 
distribution of breweries is skewed toward the south of the country whereas the 
greatest population of ruminant livestock is located in the north. This constraint 
could be overcome by the development and use of su] table means of treatment, 
preservation and transport of the byproducts.

Second, little or no effort has been made to demonstrate to farmers the 
advantages of using crop residues and agro-industrial byproducts in livestock 
production. This is a part of the observed laxity of livestock extension in general.
The Nigerian agricultural extension system is largely biased towards crop
production, and so what is needed is a complementary extension effort in the 
area of livestock production to enhance understanding of sourcing, handling and 
utilising crop residues in animal nutrition, particularly under the prevalent mixed 
farming systems in the country. The current proposal for unifying agricultural
extension systems should pay attention to this area. This new effort should 
incorporate the use of proven extension methods, such as demonstrations, 
training, visits and adaptive research activities. 

Third, the tempo of research on crop residues and byproducts appears low 
in the country. Research needs to be conducted on such issues as nutrient quality
ofavailable residues and byproducts, treatment methods and feeding trials. The 
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economics of crop residue and byproduct utilisation also requires intensive
 
analytical investigations to formulate least-cost rations for animal nutrition.
 
There are plenty of opportunities for a concerted research effort to raise and
 
utilise the potential of these materials. 
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ABSTRACT 

This paper discusses the costs associated with the utilisation of crop residues and
planted pastures as major animal feed resources in smallholder production
systems in the highlands of Hai District, Tanzania. The quantitative effects of
changes in transportation costs and prices of concentrate supplements on the

profitability of using crop residues and planted pastures are illustrated using

linear programming models. The costs associated with the use of planted
pastures are lower than those associated with the use of crop residues obtained
from maize and bean farms in the lowland zone, especially in the long term. And
the difference becomes greater as transportation costs and prices of concentrate 
supplements increase. 

RESUME 

Comparaisondes coatsassociis4 l'ulisationdesrisidusde ricoltedt des­
culturesfourragoresdansks syst~mes de la petite exploitationdans le district
 
de Haien Tanzanie
 

Cet anileest consacrd d une analysedes coats associ s l'utilisationaes 
sous-produitsagricolset des culturesfourragresen tant queprincipales 
sources d'alimentsdu b~taildans les systbines dupetit glevage des hauts
plateauxdu divtrictde Haien Tanzanie.Desmod&les deprogrammationlinaire 
ont servi d illustrerlcs effets quantitatifsdes variaionsdesfraisde transportet
des coatsdes concentrdssur larentabiliides rdsidusde recofte et des cultures
fourrag&es.Dans lesplaies,les coatsassocidsaux culturesfourrageressont
infdrieursd ceux relatifsaux rsidusdescultures de mais et de haricot 
notamment d long terme. Cette diffrenrese creusaitavec l'accroissementdes
frai de transportet du prixdes concentrs utiisscomme compldments. 
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INTRODUCTION 

Smallholder production systems based on crop growing combined with stall-fed 
crossbred dairy cows have been successfully developed in the highlands of Hai 
District, Tanzania. Increased population pressure has resulted in progressively 
smaller agricultural holdings and grazing land has been taken for perennial 
crops, *specialiy coffee and banana. Lack of grazing land has induced most 
smallholder farmers to resort to using crop residues from the lowland zone and 
established pastures from the highlands as major animal feeds. The most 
common crop residues are maize stover and bean straw. Planted pastures includr. 
elephant grass (Penni/etumpurpureum), se-rlia (Setariaanceps), Guatemala 
grass(Tripsacum larum)andDesmodiwn spp. 

Various projects have been initiated to improve feed resources for small 
farmers in Hai District. For example, the hitegrated Dairy Development 
Programme, financed by FAO 'Food and Agriculture Organization of the United 
Nations), was started in 1985. One of its objectives was to improve feeding of 
dairy cattle by helping smallholder farmers to grow improved pastures on their 
own land, and by improving the nutritional value of crop residues. Another 
project, the Dairy Feeding Systems project, financed by the International 
Development Research Centre of Canada, was started in 1984. Phase I of this 
project, carried out between 1984 and 1987, concerned developing feeding 
packages based on maize stover, bean straw and molasses-urea, and these 
feeding packages have been adopted by many smallholder farmers in the 
highlands (Mdoe and Mlay, 1990). While continuing with the activities ofphase 
, p-h"i ii uf the projec, has put more emphasis on developing planted pastures 

in smallholder faime-s' plots in the highlands. 
There are problems associated with both categories of feed resources that 

the above projects are attempting to improve. Crop residues must be transported 
from maize and beau farms in the lowland zone to the homesteads in the 
highland zone. Furthermiore, crop residues have low nutritive value, and so must 
be supplemented with high levels of concentrates. Establishment of pastures, on 
the afner lhmd, is contrained by scarcity of land; most of the land is already 
under coffee/banaiia. However, if the costs of establishing pastures are compared 
with those of using crop residues from the lowland zone, it might be less costly, 
in the long term, foe the tarmer to use some land for pasture establishment rather 
than depend on crop residues. 

Feed accounts for a large proportion of the total cost of dairy production, so 
the profitability of smallholder milk production can be increased if farmers could 
use low-cost feed resources that provide the required nutrients. 

This paper discusses the cosis associated with utilising crop residues from 
the lowlands and planted pastures in the highlands in Hai District. It then 
assesses the impact of changes in transport costs and prices of concentrate 
supplements on the profitability of using these feed resources, based on results of 
linear programming models developed by Mdoe (1985). 
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COSTS CONSIDERED 

Beinerlein (1986) categorises costs into explicit and implicit costs. Explicit costs 
are cash costs incurred when inputs are purchased for production and these costs 
are directly determined as the money outlay required o obtain inputs. Implicit
costs are costs which do not involve direct payment; they include unpaid family
labour, depreciation and opportunity cost of resources. 

Implicit costs are difficult to quantify (Osburn and Kenneth, 1982). Even 
so, they must be considered in estimating costs of production; if they are not,
such estimates tend to be understated. Implicit costs considered in this paper are
the opportunity costs of resources; opportunity cost is expressed as the return a 
resource caa earn whein put to its best alternative use. 

COfSTS ASSOCIATED WITH UTILISATION OF CROP RESIDUES 

Major costs i.icurred by smallholders in using crop residues as animal feed in the
highlands of Hai District include transport costs, upgrading costs and the 
opportunity cost of removing crop residues from farms in the lowlands. 

Transportcosts 

Crop residues have to be transported from maize and bean farms in the lowlands 
to the highlands where animals are stall-fed. The bulkiness of the crop residues 
and lack of transport constrain the utilisation of crop residues. Modes of 
transporting the crop residues include carrying them on the head, bicycles and
vehicles, especially pick-ups. Because hiring pick-ups is a common practice in
the area, rising fuel prices and/or shortages of vehicles and spare parts will lead 
to increasingly high costs of transporting crop residues. 

Baling crop residues to reduce their bulk and hence increase the quantity
that can be transported could be a way of reducing transport costs. Baling is
expensive for individual smallholder farmers, because of the equipment required
and the need to bale large quantities to achieve economies of scale. Baling could,
however, be carried out on a cooperative basis. Several large-scale fars in 
Kilimanjaro and Arusha already bale maize stover and bean straw and sell the 
bales to smallholder farmers. 

Costs of upgrading crop residues 

Crop residues are characteristically low in protein and high in fibre and lignin.
As a result, digestibility is slow, rare of passage is low and voluntary intake is
limited. Intake and digestibility of the crop residues could be improved by
chopping, chemical treatment or supplementation with concentrates or molasses/ 
urea (Kategile et al, 1981; Kiflewahid et al, 1983; Wanapat and Devendra, 1985). 
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There has been great variation in the extent to which these methods have been 
practised by smallholder farmers in the highlands of Hai District. The major
limiting factor to the adoption of a particular method is the cost involved. 

Chopping 

Many smallholder farmers in the highlands of Hai District chop stover in order 
to reduce bulk, increase consumption and reduce wastage. The major drawback 
is availability and cost of choppers to individual smallholder farmers. 

Chemical reatment 

FAO started trials on chemical treatment of maize stover in Hai District ii! 1987. 
These trials were followed hy a small-scale residue treatment campaign in 1988. 
However, this practice has not been adopted by smallholder farmers, mainly
because of lack of availability and high cost ofchemicals. 

Supplementationwith concentrates 

The commonest concentrate supplements used in Hai District are cottonseed 
cake, wheat bran/pollard and maize bran. Smallholder farmers usually buy 
concentrates from cooperative societies in their villages. The cooperative
societies procure and transport the concentrates from the Tanzania Farmers 
Association, the Kilimanjaro Native Cooperative Union and/or private traders in 
Moshi dnd Arusha. This arrangement is very beneficial and popular with 
smiholder farmers, but it sometimes fails, especially when concentrates are in 
Q'tort supply and the farmers have to buy them from other sources. 

Shortage of concentrate supplements is a serious problem, not only in Hai 
District but throughout Tanzania. And shortages lead to frequent price rises. For 
example, the price of cottonseed cake increased by more than 400% between 
1984 and 1990. For this reason concentrates are mainly used as a stimulant for 
milk let-down rather than a supplements to increase intake of crop residues. 

Supplementationwith molwses/urea 

A simple plant for mixing molasses and urea has been constructed, with FAO 
assistance, at a sugar factory 20 km south of Moshi municipality and about 
45-60 km from villages in the highlands uf Hai District. The molasses/urea
mixture is normally transported to btorage tanks built at various cooperative
societies which are supply centres to the smallholder farmers. Because of high
transport costs, the cost of using molasses/urea as a supplement to enhance 
intake of crop residues is also high, and is likely to increase even more with the 
frequent rises in the price of fuel. 
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Opportunity cost of crop residues 

There is competition between the utilisation of crop residues as a dairy cattle 
feed and their utilisation to maintain soil fertility in the lowland zone. Most of 
the crop residues are taken away from farms in the lowland zone and fed to dairy
cattle in the highland zone. The cow dung is never recycled back to the farms in 
the lowland zone; instead it is used for coffee/banana production in the highland 
zone. Therefore farmers in the lowland zone have to use commercial fertilisers to 
maintain soil fertility in their farms. 

The opportunity cost of using crop residues as feed for dairy cows is the 
value foregone by not using them to maintain soil fertility. 

COSTS ASSOCIATED WITH PLANTED PASTURES 

Explicit costs associated with planted pasture are seed, labour and fertiliser or 
manure costs. 

Seed costs 

Most smallholder °armers in the highland zone have Guatemala grass, setaria 
and elephant grass near their homesteads and so can obtain planting materials for 
these grasses from their own plots or from neighbours at no cost. Forage legumes 
are not widespread but Desmodium cuttings are available free of charge in most 
villages in the highlands. Desmodium seeds are, however, difficult to obtain. The 
Dairy Feeding Systems project has established seed production plots at two sites 
in Hai District but the Desmodium seed output from these plots is not yet enough
to satisfy demand. The small amount of seed that is produced is currently
distributed to small farmers free of charge, but it might be necessary in future to 
charge a small fee in order to sustain the seed production and distribution. 

Labour costs 

Labour for cultivation, planting, weeding, fertilisation, irrigation and cutting and 
carrying harvested pasture .ocattle sheds is normally provided from within the 
family, but hired labour is also used to supplement family labour. Labour charges
for pasture production depend on the type of work performed, and are higher for 
cultivation and weeding operations. In general, however, hired labour is 
available at relatively low ccst. 

Fertillser/manure costs 

Manure produced by dairy cows and o,,hr types of livestock is widely used in 
the highland zone, not only for pasoa-e production but also for coffee/banana 
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production. Use of commercial fertilisers is recommended where, soil nutrient 
deficiencies cannot be corrected by manure application (Msumali, 1990). 
Smallholder farmers obtain manure from their .;wn farms or from neighbcurs, 
nainly free of charge. 

The costs involved in using manure for pasture production are the costs of 
collecting manure from cattle sheds, carrying it to pasture plots and spreading it 
on the plots. If family labour is used the farmer does not incur any explicit costs 
for these operations; explicit costs are incurred only if the farmer hires labour. 

Opportunity cost of pasture land 

Because land is a very scarce resource in the highlands of Hai District, planted 
pastures compete for land with coffee and banana production. The opportunity 
cost involved in using the scarce land for pasture production rather than 
producing coffee/bananas is therefore the value of the coffee and bananas given 
up by using the land for establishing pasture. 

QUAN ITATIVE ANALYSIS OF COSTS ASSOCIATED WITH THE 
FEED RESOURCES 

Multipn riod linear programming results from a study conducted by Mdoe (1985) 
illustate the impact of changes in transport costs and prices of concentrate 
supplements on the profitability of using crop residues and planted pastures as 
major ffed resources. 

Mdoe (1985) developed two 20-year period li.ear programming models­
one representing a crop-residue feed-management system and the other a pasture 
feed-management system--to compare the profitab.lity of using these resources 
as major feeds for dairy cattle in the Kilimanjaro Jkaghlands. The general 
mathematical form of the model is: 

p n 

Maximise Z - 2 Cjk (1 + r)- ' Xk
 
k-i j-1
 

Subject to: 

p m n 

k-i ii 2 ajk Xjk bik
 
k-li-1j.1
 

and 

Xik 2 0, X, 2 0,. Xjk k O 
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where: 
Z = present value of the net returns 
n = number of activities in the kth period of the model 
t = time in years 
p = number of periods in the model 
r = discount rate 
nfi = number of resources used 
b = level of resource constraints 
Cjk = revenue or cost per unit of the jth activity in the kth period 
(1+rY4 = present value discount factor at r discount rate for year t 

The basic model for each feed management system represented a farmer 
keeping crossbred cows. Improved or exotic breeds were modelled by altering 
productivity coefficients in the basic models. 

The profits determined in each model were defined as the cumulative net 
present value (NPV) of net returns over a 20-year planning horizon. The results 
of the basic models indicate that the use of planted pastures was more profitable 
than the use of crop residues as majcr feeds for dairy cows (Table 1). When 
transport costs were increased by 40% above the 1984 average prices, NPV fell 
by 12.3% in the crop-residue system but by only 4.7% in the pasture system 
(Table 1). 

The extent to which NPV for each system was affected by increases in 
prices of concentrate feeds was also assessed. When the price of concentrate feed 
was increased by 30% above the 1984 average prices, NPV declined by 5% for 
the pasture system and by 28% for the crop-residue system. 

Table 1. Net present valuefor pasture and crop re.-ndue systems with and without increase in 
tramsport costs 

Net present vilue (TSh) 

Pasture sytemr Cropsystem 

Without increase n transport cost 76 655 74 704 

With 40% increase in transport cost 73 07- 65527 

Source: Mdoc (1985) 

CONCLUSIONS 

The costs assuciated with the use of crop residues are higher than those 
associated with the use of planted pastures as major dairy feeds in the highlands 
of Hai District. They are.also affected more by increasing transport costs and 
prices of concentrate supplements, because crop residues must be transported 
frem the lowland zone to the highland zone whereas pastures are established 
near the homesteads, and because crop residues require relatively large amounts 
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of concentrate supplements to improve their nutritive value as compared to
planted pastures. In the short term, initial pasture establishment costs may make 
pasture production more costly than the utilisation of crop residues. In the long
term, however, utilisation of planted pastures becomes less costly than utilisation
of crop residues, especially with the ever-increasing fuel prices. Smallholder 
farmers with limited land to establish adequate pastures should feed crop

residues supplemented with forage legumes to increase their returns through

higher intake and more efficient digestion.
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ABSTRACT 

A management package for dwarf goat production developed on-station at
Ile-Ife, Nigeria, is now being tested on-farm at the village level. Among other
issues, the project is investigating the zootechnical and socio-economic 
implications of changing from a traditional feeding regime based on roadside 
grass and household kitchen byproducts (cassava, yam and banana peelings,
maize bran) to a diet of good quality browse (Gliricidiasepium andLeuc aena
leucocephala)and grass (Panicunmaximum). While highlighting the favourable
effects of a browse-based diet on animal performance, this paper draws attention 
to some socio-ecorionuic imphzatiors of adopting such a feeding regime. It is
argued that factors to consider include the prevailing farming systems in each
locality and the investments required, in terms of land and labour, for goat
production in relation to competing enterprises. 

RESUME 

Gestionde la chevre nained'Afrique occidentaleen rdgiontropicalehumide: 
6valuationsocio-iconomiquedes regimesalimentaires 

Un paquet technolgique diaborden stationd lie Ife sur /agestion de la chvre
naine d'Afrique occidentaleest actuellermenten cours d'experimentationen
milieu reeL Entreautresquestions, les :ravauxeffectues Jtudient les 
consequenceszootechniqueset socio- dconomiques dupassagedu mode 
d'al&nentationtroditionnelbase surla divagationet les orduresmnagres
(peluresde manioc et d'igname,son de mais) d un regime alimentaireconstituJ
defourragesligneux de qualitd(Gliricidia sepium et Leucaena leucocephala) et 
de gramindes (Panicum maximum). Apres avoirsoulignd les avantagesd'un 
rdgime d base de ligneux quantauxperformancesdes animaux,cette dtude 
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souligne certainesdes consJquencessocio-dconomiquesde l'adoptiond'un tel 
syst6me. Il estpropos4 avantd'introduireun tel syst~ine, non seulement 
d'examinerdeprs un certainnonbre deparam~tres,y compris le type de 
systme en place, mais egalement de comnparerles investissetnentsen terreet en 
main-d'oeuvrentcessairespour l'levage caprinaux autresexigences 
evemuuelles d'autresactivitdsconcurrentielles. 

INTRODUCTION 

Goats are an important and preferred source of meat in the hunid tropics and 
particulaily in southern Nigeria. To individual owners, goat rearing is also an 
important source of income. In a 1977 study of two villages in the humid tropical 
zone of southern Nigeria, Matthewman (1977) indicated that 91% of farmers 
interviewed gave cash income as the main reason for keeping animals. Okali and 
Sumberg (1985) also indicated that small ruminants are one of a limited number 
of sources of income large enogh to be used for capital investment. 

Given the importance of the goat to the socio-economic miiieu of the rural 
population, a study of goat production management and feeding patterns in the 
humid tropics deserves attention. This paper examines some socio-economic 
considerations with respect to feed provision to West African Dwarf goats 
maintained under the extensive (traditional) and intensive (modem) management 
systems. The paper draws largely on the experience gathered from the West 
African Dwarf Goat (WADG) Research Project at Ile-Ife, Nigeria. 

BACKGROUND INFORMATION ON THE WADG PROJECT 

The joint Nigerian/Dutch research project "Management of the West African 
Dwarf Goat in the Humid Tropics" began in August 1981 with on-station 
research at Obafemi Awolowo University, Nigeria. Adopting an interdisciplinary 
approach (animal science, plant science, agricultural economics and extension), 
the project came up with a management package for dwarf goat production. The 
package has elements in common with alley farming developed by the 
International Institute for Tropical Agriculture (ITA) and with the goat 
improvement programme of the International Livestock Centre for Africa 
(ILCA),but differs from both by incorporating health and disease control with 
nutrition and management of the goats. The elements of the Ile-Ife package are: 

Health:Animal vaccination against Peste de Petits Ruminants and quarterly
dipping or washing with lindane solution against ectoparasites (mites, lice). 

Nutrition:Based on roadside grass (Panicum naxinum), browse products 
(Gl'ricidiasepium and Leucaena leucocephala)and industrial byproducts 
(brewers' dried grains) for critical periods. 

Management:Housing in bamboo huts with slatted floors. Twice daily 
feed~ng of adults and growers on a group basis, with suckling kids supplemented 
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in a creep feed area. Semi-controlled bieeding, with bucks being rotated daily
between pens with brecdable females. 

At present, the componenth of this package aie being tested on-farm (Moll,
1989). The on-farm prograune focuses on thre.z broad topics:
• 	the actual performance of the various goat-keeping subsystems under
 

villagL conditions
 
the possibilities various types of households have for the potential

incorporation of any of the goat-keeping subsystems


• 
the actual acceptance of the various goat-keeping subsystems in the villages
One subsystem relates to goat feeding regimes (nutrition subsystem) which

is the issue that is of particular interest to the present paper. In the next section,
two feeding regimes aro L atified and their essential characteristics discussed. 

FEEDING REGIMES 

Traditionally, goats in south-west Nigeria are free-roaming in an extensive 
management system. In this system, forage crops are not grown to support the
animals and the animals' manure is not returned for cultivation of food crop
plots. Thus, the animals appear to be poorly integrated in the prevailing farming
system. Moll (1989) laments the non-use of manure from goats a.'d argues that if 
manure from goats is used properly, it can complement the production of 
valuable crops like vegetables and fruits. 

Under the extensive management system, goats scavenge all day to feed
themselves; at best, they are offered feed supplements such as kitchen refuse,
dried cassava, cassava/yam/banana peelings, bean husks and maize chaff. The
only major investment is in acquiring new stock, and returns from this system 
are low. 

Drawing on a study undertaken by ILCA in 1983 (Mack, 1983) and on­
station data obtained from the Obafemi Awolowo U.iversity, Huijsman (1987)
remarks that there is a substantial increase in reproductive performance of dwarf 
goats when the animals are kept under the high intensity model. The productivity
(liveweight production per doe) more than doubles from 10.9 kg liveweight/doe
per year in the low intensity (extensive) model to 24.2 kg in the high intensity
(intensive) model. 

Huijsrnan (1987) indicates that "this increase is due to a higher average
litter size at birth, higher survival rates of weaners and growers and a substantial 
increase in liveweight of growers at 12 months" (see Table 1).

The other feeding regimes that have been advocated, therefore, are the
intensive types which include the cut-and-carry method. In this procedure,
leguminc, trees planted in alley farms or inteos~ve feed gardens provide a high­
protein diet to small ruminants. Devised by IITA, alley farming involves growing
arable crops in alleys between cultivated hedgerows of leguminous shrubs such 
asLeucaena leucocephalaor Gliricidiasepvmn in a system that allows hedgerow
foliage to be removed and fed to livestock without adverse effects on crop yields. 
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Table 1. Reprouctive performance data of varfgoats in humidsoud-west Nig-ria 

Performance indices Low intensity model High inteisity model 

Average liner size (kidlitter) 1.50 1.74 

Parturition interval (days) 259 267
 
Annual rexoductive rate 0Ads/doe 2.1 
 2.4 

per year)
 

Survival rate to weaning (%) 61Y 
 75
 
Survival rate 3-12 months (%) 77 95
 

Effective kidding rate (idds surviving 1.09 1.69 
to 12 months) 

Liveweight at 12 months (kg) 10.0 14.3 
Productivity (iveweight production 10.9 243 

per doe per year) (ik) 

Source: Huijsman (1987) 

The grazed fallow system, on the other hand, was conceived by ILCA and 
consists of a rotation of blocks of alleys with three to five years of alley cropping 
followed by two to three years of grazing, representing a high degree of 
integration of crop and livestock production. Both of these devices demond 
considerable management skills to ensure success. 

At Ile-Ife, a modified form (probably requiring less managerial capabilities) 
involves the establishment of intensive feed garden:+consisting solely of a 
mixture of Leucaena leucocephalaand Gliricidicsepium close to the homestead. 
Planting close to the homestead reduces the time needed to carry the browse to 
the animals, but requires considerable labour, not only to tend the gardens but 
also to ensure that adequate quantities of browse are continually supplied
(physically carried) to the goats in confinement. Given this requirement, "he 
system has to be viewed within the context of the resource bast and resource 
utilisation in particular farming systems. 

GOAT-KEEPING IN THE IFEIEDE FARMING SYSTEMS 
FRAMEWORK 

A farming systems approach should be followed when appraising the 
acceptability potentials of an intensive goat feeding regime. The approach should 
centre on the role of animal husbandry with regard to the availability and use of 
resources, while paying special attention to those components of the farming 
system that are either competing with or complementary to rearing the animals. 
This section examines the availability and utilisation of land and labrour required 
for goat-keeping in the Ife/Ede zone of south-west Nigeria. 

The case study is the group of six WADG on-farm research villages, three 
each in Ife South and Ede Local Government Areas. In five of the villages (Awo, 
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Ikotun and Ojo in Ede and Toro and Akeredolu in Ife South), goats are allowed 
to roam freely. In a sixth (newly selected) village, Ogbagba in Ife South, the 
movement of goats is restricted under a local regulation because of the damage
done to standing crops and other agricultural products. Farmers who have to 
confine their goats now contend with the issues of land and labour availability 
and use. 

Availability and use of land 

At present, availability of land does not seem to be a constraint to farming.
During interviews conducted in 1989, farmers in all villages except Toro and Ojo
said they had surplus land (see Alofe et al, 1989). In fact, at Akeredolu, the 
go~emment was able to acquire vast areas of land to start a big project, the 
school-leavers farming scheme under the National Directorate of Employment.
But although land is generally available, its acquisition, especially in the Ede 
area, still follows the traditional rules whereby land transactions require approval
from the village chief. 

Interms of use, the traditional shifting cultivation practice, involving
essentially the growing of food crops, is gradually being replaced by a more 
permanent system of cultivation involving kola, cocoa and oil palm trees. Such a 
change is being facilitated with the adoption of the government-sponsored
Structural Adjustment Programme (since 1986) with its export crop orientations. 
With the development of favourable prices for export crop products, the 
tendency is for farmers to devote more cultivable land to cocoa and other export 
crops, with feed gardens being a poor competitor.

The location of a feed garden also matters. Usually, it is advantageous that 
the feed garden be located as close as possible to the goat paddock near the 
homestead. Field investigations reveal that plots close to the homestead are 
planted tc food crops by farmers whose ability to travel far into the fields is now 
limited due to old age. Thus feed gardens may have to compete with food crops. 

Availability and use of labour 

Availability of labour is diminishing in the villages as able-bodied youths leave 
to seek city employment and are only partly replaced by migrant labourers and 
settlers from the Middle-Belt. To produce food for family living, village women 
now spend more and more time on the farm in addition to their traditional tasks 
of processing and trading in food products. The question then arises: Can the 
women who traditionally keep goats under the extensive system still cope with 
the higher labour requirements of an intensive goat-keeping system?

In the study areas, hired labour is used at peak periods of land preparation,
weeding and harvesting. Furthermore, exchange labour (farmers assisting each 
other in turn) is used in particular places. Hfired/e- .hange labour is used 
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extensively on food crop and export crop farm operations especially during the 
months ofApril to July. 

Respondents mentioned that during the slack months they engage in other 
occupations; for men these include palm-wine tapping, bricklaying and
 
blacksmithing, and for women, processing of oil palm, rice and beans into
 
various products. For all villages, except Akt zedolu, many families also have
 
members working off the farm, outside their villages. Thus, feeding the goats

from feed gardens has to compete for labour with food crop production in peak
 
periods and with secondary occupations all the year round. 

CONCLUSIONS 

Under condilions of scarce family labour resources, the incremental return to an 
additional labo.r investment provides an important indicator of the econonic 
attractiveness of such an investment. The incremental returns per labour hour for 
moving trom the extensive feeding regime must be higher than the average wnge 
rate prevailing in the locali.ty. Alternatively, intermediate regimes of feeding thte 
goats must be found whicn involve minimal land and labour investments. 

REFERENCES 

Alofe C0, Oludimu 0 L, Oyeyemi D 0 and Platteuw W L. 1989.An exploratorysurvey 
ofsix villages in Ede andOranmiyanCentral.Technical Report No 3. West African 
Dwarf Goat Research Project, Department of Animal Science, Obafemi Awolowo 
University, Ile-Ife, Nigcria. 

Huijsman A- 1987. Prospectsof intensivegoad rearingin the humid zone of Nigeria. 
WADG [West Afritn Dwarf Goat] Project Report. Royal Tropical Institute, 
Amsterdam, The Netherlands. 

Mack S D. 1983. Evaluationof theproductivitiesofWest African DwarfGoatsandSeep. 
Humid Zone Programme Document No 7. ILCA (International Livestock Centre for 
Africa), Addis Ababa, Ethiopia. 

Matthewman R W. 1977. A survey of small livestockproductionat the village level in the 
derivedsavannaand lowlandforest zones of south-westNigeria.Study No 24, 
Department of Agriculture and Horticulture, University of keading, Reading, UK. 

Moll H AJ. 1989. Onfarm researchprogrammeof the West African DwarfGoat Project: 
Socio-economic activities,November 1989. Discussion Paper on the West Afr:can 
Dwarf Goat Project, Department of Animal Science, Obafemi Awolowo Univez !y, 
Ile-Ife, Nigeria. 

Okali C and Sumberg JE. 1985. Sheep and goats, men and women: Household relationi 
and small ruminant development in south-west Nigeria. AgriculturalSystems 
18:39-59. 

398 

http:locali.ty


RESEARCH P?,CH!U1TIES FOR THE DEVELOPMENT OF
 
APPROPRIATE FEEMING SYSTEMS FOR DAIRY
 

PRODUCTICN IN SUB-SAHARAN AFRICA
 

EA Olaloku andSDebre 

international Livestock Centre for Africa (LCA) 
BP 60, Bamako, Mali 

ABSTRACT 

Inadequate feed supplies remain a major constraint to sustainable cattle 
production in general, and milk production in particular, in smal holder 
production systems throughout sub-Saliaran Africa. In the emerging peri-urban
dairy production systems in West and central Africa. for example, poor
development of feed resources has invariably resulted in milk production being
sustained at comparatively high feed costs, thus reducing the competitiveness of 
locally produced milk. 

Given the opportunities for generating increased quantities of crop residues 
from many of the crop production projects assisted by international agencies (eg,
World Bank, Global 2000), there is an urgent need to identify research priorities
in the development of feeding systems appropriate to the different smallholder 
production systems. Such feeding systems will have to incorporate a new 
approach to cattle management, involving cultivation of specialised fodder crops
and harvesting and conservation ofcrop residues for milk production. 

RESUME 

Prioritisen mati~rede recherchesurl'6laborationde systmes d'alimentation 
adaptisd laproductionlaiti~reen Afrique subsaharienne 

L'insuffisance des ressourcesa!imentairesdemeure un obstaclemajeurau 
ddveloppement de laproductionbovine en gbigralet laiti&een particulierdans 
les systnmes dupetit 6levage en Afrique subsaharienneDans les syst~mes
pri-urbainsde productionlaitireapparusrdcemmenten Afrique occidentaleet 
centraleparexemple, les pdnurisalimentairesrenclUrissentinvariablementle 
coilt des alinetusdu b~tai4 dimnbiantainsila comptitivit6du sous-secteurde 
laproductionlaitierelocale.Etantdonn6 qu'un bon nombre deprojets de 
2roductionvdggtalesoutenuspardes institutionsinternationales(ex.: Banque 
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mondiale,G1obal 2000, etc.) peuventpermettred l'heureactuelled'accrogtre/a
productionde rdsidusde rdcolte, il importede definirsans dMlailes prioritesde 
rechercheen ce quiconcernel'dlaborationde ntodesd'alimentationadaptdes 
auxdiffdrents systmines de la petite exploitationlaitir&e.Cela suppose une 
approchenouvelle du problmede la gestion du cheptel hovin, la culture de 
plantcsfourragresappropridesainsique la collecte et laconservationde 
rdsidusde rdcolteen vue de laproductionlaiti&e. 

INTRODUCTION 

Dairy supplies in most countries of sub-Saharan Africa are based on both 
domestic production and imports, since domestic production has always been 
inadequate in relation to demand (von Massow, 1989; Senait Seyoun, 1988).

Given the large ruminant population ofsub-Saharan Africa and the fact that 
the region covers an estimated 129 million hectares of arable land and 70.24% 
(556.9 million hectares) of Africa's permanent pastures (Fable 1), there should 
be no cause for deficits in milk supplies. However, the estimated 164.2 million 
cattle, 147.8 million goats and 127.2 million sheep in the region produced only 
an estimated 11.98 million tons milk, providing an average 25.1 kg milk/person 
per year for the region's 477.7 million people (FAO, 1989). 

Table 1. Human amd ivestockpopulaiows, tand-use patternsandmikproduction in sub-Saham, 
Africa 

In sub-Saharan Africa % of total Africa 

Population (thousands) 

Humans 477661 75.99 

Cattle 164 169 88.36 

Sheep 127 241 63.39 

Goats 147757 87.18 

Land area (thousands of heclares) 

Total 2034141 68.63 

Arable land 129 054 76.84 

Pcrmanent cropa 14 140 75.55 

Permanent pastures 556 963 70.24 

Milk production (thousands of totwes) 

Cow milk 9079 65.85 
Goat milk 1718 83.76 

Sheep milk 1 188 78.62 

Source: FAO (1989) 
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The economic depression in many sub-Saharan African countries, brought
about by the external debt burden, has severely cur ailed the availability of 
foreign exchange to sustain dairy imports. The overall effect has been a 
worsening of the dairy supply situation at a time when the need for more food to
feed the region's ever-growing popu!ation has become very acute. Indeed, the 
inadequacy of dairy supplies has been aggravated by a combination of drought
and other adverse climatic factors and an unstable political situation in some 
countries. When viewed against the possible outcome of the on-going "Uruguay
Round of Talks" on world trade and the rationalisation of agricuhural subsidies 
in Europe and North America, the prospects for cheap dairy imports to 
supplement domestic production in sub-Saharan Africa look increasingly gloomy.

These developments present challenging opportunities for increasing
domestic dairy produtj6n through a more efficient use of the resources in the 
existing production systems. Research support from the commodity and strategic
collaborative research networks would be required to generate producer­
implementable technology packages for sustainable increases in domestic dairy
production throughout the region. 

EXISTING PRODUCTION SYSTEMS 

Domestic dairy production in sub-Saharan African countries is based largely on
 
cattle. In 1989, for example, cattle milk accounted for 75.8% of the estimated
 
11.98 million tons of milk proauced in the region (Table 1).

Dairy production is carried out under a variety ofproduction systems which
 
can be classified into two broad groups, traditional systems and improved

systems, the major characteristics of which have been summarised by Olaloku et
 
al (1990).
 

The traditional systems include the pastoralist, subsistence and
agropastoralist systems, all of which together account for well over 90% of the
 
dairy ruminant population in sub-Saharan Africa. Dairy production from each
 
system reflects varying degrees of adaptation to the major constraints to
 
sustainable production in their environment, such as seasonal variations in 1',ed
and water resources, animal health and social interactions within the overall 
farming system (ILCA, 1979; Synge, 1981; Jainke, 1982; Waters-Bayer, 1988).
Jahnke (1982) de.cribed production in mixed farming areas with the tradition of 
communal tenure of the grazing resources. Where cropping is the mainstay of 
subsistence and income, stubbles become important as a grazing resource. 

Dairy production under the improved systems represents adaptations of the
intensive, high input/output market-oriented production systems of the 
developed dairy industries in Europe and North America. The improved
production systems include: 
" intensive crop-livestock smalllolder sstems 
" semi-intensive medium and large scale systems
• peri-urban dairying. 
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In general, production is low under the traditional systems and much higher 
under the improved systems. These differences in productivity have generally 
been ascribed to: 
* 	 use of improved genotypes (crossbreds, grade and pure bred exotic dairy 

breeds)
" 	 investments iih forage and other feed resources to ensure adequate nutrition 

year-round
• 	 animal health care, with conscious efforts to reduce reproductive wastage, 

calf mortality and morbidity. 

FEED RESOURCES 

Apart from differences in produ,'tivity arising from the quality of the animal 
genotypes under the different p.-oduction systems, the most important constraint 
to sustainable dairy production, in sub-Sahran Africa isfeed and nutrition. 

The availability of feed, both in quantity and quality, varies greatly in the 
different production systems. Although feed availability depends to some e.:tent 
on climatic conditions, particulaly rainfall and the length of the growing season, 
in most caes the feed situation becomes critical during the dry season. At this 
time, the low quality of natural pastures and the inefficient use of crop residues 
result in inadequate feeding of stock with adverse implications on reproductive 
efficiency and milk production, especially among crossbred and grade cattle as 
feed nutrients become inadequate to suppoir their potential yield levels. 

Feed resource inventory 

A wide variety of feed resources abound from sub-Saharan Africa's estimated 
129 million hectares of arable law. and 556.9 million hecrares of permanent 
pastures. These include: 

Cropresidues,espec;Ai1y cereal straws ani stover from sorghum, maize, 
millet, rice, wheat, oats and barley, accruing fiom arable crop farming both in the 
smallholder units and in the large-scale accelerated food production projects 
sponsored by various international development agencies in W1e7! years. These 
products are usable to various degrees to support production, dpending on the 
crop variety, tannin content, stage of harvest, length of storage, leaf:stem ratio, 
soil fertility and fertiliser application, as weli as dhe effects of agronomic 
pactices such as irrigation. For example, Kernan et al (1979) reported that straw 
from irrigated wheat had a 41% in vitro digestibility compared to 34% for 
non-irrigated wheat straw. Most cereal straws arm, however, low in nitrogen 
content and require considerable strategic utilLcation to be effective feeds. 

Agro-industrialbyproducts, ranging from products with high-nutrient 
content such as wheat offals and middlings, brewers' grain.;, etc, to low nutrient 
and fibrous products such as sugarcane bagasse, rice hulls and cocoa husks. 
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Pastureforageandherbaceouslegumes,consisting of the more popular
planted grasses such as Napier grass (Pennisetumpurpureum),Rhodes grass
(Chlorisgayana), legume forages such as Stylosanthesand different varieties of 
alfalfa(Medicagosativa). Recently multipurpose trees such as Sesbaniaand 
Leucaenaspecies have been developed as useful sources of nitrogen in the diet. 

Utilising feed resources for milk production 

Fibrous crop residues can, at best, only support low levels of milk production
because of their low and slow rate of digestibility, low propionate fermentation 
in the rumen, and almost negligible content of fermentable nitrogen. However,
these feeds represent a significant proportion of the feed resources available to 
the majority ofsmaflholder producers in sub-Saharan Africa. Therefore, greater
attention would have to be given to their improved and more efficient utilisation 
for dairy production. 

Improvements can be achieved through treatment with ammonia, such as 
ensiling with urea. Khan and Davis (1981) and Perdek et al (1982) have 
demonstrated the value of ammoniated rice straw, with average increases of 53% 
in milk production from zebu and buffalo cows. The increased intake of the 
treated straw is brought about a reduction from 14 to 9%in the average
proportion of the total diet represented by concentrates. There will, however, be 
a need to establish acceptable regimes for feeding lactating ruminants. 

Green forage can be used as a supplement for milk production. Perdok et al 
(1982) showed that supplementing a diet of untreated straw with Gliricidia
 
sepium at approximately 15% of the dietary dry-matter intake increased milk
 
yield by 22%.
 

EXAMPLES FROM EXISTING PRODUCTION SITUATIONS 

Although there is potential for increasing domestic milk production in 
sub-Saharan Africa, poor feed resoure development and utilisation could lead to 
lower competitiveness of locally produced milk. This is the trend emerging from 
the peri-urban dairy production systems operating in some countries of the 
region, particularly in the subhumid zones of West and central Africa. 

Peri-urban dairy production 

The depresse, I economic situation, coupled with the increasing costs of dairy
imports against the background of inadequate foreign exchange and the 
availability of a good market in urban areas, has led to the development of dairy
production in urban and peri-urban areas of many countries in sub-Saharan 
Africa. This system of dairy productionl has assumed increasing importance in 
tze past decade, as more and more milking herds are established within a 50 km 
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radius of major cities and towns. Indeed, national and international development 
agencies now see peri-urban dairy production as an important mechanism for 
catalysing organised dairy production and providing employment opportunities. 

Factors in favour of intensifying dairy production in urban and pen-urban 
areas include the proximity of production sites to ccntres of high fresh milk 
demand, which leads to reductions in costs associated with collection, 
refrigeration and transport of fresh milk from production sites to points of final 
sale. On the input side, urban and peri-urban producers have ready access to feed 
supplements, agro-industrial byproducts, veterinary supplies and, sometimes, 
factory-gate prices. However, arguments against peri-urban (lairyproduction 
include: 

unavailability or restricted availability of low-cost feed sources such as 
natural pastures and crop residues 

* inadequate land for forage cultivation 
* high costs of purchased feed inputs 
* high labour costs for herding and feeding. 

Feeding fcr pei-urban dairy production in Mali 

Preliminary results of a recent ILCA study on three dairy production systems in 
peri-urban Bamako, in the subhunid zone of Mali, showed that purchased feeds 
represented between 34 and 73% of the total variable costs of milk production. 
In the traditional production system in which purchased feed supplements were 
fed exclusively in the dry season, supplements represented the major source of 
expenditure. The preliminary economic analysis also showed that the high costs 
of purchased feeds resulted in milk production being sustained at comparatively 
higher costs than the reconstituted imported dairy products (Table 2). 

Prospects for increasing peri-urban dairy production 

There is a high demand for fresh milk in and around Bamako, so opportunities 
exist for increasing production to meet this demand as well as to generate more 
producer income. But these aspirations can only be achieved if cheaper sources 
of feed can be developed. The cottonseed-cake-based supplement, containing 
about 27% crude protein, costs FCFA 80/kg at farm level. Research into the 
development of feeding packages for milk production, incorporating forage 
legumes, crop residues and agro-industnal byproducts, may identify cheaper 
alternative feeds for pen-urban dairy production in the Bamako area. 

The research support required for sustainable dairy production in 
sub-Saharn Africa would therefore require an analysis of the existing 
production systems, followed by the design, evaluation and implementation of 
appropriate interventions, to increase productivity and generate additional 
ixcome for the producer. 
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Table 2. 	 Production, coststructure and profitsfrom milkproductionper cow in three different
 
productionsystemsin the Bamako area, Mali, July to October 1989
 

Per cow 

Pen-urban 

Item Trad.itional system Communal system Pnvate system 

Physcal data
 

Milk production (hires/day) 1.02 2.24 2.28
 
Concentrate (g/day) 0.80 1.55 3.00
 
Milk yield/kg concentrate fed 1.4
 

(litres/day)
 

Pmllt .ioss) (FCFA)
 

Revenue from milk 129 476 602
 

Variable costs
 

Cost of supplementation 68 124 240
 
Veterinary costs 8 17 175
 

lhred labour costs 5 30 300
 
Total 81 171 715
 

Profit (loss) 48 305 (113)
 

This scenario has been amply demonstrated in some of the dairy production 
projects supported by the International Development Research Centre (IDRC) in 
Botswana, Burundi and Malawi (Olaloku et al, 1990). In each case, the research 
priority focused on the development of feeding strategies based on the available 
feed resources (cereal crop residues) supplemented with a forage legume, Lablab 
purpureus, as the protein source. 

In designing research to solve the feed problems of producers, the farming 
systems research approach should not be ignored. The first step must be to 
characterise existing production systems in order to identify the calving calendar, 
calf mortality, milk offtake and reproductive activity in relation to available feed 
resources. Such knowledge then becomes useful in the development of 
appropriate feeding strategies for increased milk offtake and producer incomes 
according to requirements at different seasons of the year. 

Given a good knowledge of the foregoing, research can then be designed to 
ad "ress such issues as: 
• 	 quantification and nutritional evaluation of available feed resources, 

especially the seasonally available forages, to provide information for their 
optimal exploitation for increased milk production 

" development of feeding and management packages for milking cows, 
calves and replacement stock, based on existing feed resources, to ensure 
reductions in mortality and to achieve good growth rates, early maturity and 
calving at an earlier age 
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* 	 dcvelcpmcnt of management systems for range and pasture improvement, 
as well as methods for the proxuction and conservation of herbage for 
dy-sason feeding
development of simple diets from available feed resources for maximising
production under particular local conditions. 
Finally, in the design of research for feed production and utilisation for 

sustainable dairy production, provision must be made for the on-farm packages
for year-round milk production lcvels with existing stock and available feeds and 
feed combinations. 
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