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ABSTRACT

The study was aimed at evaluating the liveweight performance of sheep and goats and the
quality of stored fodder and manure at Atebubu and Amantin in the Brong-Ahafo Region of
Ghana. Six farmers (three males and three females) were selected from each Community
with each farmer providing six animals (three sheep and three goats). Feed resources used in
the study areas contained 3.2-17.3% crude protein, 82-97.2% organic matter and 2.818% ash
contents. The dietary treatments were Treatment 1 (basal diets of maize stover, cassava and
yam peels), Treatment 2 (supplementation of treatment 1 with cowpea residues) and
Treatment 3 (supplementation of treatment 1 with groundnut residues) in a completely
randomized block design. Nutrient composition of the feed materials used in Atebubu ranged
from 89.43-91.2 % (OM), 84.22-88.50 % (DM), 6.41-11.58 % (CP), 8.8-

9.57 % (Ash) with that of Amantin having 83.5-89.40 % (DM), 85.62-88.97% (OM), 5.32-
10.27% (CP) and 11.04-12.38% (Ash). Total feed intake (TFI) ranged from
519.55659.72g/day and 331.84-420.17 g/day for sheep and goats respectively, with their
corresponding weight gain of 14.96-25.74g/day and 8.52-18.89g/day. Feed conversion ratio
(FCR) ranged from 22.08-64.24 and 18.38-53.45 for sheep and goats respectively. Samples
of groundnut and cowpea residues in open and closed storage systems, taken at 1, 4, 8, 12,
14, 20, 24 and 28 weeks, showed an insignificant decline in crude protein content with
storage time. Manure produced by sheep weighed 319.17-423.33g/day and contained 20.74-
29.01% C, 1.87-2.32% N, 0.77-3.00 K, 9.52-26.50% Ash with a pH of 0.44-0.77 and a C:N
ratio of 10.98-15.53 while that of goats weighed 178.67-216.17g/day with 19.5830.61% C
,1.56-2.21% N, 0.82-8.33% K, 10.75-19.80% Ash with a pH of 0.37-1.47 and a C:N ratio of
9.49-19.92. The results from this trial suggest that locally available feed resources can

significantly contribute to meeting the nutrient requirements of ruminants.
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CHAPTER ONE

1.0. INTRODUCTION

Sheep and goats are a very prominent feature of the subsistence rural economy in most West
African homes, even in places where cattle are not commonly kept (Tweneboah, 2000). Sheep and
goats can be reared for various reasons such as income generation, religious purpose, household
consumption, hobby and as a security against crop failure (Ozung et al., 2011). In Ghana, the
population of sheep (3.5 million) and goats (4.3 million) far exceed that of cattle (1.4 million)
(VSD, 2009). Oppong-Anane (2011) reported small ruminant population in Ghana to be 13.3
million. Small ruminant production is mainly based on a low-input traditional extensive system
where animals are supplemented on household waste e.g. peels of cassava, yam, plantain and
cocoyam which are not always available in adequate amounts resulting in low levels of
productivity (reduced growth and reproductive performance) and loss of animals especially lambs
(Baiden and Obese, 2010). Small scale sheep and goat farmers in Ghana thus face a lot of
challenges in generating income from their stock due to the slow growth rate, unstable weight
gains related to seasonal imbalances of feed and reproductive inefficiencies (Annor et al., 2007).
The problems militating against livestock production in general have led to an average importation
of 70% livestock and/or its products to satisfy Ghana‘s domestic requirements (Okai et al., 2005).
This situation may have worsened considering the fact that beef, mutton and chevon importation
into Ghana increased to about 20 fold (943 to 18,491 metric tonnes) from 2000 to 2009 (MOFA,
2011). Some of these undesirable trends in sheep and goat rearing can be minimized if livestock

owners adopt proper systems of production.



Crop residue is an important feed resource in Sub-Saharan Africa. Crop residues in these regions
are becoming a dominant feed resource as rangelands are being converted into crop land. However,
the level of incorporation of crop residues in the complete diet is influenced by the quality of crop
residue (Anandan et al., 2010). In Sub-Saharan Africa (SSA), crop residues are sometimes left on
the field as standing hay or stacked on traditional structures or on trees exposing them to losses
due to the effects of the weather. Crop residues like groundnut, cowpea haulms, bean vines, maize,
sorghum and millet stover, constitute the bulk of ruminant feed during the dry season in Ghana
(MOFA, 1998). Household wastes, combined with cassava peels or other crop by-products of
small-scale commercial food processing, are important feed resources available to livestock

owners having no direct access to land or to fodder crops.

Majority of crop residues generated during the rainy season is destroyed during the dry season by
bush fires and the effects of weather as they are left in the field after crop harvest. The use of crop
residues in Sub-Saharan Africa is becoming a dominant feed resource as more and more rangeland
is converted into crop land (Mclntire et al., 1992). Crop residues are sometimes stored, but most
are left on the field after harvest, opportunistically grazed, under-utilized and often spoiled. Some
practical and low cost storage methods such as box-baling, room storage and bag silage of maize
stover, fodder legumes, bean residues, and grasses have shown considerable potential for spill-
overs across feed resources and throughout SSA (Suttie, 2000). These fodder conservation
methods could be promoted in small-scale crop-livestock systems so as to alleviate the seasonal
fodder shortages and undesirable growth patterns of livestock, resulting from dry season feed
shortages. As crops and their residues are harvested, considerably high amounts of soil nutrients

are removed without replacing them in most cases in Ghana. Almost all the nutrient balances in
2



Ghana show a nutrient deficit, i.e. the difference between the quantities of plant nutrients applied
and the quantities removed or lost (FAO, 2004) since nutrient depleting cultivation practices are
still used extensively (Gerner et al., 1995). This represents a loss of potential yield and progressive
soil impoverishment. According to the estimates, cassava and yams account for almost 20 percent
of the cropped area, but 37 percent of the nitrogen deficit in Ghana (FAO, 2005). These crops
remove large quantities of nutrients and their soils are prone to erosion during harvest. Low cost
soil fertilizers like farm yard manure (FYM) could be used in soil fertility maintenance. In Ghana,
cow and poultry manure are the commonly used inorganic fertilizers. Sheep and goat manure can
also be used as they have been found to contain C: N ratio below the critical level of 20 as reported

by PP1 (1983) indication role in Nitrogen mineralization.

The study forms part of a 3-year Australia-Aid (AusAid) funded project purposed to develop and
strengthen the crop—sheep and goats value chain in the sub-humid (Ghana, Benin), and semi-arid
(Gambia and Mali) tropics of West Africa to increase agricultural productivity for poverty
reduction and enhanced food security. Activities cover value chain and market development;
development of crop management technologies for sheep and goats integration; selection and
dissemination of dual-purpose cowpea and groundnut varieties; crop residue and manure
management options for soil fertility improvement and increased crop and livestock productivity;
modeling and capacity building along the crop-sheep and goats value chain. Small and
mediumscale actors along the value chain, especially women are the target. Two districts in each
participating country were selected on the basis of their high sheep and goat density, high potential
for integration of crop-sheep and goats systems, market access, high poverty index and proximity

to existing good sheep and goats practice centers. This study focused on two towns

3



(Atebubu and Amantin) in the Atebubu-Amantin District in the Brong Ahafo region of Ghana. Six
farmers (three males and three females) from each of the two towns were selected for the study on
storage and management of residues, animal (sheep and goat) feeding and manure management

assessment.

Although feeding of residues and other agro by-products is very common amongst most of our
farmers, evidence on the feeding value with respect to liveweight changes and other parameters
such as manure produced from feeding these crop residues and by-products is scanty. The main
objectives of the study were therefore to find the effect of two storage methods on the nutrient
quality of stored residues and the effect of feeding these crop residues on the liveweight
performance of Sheep and Goats raised on traditional feeding practices. The specific objectives

were to:

v" Find the effect of open and closed/shed storage methods on the crude protein content of
cowpea and groundnut residues

v" Determine the nutrient composition of crop residues and other feed resources in the study
areas

v" Evaluate the effects of feeding various crop residues and agro by-products on the growth

performance and manure quality of sheep and Goats.



CHAPTER TWO
2.0. LITERATURE REVIEW

2.1.  Small ruminant production

Small ruminants, including goats and sheep, play a significant role in the food chain and overall
livelihoods of rural households (Lebbie, 2004) Sheep and goats can be reared for various reasons
such as income generation, religious purposes, household consumption, hobby and as security
against crop failure (Ozung et al., 2011). The manure generated by sheep can also be used as
fertilizer in crop production. Sheep and goats are a very prominent feature of the subsistence rural
economy in most West African homes, even in places where cattle are not commonly kept
(Tweneboah, 2000). Worldwide sheep and goat numbers have been increasing steadily over the
past twenty years, unlike other livestock species. According to FAOSTAT (2008), sheep numbers
were in excess of one billion (1,078,200,000) and goat numbers (861,900,000) were steadily
approaching that number. In spite of the general neglect of both research and commercialization
of their production, statistics show that the annual increase in sheep and goat population in most
West African countries averages 18-20% and 10-20% respectively (Tweneboah, 2000). The
distribution of sheep and goats in Africa is not even and numbers tend to be higher in the drier
areas. Consequently, flock sizes are larger in drier than in the humid areas. Thus, in some areas
(e.g. West Africa) flock sizes decrease from north to south (ILCA, 1979; Otchere et al., 1985).
Sheep and goats are a major part of livestock production in Ghana which accounts for 7% of the

Agricultural Gross Domestic Product (Oppong-Anane, 2001).



2.2. General management, nutrition and health of small ruminants

Small ruminants have been an integral part of most urban and peri-urban households for a long
time, and it is unlikely that their role, current production systems, and the resources used to support
them will change substantially in the near future (Baah et al., 2012). According to Oppong-Anane
(2011), urban and peri-urban dwellers raise approximately 25% of the 13.3 million small ruminants
in Ghana. Animal production as an agricultural enterprise complements economic activities of
food processing and brewing industries and makes use of agricultural byproducts as feed materials.
It is difficult to describe the feeding and management of the sheep and goat industry around the
world because of the many interacting factors such as production system, management system
within each production system, the genetic potential of the breeds, biological constraints etc.
(Economides, 1981). Economides (1984) identified four systems for managing small ruminants

for meat and other dual purposes as follows;

1. Extensive (migratory, free range, pasture or range grazing).

2. Semi-intensive (pastures or range grazing, use of supplementary feeding mainly on crop
residues and conserved roughage).

3. Intensive (grazing on improved pastures, zero grazing, conserved forage, crop residues and
increased use of concentrates).

4. Tethering (small size flocks of 2-10 animals). This is a subsistence family system and the
animals live on kitchen remnants crop residues, grazing near inhabited areas and other

supplementary feed).



Small ruminant production in Africa is not well developed. The fact that holdings are small seems
not to give owners incentives for improved husbandry practices. In wetter areas, where arable
cropping is the practice, small stocks are tethered during the cropping season in an attempt to
prevent crop damage (Adu and Ngere, 1979; Okello and Obwolo, 1985). VVan Vlaenderen (1985)
described sheep and goat husbandry in Togo as being casual rather than an organized activity for
the following reasons: (a) animals have no benefit of prophylactic or curative treatment: (b) little
or no supplementary feed is offered; (c) no good flock management is practiced; (d) poor housing

(e) tethering of animals during the planting season so as to avoid crop damage.

2.2.1. Nutrition

It is extremely difficult to present data collected from all over the world on the nutrient
requirements of sheep and particularly of goats. For this reason, recommended minimum
requirements of sheep and goats are suggested. The energy requirements of sheep and goats are
similar according to NRC (1981). For dry, non-pregnant animals the maintenance requirements
are 0.42 MIME/kg®™. In most SSA countries, farmers either allow sheep to accompany cattle for
grazing but tether their goats under shelter and these goats are fed cut-and-carry green forage in
the rainy season, or tether their small stock in their compounds and feed them silage in the rainy
season (Otchere et al., 1985; Adu and Ngere 1979). The general consensus is that, after crops have
been harvested, small stock are let loose to feed on crop residues and fend for themselves

(Otchere, 1985).
Improved animal nutrition appears to be a more critical factor in increasing small stock

productivity. Native grasslands provide the cheapest source of nutrients for ruminants but it is



however an established fact that for a greater part of the year, grasslands in the tropics do not
supply sufficient nutrients to stock for greater productivity. Thus, the need for supplementation of
natural forage with agro-industrial by-products cannot be overemphasized and this
(supplementation) has been reported by Van Vlaenderen (1985) and Kolff and Wilson (1985) to
enhance growth rate. Otchere et al. (1977) reported that West African Dwarf sheep, on the Accra
Plains of Ghana, which received no supplementary feed during the dry season (December to
February), lost about 15% of their body weight, while those receiving supplements made up of
dried cassava peels fortified with urea and molasses gained 19g per head per day. Many crops
discards like cocoa husks and corn cobs as well as brewery by-products like brewer‘s spent grains
and most agro-industrial by-products have not been harnessed into small ruminant feeding even
though they have been shown to be potentially useful (Adeyanju et al., 1975; Otchere et al., 1983).
Initial indicators of research findings on the integration of forage legumes into cropping systems
of small stock owners appear favourable and can be used to improve the productivity of animals

(ILCA, 1982).

Studies on the foraging behaviour and the dietary habits of sheep and goats (type and parts of plants
they eat, their tolerance to saline or bitter feed and saline water, the distance of travelling to find
food, the frequency of drinking and their walking ability) can provide assistance to livestock
managers for making the right management decisions and improving sheep and goat performance
(Malechek and Provenza, 1983; Squires, 1984). Goats have been considered more efficient in the
digestion of crude fibre and the utilization of poor roughages than sheep (Malechek and Provenza,
1983; Squires, 1984; Gihad et al., 1980). Possible physiological and behavioural factors for this

ability of the goat have been indicated (Louca et al., 1982). However, with medium and good
8



quality forage and adequate feed availability goats apparently are similar to sheep in nutrition

(Malechek and Provenza, 1983; Huston, 1978).

2.2.2. Health care

Although small ruminants are widely distributed and are of great importance as a major source of
livelihood of the small farmer in rural communities in tropical Africa, indications, however, are
that their productivity is low but there is ample opportunity for improvement (Otchere et al., 1985).
While goats are generally considered hardy animals and in many situations receive less medical
care, sheep mostly fall victim to poisons (Simmons and Ekarius, 2001). Both species can be
attacked by infectious diseases, physical injuries and can as well be a prey species (Simmons and
Ekarius, 2001). Though some signs of illness can be hidden to avoid predator attack, some signs
of ill health are obvious, with sick animals eating less, vocalizing excessively, and being generally

listless (Wooster and Hansen, 2005).

Avoiding poisoning is also important. Common poisons are pesticide sprays, inorganic fertilizer,
motor oil, as well as radiator coolant containing ethylene glycol (Simmons and Ekarius, 2001).
Scarcity of feed in the dry season, especially in Africa, often forces animals to eat poisonous plants
which they would normally avoid (Naude et al., 1996). Poisoning can be due to mineral imbalances
tied to the consumption of certain plants or from contamination of food plants with pesticides,
mycotoxin synthesizing fungi and other organisms, including insects, helminths and bacteria
which can render them toxic to livestock (Botha and Penrith, 2008). Consumption of plants
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containing cardiac glycosides as well as other plants like Lantana camara and Tribulus terrestris
have been reported to cause colic, jaundice, ruminal stasis, bloat (and usually diarrhoea),
photosensitivity, photodermatitis and other gastrointestinal, nervous and respiratory disorders in
ruminants (Kinghorn, 1979; Frohne and Pfander, 1983; Fourie et al., 1987; Kellerman et al., 2005).
Chromolaena odorata (C. odorata) is another poisonous plant of importance in SSA (Moody et
al., 1984). It contains nitrate, which when converted to nitrite in the alimentary canal, converts
haemoglobin into metahaemoglobin which cannot act as oxygen carrier. At a sufficient level of
metahaemoglobin, animals may die of tissue anoxemia (a condition characterized by deprivation
of oxygen at the tissue level) through consumption of tissues, young leaves and shoots of C.

odorata (Pancho and Plucknet 1971; Waterhouse 1994).

Predators are a serious problem to sheep and goat production in Africa, Australia, the Americas,
and parts of Europe and Asia. In the United States, for instance, over one third of sheep deaths in
2004 were caused by predation (NASS, 2010). Even if sheep and goats survive a predator attack,
injuries and panic may lead to their death (Simmons and Ekarius, 2001). Worldwide, canids,
including wolves, jackals, foxes, coyote and the domestic dog, are responsible for most sheep and
goat deaths (MacDonald and Sillero-Zubiri, 2004). Other animals that occasionally prey on small
ruminants include felines (cats), bears, birds of prey, ravens and feral hogs (Simmons and

Ekarius, 2001). A variety of measures, including livestock owners® presence, penning sheep at
night and lambing indoors, livestock guardian dogs, barns and fencing (both regular and electric)
have been used to combat predation (Wooster and Hansen, 2005). More modern means such as
guns, traps, and poisons have been used to kill predators, causing significant decreases in predator

populations (Simmons and Ekarius, 2001).
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Several factors, including season and type of birth (Peacock, 1982), parturition number (Fall et al.,
1982) and disease (Mack, 1982) have been reported to affect mortality in small ruminants in
various areas in tropical Africa. All of these effects are clearly related to nutrition, health and
management. Many breeders quarantine new animals for about a month, maintain good nutrition
and reduce stress in the animals as a preventive measure against diseases (Simmons and Ekarius,
2001). Restraint, isolation, loud noises, novel situations, pain, heat, extreme cold, fatigue and other
stressors can lead to secretion of cortisol, a stress hormone, in amounts that may indicate welfare

problems (Grandin, 2007; Gregory, 1998; Houpt, 2004; Moberg and Mench, 2000).

Helminthiasis and ectoparasitosis are widespread in tropical Africa and both seriously affect the
productivity of small ruminants. Helminthiasis is a serious problem towards the end of the rainy
season while ectoparasitosis inflicts heavy damage during the rains to early dry season. In West
Africa, peste de petit ruminantes (PPR) is endemic (Otchere et al., 1985). According to Mack
(1982), studies by International Livestock Centre for Africa (ILCA) scientists in south west
Nigeria showed that dipping with gammatox against ectoparasites and annual vaccination against
PPR dramatically reduced mortality and increased small stock numbers in village flocks. It was
observed that mortality among sheep and goats in the ILCA studies decreased by 75%. A wide
array of bacterial and viral diseases affects sheep. Some of these are foot rot, foot scald, Ovine
Johne's disease, Bluetongue disease, Rinderpest (or peste des petits ruminants), Orf (also known
as scabby mouth, contagious ecthyma or soremouth), Cutaneous anthrax, foot-and-mouth disease.
Among the conditions affecting goats are respiratory diseases, including pneumonia, foot rot,
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internal parasites, pregnancy toxosis and feed toxicity. Goats can become infected with various
viral and bacterial diseases, such as foot-and-mouth disease, caprine arthritis encephalitis, caseous
lymphadenitis, pinkeye, mastitis, and pseudorabies. They can transmit a number of zoonotic

diseases to people, such as tuberculosis, brucellosis, Q-fever, and rabies (Smith, 1994).

An efficient, well-planned animal health service, going hand in hand with an adequate
improvement in the provision of feed, is a pre-requisite for increasing small ruminant production,
which would directly improve the diet and the standard of living of the large number of rural

smallholders in tropical Africa (Otchere et al., 1985).

2.3. The West African Dwarf Sheep

The West African Dwarf (WAD) sheep, commonly known as Djallonke, are widely distributed
throughout the West and Central Africa. They are believed to have evolved from the ancient
Egyptian sheep, Ovis longipes palaeoaegypticus (Yapi-Gnaore et al., 1997). It is small in size, but
physically and sexually strong. Their prolificacy in West Africa varies from 110% (Ginisty,

1976) to 161% (Dettmers and Hill, 1974). The WAD sheep is resistant to stress and diseases
particularly trypanosomiasis. These adaptive features help the WAD sheep to reduce heat stress
and to overcome the effect of rainfall and humidity of sub-equatorial and equatorial climates
(Ryder, 1999). Apart from serving as a source of meat and income, the WAD sheep has significant
social purposes including religious and funeral ceremonies in West Africa. In terms of value, the
live animals have more value than its carcass and are thus used as gifts for strengthening human

relationship, symbol of appreciation and payment of bride prices (Charray et al, 1992). Sheep
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rearing in Ghana is mainly for meat production using the Djallonke and Sahellian Sheep and their
cross breeds (Ockling, 1986; MOFA, 2000). The Djallonke, also known as West African Dwarf

(WAD) sheep according to Karbo and Bruce (2000) is the predominant sheep breed in Ghana.

2.4. The West African Dwarf Goat

The West African Dwarf goat (WADG) is believed to have originated from the wild Bezoar goat,
Capra hircus aegagrus distributed in south west Asia, where the wild form still exists (DAGRIS,
2007). The WADG is small in size (15-21 Kg) with an average shoulder height not exceeding
50cm (Epstein, 1971; Devendra and Mcleroy, 1982). Years of adaptation and natural selection
under humid tropical conditions made this breed highly adapted to the humid forest zone (Leak et
al., 2002) thus their presence in all of humid Africa, where ambient temperature and relative
humidity are notably high all year round (Gall, 1996; Oseni and Ajayi, 2014). WAD goats are
highly prolific and can be bred all year round, with up to three parturitions in two years, even under
backyard systems where they are raised almost with zero investment (Ademosun, 1993;

Oseni and Ajayi, 2014). They are hardy, digest a broad range of diets, able to thrive under harsh
environmental conditions of heat and humidity and resistant to high humidity pathogens,
gastrointestinal nematodes and trypanosomiasis (Devendra and Mecleroy, 1982; Blench, 1999).
WADG have the ability to maintain positive weight gain and record low mortality rates , in the
face of parasitic challenge (Goosen, 1998) and this allows them to graze and thrive on lands in
tsetsefly infested humid forests and guinea savannah zones (Ngere et al. , 1984; Rege, 1994; Bosso

et al., 2007). They represent one of the predominant small ruminant breeds raised by resource-

13



limited households in the humid west and central Africa (Oseni and Ajayi, 2014) and according to

Tuah et al. (1992) are the commonest and most predominant breed of goat in Ghana.

2.5. Agricultural by-products as livestock feed

Agro by-products, which are derived in integrated crop-livestock systems (Thornton et al., 2002)
have been described by EI-Nouby (1991) as those materials obtained other than the main product
for which the crop is cultivated. They include on-farm by-products or crop residues (straws,
stubbles, leaves, tops, etc.) (EI-Nouby, 1991) and Agro-Industrial by-products (AIBP) which are
obtained from crop processing: cassava peels, cocoyam peels, yam peels, rice bran, cowpea husk,

rice husk, maize husk, banana peels and plantain peels (EI-Nouby, 1991; Adesomu, 1987).

2.6. Agro-industrial by-products (AIBPs)

Agro industrial by-products (AIBPs) are by-products derived mainly after processing of
agricultural products for the production of a main product (Sindhu et al., 2002). They may be low
and high in fibre (sugar cane bagasse, palm press fibre), rich in nitrogen (oil seed cakes, brewery
and flour milling by-products), more concentrated (molasses), highly nutritious and less costly as
compared to crop residues (Smith, 1988; Aguilera, 1989). The increasing human demands for
several food types such as vegetables, wine and fruit juices has led to an increase in the availability
of agro-industrial by-products (AIBPs) such as molasses, brewer‘s dried grains, palm oil cake,
winery mash and so on, which are not fully utilized in livestock feeding (Amata, 2014).The
difficulty of the use of AIBPs as fresh material for extended periods and the lack of efficient ways

for their integration in feeding regimes may account for their under-utilization (Chadhokar, 1984).

14



The use of AIBP as a part of feed for livestock reduces the cost of production, improve the quality
of feed, ensure regular feed supply even during the slump period and ultimately increase the profit
margin of livestock farmers (Sindhu et al., 2002). Different agro-industrial by-products like rice
straw (Otchere et al, 1977; Karbo et al, 2002) and cocoa husk (Otchere et al, 1986), cotton seed
(Avornyo et al., 2001), soya bean cake (Obese (1998), cassava and groundnut haulms (Wesseh,

1999) to feed ruminants have been certified as good supplementary feed for ruminants.

2.6.1. Classes and nutritive value of AIBPs:

Generally, agro-industrial by-products are listed as energy, protein and combined protein/energy
sources (Aregheore, 1998). Energy sources are rich in fermentable carbohydrates and low in
protein. Examples are cassava peels (Sekondi, 1991) and molasses, a by-product of the sugar
industry, (75 % DM, 4.1 % CP and 12.7 GEMJ/kg DM). Protein sources are derived from animal
by-products and oilseeds after oil extraction (Sindhu et al., 2002). The cakes and meals are
valuable sources of protein in livestock diets. Examples are fish meal (55% CP), meat meal (5055%
CP) blood meal (80% CP), soya bean meal (48% crude protein) groundnut cake (protein 4048%),
palm kernel meal (18.0 % CP) and copra meal (18.8 % CP). The combined energy/protein is from
cereal by products such as brewers' spent grains and bran from wheat, rice and maize (Cheeke,
1991). While some of these can be fed directly, others have to undergo processing to make their

nutrients available to livestock.

Other AIBPs such as oyster shells and bone meal are rich sources of minerals and remains the most

regular source of calcium and phosphorus to various kinds of animals in developing countries
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(Aletor, 1986; Verma, 1997). They are important in diets for young animals which require large
amounts of calcium and phosphorus for bone development. Poultry excreta have been found to be
arich source of protein, calcium, phosphorus and minerals and can be used as a source of nitrogen

in ruminant ration (Ranjhan, 1993).

2.6.2. Improving the nutritive value of AIBPs:

Constraints on the use of crop residues and agro-industrial by-products include bulkiness, poor
nutritive value and the unsuitability of some for direct animal use (Aregheore, 2000). A wide
variety of anti-nutritional factors, including various toxic compounds, which are deleterious to
animal health and performance are found in AIBPs but a number of technologies and methods
have been developed to detoxify or at-least minimize the effect of these toxins or anti-nutritional
factors (Sindhu et al., 2002). For example, the high lignin content of unprocessed bagasse (Bhatti
and Khan, 1996) which renders it lowly digestible has reportedly been improved by high pressure
treatment. This treatment improved both palatability and digestibility of bagasse (Morrison and

Brice, 1984). The level of phosphorus and high crude fiber (38%), the main limiting factor of
groundnut straw, which may in warm periods of the year, inhibit feed intake has been found to be
overcome by sprinkling a mixture of molasses and di-ammonium phosphate or preferably a
balanced liquid supplement on chopped groundnut straw (Maglad et al., 1986). The inhibitors and
toxins in feedstuffs and the deactivation process/method of some of the inhibitors and toxins are

shown in table 2.1.

Table 2.1. Toxins/inhibitors in feedstuffs and their deactivation processes

Feedstuff Inhibitor(s) Deactivation process
b¢ Linseed meal Crystalline water soluble substance Water treatment
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b¢ Groundnut meal  Aflatoxin, goitrogen, Protease inhibitors, Treatment with ammonia or

saponins ammonium hydroxide
b¢ Soybean meal Hemagglutinins, Goitrin, trypsin and Heat (autoclaving), Toasting
Protease inhibitors,
Saponins
& Cassava peels Hydrogen Cyanide (HCN) Sun drying, ensiling, cooking,
addition of methionine
b¢ Cottonseed meal ~ Gossypol eyclopropene fatty acids Adding iron salts; rupturing
pigment gland
b¢ Raw fish Thiaminase Heat treatment
b¢ Sheanut cake Saponings, tannings PEG (polyethylene glycol)
addition.
b¢ Lucerne meal Saponins: pectin methyl esterase Limit amount feed

Sources: 2Sekondi, 1991; Benerjee, 1993; °Bhatti and Khan, 1996.

2.7. Crop residues as livestock feed

Crop residues are an excellent source of feed that can be obtained from the farm and are parts of
plants that are left in the field following harvest and thrashing of the primary crop. Apart from
being a source of animal feed, residues are used as building, roofing and fencing materials, as fuel,
and as fertilizer or surface mulch in cropland (van Raay and de Leeuw, 1974). About 25% of
Nitrogen (N) and phosphorus (P), 50% of sulphur (S), and 75% of potassium (K) uptake by cereal
crops are retained in crop residues making them valuable nutrient sources (Chandiramani et al.,

2007). Crop residues include maize stover, cowpea haulms, cassava tops, maize cob, cassava peels
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etc. and are usually fibrous, low in nitrogen and form the basal or principal feed in small-scale

farming systems during the dry season (Smith, 1988).

Kossila (1985), indicated that, on a global basis if all potentially available crop residues could be
utilised for feeding, each herbivore would receive over 9 kg DM and about 17 Mcal ME /day, thus
largely covering their requirements. Unfortunately, only a small fraction of the available residues
is currently being used for livestock feeding because of problems of collection, transportation,
storage and processing, alternative uses, seasonal availability, and perhaps most importantly, an

apparently poor nutritional value (Sansoucy and Emery, 1982; Owen, 1985).

Cereal crop residues are of low nutritive value because of their relatively low digestibility (<500 g
digestible OM per kg DM, low CP content (<50 g/kg DM) and low content of available minerals
and vitamins (Sundstol and Owen 1984; Owen, 1993). Crop residues, such as rice straw in general
are deficient in essential nutrients such as sulphur, phosphorus, cobalt and vitamins A and E
(Greenhalgh, 1984; Kabaija and Little, 1988). These residues have high cell wall content of low
digestibility (<50%) and their voluntary intake is low (10-20 g/kg liveweight)

(Nicholson, 1984; Doyle et al., 1986), due to poor susceptibility to microbial attack in the rumen.
According to Little (1985) crop residue based diets are most likely to be deficient in sodium, copper
and phosphorus. These are the same minerals found to be marginal or deficient in tropical grasses.
Straws are also deficient in sodium, copper and phosphorus in addition to sulphur, cobalt and
calcium. The high concentrations of oxalates and silicates in some of the straws, such as rice straw,
may further reduce the availability of calcium and magnesium, which are lost as silicates and

oxalates in the urine and faeces. These deficiencies according to Owen (1993) combine to make
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crop residues unpalatable, thus their consumption is also low (usually less than 15 g DM/kg

liveweight daily).

Residues can usually be grouped by crop type-cereals, grain legumes, roots and tubers, and so on
(World Bank, 1989; Nordblom and Shomo, 1995). Ruminants fed on crop residues, by-products
and arable weeds add value to resources which are largely wasted in the absence of a ruminant
component in the system (Jutzi, 1993). The over-riding constraint on feed supply in important
tropical ruminant livestock areas is the seasonality in the availability and quality of animal feed
supplies coinciding with dry and wet seasons (Onwuka and Davies, 1996). According FAO (1999)
more than 1000 million tonnes of cereal residues are being produced annually in the developing
world. If used strategically, a country like Ghana could save up to 186 million kg of livestock
weight that is lost during the 120-day dry season from its 2.3 million tonnes of cereal crop residues

produced (Amaning-Kwarteng, 1991).

2.7.1. Some crop residues used in Africa

Maize residues are of much greater importance in Eastern and Southern Africa than in West Africa.
It is only since the late 1970s that maize has begun to replace sorghum, mainly in the sub humid
zone of West Africa. Since varieties of short life span are usually preferred in the sub humid zone
of West Africa and these are usually intercropped with late-maturing crops, residues may be
inaccessible to livestock (Powell, 1986; Jabbar, 1993; Jabbar et al., 1995). Forty percent (40%) of
the upper parts (including threshing residues, upper stems and grainless tillers) of millet stover
containing 7.8% CP with digestibility coefficient of 50.4% have been used as livestock feed

(Powell and Fussell, 1993). Sorghum stover containing 38% leaves and 32% sheaths and have
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been fed to steers and sheep in Ethiopia and a clear indication of their preference by sheep has

been documented (Reed et al., 1988; Aboud et al., 1993).

Groundnut haulm contains protein (8-15%), lipids (1-3%), minerals (9-17%), and carbohydrate

(38-45%) at levels higher than cereal fodder as well as nutrient and CP digestibilities of 53% and
88% respectively (Singh and Diwakar, 1993). In northern Nigeria, where crop residues supply up
to 80% of livestock feed (Mortimore, 1991), haulms from cowpea and groundnut produced
accounted for 30% of the total roughage supply and 75% of the total CP output of livestock (Hendy,
1977). The leaves, stems and roots of these cowpea haulms have been reported to contain CP
values of 7.7-21.7% (Kaasschieter et al., 1998; Savadogo et al., 2000) and will thus serve as a
good supplement for the low quality feed of animals especially in Sub Saharan Africa. The
potential of cassava and sweet potato residues based diets for ruminants have been reviewed by
several authors (Semenye and Hutchcroft, 1992; Smith, 1992). Cassava flower and peels have been
tried as energy sources in goats' diets (Ifut, 1992). Although little information is available on post-
harvest cotton residues, feeding trials showed that most leaf litter and husks left after picking of
cotton bolls is acceptable to sheep. Rice, wheat and other straws have been treated and used as
livestock feed, especially for ruminants, by several researchers (McManus et al., 1972; Alhassan

and Akorfur, 1982; Walker, 1984; Sudana and Leng, 1986).
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2.7.2. Chemical composition and nutritive value of crop residues

Crop residues are invariably bulky, high in fibre, poorly degraded in the rumen, low in nitrogen
and minerals resulting in very low intakes (Osuji et al., 1995). The proximate nutrient composition
of various crop residues used as feed for goats and sheep is presented in Table 2.2, as nutrient
concentrations vary from as low as 2 percent crude protein for maize stover to as high as 27 percent
for cassava tops (Smith, 1988). The values presented (Table 2.2) are representative of a wide array
of residues of tropical origin, particularly from Sub Saharan Africa. Similar values for DM, CP
and Ash for crop residues have been reported (Camara, 1996; Kaasschieter et al., 1998; Savadogo
et al., 2000; Addass et al., 2011; Pipat et al., 2011; Asaolu et al., 2012). Ben Salem et al. (2004)
also reported that most common crop residues (i.e. straws and stubble) have low CP content, in the
range of 2-5% on a DM basis and this suggests a basic limitation in the value of some of the
residues (e.g. wheat and barley straw). The wide ranges observed within a particular crop residue
for specific nutrients are attributable to factors such as variety of the crop, age of the residue or
stage of harvest, physical composition, i.e. the proportion of stems and leaves, length of storage,
cultural practices, harvesting practices, Soil fertility and maturity

(Smith, 1988; Adebowale, 1988).
Table 2.2. Proximate composition of some crop residues

Crop residue % DM

Moisture CP OM Crude fibre Ether Ash NFE

(%) extract

Maize stover 10 2-8 8591 28-46 1-2 9-15 35-53
Sorghum stover 10 3-6 96 31-35 1-2 4 50-56
Rice straw 10 2-9 7590 20-45 1-4 10-25 29-48
Groundnut 10-12 1117 87-90 21-29 1.5-25 10-13 51-57
haulms
Cowpea vines 10-12 6-18 82-90 25-30 1-15 8-10 48-50
Cassava tops 7080 17-27 89-94 8-26 3-8 6-11 35-60
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Sweet potato tops 90 2022 82-83 15 3-35 17-18 42-46

Sugarcane tops 70-80 5-8 81-95 28-34 1.5-25 5-9 44-54

Banana leaves 80 10-15 91 24 12 9 45

Banana 90 2-9 86-91 21-32 2-3 9-14 61

Pseudostems

Cocoa-pods 75 2-9 7590 20-45 14 10-25 33-56
Empty oil palm 56 3-4 95 - 6-8 5 -

fruit bunch

Source: Smith, 1988

Although their nutritive value and digestibility is very low, crop residues are especially suitable
for ruminant livestock feeding and provide small ruminants with most of their annual nutritive
intake (Gatenby, 1985). The low digestibility results in limited intakes of these untreated residues
usually characterized by low nitrogen content, high cell wall components and little cell contents.
The cell walls, which constitute the major fraction of crop residues may be highly indigestible,
depending on the relative proportions of its component parts; lignin, cellulose, hemicellulose,
silica, and how they are complexed with each other (Smith, 1988). When such residues are fed,
structural polysaccharides (which comprise the carbohydrate fraction) are only partially degraded
by the rumen microorganisms. This results in low digestibility and low rates of disappearance or
passage from the gastrointestinal tract during digestion and limited intake, thus limiting the value
of crop residues as a feed component (Adebowale, 1988). According to Smith, (1988) the very
high half-life values of most residues confirm their poor degradability in the rumen. Such slow
rates of degradability mean slow movement of the material out of the rumen, and therefore low

intake, and low total digestibilities.
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A review of some published studies in which crop residues were fed as the sole or major material
confirmed the low degradability of crop residues in the rumen (Smith, 1988). Cheva-Isarakul and
Cheva-lIsarakul (1985) fed adult wethers, weighing about 30 kg, five different varieties of rice
straw ad libitum to estimate voluntary intake and digestibility. On the average the sheep consumed
about 2.2 percent of their body weight or 52 g/kg metabolic weight of the straw. The DM
digestibility was 49.8 percent. Suriyajantratong and Senakas (1985) reported higher DM intakes
for sheep fed groundnut haulms (2.9 percent Body weight), with a DM digestibility of 52 percent.
Mean DM intakes of 1.1 (sorghum stover), 0.7 (maize stover), 2.0 (sorghum leaves) and

0.8 (cowpea vines) percent body weight with their respective DM digestibilities of 52, 53, 57 and

47 have been reported by Alhassan et al. (1984).

According to Pearce (1984) such low DM digestibilities coupled with low intakes may not satisfy
maintenance needs. If diets based on crop residues are to be productive, the residues must be
upgraded to improve the nutritive value through supplementation or treatment of some sort or a

combination of both.

2.7.3. Improving the feeding value of crop residues

Crop residues as feed resources need to be improved during the dry season, especially in Sub
Saharan Africa. It has been established that intake and utilization of crop residues, especially the
high lingo-cellulose cell-wall materials may be increased by various pre-treatment methods which
improve the rumen environment for growth of cellulolytic microbes, thus, facilitating a greater rate
of fibre digestion. (Jackson 1977; Sundstol et al., 1979; Gatenby, 1985; Adebowale, 1988; @rskov,
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1990). Mehrez and @rskov (1977) reported that species, variety, environment, methods of
harvesting and handling, feeding methods which include diet composition, levels of feeding and

efficiency of treatment affect digestibility of crop residues.

From a nutritional standpoint, plant material is made up of two components - cell contents which
are usually highly digestible, and cell wall made up of lignocellulosics and non-cellulosic
polysaccharides (Meng, 1990). Complex lignocellulosic bonding prevents easy access of digestive
enzymes to cell contents, to the equally digestible, non-cellulosic polysaccharides such as
hemicelluloses and pectins, and to cellulose, the major component of all plant cell walls.
Apparently these and other components of the cell wall are bound together into one great
macromolecular matrix (Morrison et al., 1989). Any treatment that can alter and open up the matrix
in such a way as to make the digestible components available to enzymatic hydrolysis by celulases
complex produced by rumen microbes will efficiently improve digestibility and intake of crop

residues.

The various treatment methods that have been used are;

Chemical
Physical

Physico-chemical
Biological

Generous offer (ad libitum feeding)

o 0 kg NP

Supplementation

24



2.7.3.1. Chemical treatment

Since the mid 1970's there has been much research and development into finding ways of
alleviating the deficiencies of crop residues (e.g. Sundstol and Owen 1984; Doyle et al 1986).

Much emphasis has been put on straw upgrading technigues using treatment with chemicals (Owen
and Jayarisuya 1989). The three chemicals that play an important role in improving the feeding

value of crop residues are sodium hydroxide (NaOH), ammonia (NH3) and urea.

Sodium hydroxide is generally regarded as the most effective alkali for improving the digestibility
of crop residues. Considerable increases in in-vitro as well as in-vivo digestibilities and intake of
treated crop residues with NaOH have been reported (Ibrahim and Pearce, 1983b; Doyle et al.,
1986). In spite of the effectiveness of NaOH, problems of availability, health risks, costs, handling
and additional labour limits it‘s by smallholder farmers in humid West Africa. A cheaper and
relatively available alternative is the use of alkalis available to the farmer such as ashes of left after
burning of wood, oil palm bunches and cocoa (Smith, 1993). Available evidence (Adebowale
1985) suggests that these ashes are as effective as equimolar concentrations of sodium hydroxide
solutions, with the added advantage of availability. In addition, farmers are used to handling such
ashes for soap making and soil amendments.

Adebowale (1985) reported higher digestible energy intake of goats fed maize straw treated with
varying levels of cocoa-pod ash solutions than those of control goats fed untreated maize straw

diets. Growth rates were 42 and 20 g/day respectively.
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The use of urea and ammonia in treating crop residues is relatively safe and easy. It helps improve
the nitrogen status and break down the ligno-cellulose bonds of the residue, increasing the rate and
extent of rumen microbial digestion (Amata, 2014; Ramirez et al., 2007; Oji et al, 2007). The use
of urea as a precursor of ammonia has been recommended for developing countries for its
simplicity and safety in application, availability in local markets at cheap prices and preservative
properties (EI-Shobokshy et al., 1989). Jaiswal et al (1988) reported increased crude protein (CP)
from 4.6 percent in untreated rice straw to 11.9 percent in urea treated straw. Similarly, Ngele et
al. (2009) reported an increase in CP from 4.4% in untreated rice straw t012.4% in 4% urea treated

rice straw.

Although chemical methods are being applied, several reasons limit their application in
developing, tropical countries reasons being that technologies are too "high tech." for application
by smallholder farmers, the perceived unjustification of cost and effort of treating crop residues
(Owen and Jayarisuya 1989) and the argument that farmers would benefit more if the urea was
used as a fertiliser to increase crop yield, instead of using it to upgrade the crop residue (Owen,

1993) because only about 30% of nitrogen of urea applied is recovered in treated forage with 70%

polluting the air as ammonia.

2.7.3.2. Physical treatment

Physical treatment methods of improvement include grinding, chopping, pelleting, soaking,
gamma-irradiation etc. These methods of treatments may decrease particle size and/or increase
palatability through reduced dustiness and breakdown cell wall structure but may not significantly
affect digestibility (Smith, 1988). Wetting and soaking reduce the feed value because it causes
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substantial losses of soluble cell contents with a resultant decrease in digestibility. A reduction in
the soluble cell material and in vitro digestibility of cowpea vines was reported after soaking in
boiling water for 30—90 minutes, dry matter losses of 8-14 percent resulted from soaking rice straw
for 3 days and 5 percent reduction in nylon bag degradability of soaked rice straw have been
reported (Ibrahim and Pearce, 1983a; Dumlao and Perez, 1976; McManus and Choung 1976).
Increased intakes of crop residues following soaking or wetting have also been reported

(Chaturvedi et al., 1973) occasionally.

Chopping reduces wastage and facilitates feeding. Since chopping does not alter cell wall structure,
it generally does not improve digestibility (Smith, 1988). Chopping of groundnut haulms, maize
and sorghum stovers and rice straw have been reported to improve intake and hence the
performance of sheep better than those fed long haulms in terms of intake, digestibility and growth

(Adu and Lakpini, 1983; Osafo et al., 1994; Devendra, 1983).

Grinding and pelleting reduce particle size and increases the rate of passage and hence increasing
intake, as well as increasing the cellulosic surface area exposed to microbial attack in the rumen,
with the resultant increase in digestibility (Smith, 1988). Tomlin et al., 1965 reported that pelleting
of roughage or simply reducing its size by cutting has been found to increase dry matter intake by

15%.

27



A 10 to 31% increases in digestibility have been reported with energy consuming methods such as
steaming under pressure, gamma irradiation and explosion (Hennig et al., 1982; Ryu, 1989). These
methods disrupt cell walls by separating and cleaving bonds between cell wall

constituents, in addition to a hydrolytic action of acids resulting from the processes (Doyle et al.,
1986). Although the process has no practical application for farmers in humid West Africa because
of the cost involved, energy intensity and marginal ineffectiveness, shorter mean retention time of
rice straw in sheep and solubilisation of cellulose, hemicellulose and lignin in the cell wall of most

fibrous residues have been reported (Walker, 1984; Doyle et al., 1986; McManus et al., 1972).

2.7.3.3. Physico-chemical treatments:

There is evidence that combining physical treatments such as milling, grinding and steaming,
which decrease particle size, with chemical treatments, increase the effectiveness of the chemicals
(Thiruchittampalam and Jayarisuya, 1978), although the effects may not always be additive

(Coombe et al., 1979).

2.7.3.4. Generous offer

This involves giving the animal, crop residues ad libitum and allowing them to select botanical
fractions that are more digestible (Osafo et al., 1994). Wahed et al. (1990) found that intake of
straw digestible organic matter by sheep increased from 6.6 to 10.5 and 12.7 g/kg live weight/day,
respectively, when generous amounts (18 to 54 and 90 gDM/kgLW/day) of barley straw was

offered. Work in Ethiopia by Aboud et al. (1993) showed that sheep and goats increased their
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intake of chopped stover when the amount offered was increased from 25 to 50 g/kgLW/day, but
there was little further intake when the amount offered was increased to 75 g/kgLW/per day. In
the same study, sheep gained weight (28.0, 54.0 and 62.0g/day at levels of 25, 50 and 75 g/kg live
weight per day, respectively) faster than goats (9.0, 23.0 and 31.6 g/day at levels of 25, 50 and 75
o/kg live weight per day respectively). Those on a higher level of offer showed a faster rate of gain

than those on a lower level of offer.

2.7.3.5. Biological treatment

Biological treatment involves the development and use of naturally occurring organisms to degrade
lignin in crop residues. Enzyme addition, fungal growth, fermentation, composting and ensiling
are some of the biological methods that have been used to increase the digestibility of crop residues
(Gatenby, 1985; Ryu, 1989). An increase in the in vitro dry matter digestibility of wheat straw
from 14.3 to 29.5% after a 30 day incubation period with Pleurotus ostreatus mushrooms have
been reported by Calzada et al. (1987). Ramirez-Bribiesca et al. (2010) also reported that P.
ostreatus treatment for 15 days on corn straw increased crude protein (39.5%) and soluble protein
(165%), soluble carbohydrates (621%), ash (188.32%) and decreased neutral detergent fibre
(14.5%).

Although these methods improve digestibility, they are also associated with some loss of dry
organic matter, because many organisms, particularly, edible fungi, in addition to attacking lignin,
consume majority of soluble sugars and hemicelluloses which are easily digestible by ruminants
(Kewalramani et al., 1988; Morrison et al., 1989). Dry matter (DM) losses varied widely from 6
to 40%, depending on the organism used, duration of fermentation, type of substrate and

environmental conditions (Agosin and Odier, 1985).
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2.7.3.6. Supplementation

A supplement is a feed that will increase total intake whilst maintaining or increasing intake of the
basal diet (Kempton 1977). According to Devendra (1985) an adult ruminant can maintain its body
if its feed contains a crude protein level of 6-7 percent, a dry matter digestibility of 50-55 percent
and a dry matter intake of about 1.7 percent of body weight. Most crop residues rarely meet these
requirements. Preston and Leng (1981) have suggested that to ensure an adequate rumen ecosystem
and complement the needs of the animal as well as optimize the utilization of crop residues,
nutritional supplements should provide fermentable energy and nitrogen, micronutrients e.g. B
vitamins, roughage, by-pass protein and by-pass energy. Chemical or other treatments may
improve intake and digestibility, but if the feed is deficient in nutrients, much of the additional
energy released will be inefficiently used (Smith, 1988). Feeding studies with sheep and goats have
shown that sorghum stover and wheat straw supplemented with ureamolasses and rice straw
supplemented with oil palm slurry can promote satisfactory performance

(Olayiwole and Olorunju, 1987; Sudana and Leng, 1986; Alhassan and Akorfur, 1982).
A study conducted by Okello et al. (1996) on the effects of various supplements (cotton seed cake,

maize bran, banana peels and leucaena leaves) on weight gain and carcass characteristics of male
Mubende goats fed elephant grass ad libitum in Uganda showed that the goats supplemented with
cotton seed cake had the highest growth rate, which was attributed to a higher protein and energy
supply from the cottonseed cake. Also, supplementation with cottonseed cake and maize bran
improved body condition scores and carcass weight compared with the other diets. Tolera and
Sundstgl (2000) also observed increases in DMI (43.2, 53.8, 63.1 and 66.1g/kg W°"®/day) and

Crude protein intakes (12.1, 29.8, 47.2 and 62.4 g/head/day) as well as body weight gains (-32, 9,
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34 and 44g/day) of sheep fed a basal diet of maize stover supplemented with graded levels (0, 150,
300, 450 g/head/day) of Desmodium intortum hay. Adequate supplementation is therefore required

for efficient utilization of crop residues by animals.

2.7. Storage of fodder and its effects on nutrient content

In livestock enterprises, one of the most important factors determining profitability is to achieve
optimal levels of feeding (Davies and Onukwa, 1996). However, a shortage of affordable feeds of
adequate quality and quantity, particularly during the dry season is a major obstacle to improving
production (Chedly and Lee, 1999). A "staircase™ growth pattern is observed when animals are not
adequately fed during the dry season. Therefore, livestock farmers in most developing countries
face the biggest challenge of feeding during the dry season (Ikhatua and Adu 1984). There is good
potential to improve food security and family incomes by improving livestock production (Chedly
and Lee, 1999) by conserving forages, crop residues and Agro byproducts during periods of
abundance for use in feeding livestock during future periods of feed shortages. Conservation can
be achieved by sun drying (hay), artificial drying (meal) and addition of acids or fermentation as
silage (Mannetje, 1999). As both grasses and legumes decline in quality as the dry season
progresses, ways of preserving nutritive quality through hay making or ensiling during the rainy
season may be worthwhile (Duru and Columbani 1992). According to Mannetje (1999), three
important considerations to take into account before embarking on silage making are;

1. Isthere a need to store?

2. Are there enough good quality forages or other products available to store?

3. Can the conditions for good storage be met?
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Storage of feed usually has the advantage of being a feed reserve to increase productivity in seasons
of drought and scarcity. It also ensures the judicious use of excess vegetative growth and enables
the storage of potentially unstable material (Cowan, 1999). Even though storage aims to preserve
the quality and quantity of feed for later use, losses of nutrients, particularly crude protein, during
the storage process have been reported. Losses in crude protein contents of Pennisetum purpureum
forage and Gliricidia sepium leaves, stored as hay for a period of four weeks, have been reported
by Davies and Onukwa (1996). Fasae et al. (2009) also reported that storing cassava leaves beyond
3 months increased the dry matter content, while crude protein content declined with the length of
storage. Declines in crude protein, fat and ash content of conventional feedstuffs like fishmeal have
been reported by Omer (2012). Changes in nutrient composition of forages and various feeds in
storage may be due in part to volatilization (Merchen and Satter, 1983), exposure to high degrees
of temperature, shifts in temperature, initial autolysis (Enzymatic) and bacterial activity due to
conditions of transporting and handling (Omer, 2012)

A trial by Antwi et al. (2011) that tested the effect of different farmer storage techniques (roof,
shed and field storage) on nutrient retention in dual-purpose cowpea haulm after different periods
in storage showed that crude protein remaining declined in the cowpea haulms in the field storage.
In the same trial Acid Detergent Insoluble Nitrogen (ADIN), Acid Detergent Fiber (ADF) and
Neutral Detergent Fiber (NDF) remaining increased in concentration in the cowpea haulms left in
the field and the roof storage systems. Thus, the plant materials in the cowpea haulm left as
standing hay in the field lignifies, making the plants® nitrogen to complex with the carbohydrate
making it unavailable to the animal. In addition, the heat generated in the haulm stored under roof

system may have promoted Maillard reaction, hence the high ADIN recorded under that system.
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The study concluded that the shed system of storage retains the quality and availability of haulm

in respect of dry matter and crude protein contents.

2.8. Importance and quality of manure

Declining soil fertility resulting from continuous cultivation threatens productivity of the tropical
soils (Dechsel et al. 2004). In high potential agricultural areas, smallholder farmers often mine
their soil nutrients through crop extraction, removal of weeds, grazing livestock, cutting forage to
feed livestock, or selling fodder (Powell et al., 2004). After limited soil moisture, low soil fertility
is the most important constraint limiting crop productivity in Sub-Saharan Africa (Gicheru, 2012;
Fischer and Qaim, 2012). Livestock plays a significant role in stabilizing farming systems by
providing manure, which is a valuable resource in the replenishment of soil fertility (Wanjiku and
Manyengo, 2005; Mohamed Saleem, 1998). Application of organic amendments, including animal
wastes increases soil organic matter, supplies nutrients to the crop, impacts communities of soil
organisms and may stimulate organisms that are antagonistic to plant parasitic nematodes (Orisajo
et al., 2007; Orisajo et al., 2008). Sheep and goat manure have been used as soil amendment and
are actually far better than the inorganic fertilizers because they contain large amounts of organic
matter, so they feed and build the soil while nourishing the plants (Mitchell, 1992; Giyinyu et al.,
2005). Additional benefits of applying manure include increased soil electric conductivity (EC),
Cation Exchange Capacity (CEC), organic carbon, soil moisture content and crop yield (Aggarwal

et al., 1997; Kimani, et al., 1999).

Consistency, composition and nutrient content of manure strongly vary between seasons due to

variation in feed quality and intake, addition of organic material, nutrient losses and contamination
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with soil (Probert et al., 1992; Warren et al., 1996; Snijders et al., 2009). Characterisation studies
by Williams et al. (1995) indicated that manure quality is very variable, e.g. 0.23-1.76 % N; 0.08—
1.0 % P; 0.2-1.46 % K; 0.2-1.3 % Ca and 0.1-0.5 %Mg. Another study conducted by Mikile
(2001), showed that, of the nutrient compaosition of different manures, cattle manure had the lowest
N, P and K contents followed by sheep, and goat manure had the highest content of N, P and K.
High-quality manure has been defined as that with N content greater than1.6% N or C: N ratios
less than 10; while low-quality manure has N content less than

0.6% and C:N ratio greater than 17 (Bationo et al., 2004). An adult sheep of average weight of
18.25 kg is capable of voiding as much as 146.91 kg of manure on DM basis per year, supplying

2.89 kg N, 0.98 kg P, and 1.31kg K per annum (Fasae et al., 2009).

Manure quantity and composition can vary substantially between seasons due to differences in
feed availability and quality. Powell (2004) observed that manure quantity and quality in West
Africa are generally (much) lower in the dry season than in the rainy season except in situations
where cropping strongly limits feed availability during the rainy season (Powell and Williams,
1995). Variation in feed digestibility and protein content can result in large variations in nutrient
contents of manure as feeds with higher digestibility and crude protein contents lead to higher N
contents in faeces and urine (Delve et al., 2001; Snijders and Wouters, 2003). Ash, and to some
extent, carbon contents of manures can also vary strongly, due to variation in organic matter
content, feed digestibility, and contamination of feeds and excreta with soil during collection and

processing (Snijders et al., 2009) thereby also changing N content.
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2.8.1. Nutrient losses and quality improvement of manure

The most important processes that lead to nutrient losses in manure are leaching of soluble nutrients
from urine (particularly Nitrogen, potassium and sulphur) and gaseous losses during collection,
storage and application, particularly ammonia (Snijders et al., 2009). A larger surface area for
collection and storage facility of manure increases the risks for ammonia volatilisation (Smits et

al., 1995; Chadwick, 2005) and leaching.

Approximately 80-95% of the N and P consumed by livestock are excreted. Whereas most P is
voided in faeces (Ternouth, 1989), N is voided in both urine and faeces (Powell et al., 1998). Up
to two-thirds of the urine-N is in the form of urea (Bristow et al, 1992) which is easily lost if poorly
managed. Feed with higher digestibility and crude protein content (exceeding 11-12%) leads to
higher N contents in faeces and urine with higher risks for N losses (Snijders and Wouters, 2003).
In order to optimize manure quality, proper knowledge is required for manure collection, storage
and utilization that would minimize nutrient loss and allow the nutrients to be available for crop
use (Fenning et al., 2010). Studies suggest that feeding of concentrates, zerograzing rather than
traditional kraaling, manure stored under cover instead of in the open, and on concrete rather than
soil floors results in higher quality manure (Lekasi et al., 1998). Consumption (browsing) of
forages containing tannins may limit N excretion and losses from urine (Delve et al., 2001). Crop
residue incorporation has been found to minimise nutrient losses through aerobic volatilisation or

anaerobic denitrification (Bationo et al., 2004).

2.9. Atebubu-Amantin District
The Atebubu-Amantin District (7°38'N 1°4'W7.633°N 1.067°W) is one of the 22 districts in the

Brong Ahafo Region of Ghana created out of the former Atebubu District in 2003 and has
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Atebubu as its administrative capital. It is bordered to the north by East Gonja District in the
Northern Region and Pru district in the Brong Ahafo region and to the south by
EjuraSekyeredumasi, Sekyere East and Sekyere Afram plains Districts in the Ashanti Region. To
the east, it shares boundaries with the Sene District and to the west with Kintampo and Nkoranza
Districts, all in the Brong-Ahafo Region (GSS, 2013). The District covers a land area of 2,624 km?
with an estimated population of 105,938 with 50.7 percent males and 9.3 percent females (GSS,
2010a). The District falls in the Guinea Savannah agro-ecological zone of Ghana (within the
transitional zone between the wet, semi-equatorial and tropical savannah climate regions and the
vegetation comes under the interior wooded savannah type of Ghana). Mean monthly temperatures
fluctuate between a minimum of 24°C and a maximum of 30°C with a mean annual temperature
ranging between 26.5°C and 27.2°C (GSS, 2013). The SSW wind blows with a speed of 6kmh.
The area receives bimodal rainfall distribution with a mean annual rainfall of

1400-1800mm (GSS, 2010b). The major rainy season extends from May to August whereas the
minor season lasts from September to November followed by the dry season from December to
April. The difference between the minor and the major seasons is hardly noticed because of the
transitional nature of the area. Atebubu-Amantin is associated with agro-pastoral production
systems and is noted for the production of cowpea, groundnuts, maize, rice, sorghum and cassava
in association with sheep, goats and cattle. As high as 14,283 of the 20,349 households, are
engaged in agriculture with about 95.5 percent of the agricultural households into crop farming
(GSS, 2013). A higher proportion of males (71.3%) are engaged in skilled agricultural, forestry
and fishery than females. Livestock rearing comes second to crop farming as the most important
agricultural activity in the district. Out of the 9,708 animal keepers in the district, 40.7 %, 29.8%

and 132 % keep chicken, goat and sheep respectively (GSS, 2010b).
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Figure 1: MAP OF ATEBUBU-AMANTIN DISTRICT
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2.10. Inferences from literature:

Sheep and goats are a very prominent feature of the subsistence rural economy in most West
African homes, even in places where cattle are not commonly kept (Tweneboah, 2000). They are
reared mainly for their meat and sold for income even in times of crop failure. The manure
generated by sheep can also be used as fertilizer in crop production. Worldwide sheep and goat
numbers have been increasing over the past twenty years, unlike other livestock species. Since
small ruminant production in Africa is not well developed and considered as being casual rather
than an organised activity because animals are poorly housed and managed, their productivity is
low and that there is ample opportunity for improvement (Otchere et al., 1985). An efficient, well-
planned animal health service, going hand in hand with an adequate improvement in the provision
of feed, is a pre-requisite for increasing small ruminant production, which would directly improve
the diet and standard of living of the large number of rural smallholders in tropical Africa (Otchere

etal., 1985).

Crop residues are an excellent source of feed that can be obtained from the farm and even though
they have the potential of being a feed resource, only a small fraction is currently being used for
livestock feeding because of problems of collection, transportation, storage and processing,
alternative uses, seasonal availability, and perhaps most importantly, an apparently poor nutritional
value and digestibility (Sansoucy and Emery, 1982; Owen, 1985). Such low digestibilities of crop
residues, coupled with low intakes, may not satisfy maintenance needs and must be upgraded to
improve their nutritive value through supplementation or treatment of some sort or a combination

of both. Such treatments include grinding, chopping, pelleting, soaking, gamma-irradiation,
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enzyme addition, fungal growth, fermentation, composting, ensiling and the use of chemicals such

as Sodium hydroxide (NaOH), ammonia (NHz3) and urea.

In spite of the possibilities of using crop residues being ignored, groundnut and cowpea haulms,
bean vines, maize, sorghum and millet stover, constitute the bulk of ruminant feed during the dry
season in Ghana (MOFA, 1998). The bulk of residues in the major cropping season in the Atebubu-
Amantin district are destroyed during the dry season by bush fires. There is thus the need to store
adequate amounts of residues in the rainy season so as to use them in feeding animals during the
dry season. Storage methods used should however be focused on preservation and maintenance of
the nutritive quality of these residues throughout the storage period for adequate dry season
feeding. Although feeding of residues and other agro by-products is very common amongst most
of our farmers, evidence on the feeding value with respect to liveweight changes and other

parameters, of most of these crop residues and by-products is scanty.

CHAPTER THREE
3.0. MATERIALS AND METHODS
3.1 Description of study

Two studies were undertaken as follows;

v Assessment of the effect of two storage methods (Open and Closed/Shed storage) on the

crude protein content of groundnut and cowpea residues and
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v' Assessment of the nutrient composition of crop residues and other Agro based byproducts
available in the study area as well as effects of feeding them on growth performance and

the manure of sheep and Goats.

3.2. Description of study area

The study was conducted in Atebubu and Amantin in the Atebubu-Amantin district of the

BrongAhafo Region of Ghana.

3.3. Selection of farmers

Purposive sampling was used in selecting sheep and goat farming project sites based on the
population of sheep and goats. Stratified sampling technique was employed to obtain a sample
crop (cereals and legumes) -sheep or goats farm households, and other actors along the value chain.
Each of the actors (farmers, butchers, traders, etc.) along the crops (cereals and legumes)sheep and
goats value chain formed a stratum from which samples were taken. Six farmers (three males and
three females) from each of the two towns (Atebubu and Amantin) in the District were selected
for the study on storage, animal feeding and manure management assessment. These selected
farmers were part of a larger group of farmers participating in a 3-year Australian-Aid (AusAid)
funded project purposed to develop and strengthen the crop—sheep and goats value chain in the
sub-humid (Ghana, Benin), and Semi-arid (Gambia and Mali) tropics of West Africa. A total of
600 value chain actors in the four countries (150 per country for the 4 countries over the 3 year
period) were selected. These farmers were those engaged in planting cereal and legume mixtures

(intercrop) or in rotation and were also having some goats and/or sheep.

41



3.4. Feeding of experimental animals

Feed resources comprised farmers own feed which ranged from basal diets of maize stover, cassava
peels and yam peels supplemented with cowpea and groundnut residues. The animals were stall
fed ad-libitum with basal diets comprising mostly of cereal residues and kitchen waste comprising
cassava and yam peels (about 5% of the body weight of the animal with 3, 1 and 1% maize stover,
cassava peels and yam peels respectively). These basal feeds were supplemented with cowpea and
groundnut residues at 300g/animal/day. The additional supplements given to the experimental
animals were monitored and recorded — type of supplement and quantity offered. The experimental
diets used as feed was compounded using the feed resources stated above and designated as
Treatment 1 (T1), Treatment 2 (T2) and Treatment 3 (T3). Tl comprised a basal feed of maize
stover, cassava peels and yam peels, T2 comprised a supplementation of the maize stover, cassava
peels and yam peels (T1) with cowpea residues and T3 comprised a supplementation of the maize
stover, cassava peels and yam peels (T1) with groundnut residues. The feed was offered ad libitum
twice daily (09:00 hours and 16:00 hours). Each farmer provided water and salt lick* ad-libitum.

The study spanned for ninety (90) days, including two weeks of adaptation to the feed.

Salt Lick': Composition - Sodium Chloride; Sodium content: 38.05%. Obtained from MULTIVET LTD, KWADASO-KUMASI.
3.5. Experimental animals and design of experiment

A total of seventy two (72) animals, comprising eighteen (18) male West African Dwarf goats and
eighteen (18) male West African Dwarf sheep aged 12-14 months from each of the two towns were
used in the experiment. Each farmer used six animals comprising three sheep and three goats. They
were then randomly allotted to three (3) dietary treatments, namely, T1, T2 and T3 in with T1 as
the Control diet. Each treatment was replicated six (6) times. The mean initial weights for sheep

were 15.00, 15.05 and 15.02 Kg for treatments T1, T2 and T3 respectively in
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Amantin and 15.09, 15.17 and 14.85 Kg for treatments T1, T2 and T3 respectively in Atebubu.

The mean initial weights for the goats were 10.05, 10.32 and 10.10 Kg for treatments T1, T2 and
T3 respectively in Amantin and 10.03, 10.00 and 10.15 Kg for treatments T1, T2 and T3
respectively in Atebubu. The feed and water were offered ad libitum in a randomized complete
block design. Each block contained three dietary treatments and six (6) replicates per treatment
each for sheep and goats in each community. The locations were the blocks and the animal species

owned by farmers were the replicates.

3.6. Housing
A portion of the farmers‘ already existing pen was partitioned and used for housing the animals.
Where space was available, small pens were constructed and the experimental animals separated

according to the species by fencing. The animals were housed near the homes of each farmer.

3.7. Parameters measured

3.7.1. Feed intake

The feed was weighed daily with a weighing scale before offering to the animals. Feed intake was
measured and recorded daily as the difference between feed offered and feed refused. Average

feed intake per day was determined by dividing the total feed intake by the number of days of the

experiment.
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3.7.2. Liveweight changes

Animals were weighed at the beginning of the experiment and every two weeks during the
experimental period with a spring balance. Weight gain was determined by subtracting the weight
of the animals from the beginning of the experiment from the weight of each animal after the

experiment.

The average daily gain (ADG) was determined by dividing the weight gained by each animal by

the duration of the experiment as shown in the formula below;

ADG (g) = Final weight () - Initial weight (Q)
Number of days (days)

3.7.3 Feed conversion ratio (feed/gain)
Feed to Gain ratio was estimated as the daily feed intake divided by the daily weight gain of each
animal.

Gain/Feed ratio = Daily feed intake gain (g/day)
Daily weight gain (g/day)
3.8. Storage of cowpea and groundnut residues

The effect of two (2) storage methods being the shed/closed and the open methods, on the crude
protein (CP) content of groundnut and cowpea residues was assessed in Atebubu and Amantin
communities. The closed system of storage was done in rooms specially set aside by farmers to
store the feed of their animals. With the open system of storage, residues were stored in the open
I.e. without any shed. The residues under storage comprised leaves, vines and stems of groundnut

and cowpea. Three of the six farmers selected in each community stored their leguminous residues
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in sheds and the other three farmers stored theirs in the open. Storage of the residues was monitored
for twenty eight (28) weeks in a split-strip plot design with the storage system being the main plot,
the sub plot being the communities with the farmers in each community as replicates, and the
sampling period i.e. 1, 4, 8, 12, 14, 20, 24 and 28 weeks as a repeated measure on the experimental
unit and time being the strip plot. Samples were then taken at 1, 4, 8, 12, 14, 20, 24 and 28 weeks
to analyse for changes in crude protein concentration using the methods of

AOAC (2002).

3.9. Chemical analysis
Samples of feed traditionally used by the farmers in both communities were collected and sent to
ascertain their proximate compositions as described by AOAC (2002) at the Animal and Soil

Science Laboratories, K.N.U.S.T., Kumasi-Ghana.

Feed offered and the refusals were measured to determine voluntary intake of feed offered.
Samples of feed offered were collected each day per feed type during the fourth and fifth week of
the study for 7 to 9 days. Samples collected were pooled by feed type for each farmer and two
samples taken per feed type for laboratory analysis. The proximate compositions of the sampled
feed were determined as described by AOAC (2002) at the Animal and Soil Science Laboratories,

K.N.U.S.T., Kumasi-Ghana.

Daily manure produced by sheep and goat in each community were pooled together, bagged and
analysed for Organic Carbon, Nitrogen, pH, Potassium and concentration ash at the Crop and Soil

Science Laboratories, K.N.U.S.T., Kumasi-Ghana.
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Samples of Leguminous residues under shed/closed and open storage, sampled at 1, 4, 8, 12, 14,
20, 24 and 28 weeks were analysed for changes in crude protein concentration using the methods

of AOAC (2002).

3.10. Statistical analysis

The design used in the feeding trial in each community was the Randomized Complete Block
Design. Each block contained three dietary treatments and six (6) replicates per treatment each for
sheep and goats in each community. The locations were the blocks and the animal species owned

by farmers were the replicates.

A split plot design was also applied to the storage of leguminous residues. The storage system was
the main plot, the sub plot being the communities with the farmers in each community as replicates,
the sampling period i.e. 1, 4, 8, 12, 14, 20, 24 and 28 weeks as a repeated measure on the

experimental unit and time being the strip plot.

The randomized complete Block design was also applied to the daily manure produced by sheep
and goat in each community with the feed type being the treatments and the animals (Sheep and

goats) being the replicates.

All the data collected were statistically analysed using the Generalized Linear Model (GLM)
procedures of SAS (SAS, 2006). All the statistical tests were done at a significance level of 5%.

The Waller K-ratio test was used to compare significant differences between the treatment means.
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CHAPTER FOUR

4.0. RESULTS AND DISCUSSION  4.1. Nutrient composition of feed resources

Table 4.1 shows the chemical composition of various feed resources available as feed for sheep
and goats at the two locations. Feed was designated as either base or supplement depending on
their type (of cereal or leguminous source) and crude protein content. The nutrient composition for
basal feed materials used in Atebubu ranged from 72-92% DM, 82-97.2% OM, 2.8-18% Ash and
3.2-12.6% CP. Basal feed materials for Amantin had 66.5-93% DM, 84-97.2% OM, 7.5-15.5 Ash
and 3.7-9.0% CP. The nutrient composition of feed resources analysed in the two communities
were comparable in nutrient composition and averaged 85.4% DM, 91.0% OM,

9.0% Ash and 8.6% CP for Atebubu and 86.7% DM, 88.1% OM, 11.3% Ash and 8.3% CP for

Amantin. With the exception of Abass Tanko (labeled as FARE) in Amantin who recorded the
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least feed DM of 66.5%, in Atebubu, FARB and FARA had the least CP (3.2%), OM (82%) and
Ash (2.8%). The low DM values obtained for cassava and yam peels for FARE in Amantin and
Amantin may be due to the amount of flesh retained during the peeling process. Same reason could
be attributed to the low DM content of 72% for yam peels used by FARE in Atebubu. The browse
plant “Kankani” used in the study by FARE in Amantin had low DM (72%) because it is a browse

plant and was harvested at a relatively younger age and at a high moisture content.

Differences in specific nutrients (DM, OM, Ash and CP) of the feed resources used in the study
area are attributable to factors such as variety of the crop, age of residue or stage of harvest,
physical composition, i.e. the proportion of stems and leaves, length of storage, cultural practices,

harvesting practices, processing technique/method, soil fertility and maturity.
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ATEBUBU
Farmers

Adwoa
Danso(FARA)

Ajara Seidu
(FARB)

Salamatu
Amidu
(FARC)

Charles Waja
(FARD)

Mustapha Ali
(FARE)

Amadu Jato
(FARF)

Table 4.1. Nutrient composition of feed resources in Atebubu and Amantin.

Ingredients

Cassava peels (B)
Maize residues (B)
Groundnut husk (S)

Mango Leaves (B)
Cassava peels (B)
Maize (B)
Cajanus cajan (S)

Maize residues (B)
Maize (B)

Banana leaves (B)
Groundnut haulm (S)
Cowpea husk (S)

Cassava peels (B)
Pito mash (B)
Cajanus cajan (S)
Groundnut haulm (S)
Cowpea husk (S)
Maize residues (B)
Yam peels (B)
Cooked yam (B)
Cooked rice (B)
Cajanus cajan (S)
Groundnut haulm (S)

Maize (B)
Cajanus cajan (S)
Cowpea haulm (S)

Content (%)

DM om CP
92 88 4.3
91 888 3.2
82 90.7 81
89 82 9.6
86 84 35
72 96 7.9
81 86 16.5
87 925 38
88 97.2 8.75
79 86 12.6
89 91 12
89 88 7.13
82 96 4.38
90 94.7 3.97
76 96 13.5
89 90 8.3
91.2 96 6.81
86 911 38
72 88 9.0
84 93 6.3
82 gg 6.7
81 91 15.9
90 93 11.1
92 97.2 888.9
87 93 17.3
92 10.4

Ash

12
11.2
9.3

18
16
4.0 14

75
2.8
14

12

4.05.3
4.0
10

8.9

12

12

7.0

2.8
12.0
7.0

AMANTIN
Farmers

Rita Narh

(FARA)

Margaret Agyei
(FARB)

Abass
(FARC)

Tanko

Seidu
Baba(FARD)

Fuseini
Abubakari
(FARE)

Georgina
Konabe (FARF)

Ingredients

Maize residues (B)
Dry cassava peels (B)
Groundnut haulms (S)
Cowpea haulms (S)

Groundnut haulms (S)
Cowpea haulms (S)

Cassava peels (B)
Groundnut haulms (S)
Cowpea haulms (S)

Maize residues (B)
Maize (B)
Cowpea haulms (S)

Cowpea haulms (S)

—Kankanil (S)

Maize residues (B)
Cowpea haulms (S)
Groundnut haulms (S)

Content (%)
DM OM CP
Ash
920 925 48 75
88.292880 58 12
91 92 12.5118.0
90.1 9.9

89 82 11 18
86 88 103 12

66.58784.592 4.8 15.5
88 89 9.0 8
104 11

93 89 3.8 11
82 97.287 9.0 2.8
90 109 13

86 85 7.8 15

72 91 9.0 9

92 88 3.7 12
92 74 8.13 16.0
87 88 856 12.0



Where S is supplement, B is Base, DM=Dry matter, OM= Organic matter, CP= Crude protein.
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Organic matter which varied from 84-97.2% could be attributed to anatomical differences between
plant species which according to Phuc (2006) depends on effect of plant development and leaf:
stem ratio. The CP levels recorded in the study (3.2-17.3) were higher than the 2-5% reported by
Ben Salem et al. (2004). The CP contents of almost all the supplements used (about 91%) were
higher than the 8% level reported by Norton (1994) for optimum rumen microbial activity and
similar to the range of 8.9-16% reported by NRC (1981) for maintenance and moderate growth in
goats. They were also similar to the recommended CP level of 15% reported by NRC (1975) for
optimum maintenance of production. Legume based residues and by-products were used as

supplement by the farmers and had higher crude protein contents than residues used as base.

4.1.1. Maize residues

Maize and its residues available in the study areas had 3.2-9.0% CP, 72-93% DM, 88-97.2% OM
and 2.8-12.0% Ash. Malau-Aduli et al. (2003) reported higher CP (9.56%) and Ash (9.67%)
contents for maize as a feed for goats in Nigeria. Though the OM (90.4%) content obtained by the
authors was lower, the DM (90.73%) was similar to the results obtained in our study. Otchere et
al. (1978) reported similar (P>0.05) values for CP and DM but lower values for Ash. Maize
residues used in the study comprised of stovers, husk and offals. Olorunnisomo et al. (2003)
obtained higher CP (12.7%) and Ash (8.5%) contents for maize offal as a feed for goats in Nigeria.
The OM content (91.5%) was however lower but the DM (91.8%) was within the values recorded
in the study. Ondiek et al. (2013) reported low DM (60.2%) similar CP (4.6%) and ash (9.8)
contents for maize residues. The CP content for maize residues were also similar to that reported

by Woyengo et al. (2004).
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4.1.2. Groundnut residues

Groundnut residues comprised of haulms and husk. Groundnut husk was used by only FARA in
Atebubu and contained 8.1% CP, 82% DM, 90.7% OM and 9.3% Ash. Groundnut haulms available
in the study area also contained 8.3-12.5% CP, 87-92% DM, 7-12.0% Ash and 88-93% OM. Smith
(1988) reported similar results of 88-90 DM, 87-90% OM, 11-17CP and10-13% Ash for groundnut
haulms. Addass et al. (2011) reported 10.90% CP, 91%DM, 8.3% Ash and 91.7% OM for

Groundnut haulms which was similar to the range obtained for Groundnut haulms in our study.

4.1.3. Kitchen waste

Cassava peels analysed contained 3.5-5.8% CP, 66.5-92% DM and 4-16% Ash. Asaolu et al. (2012)
reported lower CP value of 3.28% for cassava peels. They also reported 9.19% Ash and

85.70% DM which are similar to the values obtained in study for cassava peels. Pipat et al. (2011)
however reported low DM (26%), low protein (1.0%) and high ash (17.7%) contents for fresh
cassava peels. Yam peels were used as feed by FARE in Atebubu (Table 4.2). It had 72%

DM, 88% organic matter, 9.0% CP and 12% ash. Onwuka et al. (1997) reported lower CP (8.64%)
and ash (6.3%) contents for yam peels when assessing the value of various residues as feedstuffs
in Nigeria. The peels used in this study were sun-dried and this accounts for the differences in

values.

FARE in Atebubu used cooked yam as a feed for sheep and goats (Table 4.1) and it contained 84%
DM, 93% organic matter, 6.3% CP and 7% Ash. The crude protein contents of cooked yam were
similar to the value (6.3£0.11 %) obtained by Olajumoke et al. (2012) but higher than the range of

1.73-2.33% CP reported by Sanni et al. (1999) in Abeokuta. This reduction may be as a result of
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the loss of free amino acids which took place as a result of the longer cooking time of yam. Ezeocha
et al. (2012) however reported higher CP and lower ash contents for cooked water yam (8.11-
9.12%CP and 2.05-2.70% Ash) and trifoliate yam (8.01-10.3% CP and 1.511.91%Ash). Cooked
rice was also used by FARE in Atebubu and had 82% DM, 88% organic matter, 6.7% CP and 12%
ash. These were higher than the range of values (2.22-2.35% CP and 0.37-0.43% ash) obtained by
Sanni et al. (1999) in Abeokuta, Nigeria. Differences in the nutrient composition of cooked yam
and rice depend on the cooking time which leads to loses of free amino acids and minerals. Also,
water absorption during boiling can lead to dilution and hence, low amount of ash (Onyeike and

Oguike, 2008).

4.1.4. Cowpea residues

Cowpea husk was used as supplements by FARC and FARD in Atebubu. Nutrient content for
cowpea husk ranged from 6.81-7.13%CP, 89% DM, 88-96% OM and 4-12% Ash. Ososanyo et al.
(2013) reported high CP (14.24%) and low DM (87.3%) for cowpea husk in his study. Mako et al.
(2013) however reported DM (89.17%) and Ash (4.10) contents which were within the range of
our study but higher CP content (15.67%) for cowpea husk. The CP contents of cowpea husk
obtained in our study were also lower than the 12.97% reported by Addass et al. (2011) but similar
to 7.10% by Malau-Aduli et al. (2003). Cowpea haulms available in the study areas had 86-92%
DM, 74-93% OM, 7-16% Ash and 7.8-11% CP. The CP of cowpea haulms used in our study was
within the range of 7.7-21.7% as reported by Camara, (1996) and Kaasschieter et al. (1998) and
Savadogo et al. (2000) .On DM basis, Savadogo et al. (2000) reported DM, OM, Ash and CP of
92.7%, 91.1%, 8.9% and 10.0% respectively, which was similar to the results obtained in this

study. Tarawali et al. (1997) also reported higher results of 13-17% CP for cowpea haulms which
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were higher than that obtained in our study. However, Mokoboki et al. (2000) reported similar
ranges of CP (5.06-7.42%) but higher DM (95.36- 96.44%) for eight varieties of cowpea haulms
as forages. The differences in nutrient composition of cowpea residues could be attributed to the
variety, species, proportion of leaves to stem, time and age harvesting and soil nutrient status as

suggested by Sundstol and Owen (1984)

The nutrient contents of the crop residues used in the study indicate that leguminous residues like
cowpea and groundnut residues, have the potential to be used in ruminant diets as protein
supplements for low quality maize, yam, cassava residues as well as other by-products. Efforts
should thus be made to store them in adequate amounts for dry season feeding. Also, similarities
in the nutrient (especially CP) contents of these residues may be used as a basis for selecting
various residues and Agro-industrial by-products for comparative studies aimed at assessing their

relative potentials as fodder resources in ruminant nutrition.

4.1.5. Other feed resources

Other feed residues available in the study area were Cajanus cajan (locally reffered to as krayie),
banana leaves, “Kankani”, pito mash and mango leaves. —Cajanus cajan” and “Kankani” are
local browse legumes used as feed supplements in Atebubu and Amantin respectively. Pito mash,

mango leaves, banana leaves were also used as basal feed in Atebubu community.

Pito mash, as used by FARD in Atebubu, contained 90% DM, 94.7% OM, 5.3% Ash and 3.97%
CP. These results are lower than those reported (28.76% CP, 12.47% ash and 96.83% DM) for

sun dried pito mash by Kagya-Agyemang et al. (2013).
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Banana leaves, used as basal feed ingredients by FARC in Atebubu contained 79% DM, 86%
organic matter, 12.63% CP and 14% Ash. The CP, OM and ash contents of banana leaves obtained
in our study were lower than the 15% CP, 9% ash and 91% OM obtained by Smith

(1988). Mango leaves used as basal ingredient by FARB in Atebubu also contained 89% DM, 82%
organic matter, 9.6% CP and 18% Ash. The CP value of 9.6% obtained for mango leaves is similar
to the 10.1% obtained by Meecha and Adegbola (1980) but lower than the 20.38% and

12.77% reported by Ajayi et al. (2005) and Omoniyi et al. (2013) respectively. The values for Ash
(10% and 13.66%) reported by Ajayi et al. (2005) and Omoniyi et al. (2013) were also lower than
the value obtained in our study. Mango leaves and banana leaves assessed in the study also had
high CP contents and could be considered in ruminant diet formulation in the tropics especially in
the dry season where feed is scarce. The low nutrient compositions of mango and banana leaves in
our study compared to other works is due to the quick wilting and drying of these leaves since they
were collected in the dry season. Also the low CP contents of these leaves could be as a result of

increased maturity of the plants.

Cajanus cajan, locally reffered to as ,, Krayie  is a leguminous browse plant used as feed for sheep
and goat in Atebubu. It was used as a supplement feed by FARB, FARD, FARE and FARF in
Atebubu. The nutrient content of Cajanus cajan was 81-87% DM, 86-96% OM, 8-14% Ash and
13.5-17.3% CP. The result agrees with the report of Getachew et al. (2000) that browse forages
are higher in CP than tropical grasses and stovers. The values for CP, OM and ash obtained in our

study was similar to the range of 95.2-97 % DM, 14.37-16.65% CP and 10-18% Ash values
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obtained by Njidda (2010). The CP contents of the Cajanus cajan fell within the range (i.e. above

13%) reported for West African browse species by Rittner and Reed (1992).

Another browse plant, locally reffered to as is Kankani, was also used as a supplement in Amantin
by FARE. It contained 72% DM, 91% organic matter, 9% CP and 9% Ash. The CP content of
Kankani was above 8% CP required to satisfy maintenance requirement of ruminant animals
(Norton, 1994) and above the minimum level necessary to provide sufficient nitrogen required by
rumen microorganisms to support optimum activity (McDonald et al., 2002). The high value of
CP recorded is an indication that Cajanus cajan and “Kankani” could serve as a potential protein
supplement to enhance the intake and utilization of low quality fibrous crop residues liked by

ruminants.

4.2. Percentage nutrient composition of experimental diets

The percentage compositions of the feed ingredients used in feeding sheep and goats in both
communities are shown in Table 4.2. Basal feed ingredients used in feeding sheep and goat in both
communities comprised Maize stover, cassava peels and yam peels and had 83.55-84.22% DM,
88.96-89.43% OM, 9.57-11.04% Ash and 5.32-6.41% CP. The CP level of the basal feed
ingredients recorded in this study was higher than the 2-5% reported by Ben Salem et al. (2004)
and the 3.8% obtained by Osafo et al. (2013). They were however lower than the 8 % and 8.916%
level reported by Norton (1994) and NRC (1981) for optimum rumen microbial activity and for
maintenance and moderate growth in goats. They were also lower than the recommended CP level

of 15% reported by NRC (1975) for optimum production needs.
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Table 4.2. Percentage nutrient composition of the experimental diets

ATEBUBU DIETARY TREATMENTS

T1 (BASE ONLY) T2 T3
(BASE + GROUNDNUT (BASE + COWPEA RESIDUES)
RESIDUES)
% COMPOSITION BD* COWPEA GROUNDNUT
RESIDUES RESIDUES
DM 84.22 88.04 84.50
oM 89.43 91.2 91.11
CP 6.41 11.51 11.58
ASH 9.57 8.80 8.88
AMANTIN DIETARY TREATMENTS
T1 (BASE ONLY) T2 T3
(BASE + GROUNDNUT RESIDUES) (BASE + COWPEA RESIDUES)
% COMPOSITION BD* COWPEA GROUNDNUT
RESIDUES RESIDUES
DM 83.55 89.40 88.75
oM 88.97 85.62 88.50
CP 5.32 10.15 10.27
ASH 11.04 12.38 11.50

Where DM = dry mater; OM = organic matter; CP = crude protein. BD*= the average values of the basal diets of maize
stover, cassava peels and yam peels.

Cowpea residues used as supplements in feeding animals in both communities comprised husk and
haulms left after harvest. Nutrient content of cowpea residues used as feed ingredients ranged
88.04-89.4% DM, 85.62-91.2% OM, 8.8-12.38% Ash and 10.15-11.51% CP. Ososanyo et al.
(2013) reported high CP (14.24%) and low DM (87.3%) for cowpea husk in his study. The CP of
cowpea residues used in our study is within the range of 7.7-21.7% as reported by Camara (1996),

Kaasschieter et al. (1998) and Savadogo et al. (2000). Mako et al. (2013) also reported similar DM
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(89.17%) and lower Ash (4.10) contents as compared to our study but higher CP content (15.67%)

for cowpea husk.

Groundnut residues comprised haulms and husk of the groundnuts. Nutrient content of groundnut
residues used as feed ingredients ranged 84.50-88.75% DM, 88.50-91.11% OM, 8.88-11.50% Ash
and 10.27-11.58% CP. Smith (1988) reported similar results of 88-90 DM, 87-90% OM, 1117%
CP and 10-13% Ash for groundnut haulms. Addass et al. (2011) reported 10.90%CP, 91%DM,
8.3% Ash and 91.7% OM for Groundnut haulms which was similar to the results obtained for

Groundnut residues in our study.

The supplemental feed ingredients used in both communities had similar CP values (11.51% and
11.58% for cowpea and groundnut residues respectively in Atebubu; 10.15% and 10.27% for
cowpea and groundnut residues respectively in Amantin) indicating that they are isonitrogenous.
The CP levels obtained for the supplemental feed ingredients in the study (10.15-11.58%) were
higher than the 2-5% reported by Ben Salem et al. (2004). The CP contents of all the supplements
used were higher than the 8 % level reported by Norton (1994) for optimum rumen microbial
activity and within to the range of 8.9-16% reported by NRC (1981) for maintenance and moderate

growth.

4.3. Effects of storage type on crude protein levels of cowpea and groundnut residues

Table 4.3. shows the effect of storage type on the crude protein concentration of cowpea and

groundnut residues.
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Storage type significantly (P < 0.01) affected CP content of leguminous residues. Crude protein
content was significantly lower (10.75) in the residues stored in the open than those stored under
shed (12.49). Significant interactions (P<0.05) occurred between residue type and weeks in
storage. The crude protein content of residues remained 11% at week 22 for both shed and open
storage types (Figure 1). Interactions (P <0.01) also occurred between the weeks of storage and the
storage type. In the two storage systems assessed, there was an insignificant decline in the crude

protein concentration with time in the shed storage (Figure 1).

Table 4.3.: Effect of storage type on crude protein content of groundnut and cowpea residues

Residue Storage CP SE
Cowpea chaff 9.31¢ 0.074
Cowpea haulm 13.852 0.074
Groundnut haulm 11.53¢ 0.074
Groundnut residue 11.79° 0.074
Open 10.75° 0.055
Shed 12.49% 0.055

Statistical Interactions
Residue x week B
Storage x week e

Where.* P < 0.05; ** P < 0.01; SE = standard error; CP = crude protein.

The increase in crude protein content associated with the open system of storage could be due to
residues® exposure to rain and sunlight. The heat generated in the residue as a result of wetting and
drying might have resulted in Maillard reaction leading to protein-fibre complex. This explains the

gradual increase in protein concentration with time in open storage and this bound protein will
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eventually not be available to the animal. The increase in crude protein concentration is also
consistent with the studies of Rotz et al. (1991), who suggested that, in the event of rain, soluble
nitrogen leaches at a slower rate than other constituents such as sugars, thereby causing nitrogen
concentration to increase. With the residue and storage type with time, significant interactions

(P<0.001) were also observed.

Figure 2 shows the effect of different storage practices on the crude protein concentration of

groundnut and cowpea haulm.
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Figure 2: Effects of type of storage on crude protein concentration of groundnut and cowpea

residues.

The protein level of the residues under the shed or closed system of storage declined gradually
from 11.5% with time but stabilized at 10.8% after Twenty eight weeks. Similar observations in
the decline of crude protein of ensiled grass and legume hays have been reported by Onwuka and

Davies (1996). The decline in CP contents of the residues as storage length increases agrees with
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the findings of Oladotun et al. (2003) who observed reduction in the Crude protein with increased
storage length. This fall in Crude protein content may be due to volatilisation (Merchen and Satter
1983). At the end of the storage, the CP content of fodder in storage was similar to the level (11 to
12%) required for moderate level of ruminant production (Gatenby, 2002), thereby suggesting its
adequacy for ruminant production. This indicates that the cowpea and groundnut residues, when
available in adequate in amounts the study areas (Atebubu and Amantin) during the cropping

season, can be stored for dry season feeding of ruminants without dramatic losses in crude protein.

4.4. Growth performance
Tables 4.4 and 4.5 show the mean feed intakes, weight gain and feed conversion ratio of Sheep and

goats in Atebubu and Amantin communities.
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4.4.1. Feed intake of sheep

Feed intakes were generally higher for sheep than in goats. Thus the total, basal and supplement
feed intakes were higher in sheep than in goats. This agrees with the observation by Baiden et al.
(2007) that large animals will relatively eat more than small animals. Similar observations were
made by Otchere et al. (1978) and Adebowale and Taiwo (1996). Feed intake as a percentage of
body weight for sheep in both communities ranged from 4.04-4.18% for T1, 3.18-3.20 % for T2
and 3.12-3.22% for T3. The obtained results for sheep in both communities agree with 3 — 5%
body weight as dry matter intake for ruminants (ARC, 1980 and Devendra, 1988). They were
however lower than the 5.5% reported by Krebs et al, (2007) when he fed sheep with A. saligna
but higher than the 2.29-2.5 reported by Maigandi and Tukor (2002) when they fed Fore-stomach
digesta to growing sheep. They are also lower than the 4.45-4.97% and 4.6 % reported by
Muhammad et al, (2008) and Otchere et al, (1978) who fed growing sheep with varying levels of
Rice milling waste and cassava starch refuse, as a replacement for maize respectively. The intake
of about 3-4% body weight obtained in this study implies that feed ingredients used in this study

had no adverse effect on feed intake.
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Table 4.4. Feed intake and growth performance of sheep in Atebubu and Amantin.

TREATMENTS
T1 T2 T3
AM AT AM AT AM AT SIGNIFICANCE
No. of Animals 6 6 6 6 6 6 SEM  REP LOC FEED LOC*FEED
R veidiiKouances 1509 1500 1505 1517 502 1485
Final weight, Kg 1620° 16.35% 1708  17.48°  17.15° 1666 (0224 01082 09043 00008  0.1515
Weight Gain, Kg 11l1a  135a  2.03bc  232be  2.13bc  182cd 0242 02400 07390 00021  0.4040
ADG, g/day 12.37%  14.96% 2259%  2574b  2370%  20.18° 2.686  0.2400 0.7390  0.0021  0.4040
DMI, g/day
BFI, g/day 677.00° 659.72% 323.33° 377.83° 34033 35833% 11276 0.2170 00593  <0.0001 0.0166
SFI, g/day . ~ 22050° 180.84" 21350° 161.22° 8575 0.2028 00003  <0.0001 0.0166
TOTINT, g/day 677.00° 650.72@ 543.83* 55867 553.83° 510.55° 13.130 0.2001 02670  <0.0001 0.1904
% BWC, % 418 404 318 320 3.23 3.12
DMI, Kg/LW
BFI, Kg/LW 41.80° 4037 1896° 21.62¢  10.83°  21.50¢ 0.694 05724 01030  <0.0001 0.0209
SFI, Kg/LW - . 1288°* 1033  1246° 971 0462 00830 00001  <0.0001 0.0125
TOTINT,Kg/LW 4180°  40.37° 31.84® 3195° 3228  3121° 0753 04557 02109  <0.0001 0.5734
FCR (F:G) 6424  5431° 4227® 2208® 24322  2849° 11401 05859 0.3639 0.0207 0.5716
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acMeans in each row with different alphabets are significantly different (P<0.05). Where SEM: Standard error of mean; AM = Amantin; AT = Atebubu; BFI =
basal diet intake; SFI = supplement feed intake; TOTINT = Total feed intake; ADG (g/d) = average daily gain in grams per day, FCR =Feed Conversion ratio

(Feed:Gain). T1=Treatment 1 (base only); T2 = Treatment 2 (base supplemented with cowpea residues); T3 = Treatment 3 (base supplemented with groundnut
residues); % BWC = Percentage Body weight consumed. LOC=Location effect; FEED=Feed effect; LOC*FEED=Location by feed interaction.



4.4.2. Dry matter intake of sheep

Feed type significantly affected the basal feed intake (BFI), Supplemental feed intake (SFI) and
subsequently Total feed intake (TFI) of sheep (P < 0.0001; Table 4.4). BFI and TFI were high for
sheep on T1 and lowest for T3. SFI was however high in T2 than T3. Locational effect was
significant for SFI (P = 0.0003) and tends to approach significance for BFI (P = 0.0593) but was
not significant for TFI (P=0.2670) in Amantin for sheep. With the exception of BFI, which was
highest in Atebubu, SFI and TFI were highest in Amantin than in Atebubu. An interaction existed
between the feed and location for the BFI and SFI (P=0.0166) of sheep. This interaction occurred
across all treatments in the two locations. Similar observations were made for feed intake per

kilogram liveweight of sheep.

There was no significant difference (P> 0.05) in the Total DM intake of sheep amongst treatments
T1 and T2 in Atebubu and Amantin. Similar differences (P>0.05) in total DM intakes were
observed by Baiden et al.(2007) when they replaced cassava peels with varying levels of cassava
pulp in Sheep diets. Garba et al. (2012) also observed similar differences (P>0.05) in total DM
intake for sheep fed graded levels of Rice milling waste and soyabean meal residue combinations.
However, differences (P<0.05) existed in the total DM intakes of sheep between treatments within
both communities. With the exception of sheep on T3 that had a significant difference (P<0.05) in
TFI between Atebubu and Amantin no difference in TFI (P>0.05) was observed in T2 and T3
between Atebubu and Amantin. Significant differences (P<0.05) were also observed between T1
and all other treatments within both communities. Lemlem (2013) also observed differences
(P<0.05) in the total DMI of Elle sheep fed on hay basal and legume supplementation.

The values for Total DMI for sheep in both communities (677.00, 543.83 and 553.83 g/day for
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Amantin; 659.72, 558.67 and 519.55¢g/day for Atebubu) were lower than the range of
10281661g/day obtained by Bello and Tsado (2013) when they supplemented sorghum stover with
graded levels of Poultry droppings for growing Yankassa Rams weighing between 11.5 to 15.5
Kg. This high intake in relation to our study might be due to breed differences and the nutrient
content of the feed used. With the DMI of supplements, significant differences (P<0.05) existed
between sheep on T2 and T3 in both communities. Similar differences (P<0.05) also existed in the
DMI of basal feed between treatments within Amantin and Atebubu. The basal feed intake
obtained in this study was higher than those reported by Bello and Tsado (2013) and Baiden et al.
(2007) who supplemented sorghum stover with graded levels of Poultry droppings and replaced
cassava peels with varying levels of cassava pulp in Sheep diets respectively. The higher basal
feed intake could be due to the relatively lower nutrient composition of the basal diet, which might

have influenced the higher intake by animals to meet their maintenance requirement.

Basal feed intakes per kilogram liveweight for sheep were slightly higher for T2 and T3 in Atebubu
than in Amantin. There were significant differences (P<0.05) in the basal feed intake per kilogram
liveweight of sheep amongst treatments in both communities. Basal feed intake was lowest for
sheep on T2 in Amantin and highest for T1 in Amantin. This could be attributed to preference of
sheep for the supplements which were higher in crude protein. Similar observations (P> 0.05) were
made by Ososanya et al. (2013) when they supplemented cyanodon dactylon with groundnut
haulms as feed for rams. Osafo et al. (2013) also made similar (P> 0.05) observations when they
supplemented maize stover with cowpea haulms. The values for daily basal feed intakes for both
communities (18.96-41.80 g/KgLW and 21.50- 40.37 g/KgLW for Amantin and Atebubu

respectively) were comparable to the range of 13.5-25.3 g/KgLW obtained by Osafo et al. (2013)
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when they supplemented maize stover with cowpea haulms. They were also similar to the range
of 32.8-36.2 g/KgLW reported Ahaotu et al. (2013) who supplemented maize stover with Moringa

oleifera as feed for West African Dwarf Sheep.

Supplemental feed intake per kilogram liveweight of sheep differed (P<0.05) between the animals
on T2 and T3 in Atebubu and Amantin. There was however no difference (P>0.05) in the intake
of supplements by sheep within Amantin on T2 and T3. Differences (P<0.05) were observed in
the supplement feed intakes between sheep on T2 and T3 in Atebubu. Supplement feed intakes per
kilogram liveweight for sheep between T2 and T3 was lower in Atebubu than in Amantin. This

might be due to the differences in palatability of the supplements offered.

Total feed intake per kilogram liveweight was significant (P<0.05) among the sheep on T1 and T2
and T3 within Atebubu and Amantin. Similar observations (P<0.05) in total feed intake were made
by Ososanya et al.(2013) when he supplemented cyanodon dactylon with 50% and 100%
groundnut haulms as feed for rams. No significant differences (P<0.05) were observed in the
TFI/KgLW between sheep on T1, T2 and T3 in the two communities. Total feed intake per
kilogram liveweight was generally higher for sheep in Amantin than in Atebubu. The values for
total feed intake for both communities (31.84-41.80 g/KgLW and 31.21-40.37 g/KgLW for
Amantin and Atebubu respectively) were higher than the 13.5-25.3 g/KgLW reported by Osafo et
al. (2013). They were also higher than the 26.73-29.80 and 22-32 g/KgLW/day reported by

Baiden et al. (2007) and Aboud et al. (1993) respectively. The higher intakes in our study could
be due to high crude protein content of supplements which provide rumen microbes with a source

of nitrogen thereby boosting the rate of passage and digestibility with a corresponding increase in
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intake, even at relatively small levels of supplementation. The higher intakes could also be
attributed to the improved palatability resulting from supplementation. Ahaotu et al. (2013)

however reported a similar range of 32.8-42.8 g/KgLW/day for sheep.

4.5. Final weight and weight gain of sheep

Feed type significantly affected the final weight (P=0.0008) and average daily gain (P = 0.0021)
of sheep. However locational effect was not significant for the ADG of sheep (P = 0.7390). No
significant interaction existed between the feed and location for the ADG of sheep (P = 0.4040).
Animals on all treatments gained weight indicating that the treatments had a positive effect on the
liveweight performance of sheep in the study. Significant differences (P<0.05) in average daily
gain of sheep between treatments T2 and T3 were also observed. This may be due to the level of
feed intake and nutrient status of feed offered. The results obtained for the average daily gain of
sheep on the treatments in both communities suggest that those on T2 in Atebubu and T3 in
Amantin recorded the highest average daily gain of 25.74 and 23.70g/day respectively. Sheep on
T1 recorded the least weight gain and may be due to the low crude protein levels in the basal feed
thus leading to reduced rumen activities. The ADG values for sheep were below the reported range
of 44-109g/day by Muhammad et al. (2004) for conventional feed ingredients. It was also lower
than the range of 28.75-55.20g/day reported by Alli-Balogun et al. (2003) for sheep fed cassava
foliage as protein supplement. Adu and Brinckman (1981) also reported higher ADG values of 78
— 1839 when they fed fattened sheep with varying levels of guinea corn and groundnut cake with
Digitaria smutsii hay as a source of roughage. The average daily gain values were also lower than
the 29.24g/day, 48.98¢g/day and 49.19¢g/day reported by Ngwa and Tawa (1991), Obese (1998) and

Issaka (2006) who supplemented Djallonke sheep with rice straw, groundnut haulms, cotton seed

68



and cowpea vines respectively. The lower gains obtained in our studies could be due to the

differences in crude protein contents of feed, level of feed intake and breed differences.

4.6. Feed conversion ratio of sheep

The results obtained for FCR for sheep in both communities suggests that those on T1 recorded
the highest ratios of 64.24 and 54.31 for Atebubu and Amantin respectively. The high FCR is an
indication that sheep on T1 in both communities were the poorest in converting the feed they
consumed into liveweight gain. On the other hand, sheep on T2 in Atebubu and T3 in Amantin
had the least ratios of 22.08 and 24.32 respectively indicating that sheep on these treatments were
effective in converting the feed they consumed into liveweight gain, with sheep on T2 in Atebubu
being most effective. The type of feeds‘ influence on FCR by sheep was significant (P < 0.0001)
for sheep reared by farmers in the two locations. Locational effect (P = 0.3639) was not significant
for the FCR of sheep. No significant interaction (P = 0.5716) as a result, existed between the feed
and location for the FCR of sheep. Differences in feed conversion ratio due to feed type could be
attributed to the crude protein contents of the feed used. Animals that were provided supplements
with the cowpea and groundnut residues were efficient converters because supplements had crude
protein contents which were adequate for optimum rumen microbial activity and hence improved

digestibility and utilization.

Significant differences (P<0.05) were observed in the FCR of sheep on all treatments within
Amantin and also between T1 and T2 within Atebubu. Differences (P<0.05) also existed in the

FCR between sheep on T1 and T2 in both communities. The FCR values for sheep in Atebubu
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(54.31,22.08 and 28.49 for T1, T2 and T3 respectively) and Amantin (64.24,42.27 and 24.32 for
T1, T2 and T3 respectively) were similar to the range of 14.06-45.68 reported by Ososanya
(2013) when he fed sheep with diets containing graded levels of corn cob and cowpea husk.
Muhammad (2008) also reported a similar range (13.63 to 35.23) of FCR when he fed sheep with
diets containing 0-45% rice milling waste. Garba et al. (2012) and Lemlem et al. (2013) however
reported lower range of 8.83-8.25 and - 45 to 19.8 for Yankasa rams and Elle sheep when they
supplemented hay with lablab and cowpea and graded levels of rice milling waste and soyabean
respectively. This may be due to breed differences and the nutrient (especially crude protein)

supply to rumen microbes for optimum digestion.

4.7. Feed intake of goats

Feed intake, as a percentage of body weight of goats in both communities ranged from 3.894.08%
for T1, 3.03-3.09 for T2 and 2.73-2.80 for T3. The result agrees with the 3 — 5% body weight as
dry matter intake for ruminants (ARC, 1980 and Devendra, 1988). With the exception of goats on
T1 which had higher feed consumption in relation to their body weight, percentage body weight
of feed consumed for goats on T2 and T3 were similar to the 2.5-3.0 reported by Devendra and
Burns (1970) for tropical goats. They were also similar to the 47-3.65% reported by Hossain et al,
(2003), Ranjhan (1980) and Ndemanisho et al., (2007). Higher (6.41-7.13%) and similar (3.55-
4.12%) range of percentages have also been reported for goats by Ajayi et al,

(2005) and Asaolu et al, (2012).
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Table 4.5. Feed intake and growth performance of goats in Atebubu and Amantin.

TREATMENTS T1 T2 T3 AM
AT AM AT AM AT SIGNIFICANCE
No. of Animals 6 6 6 6 6 6 SEM REP LOC FEED LOC*FEED
LIVEWEIGHT CHANGES
Initial weight, Kg 10.05 10.03 10.32 10.00 10.10 10.15
Final weight, Kg 10.85? 10.80? 11.88° 11.38%  11.62°4  11.85° 0.143 0.0419 0.3785 <0.0001 0.0569
Weight Gain, Kg 0.80? 0.778 1.57 1.38° 852" .70 0.108 0.0223 0.9008 <0.0001 0.2557
ADG, g/Day 8.89° 8.522 17.41¢  15.37° 16.85*  18.89° 1.199 0.0223 0.9001 <0.0001 0.2559
DMI, g/day
BFI, g/day 443.00* 420.17° 207.67°¢ 190.67¢ 198.17% 188.67¢ 8.931 0.1441 0.0355 <0.0001 0.7587
SFI, g/day - - 152.67* 161.17°% 119.50° 143.17°¢ 5.001 0.5582 0.0162 <0.0001 0.0800
TOTINT, g/day 443.00* 420.17° 360.33° 351.84° 317.67¢ 331.84¢9 9.471 0.0695 0.4679 <0.0001 0.1698
% BWC, % 4.08 3.89 3.03 3.09 2.73 2.80
DMI, Kg/LW
BFI, Kg/LW 40.83% 38.95° 17.47° 16.80° 17.09¢ 15.92°¢ 0.915 0.3179 0.1110 <0.0001 0.8052
SFI, Kg/LW - - 12.86% 14.17° 10.29¢ 12.07¢  0.412 0.5892 0.0061 <0.0001 0.1074
TOTINT,Kg/LW 40.83% 38.95? 30.33°¢ 30.97°¢ 27.38¢ 27.99¢ 0.997 0.2440 0.7960 <0.0001 0.3673
FCR (F:G) 50.45% 53.45? 20.85° 23.17" 20.21° 18.38° 3.737 0.2019 0.7075 <0.0001 0.7851
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abcMeans in each row with different alphabets are significantly different (P<0.05).

Where SEM: Standard error of mean; AM = Amantin; AT = Atebubu; BFI = basal diet intake; SFI = supplement feed intake; TOTINT = Total feed intake; ADG
(9/d) = average daily gain in grams per day, FCR =Feed Conversion ratio (Feed:Gain). T1= Treatment 1 (base only); T2 = Treatment 2 (base supplemented

with cowpea residues); T3 = Treatment 3 (base supplemented with groundnut residues); % BWC = Percentage Body weight consumed. LOC=Location effect;
FEED=Feed effect; LOC*FEED=Location by feed interaction.



4.7.1. Dry matter intake of goats

Feed type significantly affected the basal feed intake (BFI; P <0.0001), Supplemental feed intake
(SFI; P <0.0001) and Total feed intake (TFI; P <0.0001) of goats. BFI and TFI were high for sheep
on T1 and lowest for T3. SFI was however high in T2 than T3. Locational effect was not significant
for TFI in g/day (P = 0.4697) and TFI per kilogram liveweight (P = 0.7960) but was significant for
BFI (P =0.0355), SFI (P =0.0162) and the supplemental feed intake per kilogram liveweight (P =
0.0061) for goats. There was no interaction between location and feed for BFI (P = 0.7587), SFI
(P = 0.0800) and TFI (P = 0.1698) of goats. Similar interactions were observed with the feed
intakes per kilogram liveweight of goats. The differences in the feed intake of goats might be

attributed to the nutrient composition and palatability of the feed offered.

Total DM intake was highest in T1 and lowest in T3. The values for Total DMI for goats in both
communities (317.67- 443.00 g/day and 331.84 — 420.17g/day for Amantin and Atebubu
respectively) were similar to the 360.83-402.84g/day and 442-449¢g/day obtained by Fasae et al.
(2011) and Ondiek et al. (2013) respectively. They were however higher than the
288.48311.25g/day reported by Asaolu et al. (2012) and this might be due to breed differences,

palatability and nutrient composition of the various feed combinations.

With the DMI of supplements among goats, significant differences (P<0.05) existed between T2

and T3 in both communities. Significant differences (p<0.05) were also observed in the DMI of

basal feed between treatments in Amantin and Atebubu. There was however no differences
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(P>0.05) in the basal feed intake of goats on T2 in Atebubu and T3 in Amantin and between T2
and T3 within Atebubu. Similar differences (P<0.05) were observed in the DMI of supplements
and base when Asaolu et al. (2012) supplemented a basal diet of cassava peels with dried

Moringa oleifera, Leucaena leucocephala and Gliricidia sepium forages for West African Dwarf
Goats. Ondiek et al. (2013) also observed significant differences (P<0.05) in supplemental and
basal feed intakes when they fed East African goats with a basal diet of maize stover supplemented

with Balanites aegyptiaca and Acacia tortilis leaf forages.

Feed type significantly affected the basal feed intake per kilogram liveweight (P <0.0001) of goats.
Locational effect on basal feed intake per kilogram liveweight was not significant (P =

0. 1110). No interaction (P = 0.8052) also existed between the feed and location of study. No
Significant differences were observed in the basal feed intake between T1 and T2 and T3. No
differences were observed between T2 and T3. Yousuf et al. (2007) also observed no differences
(P> 0.05) in the basal feed intake of goats by when they supplemented Panicum maximum with
graded levels of cassava, leucaena and glyricidia leaf meals for goats. No differences (P > 0.05)
were also observed by Baiden et al. (2007) in the basal feed intakes of goats with cassava pulp as

supplements.

Basal feed intakes per kilogram liveweight were lowest for goats on T3 in Atebubu and highest for
goats on T1 in Amantin. Basal feed intakes for goats were higher in Amantin than in Atebubu. The
basal feed intakes recorded for goats in this study was higher than the 11.8 12.35g/KgLW/day

recorded by Baiden et al. (2007) and that for T2 and T3 similar to the 15.3-
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16.59 g/KgLW/day by Yousuf et al. (2007).

Feed type significantly affected the supplemental feed intake per kilogram liveweight (P <0.0001)
of goats. Locational effect was significant for supplemental feed intake per kilogram liveweight (P
= 0.0061) for goats. No interaction (P = 0.8052) however existed between the feed and location of
study. Supplemental feed intake per kilogram liveweight of goats was highest in Atebubu than in
Amantin. The higher supplemental feed intakes in Atebubu could be attributed to the high crude
protein contents and palatability of the supplements used. Significant differences (P<0.05) in the
intake of supplemental feed per kilogram liveweight were observed amongst all goats on T2 and
T3 in both communities. Supplemental feed intake per kilogram liveweight of goats was lowest
for T3 in Amantin and highest for T2 in Atebubu. The values for supplemental feed intakes per
kilogram liveweight of goats for both communities (10.29- 12.86 and 12.07-14.17 g/KgLW/day
for Amantin and Atebubu respectively) were lower than the 19.5820.82 g/Kg/LW/day reported by
Baiden et al. (2007) for concentrates as supplements to cassava pulp mainly because of the high
crude protein and energy levels of the concentrates used as supplements. They were however
higher than the 8.55- 10.03 g/KgLW/day reported by Yousuf et al. (2007) who supplemented
Panicum maximum with graded levels of cassava, leucaena and

glirincidia leaf meals.

Feed type significantly affected the total feed intake per kilogram liveweight (P <0.0001) of goats.
Locational effect was not significant for total feed intake per kilogram liveweight (P =

0.7960) for goats. No interaction (P = 0.7851) existed between the feed and location of study.
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Total feed intakes were high for goats on T1 in than T2 and T3. No differences (P>0.05) in
TFI/KgLW were observed between T2 and T3 in both communities. Mean total feed intake per
kilogram liveweight of the goats ranged from 27.38 to 40.83 g/day/kg LW in both communities.
The total feed intake for goats obtained in this study was higher than the reported range of 19-29
o/KgLW/day and 24.08-26.57 g/KgLW!/day reported by Yousuf et al. (2007) and Aboud et al.
(1993) but similar to the 31.94-32.66 g/KgLW/day reported by Baiden et al. (2007) for goats fed
various crop residues based diets to goats. The Total feed intakes recorded for goats in this study
was three times as high as the 11.8 -12.35g/KgLW/day recorded by Baiden et al. (2007) and twice
as high as the 15.3-16.59 g/KgLW/day by Yousuf et al. (2007). The high total feed intakes in the
study compared to other works could be attributed to the improvement in the nutrient composition
of feed as a result of supplementation. Mtega & Shoo (1990) reported a positive correlation

between crude protein content of feeds and dry matter intake.

4.8. Final weight and weight gain of goats

Feed type significantly affected the weight gain of goats (P < 0.0001). Locational effect was
however not significant (P = 0.9008) in terms of weight gain by goat. Final weight and weight
gains were higher for goats on T3 and lowest for T1. No significant interaction existed between
the feed and location for the weight gain of goats (P = 0.2557). Fasae et al. (2011) reported no
significant differences (P>0.05) in final weights of goats when he supplemented maize residues
with leucaena. Isah et al. (2013) also reported significant differences (P<0.05) in final weights of

goats in a study using Pennisetum purpureum and other browse forages.
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Feed type significantly affected the average daily gain (ADG) of goats (P <0.0001). Average daily
gains were higher for goats on T3 and lowest for T1. The gain in weights could be due to increased
availability of energy and protein from the supplements offered which allows for more microbial
population growth and therefore more basal ration (roughage) digestion and ultimately more
provision of protein and energy to the animals (Safari et al., 2011). Locational effect was however
not significant for the ADG of goat (P = 0.9001). No significant interaction as a result, existed

between the feed and location for the ADG of goats (P = 0.2559).

Animals on all treatments gained more liveweight. Significant differences (P<0.05) in average
daily gain amongst goats on T2 and T3 were observed. ADG was almost twice as high in T2 and
T3 than in T1. This indicates that the supplements had a positive influence on the weight of goats.
The ADG values for goats agreed with the range of 14.64-29.19¢g/day reported by Isah et al. (2013)
when they supplemented cassava peels and Pennisetum purpureum with different forages for goat.
Asaolu et al. 2012 also recorded a similar range of ADGs (14.88 to 21.43 g/day) for West African
Dwarf goats offered supplements of dried Moringa oleifera, Leucaena leucocephala and Gliricidia

sepium forages to a basal diet of cassava peels.

Higher range (23.81-44.64g/day) was however reported by Ajayi et al. (2005) for West African
Dwarf goats fed Mango (Mangifera indica), Ficus (Ficus thionningii), Gliricidia (Gliricidia
sepium), foliages and Concentrates as Supplements to Basal Diet of Guinea Grass (Panicum
maximum). Fasae et al. (2011) also reported higher (24.30-44.03g/day) average daily gains when
they supplemented maize residues and with leucaena leaf for goats. The observed differences in

growth rates with earlier studies could have been due to differences in the basal components of the
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diets, voluntary dry matter intake, efficiency of feed utilization and the physiological state of the
animals. The higher growth rates of the animals on the T2 and T3 supplements in this study could
be ascribed to their more efficient utilization by the animals as indicated by their lower feed

conversion ratios

4.9. Feed conversion ratio (FCR) of goats

The type of feed‘s influence on FCR was significant (P < 0.0001) for goats reared by farmers in
the two locations. Locational effect was not significant (P = 0.7075) for the FCR of goats. No
significant interaction (P = 0.7851) as a result, existed between the feed and location for the FCR
of goats. From the results, goats on T1 recorded the highest ratios of 50.45 and 53.45 indicating
they were highly inefficient in converting feed consumed into liveweight gain. On the other hand,
goats on T3 had the least ratios of 20.21 and 18.38 indicating that goats on T3 were effective in

converting the feed they consumed into liveweight gain.

Significant differences in the FCR of goats between T1, T2 and T3 were observed. Similar
differences (P<0.05) in FCR of goats were observed by Asaolu et al. (2012) for West African

Dwarf goats offered supplements of dried Moringa oleifera, Leucaena leucocephala and Gliricidia
sepium forages to a basal diet of cassava peels. With the exception of The FCR values for goat on
T1 which was higher, those for the goats on T2 and T3 were lower than the range of 31.7-37.36
reported by Isah et al.(2013) when they supplemented cassava peels and Pennisetum purpureum

with different forages for goat. Asaolu et al. (2012) also reported lower range of FCR
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(14.88 to 16.54) for West African Dwarf goats offered supplements of dried Moringa oleifera,
Leucaena leucocephala and Gliricidia sepium forages to a basal diet of cassava peels. Under
grazing conditions, Hossain et al. (2003) also reported a lower range (6.84-10.84) of FCR for goats.
The low FCR due obtained compared to other studies could be attributed to the high digestibility
and crude protein content of the supplements thus providing sufficient fermentable nitrogen to
ensure optimal microbial growth in the rumen. This, together with possible by-pass protein from
the supplement will enhance the production of body tissues as reported by Leng (1990). The

opposite thus occur for high FCR.

4.10. Quality of sheep manure

The weight and quality of Manure from sheep in both communities is presented in Tables 4.6.
Feed type significantly affected the % Carbon (P=0.0003), % Nitrogen (P=0.0180), Carbon to
Nitrogen (C/N) ratio (P<0.0001), % Potassium (P=0.0050) and weight of manure produced by
sheep (P =0.0128). Feed type however did not significantly affect pH (P=0.7178) and Ash content
of the manure produced by sheep (P=0.2355). Nitrogen and Potassium contents of sheep manure
were higher in T2 and T3 than in T1. The high N contents of T2 and T3 could be attributed to the
high crude protein contents in the supplements used in those treatments. Carbon contents and C:N
ratio of sheep manure was higher for sheep on T1 than T2 and T3. The higher C: N ratio of T1
could be attributed to the generally low crude protein contents of basal diet hence reduced nitrogen.
The Locational effect tended to approach significance for weight of Manure produced by sheep (P
= 0.0636) but was significant for % Carbon (P=0.0288), Carbon to Nitrogen ratio (P=0.0188), pH
(P=0.0009), Potassium (P<0.0001) and ash (P=0.0135) content of manure produced by sheep.

Location however had no effect on the nitrogen content of sheep manure. An interaction existed
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between the feed and location for Nitrogen (P=0.0021), ash (P=0.0009) and Potassium content
(P=0.0106) as well as pH (P=0.0001) of manure produced by sheep. No Location by feed
interaction existed for weight (P=0.0602), carbon (P=0.1737) and

C:N ratio (P=0.0630) of manure produced by sheep in the two locations.
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TABLE 4.6. Weight and quality of Sheep manure in Atebubu and Amantin

TREATMENTS
T1 T2 T3 AM AT AM AT AM AT

SIGNIFICANCE

No. of Animals 6 6 6 6 6 6 SEM REP LOC FEED LOC*FEED
MWT, g 392.17% 377.67% 319.17° 391.00*° 399.00%° 423.33° 16.974 0.2201 0.0636 0.0128 0.0602
Carbon,% 28.29%¢ 29,012 20.74P  25.44°¢ 2589° 2697 1.125 0.9529 0.0288 0.0003 0.1737
Nitrogen,% 1.87¢ 1.91¢ 1.89° 2.32" 2.15° 1.98¢ 0.074 0.5888 0.1113 0.0180 0.0021
C:N ratio 15.13% 15.53% 10.95P 10.98° 12.05°¢ 13.619 0.317 0.0025 0.0188 <0.0001  0.0630
pH, 0.45% 0.68° 0.442 0.77° 0.64° 0.51% 0.046 0.1483 0.0009 0.7178 0.0001
K,% 0.7742 2.30°  1.35°¢ 3.00¢ 1.66° 2.23" 0.174 0.0202 <0.0001 0.0050 0.0106
Ash, % 14502 20.97P 26.50¢ 9.52¢ 25.25¢ 18.45% 2607 0.9969 0.0135 0.2355 0.0009
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abeMeans in each row with different alphabets are significantly different (P<0.05).
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groundnut residues); % BWC = Percentage Body weight consumed. LOC=Location effect; FEED=Feed effect; LOC*FEED=Location by feed interaction.



No significant differences (P>0.05) were observed in the weights of manure produced by sheep
for T1 and T2 in Atebubu and T1 and T3 in Amantin. Irungu et al. (2005) also observed no
significant differences (P>0.05) when they measured the amount of manure produced by sheep fed
three cultivars of Sweet potato vines. The values obtained in our study, was generally, similar to
those (430.9-457.8g/day) obtained by Irungu et al. (2005). Significant differences (P<0.05) were
however observed in the % Carbon of sheep manure between T1, T2 and T3 in Atebubu and
Amantin. The differences in Carbon content of manure could be attributed to the nature of the feed
and level of degradability. Similar differences (P<0.05) were also observed in the Total

Nitrogen Content of sheep manure between T3 and the rest of the treatments in Amantin. For Ttotal
Nitrogen of manure in Atebubu, significant differences were observed between all treatments. The
differences in N content of manure between treatments could be due to the differences in
digestibility and crude protein contents of feed, amount of urine and feed refusals combined with
faeces, the level of leaching and volatilization of ammonia (lower in soils with low pH). Although
there were significant differences (P<0.05) in pH of sheep manure in Atebubu, it was observed
that manure produced from all the farms were highly acidic which is in agreement with the
assertion made by KATC (2004) that fresh manure is acidic. Significant differences (P<0.05) were

observed in the Ash contents of manure produced by sheep in Atebubu.

Significant differences (P<0.05) were also observed in the % K and ash of sheep manure amongst
all treatments in both communities and this could be attributed to the rate of leaching and losses
through urine (Kimani and Lekasi, 2004). The sheep on all treatments in both Atebubu and
Amantin also had a C: N ratio of 10.95-15.53 which was lower than the critical C: N ratio of 20

reported by PP1 (1983) below which net mineralization would readily occur when applied on



soils.

4.11. Quality of goat manure

The weight and quality of Manure of goats in both communities is presented in Tables 4.7. Feed
type significantly affected the % Carbon (P<0.0001), %Nitrogen (P=0.0002), Carbon to Nitrogen
(C/N) ratio (P<0.0001) and % ash (P=0.0167) contents of manure produced by goats. Feed type
however did not significantly affect pH (P=0.3562), % Potassium (P=0.1202) and weight (P=5195)
of the manure produced by goats in the two locations. Weight of goat manure was higher in T1
than T2 and T3. Nitrogen content of goat manure was higher in T2 and T3 than in T1. The high N
contents of T2 and T3 could be attributed to the high crude protein contents in the supplements
used in those treatments. Carbon contents and C:N ratio of goat manure was higher for sheep on
T1 than T2 and T3. The higher C: N ratio of T1 could be attributed to the generally low crude
protein contents of basal diet hence reduced nitrogen content. Ash, K and pH were all higher in T2
than T1 and T3. Location had an effect on the C:N ratio (P=0.0188), Potassium (P=0.0417) and
ash (P=0.0082) content of manure produced by goats but had little effect on % Nitrogen
(P=0.1829), % Carbon (P=0.4516), pH (P=0.1390) and weight (P = 0.9581) of Manure produced
by goats. With the exception of the C:N ratio of goat manure which was generally higher in
Amantin, the weight as well as the Carbon, Nitrogen, Potassium, Ash, C:N ratio and pH of manure
produced by goat was generally higher in Atebubu than in Amantin. An interaction existed
between the feed and location for weight (P=0.0052) of manure produced by goats. No Location
by feed interaction existed for Nitrogen (P=0.0826), ash (P=0.4984), Carbon (P=0.2018) and

Potassium content (P=0.1687) as well as of pH (P=0.5753) and C:N ratio
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(P=0.3506) of manure produced by goats in the two locations. Significant differences (P< 0.05)
were observed in the weights of manure produced by goats on T1, T2 and T3 in Atebubu and
Amantin. Similar differences (P<0.05) were observed by Saha et al. (2008) when they evaluated
manure from goats fed Panicum basal diet, supplemented with madras thorn, Leucaena and
Glirincidia. The weights obtained in our study were also higher than the 91.67-150.00 obtained by

Saha et al. (2008).



TABLE 4.7: Weight and quality of Goat manure in Atebubu and Amantin

TREATMENTS
T1 T2 T3
AM AT AM AT AM AT
No. of Animals 6 6 6 6 6 6 SEM  REP LOC  FEED LOC*FEED
MWT, g 209.672 207.50* 178.67° 218.332 216.17% 180.00° 10.220 0.4318 0.9581 0.5195 0.0052
Carbon,% 30.16%  30.61% 25.10° 2577  23.04¢ 19.589  1.247 0.4424 0.4516 <0.0001  0.2018
Nitrogen,% 1.562 1.83° 1.96°¢ 2.14% 2.21¢ 207c  0.091 0.9987 0.1829 0.0002 0.0826
C:N ratio 19.922 16.64°  12.90¢  12.04¢ 10.449  9.49 0.924 0.4347 0.0360 <0.0001  0.3506
pH, 0.372 0.612 0.502 1.47° 0.372 0.622 0.390 0.6249 0.1390 0.3562 0.5753
K,% 0.822 2.292 1.474 8.33° 1.522 2.232 1.700 0.5278 0.0417 0.1202 0.1687
Ash, % 10.752 16.50°  18.00°  19.80° 12255 Y17.25° 1 tddl 0.9402 0.0082 0.0167 0.4984
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groundnut residues); % BWC = Percentage Body weight consumed. LOC=Location effect; FEED=Feed effect; LOC*FEED=Location by feed interaction.



Significant differences (P<0.05) were also observed in the % C, N, pH, K and ash of goat manure
amongst all treatments in both communities. The nitrogen content of the manure varied (P<0.05)
amongst treatments and was highest for T3 in both Amantin. Manure from goats on T1 in both
communities had the highest C: N ratio of 16.64 and 19.92 for Atebubu and Amantin respectively.
This indicates that all manure of goats from will readily cause net Nitrogen mineralization if

applied directly on soils.

The range of values of Carbon (23.04-30.16 % and 23.04-30.61% for Amantin and Atebubu
respectively) and Total Nitrogen (1.83-2.14% and 156-2.21% for Atebubu and Amantin
respectively) were similar to the 26.4- 38.1% organic carbon and 1.4 - 2.3% Total Nitrogen
reported by Moral et al. (2005) for goat manure. Also a general assessment of the potassium (K)
values obtained in our study indicates that the values obtained for goats in Amantin is lower than
the 2.4% reported by Kausar (1983) for goat manures in the tropics. The range of values for K in

Atebubu was however higher.

The chemical composition of the manure generated by both sheep and goats showed that they can
be used as a substitute or alternative for relatively expensive inorganic fertilizers for amending

poor soils in rural communities.
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CHAPTER FIVE
5.0. CONCLUSIONS AND RECOMMENDATIONS
5.1. CONCLUSIONS
The results of the study showed that locally available feed resources compares in nutrient
compositions to other conventional feeds like maize. However, it was evident that the animals
consumed more of the feed to put on weights lesser than those found in literature. Feed type
significantly affected intakes of both sheep and goats in both communities. Supplementation with

groundnut and cowpea residues resulted in improved weight gains of animals.

The results obtained indicate that low quality sheep and goat feed can be supplemented with
cowpea and groundnut residues for dry season feeding without any detrimental effects on the

liveweight of sheep and goats.

Crude protein content of cowpea and groundnut residues after storage was similar to the level
required for moderate ruminant production thereby suggesting that when available in adequate
amounts in the study areas (Atebubu and Amantin) during the cropping season, they can be stored

for dry season feeding of ruminants without dramatic losses in crude protein.

The fertilizer value of sheep and goat manure is comparable to nitrogen, potassium and carbon
values in inorganic fertilizers commonly used in Ghana indicating their potential role in amending

soils of declining fertility.
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5.2. RECOMMENDATIONS

Carcass, serum biochemical and haematological analysis of sheep and goat fed crop residue based
diets should be carried out to determine whether there is an unusual deposition of fat or disease

condition in the body that may threaten meat quality.

Since the residues stored using the open and closed/shed systems retained most of the crude protein
over a long period, they can be adopted during the major season of crop harvest, where fodder is
available in larger quantities, to store fodder for dry season feeding where fodder is limiting both

in quantity and quality.

Since farmers left most of the leguminous fodder on the field because of difficulties in
transportation, strategies like box baling would be recommended to ease transporting as well as

storage of these residues.

The chemical composition of the manure generated by both sheep and goats showed that they can
be used as a substitute or alternative for relatively expensive inorganic fertilizers for amending

soils of in rural communities.
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APPENDICES
APPENDIX A: DATA ON FEED INTAKE AND GROWTH PERFORMANCE.

MEAN INTAKE AND GROWTH PERFORMANCE OF GOATS

Loc REPS | TRT BFI SFI TFI INWT | FNWT | WG | ADG FCR | BFILW | SFILW | TFILW
AMAN 1 3 171.00 | 110.00 | 281.00 | 10.10 | 11.80 | 1.70 | 18.89 | 14.88 | 14.49 9.32 | 23.81
AMAN 1 2 203.00 | 157.00 | 360.00 | 10.40 | 12.10 | 1.70 | 18.89 | 19.06 | 16.78 | 12.98 | 29.75
AMAN 1 1 439.00 0.00 439.00 | 10.30 | 11.20 | 0.90 | 10.00 | 43.90 | 39.20 0.00 | 39.20
AMAN 2 3 200.00 | 118.00 | 318.00 | 10.30 | 11.90 | 1.60 | 17.78 | 17.89 | 16.81 9.92 | 26.72
AMAN 2 2 201.00 | 163.00 | 364.00 | 10.70 | 11.90 | 1.20 | 13.33 | 27.30 | 16.89 | 13.70 | 30.59
AMAN 2 1 511.00 0.00 511.00 | 10.10 | 11.00 | 0.90 | 10.00 | 51.10 | 46.45 0.00 | 46.45
AMAN 3 3 210.00 | 127.00 | 337.00 | 10.00 | 12.30 | 2.30 | 25.56 | 13.19 | 17.07 | 10.33 | 27.40
AMAN 3 2 220.00 | 152.00 | 372.00 | 10.20 | 11.80 | 1.60 | 17.78 | 20.93 | 18.64 | 12.88 | 31.53
AMAN 3 1 489.00 0.00 489.00 | 9.80 | 10.60 | 0.80 | 8.89 | 55.01 | 46.13 0.00 | 46.13
AMAN 4 3 205.00 | 117.00 | 322.00 | 10.00 | 11.30 | 1.30 | 14.44 | 22.29 | 18.14 | 10.35 | 28.50
AMAN 4 2 227.00 | 148.00 | 375.00 | 10.30 | 11.80 | 1.50 | 16.67 | 22.50 | 19.24 | 12.54 | 31.78
AMAN 4 1 416.00 0.00 416.00 | 10.00 | 10.80 | 0.80 | 8.89 | 46.80 | 38.52 0.00 | 38.52
AMAN 5 3 205.00 | 108.00 | 313.00 | 9.90 | 11.00 | 1.10 | 12.22 | 25.61 | 18.64 9.82 | 28.45
AMAN 5 2 190.00 | 159.00 | 349.00 | 10.00 | 11.60 | 1.60 | 17.78 | 19.63 | 16.38 | 13.71 | 30.09
AMAN 5 1 415.00 0.00 415.00 | 10.40 | 11.00 | 0.60 | 6.67 | 62.25 | 37.73 0.00 | 37.73
AMAN 6 3 198.00 | 137.00 | 335.00 | 10.30 | 11.40 | 1.10 | 12.22 | 27.41 | 17.37 | 12.02 | 29.39
AMAN 6 2 205.00 | 137.00 | 342.00 | 10.80 | 12.10 | 1.30 | 14.44 | 23.68 | 16.94 | 11.32 | 28.26
AMAN 6 1 388.00 0.00 388.00 | 9.70 | 10.50 | 0.80 | 8.89 | 43.65 | 36.95 0.00 | 36.95
ATEB 1 3 202.00 | 162.00 | 364.00 | 10.20 | 12.80 | 2.60 | 28.89 | 12.60 | 15.78 | 12.66 | 28.44
ATEB 1 2 207.00 | 159.00 | 366.00 | 10.10 | 11.80 | 1.70 | 18.89 | 19.38 | 17.54 | 13.47 | 31.02
ATEB 1 1 419.00 0.00 419.00 | 10.20 | 11.00 | 0.80 | 8.89 | 47.14 | 38.09 0.00 | 38.09
ATEB 2 3 178.00 | 168.00 | 346.00 | 10.10 | 11.60 | 1.50 | 16.67 | 20.76 | 15.34 | 14.48 | 29.83
ATEB 2 2 180.00 | 172.00 | 352.00 | 10.00 | 11.20 | 1.20 | 13.33 | 26.40 | 16.07 | 15.36 | 31.43
ATEB 2 1 412.00 0.00 412.00 | 10.30 | 11.20 | 0.90 | 10.00 | 41.20 | 36.79 0.00 | 36.79
ATEB 3 3 178.00 | 160.00 | 338.00 | 10.00 | 11.90 | 1.90 | 21.11 | 16.01 | 14.96 | 13.45 | 2841
ATEB 3 2 192.00 | 147.00 | 339.00 | 9.90 | 11.20 | 1.30 | 14.44 | 23.47 | 17.14 | 13.13 | 30.27
ATEB 3 1 436.00 0.00 436.00 | 10.00 | 10.9 | 0.90 | 10.00 | 43.60 | 40.00 0.00 | 40.00
ATEB 4 3 211.00 | 127.00 | 338.00 | 10.10 | 11.70 | 1.60 | 17.78 | 19.01 | 18.03 | 10.85 | 28.89
ATEB 4 2 228.00 | 163.00 | 391.00 | 9.30 | 10.80 | 1.50 | 16.67 | 23.46 | 21.11 | 15.09 | 36.20
ATEB 4 1 428.00 0.00 428.00 | 10.10 | 10.8 | 0.70 | 7.78 | 55.03 | 39.63 0.00 | 39.63
ATEB 5 3 169.00 | 118.00 | 287.00 | 10.00 | 11.30 | 1.30 | 14.44 | 19.87 | 14.96 | 10.44 | 25.40
ATEB 5 2 153.00 | 169.00 | 322.00 | 10.20 | 11.60 | 1.40 | 15.56 | 20.70 | 13.19 | 14.57 | 27.76
ATEB 5 1 409.00 0.00 409.00 | 9.60 | 10.00 | 0.40 | 4.44 | 92.02 | 40.90 0.00 | 40.90
ATEB 6 3 194.00 | 124.00 | 318.00 | 10.50 | 11.80 | 1.30 | 14.44 | 22.02 | 16.44 | 10.51 | 26.95
ATEB 6 2 184.00 | 157.00 | 341.00 | 10.50 | 11.70 | 1.20 | 13.33 | 25.58 | 15.73 | 13.42 | 29.15
ATEB 6 1 417.00 0.00 417.00 | 10.00 | 10.90 | 0.90 | 10.00 | 41.70 | 38.26 0.00 | 38.26
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Where; BFI=basal diet intake; SFI=supplement feed intake; TFI=Total feed intake; ADG=Average daily gain; FCR =Feed Conversion ratio;
INWT=Initial weight; FNWT=Final weight, WG= Weight gain; TFILW=Total feed intake per Kilogram liveweight; BFILW= basal diet intake per
Kilogram liveweight; SFILW= supplement feed intake per Kilogram liveweight.

MEAN INTAKE AND GROWTH PERFORMANCE OF SHEEP

Loc REPS | TRT BFI SFI TFI INWT | FNWT | WG | ADG FCR BFILW | SFILW | TFILW
AMAN 1 3 362.00 | 180.00 | 542.00 | 15.00 | 17.20 | 2.20 | 24.44 | 22.17 | 21.05 | 10.47 | 31.51
AMAN 1 2 350.00 | 210.00 | 560.00 | 15.00 | 17.30 | 2.30 | 25.56 | 21.91 | 20.23 | 12.14 | 32.37
AMAN 1 1 672.00 0.00 672.00 | 15.02 | 16.50 | 1.48 | 16.44 | 40.86 | 40.73 | 0.00 | 40.73
AMAN 2 3 370.00 | 201.00 | 571.00 | 15.00 | 17.70 | 2.70 | 30.00 | 19.03 | 20.90 | 11.36 | 32.26
AMAN 2 2 320.00 | 204.00 | 524.00 | 15.00 | 16.70 | 1.70 | 18.89 | 27.74 | 19.16 | 12.22 | 31.38
AMAN 2 1 724.00 0.00 724.00 | 15.30 | 16.00 | 0.70 | 7.78 | 93.09 | 45.25 | 0.00 | 45.25
AMAN 3 3 320.00 | 210.00 | 530.00 | 15.00 | 16.50 | 1.50 | 16.67 | 31.80 | 19.39 | 12.73 | 32.12
AMAN 3 2 300.00 | 186.00 | 486.00 | 15.20 | 15.50 | 0.30 | 3.33 | 145.80 | 19.35 | 12.00 | 31.35
AMAN 3 1 686.00 0.00 686.00 | 15.10 | 16.40 | 1.30 | 14.44 | 47.49 | 41.83 | 0.00 | 41.83
AMAN 4 3 300.00 | 216.00 | 516.00 | 15.30 | 16.90 | 1.60 | 17.78 | 29.03 | 17.75 | 12.78 | 30.53
AMAN 4 2 320.00 | 249.00 | 569.00 | 15.30 | 18.00 | 2.70 | 30.00 | 18.97 | 17.78 | 13.83 | 31.61
AMAN 4 1 616.00 0.00 616.00 | 15.00 | 15.60 | 0.60 | 6.67 | 92.40 | 39.49 | 0.00 | 39.49
AMAN 5 3 360.00 | 234.00 | 594.00 | 15.00 | 17.60 | 2.60 | 28.89 | 20.56 | 20.45 | 13.30 | 33.75
AMAN 5 2 350.00 | 221.00 | 571.00 | 14.60 | 17.00 | 2.40 | 26.67 | 21.41 | 20.59 | 13.00 | 33.59
AMAN 5 1 694.00 0.00 694.00 | 15.20 | 16.00 | 0.80 | 8.89 | 78.07 | 43.38 | 0.00 | 43.38
AMAN 6 3 330.00 | 240.00 | 570.00 | 14.80 | 17.00 | 2.20 | 24.44 | 23.32 | 19.41 | 14.12 | 33.53
AMAN 6 2 300.00 | 253.00 | 553.00 | 15.20 | 18.00 | 2.80 | 31.11 | 17.78 | 16.67 | 14.06 | 30.72
AMAN 6 1 670.00 0.00 670.00 | 14.90 | 16.70 | 1.80 | 20.00 | 33.50 | 40.12 | 0.00 | 40.12
ATEB 1 3 384.00 | 135.33 | 519.33 | 15.00 | 17.00 | 2.00 | 22.22 | 23.37 | 22.59 | 7.96 | 30.55
ATEB 1 2 373.00 | 204.67 | 577.67 | 15.20 | 18.20 | 3.00 | 33.33 | 17.33 | 20.49 | 11.25 | 31.74
ATEB 1 1 631.33 0.00 631.33 | 14.72 | 16.70 | 1.98 | 22.00 | 28.70 | 37.80 | 0.00 | 37.80
ATEB 2 3 377.00 | 158.33 | 535.33 | 15.10 | 16.20 | 1.10 | 12.22 | 43.80 | 23.27 | 9.77 | 33.05
ATEB 2 2 341.00 | 132.67 | 473.67 | 14.80 | 16.60 | 1.80 | 20.00 | 23.68 | 20.54 | 7.99 | 28.53
ATEB 2 1 635.33 0.00 635.33 | 14.70 | 16.30 | 1.60 | 17.78 | 35.74 | 3898 | 0.00 | 38.98
ATEB 3 3 334.00 | 201.33 | 535.33 | 14.60 | 15.80 | 1.20 | 13.33 | 40.15 | 21.14 | 12.74 | 33.88
ATEB 3 2 321.00 | 227.00 | 548.00 | 15.20 | 17.20 | 2.00 | 22.22 | 24.66 | 18.66 | 13.20 | 31.86
ATEB 3 1 635.33 0.00 635.33 | 14.50 | 16.50 | 2.00 | 22.22 | 28.59 | 38.51 | 0.00 | 38.59
ATEB 4 3 322.00 | 142.33 | 464.33 | 1450 | 16.60 | 2.10 | 23.33 | 19.90 | 19.40 | 8.57 | 27.97
ATEB 4 2 440.00 | 134.67 | 574.67 | 15.20 | 17.50 | 2.30 | 25.56 | 22.49 | 25.14 | 7.70 | 32.84
ATEB 4 1 678.67 0.00 678.67 | 15.60 | 16.20 | 0.60 | 6.67 | 101.80 | 41.89 | 0.00 | 41.89
ATEB 5 3 380.00 | 142.00 | 522.00 | 14.90 | 17.50 | 2.60 | 28.89 | 18.07 | 21.71 | 8.11 | 29.83
ATEB 5 2 370.00 | 196.00 | 566.00 | 15.80 | 18.30 | 2.50 | 27.78 | 20.38 | 20.22 | 10.71 | 30.93
ATEB 5 1 674.67 0.00 674.67 | 15.20 | 16.20 | 1.00 | 11.11 | 60.72 | 41.65 | 0.00 | 41.65
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ATEB 353.00 | 188.00 | 541.00 | 15.00 | 16.90 | 1.90 | 21.11 | 25.63 | 20.89 | 11.12 | 32.01
ATEB 422.00 | 190.00 | 612.00 | 14.80 | 17.10 | 2.30 | 25.56 | 23.95 | 24.68 | 11.11 | 35.79
ATEB 703.00 0.00 703.00 | 15.30 | 16.20 | 0.90 | 10.00 | 70.30 | 43.40 | 0.00 | 43.40
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APPENDIX B:

TREATMENT AND LOCATION MEANS FOR SHEEP AND GOAT PARAMETERS

TREATMENT AND LOCATION MEANS OF GOAT GROWTH PARAMETERS IN ATEBUBU AND AMANTIN

Feed intake (g/day) Feed intake Weight (kg)
(Kg/LW)
BFI, SFI, TFI BFI, SFI, TFI INWT | FNWT | WG ADG FCR
9)

Treatments
T1 431.58% | 0.002 431.582 |39.89% | 0.00° 39.89° |10.04 |10.83° |0.78° 8.70° 51.952
T2 199.17° |156.92° | 356.08° |16.50° |11.17° |27.68* |10.13 |11.73* |1.612 17.87% | 19.30°
T3 193.42° |131.33¢ |324.75° [17.14°> |1351* [30.65° |[10.16 |11.63% | 1.48? 16.398 | 22.01°
SEM 6.315 3.537 6.697 0.647 0.291 0.705 0.101 0.076 0.848 2.64

Location

Amantin | 282942 |90.72% |[373.66% |25.13% |7.722 32.85% [10.16 |[11.45% |1.292 14.42 31.62

Atebubu | 266.50° | 101.442 |367.94% |23.892 |8.75°" 32.63% |10.06 |11.34% |1.28% 14.32 30.52

SEM 5.16 2.89 5.47 0.528 0.238 0.576 0.082 0.062 0.692 0.692
Statistical interaction
Feed <0.0001 | <0.0001 |<0.0001 |<0.0001 | <0.0001 | <0.0001 <0.0001 | <0.0001 |<0.0001 | <0.0001
Location 0.0355 0.0162 |[0.4679 |0.1110 |0.0061 |0.7960 0.3785 [0.9008 | 0.9001 | 0.7075
Loc *Feed 0.7587 0.0800 | 0.1698 | 0.805 0.107 0.367 0.057 0.256 0.256 0.785

Where; BFl=basal diet intake; SFI=supplement feed intake; TFI=Total feed intake; ADG=Average daily gain; FCR =Feed Conversion ratio; INWT=Initial weight;
FNWT=Final weight, WG= Weight gain; T1= Treatment 1 (base only); T2 = Treatment 2 (base supplemented with cowpea residues); T3 = Treatment 3 (base

supplemented with groundnut residues) Loc*Feed=Location by feed interaction.




TREATMENT AND LOCATION MEANS OF SHEEP GROWTH PARAMETERS IN ATEBUBU AND AMANTIN
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Feed intake (g/day) Feed intake (Kg/LW) Weight (kg)
BFI SFI TFI BFI SFI TFI INWT | FNWT | WG ADG FCR
(9)
TREATMENT
T1 668.362 | 0.00? 668.362 | 41.09° 0.00° |[41.09° |15.05 |16.28" |[1.232 13.672 | 59.27°2
T2 350.58" |200.67° | 551.25° | 20.29? 11.60* | 31.892 1493 |17.28% | 2.18° 24.17° | 32.18"
T3 349.33" | 187.36° | 536.69° | 20.66% 11.09? 321.74* | 15.10 |16.91% | 1.98° 21.94° | 26.40°
SEM 7.973 6.063 0.284 0.491 0.327 0.533 0.252 |0.153 |0.171 1.899 8.061
LOCATION
AMANTIN | 446.892 | 144.67% | 591562 |26.868 |8.452 35.31% |15.05 |16.83% |1.76° 19.562 | 43.61°
ATEBUBU | 465.308 |114.02° |579.312 | 27.832 |6.68° 34522 |15.01 |16.81% |1.80°? 20.302 | 34.96%
SEM 6.510 4.951 7.580 0.401 0.267 0.435 0.069 |0.129 |0.140 1.550 6.582
Statistical interactions
Feed <0.0001 | <0.0001 | <0.0001 | <0.0001 | <0.0001 | <0.0001 0.0008 | <0.0001 | <0.0001 | 0.0207
Location 0.0593 0.0003 |0.2670 |0.1030 |0.0001 |0.2109 0.9043 [0.7390 |0.7390 | 0.3639
Loc *Feed 0.0166 0.0166 |0.1904 |0.0209 |0.0125 |0.5734 0.1515 | 0.4040 | 0.4040 |0.5716

Where; BFI=basal diet intake; SFI=supplement feed intake; TFI=Total feed intake; ADG=Average daily gain; FCR =Feed Conversion ratio; INWT=Initial weight; FNWT=Final
weight, WG= Weight gain; T1= Treatment 1 (base only); T2 = Treatment 2 (base supplemented with cowpea residues); T3 = Treatment 3 (base supplemented with

groundnut residues) LOC*FEED=Location by feed interaction.







APPENDIX C:

GENERALIZED LINEAR MODEL PROCEDURE (GLM) TABLES FOR SHEEP AND
GOATS DM INTAKE FOR SHEEP

DEPENDENT VARIABLE: BASAL FEED INTAKE

Source DF  Typelll SS Mean Square F Value Pr>F

Rep 5 5946.5127 1189.3025 1.56 0.2170

Loc 1 3049.4325 3049.4325 4.00 0.0593

Feed 2 811050.5911 405525.2955 531.55 <.0001
Rep*Loc 5 9941.6016 1988.3203 2.61 0.0569
Loc*Feed 2 7728.9399 3864.4700 5.07 0.0166

DEPENDENT VARIABLE: SUPPLEMENTAL FEED INTAKE
Source DF Type 111 SS Mean Square F Value Pr>F
Rep 5 3553.6285 710.7257 1.61 0.2028
Loc 1 8453.8830 8453.8830 19.16 0.0003
Feed 2 302193.2189 151096.6094 342.50 <.0001
Rep*Loc 5 4679.3218 935.8644 2.12 0.1048
Loc*Feed 2 4465.6489 2232.8244 5.06 0.0166
DEPENDENT VARIABLE: TOTINT

Source DF Type 111 SS Mean Square F Value Pr>F
Rep 5 8385.0064 1677.0013 1.62 0.2001
Loc 1 1348.6032 1348.6032 1.30 0.2670
Feed 2 125052.0139  62526.0069 60.45 <.0001
Rep*Loc 6384.6087 1276.9217 1.23 0.3299
Loc*Feed 2 3732.6061 1866.3030 1.80 0.1904
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FEED INTAKE PER KILOGRAM LIVEWEIGHT OF SHEEP

DEPENDENT VARIABLE: BASAL FEED INTAKE/KILOGRAM LIVEWEIGHT

Source DF Type 111 SS Mean Square F Value Pr>F
Rep 5 11.347981 2.269596 0.79 0.5724
Loc 1 8.439025 8.439025 2.92 0.1030
Feed 2 3398.448622 1699.224311 587.85 <.0001
Rep*Loc 5 42.677892 8.535578 2.95 0.0373
Loc*Feed 2 27.298467 13.649233 4.72 0.0209

DEPENDENT VARIABLE: SUPPLEMENT FEED INTAKE/KILOGRAM LIVEWEIGHT

Source DF Type 111 SS Mean Square FValue Pr>F
Rep 5 14.766256 2.953251 2.31 0.0830
Loc 1 28.054678 28.054678 21.90 0.0001
Feed 2 1030.961039 515.480519 402.34 <.0001
Rep*Loc 5 12.806156 2.561231 2.00 0.1227
Loc*Feed 2 14.087339 7.043669 5.50 0.0125
DEPENDENT VARIABLE: TOTAL FEED INTAKE/KILOGRAM LIVEWEIGHT
Source DF Type 111 SS Mean Square F Value Pr>F
Rep 5 16.6305917 3.3261183 0.98 0.4557
Loc 1 5.6882250 5.6882250 1.67 0.2109
Feed 2 686.8450667 343.4225333 100.88 <.0001
Rep*Loc 2] 28.9403917 5.7880783 1.70 0.1806
Loc*Feed 2 3.8936000 1.9468000 0.57 0.5734
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DM INTAKE OF GOATS.

DEPENDENT VARIABLE: BASAL FEED INTAKE

Source DF Type 111 SS Mean Square F Value Pr>F
Rep 5 4485.8889 897.1778 1.87 0.1441
Loc 1 2433.7778 2433.7778 5.09 0.0355
Feed 2 443095.7222 221547.8611 462.90 <.0001
Rep*Loc 5 4195.5556 839.1111 1.75 0.1686
Loc*Feed 2 268.0556 134.0278 0.28 0.7587
DEPENDENT VARIABLE: SUPPLEMENT FEED INTAKE
Source DF Type 11 SS Mean Square F Value Pr>F
Rep 5 605.5833 121.1167 0.81 0.5582
Loc 1 1034.6944 1034.6944 6.89 0.0162
Feed 2 170103.1667 85051.5833 566.67 <.0001
Rep*Loc 5 341.1389 68.2278 0.45 0.8050
Loc*Feed 2 862.3889 431.1944 2.87 0.0800
DEPENDENT VARIABLE: TOTAL FEED INTAKE
Source DF Type 111 SS Mean Square F Value Pr>F
Rep 5 6579.47222 1315.89444 2.45 0.0695
Loc J: 294.69444 294.69444 0.55 0.4679
Feed 2 72381.55556 36190.77778 67.25 <.0001
Rep*Loc 5 3774.13889 754.82778 1.40 0.2658
Loc*Feed 2 2088.22222 1044.11111 1.94 0.1698
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FEED INTAKE PER KILOGRAM LIVEWEIGHT OF GOATS

DEPENDENT VARIABLE: BASAL FEED INTAKE/KILOGRAM LIVEWEIGHT

Source DF Type 111 SS Mean Square FValue Pr>F
Rep 5 31.707892 6.341578 1.26 0.3179
Loc 1 13.950225 13.950225 2.78 0.1110
Feed 2 4259.295800 2129.647900 424.36 <.0001
Rep*Loc 5 29.578025 5.915605 1.18 0.3542
Loc*Feed 2 2.198467 1.099233 0.22 0.8052

DEPENDENT VARIABLE: SUPPLEMENT FEED INTAKE/KILOGRAM LIVEWEIGHT

Source DF Type 11 SS Mean Square F Value Pr>F
Rep 5 3.862822 0.772564 0.76 0.5892
Loc 1 9.548100 9.548100 9.39 0.0061
Feed 2 1252.234772 626.117386 615.79 <.0001
Rep*Loc 5 3.211100 0.642220 0.63 0.6779
Loc*Feed 2 5.082317 2.541158 2.50 0.1074

DEPENDENT VARIABLE: TOTAL FEED INTAKE/KILOGRAM LIVEWEIGHT

Source DF Type 111 SS Mean Square F Value Pr>F
Rep 5 43.8277889 8.7655578 1.47 0.2440
Loc L 0.4096000 0.4096000 0.07 0.7960
Feed 2 972.3737722 486.1868861 81.46 <.0001
Rep*Loc 5 22.3184667 4.4636933 0.75 0.5972
Loc*Feed 2 12.5766167 6.2883083 1.05 0.3673
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GROWTH PERFORMANCE OF SHEEP

DEPENDENT VARIABLE: INITIAL WEIGHT

Source DF Type 111 SS Mean Square F Value Pr>F
Rep 5 0.21555556 0.04311111 0.49 0.7787
Loc 1 0.01777778 0.01777778 0.20 0.6574
Feed 2 0.18842222 0.09421111 1.07 0.3605
Rep*Loc 5 0.45555556 0.09111111 1.04 0.4223
Loc*Feed 2 0.12722222 0.06361111 0.73 0.4965

DEPENDENT VARIABLE: FINAL WEIGHT
Source DF Type 111 SS Mean Square F Value Pr>F
Rep 5 3.14222222 0.62844444 2.10 0.1082
Loc 1 0.00444444 0.00444444 0.01 0.9043
Feed 2 6.23388889 3.11694444 10.40 0.0008
Rep*Loc 5 1.32222222 0.26444444 0.88 0.5110
Loc*Feed 2 1.24388889 0.62194444 2.07 0.1518
DEPENDENT VARIABLE: WEIGHT GAIN
Source DF Type 1 SS Mean Square FValue Pr>F
Rep 5 2.59600000 0.51920000 1.48 0.2400
Loc 1 0.04000000 0.04000000 0.11 0.7390
Feed 2 5.95220000 2.97610000 8.49 0.0021
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Rep*Loc 5 1.42000000 0.28400000 0.81 0.5560
Loc*Feed 2 0.66500000 0.33250000 0.95 0.4040
DEPENDENT VARIABLE: AVERAGE DAILY GAIN
Source DF  Type lll SS Mean Square F Value Pr>F
Rep 5 320.5010583 64.1002117 1.48 0.2400
Loc 1 4.9358028 4.9358028 0.11 0.7391
Feed 2 734.8705167 367.4352583 8.49 0.0021
Rep*Loc 5 175.2284139 35.0456828 0.81 0.5563
Loc*Feed 2 82.1475389 41.0737694 0.95 0.4038
DEPENDENT VARIABLE: FEED CONVERSION RATIO
Source DF  Typelll SS Mean Square F Value Pr>F
Rep 5 2981.556447 596.311289 0.76 0.5859
Loc 1 673.143025 673.143025 0.86 0.3639
Feed 2 7391.732872 3695.866436 4.74 0.0207
Rep*Loc 5 2897.929758 579.585952 0.74 0.6003
Loc*Feed 2 897.102650 448.551325 0.58 0.5716

GROWTH PERFORMANCE OF GOATS

DEPENDENT VARIABLE: INITIAL WEIGHT

Source DF Type 111 SS Mean Square F Value Pr>F
Rep 5 0.57583333 0.11516667 1.56 0.2171
Loc 1 0.08027778 0.08027778 1.09 0.3097
Feed 2 0.08666667 0.04333333 0.59 0.5656
Rep*Loc 5 0.09805556 0.01961111 0.27 0.9267
Loc*Feed 2 0.22888889 0.11444444 1.55 0.2369

DEPENDENT VARIABLE: FINAL WEIGHT
Source DF Type 111 SS Mean Square F Value Pr>F
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Rep 5 1.76472222 0.35294444 2.86 0.0419
Loc 1 0.10027778 0.10027778 0.81 0.3785
Feed 2 5.95388889 2.97694444 24.08 <.0001
Rep*Loc 5 0.29805556 0.05961111 0.48 0.7853
Loc*Feed 2 0.82055556 0.41027778 3.32 0.0569

DEPENDENT VARIABLE: WEIGHT GAIN

Source DF  Type llI SS Mean Square F Value Pr>F
Rep 5 1.18222222 0.23644444 3.39 0.0223
Loc 1 0.00111111 0.00111111 0.02 0.9008
Feed 2 4.70722222 2.35361111 33.73 <.0001
Rep*Loc 5 0.24555556 0.04911111 0.70 0.6272
Loc*Feed 2 0.20388889 0.10194444 1.46 0.2557

DEPENDENT VARIABLE: AVERAGE DAILY GAIN

Source DF Type 111 SS Mean Square F Value Pr>F
Rep 5 146.0491556 29.2098311 3.39 0.0223
Loc 1 0.1393778 0.1393778 0.02 0.9001
Feed 2 581.0583722 290.5291861 33.69 <.0001
Rep*Loc 5 30.3635556 6.0727111 0.70 0.6269
Loc*Feed 2 25.1834722 12.5917361 1.46 0.2559

DEPENDENT VARIABLE: FEED CONVERSION RATIO

Source DF  Type lll SS Mean Square F Value Pr>F

Rep 5 676.334367 135.266873 1.61 0.2019
Loc 1 12.133611 12.133611 0.14 0.7075
Feed 2 7881.584600 3940.792300 47.04 <.0001
Rep*Loc 5 109.996822 21.999364 0.26 0.9282
Loc*Feed 2 41.036956 20.518478 0.24 0.7851
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APPENDIX D: MANURE PARAMETERS OF SHEEP AND GOATS

MEANS OF GOAT MANURE PARAMETERS
Obs Loc TRT REP | MWT C N CN PH K Ash
1 AMAN 1 1 220.00 | 31.72 1:52 24.03 0.46 0.90 8.00
2 AMAN 2 1 182.00 | 23.98 2.07 11.58 0.61 1.50 24.00
3 AMAN 3 1 191.00 | 25.34 2.50 10.14 0.50 1.45 14.00
4 AMAN 1 2 212.00 | 30.91 1.31 23.60 0.38 0.80 7.50
5 AMAN 2 2 178.00 | 22.99 2.04 11.30 0.56 1.40 22.50
6 AMAN 3 2 212.00 | 24.89 2.40 10.37 0.40 1.42 13.00
7 AMAN 1 3 248.00 | 30.10 1.30 23.15 0.30 0.70 7.00
8 AMAN 2 3 214.00 | 22.00 2.00 11.00 0.50 1.30 21.00
9 AMAN 3 3 199.00 | 24.43 2.30 10.62 0.30 1.39 12.00
10 AMAN 1 4 175.00 | 29.73 1.86 15.98 0.38 0.85 15.00
11 AMAN 2 4 168.00 | 27.33 1.85 14.77 0.50 1.54 14.00
12 AMAN 3 4 232.00 | 21.35 2.04 10.47 0.35 1.64 11.00
13 AMAN 1 9 193.00 | 29.42 1.81 16.25 0.35 0.83 14.00
14 AMAN 2 5 172.00 | 27.22 1.88 14.51 0.45 1.53 13.50
15 AMAN 3 5 221.00 | 21.19 2.02 10.49 0.33 1.62 11.50
16 AMAN 1 6 210.00 | 29.10 1.76 16.53 0.32 0.81 13.00
17 AMAN 2 6 158.00 | 27.10 1.90 14.26 0.40 1.52 13.00
18 AMAN 3 6 242.00 | 21.03 2.00 10.52 0.31 1.59 12.00
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19 ATEB 1 1 241.00 | 36.11 1.90 19.01 0.86 3.20 18.00
20 ATEB 2 1 220.00 | 25.34 2.02 12.54 0.61 2.37 18.20
21 ATEB 3 1 146.00 | 20.15 2.08 9.69 0.78 2.09 11.00
22 ATEB 1 2 221.00 | 36.56 1.95 18.75 0.88 3.10 18.50
23 ATEB 2 2 241.00 | 25.67 1.96 13.10 0.56 2.38 17.60
24 ATEB 3 2 162.00 | 19.98 2.09 9.65 0.77 2.10 11.50
25 ATEB 1 3 214.00 | 37.00 2.00 18.50 0.90 3.00 19.00
26 ATEB 2 3 250.00 | 26.00 1.90 13.10 0.51 2.40 17.00
27 ATEB 3 3 176.00 | 19.80 2.10 9.43 0.76 2.10 12.00
28 ATEB 1 4 175.00 | 25.34 1.80 14.08 0.35 1.45 15.00
29 ATEB 2 4 192.00 | 25.74 2.23 11.54 0.57 2.55 23.00
30 ATEB 3 4 182.00 | 19.35 2.09 9.26 0.48 2.54 24.00
31 ATEB 1 5 182.00 | 24.67 1.70 14.51 0.34 1.48 14.50
32 ATEB 2 5 186.00 | 25.87 2.32 11.17 0.59 1428 | 22.00
33 ATEB 3 5 212.00 | 19.18 2.05 9.38 0.48 2.37 23.00
34 ATEB 1 6 212.00 | 24.00 1.60 15.00 0.32 1.50 14.00
35 ATEB 2 6 221.00 | 26.00 2.40 10.83 6.00 26.00 | 21.00
36 ATEB 3 6 202.00 | 19.00 2.00 9.50 0.47 2.20 22.00

Where Obs=0bservations; Loc=Location; AMAM=Amantin; ATEB=Atebubu; TRT=Treatments;

REP=Replications; MWT=Manure weight; C=Carbon; N=Nitrogen; CN=Carbon:Nitrogen ratio; pH=Level of
Acidity; K=Potassium.

MEANS OF SHEEP MANURE PARAMETERS
Obs Loc TRT REP | MWT C N CN PH K Ash
1 AMAN 1 1 422.00 | 29.73 1.96 15.17 0.44 0.82 9.00
2 AMAN 2 1 323.00 | 18.55 1.79 10.36 0.44 1.55 28.00
3 AMAN 3 1 412.00 | 23.74 22l 10.74 0.83 1.69 31.00
4 AMAN 1 2 375.00 | 29.87 1.98 15.08 0.42 0.81 9.50
5 AMAN 2 2 220.00 | 18.78 1.80 10.46 0.44 1.53 26.50
6 AMAN 3 2 428.00 | 23.87 2.11 11.34 0.82 1.64 30.00
7 AMAN 1 3 382.00 | 30.00 2.00 15.00 0.40 0.80 10.00
8 AMAN 2 3 412.00 | 19.00 1.80 10.56 0.43 1.50 25.00
9 AMAN 3 3 432.00 | 24.00 2.00 12.00 0.80 1.59 29.00
10 AMAN 1 4 372.00 | 26.53 1.72 15.42 0.46 0.74 20.00
11 AMAN 2 4 342.00 | 23.34 1.97 11.85 0.40 1.13 26.00
12 AMAN 3 4 365.00 | 27.73 2.19 12.66 0.42 1.65 20.00
13 AMAN 1 5 402.00 | 26.72 1.76 15.18 0.48 0.73 19.50
14 AMAN 2 5 320.00 | 22.72 1.99 11.45 0.45 1.17 26.50
15 AMAN 3 5 385.00 | 27.92 2.20 12.77 0.47 1.68 20.50
16 AMAN 1 6 400.00 | 26.90 1.80 14.94 0.50 0.72 19.00
17 AMAN 2 6 298.00 | 22.10 2.00 11.05 0.50 1.21 27.00
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18 AMAN 3 6 372.00 | 28.10 2.20 12.77 0.51 1.70 21.00
19 ATEB 1 1 355.00 | 33.32 2.30 14.49 0.75 3.17 30.00
20 ATEB 2 1 382.00 | 22.94 2.16 10.62 0.88 3.81 4.00
21 ATEB 3 1 402.00 | 27.73 2.08 13.33 0.69 2.55 17.00
22 ATEB 1 2 323.00 | 31.66 2.25 14.07 0.73 3.09 28.50
23 ATEB 2 2 398.00 | 22.42 2.33 9.62 0.89 3.85 4.05
24 ATEB 3 2 472.00 | 27.02 1.98 13.68 0.43 1.99 20.50
25 ATEB 1 3 375.00 | 30.00 2.20 13.64 0.70 3.00 27.00
26 ATEB 2 3 414.00 | 21.90 2.50 8.76 0.90 3.88 4.10
27 ATEB 3 3 455.00 | 27.10 1.98 13.69 0.44 1.90 20.00
28 ATEB 1 4 402.00 | 26.53 1.68 16.08 0.70 1.51 14.00
29 ATEB 2 4 320.00 | 28.93 2.82 12.47 0.68 2.21 16.00
30 ATEB 3 4 314.00 | 26.93 1.97 13.67 0.42 2.07 21.00
31 ATEB 1 5 398.00 | 26.37 1.56 16.95 0.65 1.51 13.45
32 ATEB 2 5 412.00 | 28.47 2.32 12.30 0.64 2.16 15.00
33 ATEB 3 5 482.00 | 26.92 1.99 13.53 0.59 2.48 16.40
34 ATEB 1 6 413.00 | 26.20 1.46 17.95 0.60 1.50 12.90
35 ATEB 2 6 420.00 | 28.00 2.31 12.12 0.60 2.10 14.00
36 ATEB 3 6 415.00 | 26.10 1.90 13.74 0.50 2.40 15.80

Where Obs=0bservations; Loc=Location; AMAM=Amantin; ATEB=Atebubu; TRT=Treatments;

REP=Replications; MWT=Manure weight; C=Carbon; N=Nitrogen; CN=Carbon:Nitrogen ratio; pH=Level of

Acidity; K=Potassium.

MANURE PARAMETERS OF SHEEP

APPENDIX E:
GENERALIZED LINEAR MODEL PROCEDURE (GLM) TABLES OF MANURE
PARAMETERS

DEPENDENT VARIABLE: MANURE WEIGHT

Source DF Type 111 SS Mean Square F Value Pr>F
REP 5 13381.55556 2676.31111 1.55 0.2201
Loc 1 6669.44444 6669.44444 3.86 0.0636
TRT 2 18897.72222 9448.86111 5.47 0.0128
REP*Loc 5 9548.22222 1909.64444 1.10 0.3890
Loc*TRT 2 11217.72222 5608.86111 3.24 0.0602

DEPENDENT VARIABLE: CARBON
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Source DF Type 111 SS Mean Square F Value Pr>F
REP 5 8.0859556 1.6171911 0.21 0.9529
Loc 1 42.1201000 42.1201000 5.55 0.0288
TRT 2 187.7308722 93.8654361 12.37 0.0003
REP*Loc 5 8.7868000 1.7573600 0.23 0.9442
Loc*TRT 2 29.0275167 14.5137583 1.91 0.1737
DEPENDENT VARIABLE: NITROGEN
Source DF Type 111 SS Mean Square FValue Pr>F
REP 5 0.12464722 0.02492944 0.76 0.5888
Loc 1 0.09100278 0.09100278 2.78 0.1113
TRT 2 0.32428889 0.16214444 4.95 0.0180
REP*Loc 5 0.18951389 0.03790278 1.16 0.3646
Loc*TRT 2 0.55742222 0.27871111 8.50 0.0021
DEPENDENT VARIABLE: CARBON: NITROGEN (C/N) RATIO
Source DF Type 111 SS Mean Square FValue Pr>F
REP 5 16.5014806 3.3002961 5.47 0.0025
Loc i 3.9402250 3.9402250 6.54 0.0188
TRT 2 115.0226389 57.5113194 95.40  <.0001
REP*Loc 5 4.2732583 0.8546517 1.42 0.2607
Loc*TRT Z 3.8387167 1.9193583 3.18 0.0630
DEPENDENT VARIABLE: pH
Source DF Type Il SS Mean Square FValue Pr>F
REP 5 0.11193333 0.02238667 1.85 0.1483
Loc 1 0.18490000 0.18490000 15.30 0.0009
TRT 2 0.00815000 0.00407500 0.34 0.7178
REP*Loc 5 0.01743333 0.00348667 0.29 0.9138
Loc*TRT 2 0.34661667 0.17330833 14.34 0.0001

DEPENDENT VARIABLE: POTASSIUM
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Source DF  Typelll SS Mean Square F Value Pr>F

REP 5  3.15445556 0.63089111 3.47 0.0202
Loc 1 14.08751111 14.08751111 77.56 <.0001
TRT 2  2.53642222 1.26821111 6.98 0.0050
REP*Loc 5 1.86418889 0.37283778 2.05 0.1145
Loc*TRT 2 2.09128889 1.04564444 5.76 0.0106

DEPENDENT VARIABLE: ASH

Source DF Type 111 SS Mean Square FValue Pr>F
REP 5 12.9308333 2.5861667 0.06 0.9969
Loc 1 299.2900000 299.2900000 7.34 0.0135
TRT 2 126.8587500 63.4293750 1.56 0.2355
REP*Loc 5 18.5975000 3.7195000 0.09 0.9927
Loc*TRT 2 829.6587500 414.8293750 10.17 0.0009
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MANURE PARAMETERS OF GOATS

DEPENDENT VARIABLE: MANURE WEIGHT

Source DF Type 111 SS Mean Square F Value Pr>F
REP 5 3198.888889 639.777778 1.02 0.4318
Loc 1 1.777778 1.777778 0.00 0.9581
TRT 2 848.388889 424.194444 0.68 0.5195
REP*Loc 5 407.888889 81.577778 0.13 0.9837
Loc*TRT 2 8656.722222 4328.361111 6.91 0.0052

DEPENDENT VARIABLE: CARBON

Source DF Type 11 SS Mean Square F Value Pr>F
REP 5 46.7063583 9.3412717 1.00 0.4424
Loc 1 5.4990250 5.4990250 0.59 0.4516
TRT 2 496.1222167 248.0611083 26.59 <.0001
REP*Loc 5 35.9190250 7.1838050 0.77  0.5824
Loc*TRT 2 32.3912167 16.1956083 1.74  0.2018

DEPENDENT VARIABLE: NITROGEN

Source DF Type 111 SS Mean Square FValue Pr>F
REP 5 0.01084722 0.00216944 0.04 0.9987
Loc 1 0.09302500 0.09302500 1.90 0.1829
TRT 2 1.33575556 0.66787778 13.67  0.0002
REP*Loc 5 0.00975833 0.00195167 0.04  0.9990
Loc*TRT 2 0.27686667 0.13843333 2.83 0.0826

DEPENDENT VARIABLE: CARBON: NITROGEN (C/N) RATIO

Source DF Type 11 SS Mean Square FValue Pr>F
REP 5 26.0155583 5.2031117 1.02 0.4347
Loc 1 25.8911361 25.8911361 5.05 0.0360

TRT 2 437.2651500 218.6325750 42.66  <.0001
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REP*Loc 5 1.2443139 0.2488628 0.05 0.9983
Loc*TRT 2 11.3260056 5.6630028 1.11  0.3506
DEPENDENT VARIABLE: pH
Source DF Type Il SS Mean Square FValue Pr>F
REP 5 3.22431389 0.64486278 0.71 0.6249
Loc 1 2.16580278 2.16580278 2.37 0.1390
TRT 2 1.98370556 0.99185278 1.09 0.3562
REP*Loc 5 3.77571389 0.75514278 0.83 0.5447
Loc*TRT 2 1.03473889 0.51736944 0.57 0.5759
DEPENDENT VARIABLE: POTASSIUM
Source DF Type 111 SS Mean Square FValue Pr>F
REP 5 74.00976667 14.80195333 0.85 0.5278
Loc 1 81.96284444 81.96284444 4.73 0.0417
TRT 2 81.72061667 40.86030833 2.36 0.1202
REP*Loc 5 71.07395556 14.21479111 0.82 0.5492
Loc*TRT 2 67.46763889 33.73381944 1.95 0.1687
DEPENDENT VARIABLE: ASH
Source DF Type 111 SS Mean Square FValue Pr>F
REP 5 21.9391667 4.3878333 0.24  0.9402
Loc 1 157.5025000 157.5025000 8.60  0.0082
TRT 2 185.2550000 92.6275000 5.06  0.0167
REP*Loc 5 67.8058333 13.5611667 0.74  0.6020
Loc*TRT 2 26.4050000 13.2025000 0.72  0.4984
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