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Abstract

Shortage of quality feed is the major constraint in livestock production particularly under
smallholder subsistence farmer’s conditions in sub-Saharan Africa, including South Africa.
This is due to the fact that livestock production under smallholder subsistence farmers
predominantly depends on communal grazed natural pastures which are often inadequate in
both quality and quantity particularly during the dry season. In order to improve livestock
production in these areas, there is a need to address shortage of feed both in terms of quantity
and quality. Consequently cowpea (Vigna unguiculata (L.) Walp.) varieties adaptable in
Limpopo province of South Africa were evaluated for their nutritive value and in vitro gas
production (fermentation) attributes in order to identify superior varieties as potential forage

source for ruminants animals.

Several laboratory experiments (including proximate analysis, in vitro digestibility estimate
and gas production) were conducted at the University of Pretoria, South Africa. In this study,
12 varieties of cowpea were evaluated for their chemical composition, in vitro organic matter
digestibility and gas production (fermentation) attributes. Generally the adaptable varieties
had more than 15% crude protein (CP) content with relatively low neutral detergent fibre
(NDF), thus they were highly digestible. This indicates that these varieties could be
potentially utilised as supplementary forage and nitrogen source to complement poor quality
forage. However, of the 12 varieties, three, Bechuana white, 1T 97K-499-35 and TX 08-30-1
were relatively superior as they had greater CP, ME and IVOMD with low fibre values.
Hence, these three varieties are chosen for further evaluation in terms of their potential in

improving ruminal fermentation and digestibility of poor quality grass hay when used as
xiii
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supplement at three different levels of inclusion. This was done by conducting an in vitro gas
production experiment and measuring parameters such as, ruminal fermentation, in vitro
organic matter digestibility and NDF degradability of forage. Generally supplementing poor
quality grass hay with cowpea varieties improved grass hay fermentation. Among the cowpea
varieties, high levels of inclusion resulted in greater gas production for Bechuana White and
IT 97K-499-35, while for TX 08-30-1 variety, there was no difference between 15 vs 30 % or
50% inclusion level. Thus Bechuana White and IT 97K-499-35 can be used as a forage
source while TX 08-30-1 varieties can be recommended as a protein source to supplement
poor quality forage. However, there is a need to determine their dry matter intake,
digestibility and animal performance response in order to utilise them in the feeding system
of ruminants. In vitro supplementary results to poor quality forage suggests that thirty percent
level of inclusion of the two cowpea varieties (Bechuana White and IT 97K-499-35) has the

maximum benefit.

Xiv
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Background

Natural pastures play a critical role in livestock production in sub-Sahara Africa as it is the
major feed resource that is cheaply available. However, insufficient quantity and quality of
forages, which is often associated with overgrazing, climate change and poor management of
natural pastures negatively affects livestock production, especially under subsistence farmers’
situation. Moreover, the challenge of increasing population in sub-Sahara Africa leads to
greater food demand; hence there is a need to intensify agricultural production (Singh et al.,
2005). Many tropical and subtropical countries are characterised by low productivity of
ruminants due to inadequate nutrition associated with low nitrogen concentration and reduced

digestibility of available feed materials (Singh et al., 2005).

On the other hand, livestock play a significant role in the livelihoods of smallholder
subsistence farmers and their economies in tropical and subtropical regions of Africa. This is
because livestock is normally kept for food (meat and milk), as a source of cash income,
draught power, fibre and hides (Thomas and Sumberg, 1995; Barrett et al., 2005; Kiptarus,
2005; Behnke and Centre, 2012). In addition to that, livestock also provides energy for
tillage, transportation of goods and people, and weeding. Livestock also provides manure for

improving soil fertility hence saving on fertilizer costs (Sumberg, 1998).

South Africa has about 80% agricultural land that is suitable for production of livestock and
communal farmers own approximately 65% of the livestock population ((Department of
Agriculture (DoA), 2003)). There is an estimate of 240 000 smallholder subsistence farmers
in South Africa, (Olivier, 2004); however, livestock production under these farmers is very
poor, hence they contribute less to the gross domestic product (GDP). This could be due to a
number of factors, which includes poor management, prevalence of diseases, inadequate

nutrition, inadequate feed supply and shortage of the grazing land (Kunene et al., 2003).

Ruminant animals in most rural areas of Africa survive under very poor nutritional
conditions, utilizing feed resources from crop residues and available natural pastures, which
are mostly of poor-quality (Osuji and Odenyo, 1997; Ravhuhali, 2010). Approximately 240
000 smallholder subsistence farmers in South Africa provide local, regional or informal
markets with beef (Olivier, 2004). These farmers mainly depend on a whole range of natural

pastures including grass, tree legumes, trees or shrub leaves, legumes and pods with little or

2
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no supplementation for their livestock feeds. Generally, in winter or dry-season, forages lose
their quality and during such periods, animals lose a great deal of weight (Nsahlai et al.,
1998). Therefore fluctuation of forage quality and quantity coupled with high stocking rate
poses a major challenge to livestock production (Scogings et al., 2004; Dziba et al., 2007).
Consequently, this challenge leads to over grazing of communal areas due to lack of
appropriate grazing management and over utilization of natural vegetation (Paterson et al.,
1998; Fuhlendorf and Engle, 2001; Masafu, 2006; Sultan et al., 2008). In addition, low
productivity of livestock in sub-Sahara Africa is usually caused by a combination of poor
livestock husbandry practices and diseases (Anele et al., 2011). According to Anele et al.
(2011), sound nutrition strategies and programmes aimed at improving the nutrition of

livestock are critically important for improved production.

Supplementation with various grains and or by-products is necessary to achieve desired
market weights at weaning. Most of the grains are imported into South Africa at greater costs
than by-products, which are likely to increase due to the escalating price of fuel and demand
caused by an increase in the prevalence of droughts. In addition, seasonality of production
and variability in quality of by-products limits their use in cattle rations. Using concentrates,
by-products and nitrogen (N) fertilizers usually results in the net importation of nutrients into
farms, which is undesirable from an environmental and cost stand-point. In contrast
leguminous plants are more digestible than warm-season grasses because they contain greater
crude protein (CP) and non-structural carbohydrate (NSC) concentrations (Ball et al., 2002).

They can be used in place of concentrate supplements to optimize the growth of animals.

Different strategies of improving the quality of natural pastures and crop residues have been
exploited in the past including the use of straws and forage legumes to feed livestock
(Gebreyowhans and Gebremeskel, 2014). Grain legumes such as field peas, lupin seeds and
faba beans can be used as dietary protein supplementation to feeds of lower quality
(Batterham and Egan, 1986; Dixon and Hosking, 1992). It is, therefore, very important to
evaluate the utilisation of legumes in order for ruminant livestock producers to design
strategies aimed at improving the poor-quality roughages fed on their livestock (Ravhuhali,
2010).

3
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Legumes generally have the ability to fix atmospheric nitrogen to the soil for its use and
subsequent crop use thereby improving soil fertility (Etana et al., 2013). They are palatable
and play an important role as a source of proteins for humans and livestock, hence warm-
season legumes, such as cowpeas, also known as Vigna unguiculata, is the crop of choice in
the tropics (Muli and Saha 2000; Food and Agricultural Organisation (FAQ), 2009; Etana et
al., 2013). The performance of cowpeas in terms of biomass production and persistence and
their feeding value in east and west Africa is well documented (Anele et al., 2011). However,
from our knowledge very little has been done in the sub-tropical climate of South Africa.

The current study did not focus on the feeding value of cowpea variety; however, it was a
baseline study in South Africa to determine the chemical composition and in vitro gas
production. Although a preliminary study was conducted in Limpopo Province on the
comparison of the feeding value of four cowpea hay-cultivars by Ravhuhali (2011) in semi-
arid tropical climate of Limpopo Province, the study by Ravhahali (2011) did not focus on

this newly developed varieties used in the present study.

The varieties included in the current study have been undergoing the agronomical evaluation
in Limpopo, South Africa. However, its nutritive value and feeding potential as a forage
source for ruminant animals is still not known. Therefore, to address the knowledge gap that
exists in terms of their potential nutritive value, chemical composition and in vitro ruminal
fermentation characteristics of Vigna unguiculata varieties were studied for those varieties
found to be drought tolerant, adaptable and productive under the sub-tropical environment in

Limpopo province.

Objectives
General objective

The overall objectives of this study was to identify superior varieties that can be used to
improve the utilisation of poor-quality roughages during the dry-season by small ruminants
kept under smallholder subsistence farmer’s condition in South Africa.

Specific objectives
The specific research objectives of the study were:

4
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e To characterize twelve cowpea varieties that have been agronomically evaluated in
the Limpopo Province of South Africa in terms of chemical composition and in vitro
gas production characteristics.

e To relate the chemical composition of cowpea varieties to their digestibility and in
vitro gas production attributes.

e To evaluate the effect of using cowpea as supplement to poor quality forage on in

vitro ruminal fermentation and in vitro digestibility.

Hypothesis
In this study the following hypotheses were formulated and different laboratory experiments

were undertaken to test them.

e Ho: There is no variation among the varieties of cowpeas in terms of their chemical
composition and potential nutritive value and in vitro gas production characteristics.

e Ho: There is no relationship between the chemical composition, digestibility and in
vitro gas production attributes of the cowpea varieties grown in the Limpopo Province
of South Africa.

e Ho: Supplementing poor quality grass hay with selected cowpea varieties forage does

not affect in vitro ruminal fermentation and digestibility of forage based diets.

5
© University of Pretoria



&
UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

@ YUNIBESITHI YA PRETORIA

CHAPTER 1

Literature review
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1.1.  Livestock production and its role in food production in sub-Sahara Africa

Livestock keeping serves as the anchor for the pastoral community and also provides social
and cultural value (Onono et al., 2013). In sub- Saharan Africa (SSA), livestock accounts for
25 to 30 % of the agricultural domestic products (Winrock International, 1992). Cattle, goats,
camels and sheep as well as mixed herds and flocks are domesticated in SSA. These classes
are commonly kept by smallholder subsistence farmers in mixed farming systems that
combine livestock and crop production (Mclintire et al., 1992; Onwuka et al., 1997; Valbuena
et al., 2012). According to Brumby (1986), mixed farming by small-scale subsistence farmers

in Africa is 74% by estimation of total cattle.

Livestock production ranges from smallholder to intensive and sophisticated commercial
systems that contributes a majority of animal and feed needs for most poor people (Tothill et
al., 1989; Herrero et al., 2010). The advantage of crop-livestock mixed farming is that
animals get their feed from the crops while the livestock provides manure to the crops and
traction in planting and harvesting (Mclintire and Gryseels, 1987). Farmers are also able to
buy food, inputs and other goods from cost savings and cash income generated from the
system (Christiaensen et al., 1995; Fafchamps et al., 1998; Moll, 2005; Hoddinott, 2006). In
sub-Sahara Africa, livestock are kept for food (milk and meat), cash income, draught power,
manure, hides and fibre (Thomas and Sumberg, 1995; Sumberg, 1998; Swanepoel et al.,
2000; Stroebel, 2004; Barrett et al., 2005, Kiptarus, 2005; Behnke and Centre, 2012).

There is an estimate of 240 000 small scale farmers in South Africa whose livestock are
normally fed a range of natural pastures including grass, tree legumes, trees or shrub leaves,
legumes and pods with little or no supplementation (Olivier, 2004). In SSA, livestock account
for about 53% of the agricultural capital stock and about 30% of agricultural gross domestic
product (GDP) ( New Partnership for Africa’s Development (NEPAD), 2006). Lenne and
Thomas (2006), pointed out that approximately 20% of the animal protein in African diets are
contributed by eggs, meat and milk and these feed approximately 70% of people dependent

mainly on livestock animals.

Some of the challenges faced by farmers in the region are frequent disease outbreaks,
drought, poor livestock infrastructure, water shortages and shortage of extension services to

advise farmers on best livestock production practices (Gitau et al., 2001; Mati et al., 2006;

7
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Pavanello, 2010; Wesonga et al., 2010; Opiyo et al., 2011). Feed shortages, poverty and
inequity also presents some challenges to the development of smallholder farmers in these
sites (Ralevic et al., 2010; Sharma et al., 2010; Moebius-Clune et al., 2011). Resource-poor
smallholder subsistence farmers whom depend on small ruminants are constantly under
pressure to purchase animal feeds due to rangelands being severely degraded (Ben Salem and
Smith, 2008; Valbuena et al., 2012).

1.2. Predominant feed resources available for ruminant animal

Forages are the primary feed component for livestock globally. These include legumes and
grasses, which can be grazed and/or conserved as silage or hay to cater for periods of feed
shortages (Smith et al., 2008; Havilah, 2011). Annual forages may be classed as cool-season
grasses, warm-season grasses, cool-season legumes, warm-season legumes or Brassicas
(Havilah, 2011). These species may be sown in mixtures or alone. In southern Africa, the
savanna biome, defined as overcrowded seasonal bushes that form a continuous and an
overgrown herbaceous layer and an open, scattered layer of trees and shrubs is the most
prevalent form (Frost et al., 1985; Smith and Goodman, 1986; Tefera et al., 2008). It
constitutes extensive, dynamic and diverse ecosystems supporting great numbers of wildlife
and livestock (Tefera et al., 2008).

The best varieties of feed resources are well adaptable to local climatic environment as well
as disease and insects tolerant. Best varieties can be often associated with high digestibility,
early maturity and improved feed quality (high energy and protein content) (Franzel et al.,
2014). Energy and protein sources are of significance importance in ruminant’s nutrition due
to their ability to stimulate ruminal microbes and enhance the production function of the
animals (Wanapat, 2008). However, the use of such feed resources, especially by resource
poor farmers, is limited because of seasonal variation and affordability. Ruminant animals are
subjected to roughages of lower quality which are normally of poor nutritional value (lower
energy, minerals, and vitamin and protein contents) (Kumar et al., 2015). To partially
overcome such problem, farmers keep crop residues for later use in stall feeding during dry
seasons (Wapanat, 2008). However, during prolonged dry-seasons, this runs out and livestock

is left without adequate feed.

8
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Countries in SSA are usually affected by forage shortage due to inadequate rainfall (Ben
Salem and Smith, 2008). Consequently, livestock thrive under serious nutrient shortages and
as a result, animals often depend on crop residues of low quality (e.g. stubbles, straws)
(Figure 1.1), agricultural by-products, other non-conventional feed sources and expensive
feed supplements (Ben Salem and Smith, 2008; Akinfemi et al., 2012; Kumar et al., 2015).
The nutritive value of some typical feeds that are normally utilized by livestock animals for
dry-season feeding are shown in Table 1.1. Livestock in this region has reduced weights and
production due to inadequate feed resources (Ajayi et al., 2005; Anele et al., 2011). The
strategic use of shrubs, cacti and fodder trees has been shown to improve livestock
production in the savanna regions due to their ability to remain green and maintain their
protein content (Olafadehan and Adewuni, 2009; Olafadehan and Okunade, 2016)

Ruminants may also make use of cultivated fodders such as pearl millet (Pennisetum
glaucum), oat (Avena sativa), maize (Zea mays) and sorghum (Sorghum bicolor); leguminous
fodders such as cowpea; by-products from the agro-industrial sector such as wheat straw,
wheat bran, and concentrates such as soybean meal, mustard oil cake, groundnut cake, cotton
seed cake, and grains like maize, oat, barley and wheat (Kumar et al., 2015). The use of
legume residues is often managed differently from cereal residues due to their greater feed
value (Valbuena et al., 2012). The same authors in their findings concluded that in Africa, the
use of crop residues for stall feeding and stubble grazing has generally increased. Some of
these feed resources may not be viable for adoption by smallholder subsistence farmers due
to availability and affordability. Farmers can also exploit food-feed systems which offer some
synergistic benefits in that the crops grown on the farm are mainly grown for human food
whereas the crop residues are used for livestock feed (Wanapat, 2008). Cassava (Manihot
esculenta), Phaseolus calcaratus, sweet potato (Ipomoea batatas), Trichanthera gigantean
and Flemingia macrophylla have been extensively studied Nigeria and Kenya as potential
feed resources for ruminants in sub-Sahara Africa (Banful et al., 2000; Wapanat et al., 2006;
An et al., 2003; Hong et al., 2003; Chanthakoun et al., 2008).
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Figure 1.1 Cattle grazing straw on farm where grazing land has been severely affected by

drought (Photo taken in Lichtenburg, North-West province of South Africa, in 2015 by
Waldo Swiegers)
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Table 1.1 Protein and crude fibre content and dry matter digestibility, of some typical feeds
available for dry season feeding

Type Protein content Crude fibre Digestibility

Maize stover ( straw) Low High Low
Rice straw Low High Low
Sugarcane tops Low High Moderate
Bagasse Low High Low
Dry season grazing Low High Low
Legume tree leaves Moderate to high Moderate to high High
Haulms and tops Moderate to high High Moderate to high
Cassava leaf meal High High
Brewers grains High High Moderate to high
Tree fruits (e.g. Acacia

Moderate Moderate to high Low to moderate
spps)
Molasses Low Low
Citrus pulp Low High Moderate
Oilseed cakes High Low to High High
Cereal bran Moderate to high Moderate to high High
Cage layer manure High High
Cereal grains Moderate Moderate High

Source: Jayasuriya, 2002; Smith, 2005; protein content (g kg DM): low = < 60, moderate =
6 to 110, high > 11; crude fibre (g kg* DM): low = < 60, moderate = 6 t0120, high = > 12;

digestibility (g kg™ DM): low= < 40, moderate = 40 to 600, high = > 600
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1.3.  Warm season legumes as livestock feeds

According to De Faria et al. (1989), legumes are broadly defined as podded fruit that are
defined by a structure of unusual flower and have a potential of nodulating with rhizobia.
Legumes (Fabaceae Lindl., syn. Leguminosae Juss.) have many important economic benefits.
Amongst the plant families, they are considered as one of the largest herbaceous plants in
size. Perennials, annuals, trees and shrubs from species of tropical and temperate origins are
types of legumes (Mikic et al., 2011). Annual legume species such as bitter vetch (Vicia
ervilia (L.) Wild), pea (Pisum stadium L.), grass peas (Lathyrus sativus L.), faba bean (Vicia
faba L.), chickpea (Cicer arietinum L.) and lentil (Lens culinaris Medik.) are considered
some of the first domesticated crops where crop rotation with cereals was practiced (Mikic et
al., 2011a).

High-quality feed is produced by summer annual legumes even during autumn and late
summer when there is a tremendous decline in forage quality in sub-tropical and tropical
environments (Mikic et al., 2011a). During this time, leaf digestibility is 60 to 75% while
stem is 50 to 55%, whereas the corresponding crude protein concentrations for the stem and
leaf are 10 and 20%, respectively. It is very important to control the stocking rate at this time
to allow for re-growth of the leaves since overgrazing may restrict re-growth (Havilah, 2011).
Summer annual legumes can be grown with sorghums and millets in mixtures as a source of
nitrogen (Havilah, 2011). In Africa, grain legumes reportedly fixed about 15-210 kg N ha* in
a season, whereas 43-581 kg N ha-! y! was reportedly fixed by tree legumes (Dakora and
Keya, 1997).

Fertilizer is often unavailable to smallholder subsistence farmers due to its high cost and poor
market infrastructure. This limits the use of fertilizers, hence a bulk of the nitrogen needed to
produce crops has to come from biological fixation by legumes to benefit itself, companion
crops and subsequent crops (Dakora and Keya, 1997). Therefore, legumes are a valuable
addition in farming systems of resource poor farmers. Nitrogen fixing legumes have striking
characteristics of growing in drought-stricken areas where no other crop can survive and
thrive in poor soils. Additionally, these species are able to form nodules with several
bradyrhizobia and rhizobia. Dakora and Keya (1997) point out Vigna unguiculata (cowpea),
Macrotyloma geocarpum (Kersting’s bean) and Vigna subterranean (Bambara groundnut) to

be the main legumes that are usually cultivated throughout sub-Saharan Africa. Similar
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authors also emphasize the use of creeping legumes, like forage species and cover crops to
improve soil fertility through biological N fixation, ground cover, organic matter retention, as

well as in preserving soil moisture.

Examples of commonly grown warm season forage legumes are cowpea (Vigna unguiculata),
soybeans (Glycine max) and lab-lab (Lablab purpureus), while lucerne (Medicago sativa L.),
white (Trifolium repens L.) and red (Trifolium pratense L.) clovers, and sainfoin (Onobrychis
viciifolia Scop.) constitutes of those grown in temperate climates (Havilah, 2011). The
chemical composition of legumes commonly used as forage for ruminant livestock are shown
in Table 1.2. Cultivated legume species are a cheaper source of high quality protein for both
animals and humans. Legumes maintain and restore soil fertility because of its symbiotic
relationship with nitrogen fixing bacteria (Singh et al., 2006) and are inevitable in the
remediation of wastelands, heavily degraded agroecosystems, and to reduce cropping systems
dependency toward nitrogen mineral fertilizers. Similarly, Graham and Vance (2003) state
that legumes play a significant role in agriculture, natural ecosystems and agroforestry by
fixing nitrogen in environments that are low in nitrogen, thereby improving crop production.
The contribution of legumes in intercropping systems is widely acknowledged because of
greater yields of the non-fixing intercrop components in comparison to sole crops (Corre-
Hellou et al., 2006). Due to their ability of biological nitrogen fixation to the soil, legumes
are important in both the facilitation and dynamics of nitrogen in various plant communities
(Hauggaard-Nielsen and Jensen, 2005; Fustec et al., 2010).
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Table 1.2 Chemical composition of legumes commonly used as forage for ruminant livestock

Species . . gkgt DM ... MJ kg DM

NDF ADF CP NPN EE ME

Lucerne (Medicago sativa) 358 283 206 8.2 13 9

Red clover (Trifolium pratense) 395 262 242 22.2 18 9.2
Sulla (Hedysarum coronarium) 378 296 218 21.1 25 9.3
White clover (Trifolium repens) 276 210 242 16.1 18 10
Lab lab (Lablab purpureus) 453 404 178 - - 8.4

Cowpea (Vigna unguiculata) 353 311 175 3.4 13 8.5

Source: Fulkerson et al. (2007); NDF: neutral detergent fibre; ADF: acid detergent fibre; CP:

crude protein; NPN: non-protein nitrogen; EE: ether extract; ME: metabolisable energy

1.4.  Cowpea production in South Africa

In South Africa, cowpea is locally known as dinawa and it is mostly grown by smallholder
farmers for its leaves as morogo/imifino (Department of Agriculture, Forestry and Fisheries
(DAFF), 2011). According to the National Department of Agriculture (NDA) (2009) cowpea
production in South Africa is mostly small scale by smallholder farmers under dry conditions.
Its production is low compared to other staple crops, such as maize, due to lack of funding for
research purposes (Asiwe, 2009). There are, however, few cases of commercial production
used for animal fodder, and recently, an increase in grain production due to food insecurity
challenges amongst most rural house-holds (DAFF, 2011). There are no recorded figures for
the quantities of cowpea produced or the size of area under production. According to the
DAFF (2011), cowpea producing provinces in South Africa are Limpopo, North-West,
Kwazulu Natal and Mpumalanga. Moswatsi (2014) argues that cowpea underutilization
deprives the resource poor farmers of its numerous advantages and/ or nutritional benefits for
both human and livestock consumption. It is therefore necessary to develop better yielding

varieties that are well adapted for local conditions for production to be increased.
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1.5.  Brief history and production of cowpea

As a fodder crop with wide adaptation characteristics, a vegetable and a grain legume,
cowpea is also tolerant to stress and is cultivated in about 7 million hectares worldwide, in
hot and warm regions (FAO, 2009). Africa is the main cowpea producing continent with
countries like Niger, Nigeria, Sudan, Kenya, Senegal, Angola, Botswana, and Mozambique
producing the most of cowpea (Ehlers and Hall, 1997). It is also produced in countries like
South America (Brazil), Asia (India, Myanmar), the south and western regions of North
America (USA, West Indies) and Europe (Italy) (Mortimore et al., 1997; FAO, 2009; Etana
et al., 2013). According to the FAO (2000), Nigeria and Niger represents 49% of the global
cowpea production at 850 000 and 271 000 tons annually.

1.5.1. Cowpea agronomic characteristics

Cowpea (Vigna unguiculata (L). Walp), is a legume of the Phaseolea tribe (Polhill and
Vander der Maesen, 1985). It is a legume plant that belongs to the Fabaceae family
(Mortimore et al., 1997). Cowpea offers a new promise in crop-livestock systems and pasture
production systems (Anele et al., 2011), and is often referred to as a “hungry season crop”
because it is usually harvested first during the cropping season before other cereal crops are
ready for harvest (Etana et al., 2013). Under conventional farming systems of the drier
regions of tropical Asia, Central America and Africa, Vigna unguiculata is considered as a
major component of such systems (Mortimore et al., 1997). According to Anele et al. (2011),
dual purpose cowpea is of significance importance to resource-poor farmers because provides
biomass for livestock supplementation during the dry season, it provides extra food and
income for the household and also requires very little inputs for its production. Several
authors point out that it is adapted to high temperatures and drought, tolerant to low fertility,
has symbiosis with mycorrhizae, provides nitrogen fixation and thrives in several soil pH
conditions (Kwapata and Hall, 1985; Fery, 1990; FAO, 2009). Etana et al. (2013) argues that
cowpea can fix up to 240 kg N ha and leaves up to 60 to 70 kg N ha? ha nitrogen to

subsequent crops.

Cowepea is a very important legume in semi-arid regions of the tropics due to green leaves or
pods, a valuable forage source for livestock animals and grain as leafy vegetables for human
consumption (Ali et al., 2004; Adeyanju et al., 2007). In west Africa, the crop can be used to

feed livestock during dry season (Tarawali et al., 2002). In addition, the crop can be used as
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livestock feed (vines and leaves) and it can be grazed fresh, dried as hay or preserved as
silage (Anele et al., 2010). Cowpeas husk which are obtained after threshing are as valuable
as the leaves for livestock feed (Oluokun, 2005). Cowpea leaves are an important source of
protein for human beings and are often consumed similarly to spinach (FAO, 2009).

Ali et al. (2004), reported high cowpea forage yields of 729 to 880 kg™ ha* after cowpea
was planted in sandy loam soil that was irrigated. According to Dawit et al. (2009), cowpea
has the ability to suppress weeds, particularly the Striga species. Cowpea can be conserved as
nutritious hay that can support livestock animal production even during dry seasons in west
Africa (Tarawali et al.,, 2002; Singh et al.,, 2003). Several authors reported cowpea
intercropping with traditional cereals like maize and sorghum with higher quality and yields
of these cereals than when grown alone (Ahmad et al., 2007; Dahmardeh et al., 2009; Etana
et al., 2013). In crop rotation systems, resistant cowpea varieties have potential to suppress
root-knot nematode (Meloidogyne spp.) reproduction, hence it can be a valuable crop (Ehlers
and Hall, 1997).

1.5.2. Description of cowpeas

Cowpea is an herbaceous fast growing annual food legume with leaves and crop residues
used as forage (Ehlers and Hall, 1997). Cowpeas have large leaves and is vining. Cowpea is
fairly tolerant to moderate soil acidity, drought, low fertility and heat (Smith et al., 2008).
Generally, cowpea has high nutritive value and does not cause bloat in cattle. Cowpeas have
a DM vyield potential of 2000 to 3000 kg DM ha™* from dry-land and 8000 kg DM ha* from
irrigation. Dry matter yield between 5 to 7 tons is possible in the first, out of three possible
cuts, which declines to 4 tons in the second and third cutting (USAID, 2008). In terms of
performance, they range about 3-10 t ha'! DM in 12 to 16 weeks as crop residue at grain
harvest. Crude protein in crop residue is 100 to 250 g kg™t DM and up to 300 g kg DM at
early flowering (Smith et al., 2008).

To obtain proper re-growth of indeterminant cowpea varieties, grazing must be delayed to
flowering and with this practice, 2 to 3 grazing events are possible. Cowpeas are harvested
when pods begin to turn yellow (NDA, 1997). According to Le Houerozi (2006), cowpeas are
cut to a height of 10 cm. Their limitation to use is attributable to heavy grazing and such

practice should be avoided. When cowpeas are harvested at mid flowering, they make silage

16
© University of Pretoria



(02@

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

of greater quality (Havilah, 2011). They are very palatable and have high nutritive value that
can be conserved as hay or silage or be used as fresh cut and carry forage (FAO, 2009).
Ehlers and Hall (1997), states that cowpeas are sensitive to cold, heavy rain and frost and
may be susceptible to pest and diseases. Table 1.3 shows the chemical composition of

cowpea forages harvested from different ecological zones of Africa.
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Table 1.3 Chemical composition of cowpea forages harvested from different ecological
zones in Africa

Country Cowpea varieties ~ Chemical composition (g kg* DM) References
CP DM OM NDF ADF IVOMD
South -Pan 311 229 933 867 453 303 - Ravhuhali, (2010)
Africa -Red Colona 195 867 880 449 289 -
-Agripes 245 880 873 472 333 -
-Black eye 260 859 813 426 236 -
South -Not Specified 220 900 830 380 320 - Gwanzura et al. (2012)
Africa
Nigeria -IITA97K-1069-6 181 948 - 569 399 635 Anele et al. (2010)
-Peu 147 942 - 612 419 585
Ethiopia -12668 186 892 863 607 533 551 Gebreyowhans &
-White wonder 177 899 865 580 523 574 Gebremeskel (2014)
-9333 180 895 861 570 572 573
-Small seed 177 896 855 583 552 562
-Black eyed 186 894 849 563 471 602
Ethiopia IT82D 899 198 874 769 - - - Etana et al. (2013)
TUX1948-01F 192 873 754 - - -
TVU11424 194 875 764 - - -
IT85F2687 201 887 782 - - -
82D 504 -4 209 886 773 - - -
IT84D-448 193 872 779 - - -
IT93K 2046 -2 223 879 760 - - -
IT 87D 551 -1 202 883 793 - - -
IITAUK 91-12 222 889 772 - - -
87D - 1802 211 877 778 - - -
Ethiopia WWT 164 917 - 427 311 697 Geleti et al. (2014)
ILRI 9325 182 909 - 429 341 687
ILRI 11976 180 910 - 434 317 687
ILRI 6782 165 919 - 437 378 656
ILRI 6783 178 915 - 438 365 636
Ethopia - 185 945 - 401 354 - Koralagama et al.
(2008)
Zimbabwe - 154 905 - 372 212 - Baloyi et al. (2008)
Zimbabwe - 226 909 919 507 388 - Chekeredza et al.
(2002)
Zimbabwe - 180 855 - - - -
Simbarashe et al.
(2015)
18
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1.5.3. Anti-nutritional factors found in cowpeas and other forage legumes

Most forage legumes contain some anti-nutritional factors (ANF), such as tannins, with the
effect of feeding value reduction to ruminant animals (Reed, 1995; Gwanzura et al., 2012).
Woodward and Reed, 1989 argue that these compounds also interfere with the concept of low
fibre and high protein contents, usually used to indicate a high feeding value of a forage.
Other secondary compounds or anti-nutritional factors found in legumes are glucosinolates,
saponins, alkaloids or gossypol, lectins, non-protein amino acids, and these compounds may
result in ruminant production being limited (Table 1.4). Reduction in nutritive value for
ruminants have been associated with high contents of condensed tannins in forage legumes
(Ahn et al., 1989; Palmer and Schlink, 1992). Legumes nutritive value is altered by
polyphenolics by altering the composition of ruminal microbial species or reducing
availability or making unavailable nutrients or the rumen or postruminally as a result of
compounds complexing with carbohydrates, minerals and proteins (Baloyi et al., 2001). In
their study, Baloyi et al. (2001), found less tannin concentrations, which may not adversely
affect livestock productivity as compared to tannin concentration in Silverleaf Desmodium
(Table 1.4). Saponins have been found to inhibit microbial synthesis and fermentation in the
rumen and altering the site of nutrient digestion in sheep (Lu and Jorgensen, 1987). Toxicosis
at tissue level may result from polyphenols complexing with and inhibiting extracellular

microbial cellulolytic enzymes (Butler et al., 1982).
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Table 1.4 Chemical composition (g kg* DM) and anti-nutritional factors of legumes
commonly used as livestock forages

Cowpea Silverleaf FSS Fitzroy Veld

Chemical composition

Crude protein 154 98.3 107 134 14.1
Neutral detergent fibre 372 551 497 454 752
Acid detergent fibre 212 366 334 280 434
Acid detergent lignin 71.9 93.0 70.6 146 61.1
PA (g kgl Mimosa tannin

equivalent)

Soluble 1.45 84.2 2.70 55.6 2.63
Protein-bound 13.8 71.7 17.7 19.7 13.5
NDF-bound 2.75 7.20 1.69 5.63 5.21
Total 18.0 163 22.1 80.9 21.4
% Protein bound 76.6 43.9 76.3 23.3 66.9
% NDF bound 15.3 4.48 6.04 7.06 19.0

Source: Baloyi et al. (2001); FSS: fine stem stylo; PA: proanthocyanidin

1.5.4. Feeding value of cowpea

Singh and Tarawali (1997) points out that cowpea is an equally important fodder for
livestock. It has a high nutritive value, with the grain, leaves and haulms having a crude
protein content ranging from 22 to 30% (Bressani, 1988; Nielsen et al., 1997), and from 13 to
17% in the haulms with low fibre concentration and a high digestibility (Tarawali et al.,
1997; Singh et al., 2003). Koralagama et al. (2008) concluded that the utilization of cowpea
haulms was a cost effective strategy of increasing livestock animal production in rural areas
compared to the use of concentrate feeding. Sollenberger, et al. (2004) reported that cowpea
had greater CP (160 g kg™t DM) and in vitro organic matter digestibility (IVOMD) (600 g kg
1 DM) than bahia grass (Paspalum notatum) (110 g kg™ DM CP and 490 g kg* DM).

Vendramini et al. (2012) highlighted the benefits of warm-season legume intercropped in
pasture grazing systems for beef cattle producers. Foster et al. (2009c), showed the
importance of cowpea to cattle producers in mid-to late-summer in contributing nitrogen
when cowpea was used as a supplement in the south-eastern USA. In addition, Foster et al.

(2009a; 2009b; 2009c) demonstrated that cowpea supplementation was similar to soybean
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(Glycine max (L.) Merr.) meal supplementation at maintaining nitrogen retention in lambs fed
basal bahia-grass haylage or hay at modest dietary CP levels. Cowpea has been used
successfully as forage for wildlife in Florida (Vendramini et al., 2012). The same author
observed increased interests of intercropping cowpea on existent bahia-grass pastures for beef
cattle due to their fast regrowth attributes after defoliation and superior nutritive value.
Several authors reported an improvement in nutrient supply and growth of livestock on a
cowpea haulm diet over the use of low quality forages alone but degree of weight change
varied relative to total nutrient supply (Schlecht et al., 1995; Ngwa and Tawah, 2002; Baloyi
et al., 2006; 2008). Anele et al. (2010) argues that there are limited numbers of studies that
report the specific cowpea variety and the corresponding animal response and in the few
cases reported, there were variations in different cowpea lines used, as well as its associated
forage quality. Singh et al. (2003) reported greater weight gain in rams that were
supplemented with the cowpea haulms of variety IT90K-277-2 compared to Dan lla; and
Akinlade et al. (2005) reported that cowpea haulms of variety 1T96D-716 increased milk

yield when used to supplement cows compared to cowpea haulms of variety 994-DP.

According to Grings and Tarawali, 2010, the importance of using legume fodder as
supplement is that it boosts the nitrogen content of the feed, which in turn allow microbes to
utilize the feed. Supplementation also increases the digestibility of poor quality forage due to
the addition of more readily digestible fibre of legumes versus grass. Chekeredza et al. (2002)
found a 22.7% increase in microbial protein supply when cowpea haulms were supplemented
to maize stover. The minimum requirement of CP for maintenance is between 70 to 80 g kg™
DM for ruminants, whereas high producing animals like dairy cows requires between 130 to
140 g CP kg™ DM (Meissner, 1997).

1.5.5. Supplementation of poor quality roughages with forage legumes

Ruminant animals in Africa thrive under poor nutritional conditions and systems, utilize
feedstuff from crop residues and poor native pastures (Osuji and Odenyo, 1997). Available
forage and pasture tends to decline in quality and quantity during the dry seasons (Savadogo
et al., 2000). According to McDonald et al. (2002), forages with a high content of slowly or
indigestible cell wall structures are poorly digested and thus the intake drops. Consequently,
livestock lose body weight due to deficiency of nitrogen, digestible energy and elements such

as sulphur, and sometimes phosphorus, sodium, calcium, zinc, iodine, cobalt or copper in the
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feed (Chekeredza et al., 2002; McDonald et al., 2002). Since the available feed resources are
very poor in terms of nutrient availability; their nutritional value needs to be improved to
achieve high production performance in livestock. Ratio of Ca: P should be within the range
of 1:1 or 2:1, although there is evidence that ruminants tolerate rather higher ratios, provided
phosphorus requirements are met (McDonald et al., 2002). Simbrarashe et al. (2015) reported
P and Ca concentrations of 3.2 g kg DM and 3.8 g kg DM, respectively. Anele et al.
(2011) recorded Ca and P concentrations of 13.34 and 2.79 g kg DM in the wet season for
commercial cowpea and further states that, Ca and P make up to 70% of total mineral
elements in the animal’s body. Minerals also play important roles in the optimum function of
the rumen microorganisms responsible for the digestion of plant cellulose in the rumen.
Furthermore, they also assist in the utilization of feed energy and in protein metabolism
(McDowell et al., 1993). McDowell et al. (1993), recommends 3g kg* DM Ca for ruminants

animals in warm, wet climates.

Several authors concluded that forage legumes supplemented to low quality roughages, such
as maize stover and hay, improves feed quality (Koralagama et al., 2008; Ravhuhali, 2010;
Vendramini et al., 2012). This is because forage legumes contain proteins, vitamins and
minerals that are essential for rumen micro-organism growth which degrade feedstuffs prior

to gastric and intestinal digestion by the host animal (Ravhuhali, 2010).

1.5.6. Effect of supplementation on intake and digestibility

The feeding value of legumes, including cowpea hay has long been recognized, as it has been
used extensively for all kinds of livestock in Africa (Thompson et al., 1988). Most legumes
may be fed to livestock animals as fresh herbage or conserved as hay. The principal value of
legume hay lies in its greater percentage of digestible protein than grass hay or low quality
feedstuff. Leng et al. (1992) suggested that the role of cowpeas in ruminant diets can be seen
as three fold, firstly, as a nitrogen and mineral supplement to enhance fermentation and
microbial growth efficiency. It can be a source of post-ruminal protein for digestion.
Mupangwa et al. (2000) indicated that dry matter digestibility was greater for legume hays.
The organic matter digestibility ranged from 58% for cassia hay to 62% for stylo hay and
there were no differences among the legume hays.
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Cowpeas are also total feeds because they supply essential nutrients needed to meet both the
maintenance and production needs for the animal, as well as meeting the quantity needs.
Tarawali et al. (1997) found the cowpea species valuable after studying the use of haulms as
fodder in various places globally. Several authors (N’Jai, 1998; Singh et al., 2003; Singh et
al., 2006) have also described the use of cowpea residues as a supplement to low quality
roughages in animal production. The level of supplement required varies on the quality of the
basal diet used (Norton et al., 1992). Singh et al. (2003) also found that incremental levels of
cowpeas as a supplement to poor quality roughages indicate that they are valuable to animals.
When cowpeas were fed to lambs under dry lot conditions the animals gained 80 g per animal
per day with 200 — 400 g per day of cowpea haulms as a supplement to a basal diet of
sorghum stover (Singh et al., 2003). Animals receiving an oat hay-corn- soybean diet also
reportedly had increased live weight gain (Thompson et al., 1988).

On the value of legume hays for dairy heifers, Dvorachek (1929) found that cowpea hay was
equal to other leguminous hays (Lucerne hay) for producing body weight gains on dairy
heifers. Cowpea hay was not as palatable, nor was it consumed with as little waste as alfalfa
hay. Cowpea provides adequate mineral source when fed to animals in high amounts.
However, animals may require supplementation in dry feeds deficient in minerals with 20 to
30% of the total dry matter intake of cowpea (Goodchild and McMeniman, 1994). Table 1.5
shows dry matter intake and digestibility of legumes used to supplement hay whereas the
dietary intake digestibility, live weight changes of Pedi goats supplemented with different

levels of cowpea cultivars are shown in Table 1.6.
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Table 1.5 Average dry matter intake and apparent digestibility of legumes used to

supplement hay

Treatment diet

Trait \% VU VC VS VF
N (%) 4 5 6 6 6
Veld hay (g day™) 327 422 452 446 453
Legume hay (g day™t) - - 141 154 196
Total DM intake (g day™?) 327 422 593 601 649
Crude Protein intake (g day™) 4.58 19.4 28.0 21.3 27.3
Total DM intake (kg*W°"day™) 32.8 44.2 55.9 53.3 55.6
DMD 0.541 0.514 0.557 0.497 0.507
OMD 0.631 0.490 0.583  0.564 0.519

Source: Baloyi et al. (2008); V: veld hay; VU: veld hay sprayed with 10g kg-1 urea; VC: veld
cowpea; VS: Silverleaf desmodium; VF: fine stem stylo; DMD: dry matter digestibility:
OMD: organic matter digestibility
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Table 1.6 Dietary intake, digestibility and live weight changes of Pedi goats supplemented
with different levels of four cowpea cultivars fed on ad libitum buffalo grass hay

Treatments

Pan 311 Red colona Agripes Black eye
Variable 161g goat*day® 1599 goatiday?  148g goatiday® 119g goatday?
Intake(g goat*day™)
DM 501 510 823 821
oM 449 459 288 280
CpP 48 42 48 88
NDF 271 284 180 186
ADF 171 178 113 102
Intake (g kg™ W-75)
DM 53.9 55.4 35.2 37.3
OoM 48.2 51.9 31.2 32.6
CP 5.17 4.57 4.69 4.42
NDF 29.2 30.9 19.6 21.6
ADF 18.4 18.8 12.3 11.9
Digestibility coefficient
DM 0.67 0.70 0.66 0.65
oM 0.78 0.78 0.65 0.64
CpP 0.74 0.71 0.70 0.66
NDF 0.51 0.45 0.42 0.40
ADF 0.36 0.84 0.32 0.30
Live weight changes
Initial (kg) 18.50 18.37 18.50 17.07
Final (kg) 19.58 19.27 19.20 17.63
Weight gain (g goat™ 206 180 140 112
1day'1)

Source: Ravhuhali, (2010); DM: dry matter; OM: organic matter; CP: crude protein; NDF:
neutral detergent fibre; ADF: acid detergent fibre
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CHAPTER 2
Chemical composition and in vitro gas production of cowpea varieties in the Limpopo

Province, South Africa
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Abstract

Twelve varieties of cowpea grown under rain fed conditions in the Limpopo province, South
Africa were evaluated for their chemical composition, in vitro gas production and in vitro
organic matter digestibility (IVOMD) attributes. Forage material of each variety was
harvested from a 4 x 4 m plot at 100% flowering stage and sub-samples were taken in
duplicate for determination of chemical composition, in vitro gas production and 1IVOMD.
The crude protein (CP) content, neutral detergent fibre (NDF), acid detergent lignin (ADL)
and non-fibrous carbohydrates were significantly (P < 0.05) different among the varieties,
whereas organic matter content was not significantly (P > 0.05) different. There was a
significant (P < 0.05) variation among varieties in terms of IVOMD, metabolisable energy
(ME) and mineral concentrations (calcium and phosphorus). Generally, CP and ME contents
of the cowpea varieties were above the minimum concentration level required to meet the
requirement of ruminant animal for maintenance purpose, while fibre content (NDF) was
below the upper limit of 60% which reduces intake. Greater CP content (126 to 216 g kg™
DM), IVOMD (475 to 653 g kg* DM) and in vitro gas production (78.3 to 88.2 mL 400 mg*
DM) indicates the potentials of these varieties to provide good quality forage material during
the time of utilization, as well as for strategic supplementation of nitrogen to improve poor
quality forage utilization during the dry-season. Thus, of the twelve varieties studied, the
following three varieties: Bechuana White, IT 97K-499-35 and TX 08-30-1 were ranked at
the top as they have shown the greatest IVOMD, gas production and CP concentration
respectively. Hence, these varieties have good potential as source of good quality forage and
nitrogen supplement. However, these varieties need to be tested further in terms of their

feeding value using in vitro and in vivo studies.

Keywords: in vitro digestibility; ruminal fermentation; Vigna unguiculata
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2.1.  Introduction

Livestock farming is the main activity for the pastoral community while also serving the
purpose of providing social and cultural values (Onono et al., 2013). Livestock production
under these systems is normally sustained by natural pastures while in the mixed crop-
livestock system, crop residues are also major sources of feed (Rebero and Mupenzi, 2012).
These feed resources are, however, prone to seasonal variation and during the dry-season the
roughages are poor in quality, often inadequate to meet animal nutritional requirements
(Mendieta-Araica et al., 2009; Kumar et al., 2015). According to Thomas and Sumberg
(1995), poor quality and feed scarcity are major factors responsible for poor livestock
performance during dry-season period. Due to these, livestock lose body weight with

increasing rate of mortality (Ajayi et al., 2005).

Feed shortages has been characterized by several authors as inadequate forage supply and/ or
low forage quality (high fibre and/ or low protein). This, as well as poverty and inequity,
presents some challenges to the development of smallholder farms in South Africa (Ralevic
et al.,, 2010; Sharma et al., 2010; Moebius-Clune et al., 2011). In addition to that, the
necessity to buy feeds and the degradation of rangelands have persistently put pressure on
resource-poor small-holder subsistence farmers to shift their focus to small ruminants (Ben
Salem and Smith 2008; Valbuena et al., 2012). Therefore, it is very important when
evaluating forage legumes to select for those species and varieties that are adaptable, high in
forage yield, better in feed quality ( high protein content, energy and digestibility) and also
acceptable in terms of time taken to reach maturity when selecting alternative forage as
animal feed for specific areas (Franzel et al., 2014). During the dry-season, inclusions of
energy and protein sources in the diet are of significance importance in ruminant nutrition
due to their ability to stimulate rumen micro-organisms and to enhance production of the
animals (Wanapat, 2008). However, forage legumes from shrubs, trees and leguminous
fodders such as cowpea have been used to improve livestock production in the savanna
regions due to their ability to remain green and maintain their protein content during the dry
season (Olafadehan and Adewuni, 2009; Olafadehan and Okunade, 2016).

Cowpea, known for its stress tolerance and wide adaptation traits, is a grain legume, fodder
crop and vegetable that is grown in regions ranging from warm to hot in about an area of 7

million ha (Ehlers and Hall, 1997). Sixteen African countries are known for their extensive
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cowpea production and of this, Niger and Nigeria account for two-thirds of the world cowpea
production at 271 000 and 850 000 tons per year respectively, which in proportion represents
49% of the global crop (FAO, 2000). Cowpea is drought tolerant, thrives well under low
fertility soils and fixes atmospheric nitrogen in the soil (Ehlers and Hall, 1997; Etana et al.,
2013). Cowpeas have a potential to produce dry matter of 2000 and 3000 kg DM ha! in
dryland areas and up to 8000 kg DM ha* under irrigation (FAO, 2009). Crude protein in the
crop residue and forage ranges from 10 to 25% and it reaches up to 30% when the forage is
harvested at early flowering stage (Smith et al., 2008). The objective of the present study was
to evaluate the potential nutritive value of twelve cowpea varieties grown in the Limpopo
province of South Africa. This was done by determining their chemical composition and in

vitro organic matter digestibility of the cowpea forage.

2.2.  Materials and methods

2.2.1. Location

The varieties of cowpeas that were used in the study were obtained from an anonymous farm
in the Limpopo Province of South Africa with latitudes of 24°32'58.1"S 28°06'21.1"E and
elevation of 1237 metres above seal level (a.s.l) near Modimolle in the Waterberg district of
Limpopo Province. These were the new cowpea varieties developed by Texas A&M
University and by The Institute of Tropical Agriculture (ITTA), as well as local cultivars; and
were agronomically tested at this farm. The farm is geographically located at 24°32'58.1"S
28°06'21.1"E at an elevation of 1237 metres above seal level (a.s.l) near Modimolle in the

Waterberg district of Limpopo Province.

The area is characterised as a mineral-rich region known as Waterberg Massif, containing one
of the world’s largest platinum deposits. Soil in this farm is classified as sandy clay loam,
derived from sandstone, quartzite and shale (Fenta, 2012). The area has mild temperatures

ranging from 14 to 30°C and an annual rainfall of 623 mm (Fenta, 2012).

2.2.2. Forage establishment and management

Twelve different cowpea varieties were evaluated as experimental treatments in this study.
The varieties were as follows TX 08-30-1, GEC, IT 98K-598-2, TX 08-49-1, IT 86D1010,
PAN 311, IT 97K-499-35, IT98K-205-8, IAR 48, IT 98K-491-4,IT 98K-391-2 and Bechuana

White. The 12 varieties were replicated 4 times in a completely randomized block design
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(CRBD) in a plot size of 4m x 4m with inter-row spacing of 0.75m. Dual (Metachlor) was
applied at the rate of 0.5 litres per hectare as a pre-emergent herbicide during planting. The
cowpea fodders were harvested approximately 4 months after planting at maturity (pod
yellowing) and after pod harvest. An area of 0.75m by 0.75m was harvested per plot and
plants were harvested to ground level. After the harvesting, the above ground forage material
was shade dried in order to achieve partial drying before transporting it to the University of

Pretoria.

2.2.3. Chemical composition
Upon on their arrival at the Nutrition Laboratory, University of Pretoria, the forages were

further oven-dried at 55 °C for 48 hours. Forage samples were grounded thereafter to pass
through a 1 mm sieve in a Wiley mill (Arthur H. Thomas, Philadephia, PA, USA). Dry matter
content (DM) was determined by oven drying samples at 105 °C for 16 hours, and thereafter
were ignited in muffle furnace at 550 °C for 4 hours to determine ash (AOAC, 2000) method
942.05.

Determination of acid detergent fibre (ADF) and neutral detergent fibre (NDF) were done by
following the procedure described by Van Soest et al., (1991). An assay on the NDF was
performed without sodium sulphite and a-amylase and both NDF and ADF were expressed
without residual ash. Acid detergent lignin (ADL) determination was done by solubilisation
of cellulose with sulphuric acid in the ADF residue (Van Soest et al. 1991). The non-fibre
carbohydrate (NFC) was calculated as follows: NFC = 100 — CP — ash — EE — NDF and the
variables were expressed as g kgt DM (Sniffen et al. 1992). The difference between NDF
and ADF was used to estimate hemicellulose since both NDF and ADF were assayed serially
on the same sample, while for cellulose estimation, the difference between ADF and ADL

was used.

In vitro organic matter digestibility determination
The Tilley and Terry (1963) method, modified by Engels and Van der Merwe (1967) was

used in determination of the IVOMD. Rumen fluid collection was done before the morning
feeding from two Merino wethers (70 kg body weight) with cannulas. They were fed lucerne
(Medicago sativa) hay ad libitum and the quantity collected was approximately 500 mL. Two
digestion phases were involved in this method and 200 mg samples of feed, replicated in
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triplicate with standards and blanks in every batch were incubated with rumen liquor under
anaerobic conditions for 48h at 39 °C in the first phase of digestion. The next phase involved
acid pepsin digestion for 48h at 39 °C, under anaerobic incubation conditions and terminated
after 48h. Thereafter, the collected residual plant materials were oven-dried for 12h at 105 °C.
Combustion at 550 °C for 2h in a muffle furnace was used to determine the ash contents
(Engels and VVan der Merwe 1967).

Nitrogen content of the forage was measured by Dumas technique from which crude protein
(CP) was calculated as N x 6.25 (AOAC, 2000) method 994.12. Analysis of phosphorus was
done using an ultraviolet spectrophotometer (Chemical lab instruments method no. 075-01,

Bavaria, Germany), and Calcium by atomic absorption spectrometer (Perkin Elmer, 1982).

2.2.4. Invitro ruminal gas production procedure

2.2.4.1. Buffer media preparation
Preparations of buffer solution, micro-mineral and macro-mineral solution followed the
procedure of Menke and Steingass (1988). The micro-mineral was slightly modified by
replacing magnesium sulphate (MgSO4.7H20) with magnesium chloride (MgCl2.6H.0) to
reduce the amount of sulphate (SOa) in the media as suggested by Mould et al. (2005). Before
the beginning of the experiment, the appropriate amount of distilled water, macro- and micro-
mineral solutions and buffer solution were mixed with prepared 0.1% (wt. /vol.) resazurin
and tryptose. After all chemicals had dissolved, L-cysteine hydrochloride was added directly
to the solution and the buffer solution was put in a 39 °C water bath and bubbled
continuously with CO2 to remove oxygen which was indicated by the clearing of the buffer

solution. Rubber stoppers were used to seal the serum bottles and were left at 39 °C.

2.2.4.2. Rumen fluid collection
Rumen fluid collection was done before the morning feeding from two Merino wethers (70
kg body weight) with cannulas. They were fed lucerne (Medicago sativa) hay ad libitum and
the quantity collected was approximately 500 mL. Rumen fluid collected from each donor
animal was thoroughly mixed and strained through four layers of cheesecloth, and
immediately transferred to a pre-warm thermos flask to preserve microbes. In the laboratory,

the rumen fluid was emptied into an industrial blender and purged with CO. (Grant and
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Mertens, 1992). The blended rumen fluid was transferred to a large glass beaker and purged
with CO; inside a 39 °C water bath and continuously stirred as recommended by Goering and
Van Soest (1970). After that, 25 mL buffer solution was mixed with 15 mL rumen fluid and

added to each incubation bottle.

2.2.4.3. Gas production measurement
Gas production by incubation of bottles containing cowpea forage at 39 °C was measured by
using a semi-automated gas production system following the procedure of Theodorou et al.
(1994). This system consists of a digital data tracker (Traker series 220 indicators; Omega
Engineering Inc., Laval, QC, Canada) connected to a pressure transducer (PX4200-015Gl;
Omega Engineering Inc.) with a needle on the tip. Approximately 400 mg of each cowpea
forage sample was weighed into 120 mL serum bottles, and then 40 mL rumen fluid +
medium was added under a stream of CO> to each of the serum bottles closed with rubber
stoppers and crimp seal caps. A needle was inserted through the rubber stopper of each serum
bottle for about 5 seconds to release small amounts of gas that might have built up since the
incubation started. The incubator and the rotary shaker were turned on at 120 rpm after the
placement of all serum bottles to mark the onset of incubation. Gas pressure measurements
were taken at 2,4,8,12,24 and 48 hours of incubation. Three blanks were included in each
analysis in order to quantify the gas production derived from each culture medium and the
rumen inoculums. Three replicates were used in each run and four runs conducted.
Transducer readings were correct for blanks and thereafter gas pressure was converted in gas

volume (mL) by using Boyle’s law relationship as described by Mauricio et al. (1999),

Gas volume (mL) = E—: X Pt

Where Pa is the atmospheric pressure (psi); Vh is the volume of head space in the serum

bottle (mL); Pt is the reading from pressure transducer attached to a data pressure (psi).

Fermentation was terminated after 48 hours by removing serum bottles from the incubator

and placing them on ice.
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2.2.5. Calculations and statistical analysis

Data for the chemical composition and in vitro fermentation of the cowpea varieties were
statistically analysed using the general linear models (GLM) procedure of SAS (2002). The
main effect was cowpea variety. Where the F-test has shown significant difference, the means
were separated by using Tukey test. To fit non-linear regression models using the NLIN
procedure, in vitro incubation times were used (SAS 2002)

Calculation of Non-fibrous carbohydrate was as follows:

NFC =100 — (CP + fat + ash + (NDF — NDIN))
Where NFC = Non-fibrous carbohydrates, CP = Crude protein, NDF = Neutral detergent

fibre, NDIN = Neutral detergent insoluble nitrogen

Metabolisable energy (ME, MJ kg DM) was estimated according to Menke and Steingass
(1988) as:

ME (MJkg™ DM) = 2.20 + 0.136 IVGP24 (mL per 0.4 g DM) + 0.057 CP (%DM)

Where ME = Metabolisable energy, IVGP24 = in vitro gas production over 24 h, CP = Crude

protein.

The rate and extent of gas production was determined for each of the forage legume species
by fitting gas production data to the non-linear equation (drskov and Mcdonald 1979):

Y =b (1-e)

Where Y is gas production at time t; b is gas production (volume) associated with the
insoluble but slowly fermentable fraction (g kg DM); and c is the rate (% h?) of
fermentation of fraction b. Effective gas production (EGP) was estimated using the @rskov
and McDonald (1979) equation, assuming the flow rate constant (k) of 0.05 h™t. EGP = b*c /
(k +c).
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2.3.  Results

2.3.1. Plant chemical composition and in vitro organic matter digestibility

Chemical composition and in vitro organic matter digestibility of cowpea varieties grown in
the Limpopo province of South Africa are presented in Table 2.1. The cowpea varieties did
not show significant differences (P > 0.05) in terms of OM concentrations. However, the
cowpea Vvarieties were significantly different (P < 0.05) in terms of all other studied
parameters. The CP concentrations in this study ranged between 126 g kg™t DM and 216 g kg
1 DM. The greatest CP concentration was for TX -08-30-1, while both PAN 311 and IT 86D
1010 had the least CP of 126 and 132 g kg™ DM, respectively, the remaining varieties were in

between.

Among cowpea varieties, PAN 311 had the greatest NFC (475 g kg™ DM), whereas, varieties
TX -08-30 and IT 98K-205-8 had the least NFC values of 374 g kg* DM and 369 g kg DM,
respectively. Variety IT 86D 1010 recorded the greatest NDF (522 g kg DM), while
Bechuana White recorded the least NDF (414 g kg DM). Among the studied cowpea
varieties, ADF ranged between 367 g kg™ DM and 455 g kg DM, with Bechuana White
recording the least ADF value (367 g kg™t DM) and IT 98K-205-8, the greatest (455 g kg™
DM). However, varieties IT 98K-598-2, IT 86D 1010, IT 97K-499-35 and IT 98K-391-2 did
not significantly (P < 0.05) differ from IT 98K-205-8 in terms of ADF concentrations. The
greatest ADL value was recorded for IT 98K-205-8 (119 g kg DM) and TX 08-30-1 (120 g
kg DM), whereas the lowest ADL value was recorded for Bechuana White. The IVOMD
ranged between 475 g kg DM and 653 g kg! DM. The greatest value was observed for
Bechuana White, while IT 98K-205-8 had the least IVOMD value.
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Table 2.1 Mean chemical composition and IVOMD (g kg* DM) of cowpea varieties grown
in Limpopo province.

Chemical components (g kg™t DM)

Variety oM CP NFC NDF ADF ADL IVOMD  Hemice Cellulose
TX 08-30-1 828 2162 374¢°f 4544 3907 1202 520Pcde 64.130¢ 270¢
GEC 840 1992 384%f 466 401> 110° 531Pcd 65.33¢ 291"
IT 98K-598-2 847 138¢f 399¢d 5143 4502 89 564P 63.53¢ 3612
TX 08-49-1 830 186° 408° 4484 378> 110° 552P¢ 69.830¢ 268°
IT 86D 1010 841 132f 403 5222 4472 110° 488 74,220 3382
PAN 311 837 126" 4752 465 385 1034 554bc 80.42 282
IT 97K-499-35 835 163 407 490 4102 107° 567° 79.7% 303°
IT 98K-205-8 841 162¢ 369 513% 4552 1192 475° 58.0Pcd 3362
IAR 48 836 1940 395¢de 4564 386> 92¢ 507¢de 70.43bc 294bc
IT 98K-491-4 836 180" 404 4469 387 91¢f 5550¢ 58.7bcd 296
IT 98K-391-2 842 145¢fd 3950 495P 4412 90°f 522bcde 53.1% 3512
Bechuana White 832 156¢% 452° 414¢ 367¢ 859 6532 46.7¢ 282"
SEM 5.6 6.7 7.0 8.4 9.8 0.9 0.99 5.20 9.9
P- value >0.000 <0.000 <0.000 <0.000 <0.00 <0.000 <0.000 <0.000 <0.000
0

Means with different letters (superscripts) within columns differ significantly at P < 0.05; ADF:
acid detergent fibre; ADL: acid detergent lignin; CP: crude protein; Hemice: hemicellulose;
IVOMD: in vitro organic matter digestibility; NDF: neutral detergent fibre; NFC: non-fibre
carbohydrates
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2.3.2. Metabolisable energy, calcium, phosphorus and calcium to phosphorus ratio

Table 2.2 shows the metabolisable energy, calcium, phosphorus and calcium to phosphorus
ratio values of 12 cowpea varieties evaluated in this study. Generally, the cowpea varieties
differed in terms of their ME values. Variety TX -08-30-1 had the greatest ME value of 8.83
MJ kg* DM, while IT 86D 1010 had the least ME value of 7.6 MJ kg™ DM.

Calcium and phosphorus values of the studied cowpea varieties differed (P < 0.05)
significantly. Calcium concentrations ranged from 2.55 g kg* DM to 4.85 g kg™ DM with IT
86D 1010 variety having the least and TX -08-30-1, the greatest value. The greatest P value
was recorded for Bechuana White (15.7 g kg™ DM), while the least phosphorus value was
recorded for IT 98K-205-8 at 11.2 g kg™ DM.

In terms of Ca: P ratio, the cowpea varieties differed significantly (P < 0.05), with both IT
86D 1010 and PAN 311 having a ratio of 1: 5.3 Ca: P, whereas TX -08-30-1 a Ca: P ratio of
1: 25
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Table 2.2 Calculated metabolisable energy, calcium, phosphorus and calcium: phosphorus

ratio of selected cowpea varieties used in this study

Main mineral (g kg™ DM)

ME (MJ kg

Variety DM) (Ca:P)
Ca P

TX-08-30-1 8.83% 4.85° 12.20¢ 1:25%
GEC 8.57% 3.820 11.6% 1:30%
IT98K-598-2 7.88% 3.25¢% 11.3% 1:3.5°
TX08 -491-1 8.812 4.14%¢ 12.8%¢ 1:3.1¢
IT 86D1010 7.60° 2.55¢ 13.58b¢ 1:5.3
PAN311 7.76% 2.57¢ 13.72% 1:5.3
IT97K -499-35 8.17% 4.33% 13.9% 1:3.2°
IT98K -205-8 8.24% 4.31%® 11.2¢ 1:2.4¢
IAR 48 8.57% 4,023 13.6%¢ 1:3.4°
IT98K -491-4 8.62% 3.91P 12.9%¢ 1:3.3°
IT98K -391-2 8.06% 3.91% 14.1% 1:4.4P
Bechuana White 8.44% 3.450cde 15.72 1:4.6°
SEM 7.498 0.156 0.65 0.18
P- value <0.000 <0.000 <0.000 <0.000

Means with different letters (superscripts) within columns differ significantly at indicated P value,

P < 0.05; ME: metabolisable energy; Ca: P: calcium to phosphorus ratio; Ca: calcium; P:

phosphorus; SEM: standard error of the mean

2.3.3. Invitro gas production characteristics

Figure 2.1 shows the total gas production of cowpea varieties over 48hrs of incubation, which

represents the extent of in vitro ruminal fermentation of different varieties of cowpea forages
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over 48 hr time. Bechuana White and IT 97K-499-35 had greater in vitro gas production at 48
hour incubation times while TX -08-30-1 and GEC were relatively the least fermentable

varieties amongst the studied cowpea varieties.
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Figure 2.1 Cumulative gas volume produced from cowpea varieties incubated after 48hrs

Figure 2.2 shows gas production pattern of cowpea varieties over time of incubation. The
cowpea varieties significantly differed in their potential fermentation attributes. At early
incubation periods (2-12 hr.), TX 08 -491-1 had the greatest volume of gas, while at late
incubation periods (12 — 24hr.), Bechuana White consistently produced the greatest volume
of gas. However, there was no difference between gas volume recorded for Bechuana White
and IT 98K-491-4 and IT 97K-499-35 at 48 hr incubation. TX -08-30-1, IT 86D1010 and
GEC were the least fermentable of the cowpea varieties at all incubation periods.
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Figure 2.2 Gas production patterns of cowpea varieties used in this study

2.3.4. Invitro gas production Kinetics

In vitro gas production kinetics of cowpea varieties grown in the Limpopo province of South
Africa are shown in Table 2.4 Cowpea varieties generally had lesser insoluble but slowly
fermentable fraction and greater rate of gas production compared to grass hay. However,
among the cowpea varieties, IT 97K-499- 35, IT 98K-491-4 and Bechuana White had greater

insoluble but slowly fermentable fraction compared to IAR 48.

Studied cowpea varieties differed significantly (P < 0.05) to grass hay in terms of the
effective gas production (EGP). There was also a significant (P < 0.05) difference of EGP
between the cowpea varieties. Bechuana White had the greatest EGP whereas IT 97K-499-35
had the least EGP.
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Table 2.3 In vitro gas production kinetics of cowpea varieties used in the study

Treatment b (ml) ¢ (ml) EGP (ml 400 mg™)
Grass hay 170.5 0.01° 33.09
TX 08-30-1 73.6™ 0.092¢ 25.3%
GEC 73.0% 0.09%° 46.6%
IT 98K-598-2 76.5" 0.082bcd 47.1¢
TX 08-49-1 73.9% 0.09° 48.0%
IT 86D 1010 73.6™ 0.07¢ 44.1f
PAN 311 77.2%¢ 0.08abcd 48.4°
IT 97K-499-35 84.6 0.06° 18.1¢
IT 98K-205-8 78.8" 0.08% 48.0%
IAR 48 70.8° 0.09% 45.1°f
IT 98K-491-4 83.3° 0.08Pcd 51.5%
IT 98K 391-2 80.5" 0.082bcd 50.5°
Bechuana White 84.0° 0.092bcd 52.92
SEM 3.44 0.003 0.49
P- value <0.000 <0.000 <0.000

Means within a column with different letters in superscript differ significantly (P <0.05); b:
insoluble but slowly fermentable fraction; c: rate of fermentation of fraction b; EGP: effective

gas production; SEM: standard error of mean

2.3.5. Correlation coefficient between in vitro gas production and chemical composition
of incubated substrates

The correlation coefficient between in vitro gas production and chemical composition of
incubated substrates is shown in Table 2.5. In vitro organic matter digestibility of incubated
substrates showed a significant (P < 0.05) positive correlation with non-fibre carbohydrates,
whereas, it showed a strong negative correlation with cell wall contents (NDF, ADF and

ADL). Crude protein content of cowpea varieties showed a significant (P < 0.05) negative
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correlation with organic matter, cellulose and non-fibrous carbohydrate components.

However, gas volume of substrate at mid incubation hours (8 and 12hours), showed a

significantly (P < 0.05) strong negative correlation with cell wall contents (NDF and ADF).

Table 2.4 Correlation coefficients between in vitro gas production and chemical composition
of incubated substrates

Parameter OM CpP NFC NDF ADF ADL IVOMD HEMIC  CELU
CP -0.600** -0.548**  -0.491 -0.473 0.331 0.124 -0.117 -0.592**
NFC -0.141 -0.548**  _ -0.397 -0.470 -0.426 0.647**  0.175 -0.300
NDF 0.752**  -0.491 -0.397 _ 0.951**  0.267 -0.631**  0.280 0.834**
ADF 0.793**  -0.473 0.470 0.951** 0.152 -0.564**  -0.032 0.926**
ADL -0.284 0.331 -0.426 0.267 0.152 _ -0.566**  0.388 -0.231
IVOMD -0.292 -0.124 0.647**  -0.631** -0.564**  -0.566** -0.287 -0.339
HEMIC -0.030 -0.117 0.175 0.280 -0.032 0.388 -0.287 _ -0.180
CELU 0.889**  -0.592**  -0.300 -0.834** 0.926**  -0.231 -0.339 -0.180 _

GV2 -0.490 0.152 0.268 -0.399 -0.474 0.097 0.350 0.181 -0.504
GV4 -0.506 0.193 0.335 -0.568 -0.585* -0.079 0.518 -0.018 -0.546
GVv8 -0.470 0.178 0.369 -0.718** -0.618* -0.342 -0.483 -0.402 -0.478
GV12 -0.567 0.250 0.380 -0.849** -0.695**  -0.334 0.544 -0.587* -0.556
GVv24 -0.175 -0.305 -0.550 -0.427 -0.314 -0.537 0.386 -0.406 -0.104
GVv48 -0.208 -0.184 -0.385 -0.344 -0.269 -0.437 -0.053 -0.276 -0.098

*P <0.05, **P <.001

ADF: acid detergent fibre; ADL: acid detergent lignin; Celu: cellulose; CP: crude protein;

GV2: gas volume after 2 hours incubation

..., GV48: gas volume after 48 hours of

incubation; Hemic: hemicellulose; IVOMD: in vitro organic matter digestibility; NDF:

neutral detergent fibre; NFC: non-fibrous carbohydrates; OM: organic matter
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2.4. Discussion

Lack of reliable feed supply throughout the year (especially during the dry season) in the
tropical and subtropical regions of sub-Sahara Africa (SSA) is a major cause of concern for
small holder subsistence farmers (Thomas and Sumberg, 1995). The available feed resources
are usually high in fibre content and lower in protein content, resulting in poor fermentation
and digestibility as a result of low rumen degradable nitrogen supply to the rumen microbes
(Mendieta-Araica et al., 2009). Inclusion of forage legumes provides a protein source that
improves utilization of these poor quality forages due to their ability to supply rumen
degradable nitrogen to stimulate ruminal micro-organisms and subsequently to enhance
animal production (Wanapat, 2008). The cowpea varieties tested in this study were found to
be of good quality forage with high crude protein concentration ranging from 126 to 216 g
kg! DM (Table 2.1). All studied cowpea varieties had CP contents above the critical
threshold level (7%) which is necessary for normal intake of dry matter and rumen
functioning of the animal (Meissner, 1997; Ikhimioya, 2008). Furthermore, most of the
cowpea varieties used in this study had CP values above the range of 110 — 130 g kg™ DM,
which is a concentration adequate to support the maintenance and growth of beef cattle
(Meissner, 1997; NRC, 1998; Valarini and Possenti, 2006). Some of the studied cowpea
varieties were within the range of 16 — 20% CP that is considered adequate for lactating dairy
animals (Poppi and McLennab, 1995; Schingoethe 1998). Cowpea varieties TX 08-30-1, IAR
48 and TX 08-49-1 had a CP concentration in the same range as those reported by
Chekeredza et al. (2002), Baloyi et al. (2008), Ravhuhali (2010) and Simbarashe et al. (2015)
who recorded CP values of 195 — 260 g kg™t DM, 154 g kg* DM, 180 g kg DM and 226 g
kg-1 DM respectively in studies conducted in South Africa and Zimbabwe. The CP
concentration of some of the cowpea varieties found in the study was above the CP
concentration of cowpea varieties reported in Nigeria (14.7 and 18.1 g kg DM) by Anele et
al. (2011). Such variation in quality of forage or crop residues may be due to variation in
genetic characteristics (Singh and Schiere, 1995), environment (soil characteristics, rainfall)
and crop management practices (level of fertilization, plant density, stage of maturity at
harvest, drying methods, and storage) between the studies (Walli et al., 1994). The results of
this study are in agreement with those found by others elsewhere (Etana et al., 2013 and
Geleti et al., 2014).
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Generally, the fibre content (ADF and NDF) of the varieties tested were above the values
recorded in other studies in South Africa and Zimbabwe (Chekeredza et al., 2002; Baloyi et
al., 2008; Ravhuhali, 2010 and Gwanzura et al., 2012. However, the NDF content of the
varieties tested was below the upper limit of 60%, above which dry matter intake is depressed
(Meissner et al., 1991; Van Soest et al., 1991). The relatively low content of fibre among
varieties may facilitate the colonization of the feed by the microbial rumen population, which
in turn might induce greater fermentation rate, therefore improving digestibility and intake
(Van Soest, 1994). The range of NFC content among the studied varieties showed that the
varieties can be fermented or be degraded easily because NFC are easily broken down by
rumen microbes and used as energy source for both the host animal and the micro-organisms
to increase feedstuff digestibility (Arigbede et al., 2011). According to Tylutki et al. (2008),
there is a positive relationship between NFC and ruminal ammonia (NHz-N) utilization. The
NFC has a significant role to play in forage digestion since N utilization by rumen microflora
is related to amount of fermentable energy. We can postulate that the adequate NFC contents,
especially from PAN 311 and Bechuana White could promote efficient microbial protein
synthesis in the rumen by enabling better ruminal ammonia utilization that is released from
feeds with greater rumen degradable protein (RDP) content, which in turn may be absorbed
by the animal to enhance its production (Cabrita et al., 2006). According to Njidda and
Nasiru (2010), high level of rumen degradable protein in feeds enhances microbial
multiplication, which in turn determines the extent of fermentation. It achieves this by the
enhancement of activity of cellulytic and proteolyic microbes in microbial protein synthesis,

which is provided in adequate amount by legumes (Abule et al., 1995; Baloyi et al., 2008).

Calcium and phosphorus play an important role in the proper functioning of the rumen
microorganisms especially those which digest cellulose, there-by influencing utilization of
energy from feeds and protein metabolism amongst other functions (McDowell et al., 1993).
The range of values recorded for Ca (2.55 to 4.85 g kg™ DM) in this study are above the
critical level of 3 g kg™t DM recommended to satisfy ruminant needs in warm wet climates,
except for varieties PAN 311 and IT 86 D1010 (McDowell et al.,1993). The calcium and
phosphorus results of this study are within those found by Anele et al. (2011) and Simbarashe
et al. (2015) in studies done in Zimbabwe and Nigeria. Calcium values of 3.8 and 13.34 g kg
1 DM and phosphorus values of 3.2 and 2.79 g kg™t DM were found in the two countries. This

represent Ca: Pratioof 1.2: 1and 4 : 4.78.
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In vitro gas production provides a basis from which energy value (e.g. metabolisable energy),
short-chain fatty acids and organic matter digestibility can be predicted (Gatechew et al.,
2004). The amount of organic matter substrate fermented is influenced by protein and fibre
content of the forage material (Babayemi et al., 2009). Cowpea varieties had IVOMD values
ranging from 475 to 65.3 g kg DM. These values are within the range reported by
Gebreyowhans and Gebremeskel (2014). Anele et al. (2010) also found an IVOMD value of
63.5%, which is similar to the one obtained for Bechuana White in this study. Metabolisable
energy values calculated in this study were between 7.60 and 8.83 MJ kg DM. The ME
values reported in this study were above 2.32 MJ kg* DM concentration level recommended
for confined goats with body weight of 10 kg (Steele 1996) and half of the studied cowpea
varieties were above the 8.37 ME kg DM recommended for dry ewes (NRC 1985).

Several factors such as fibre content, presence of plant secondary metabolites and potency of
rumen fluid used influences the fermentation and gas production (Babayemi et al., 2004) of
substrates in vitro. The trend of gas production illustrated in figure 2.2 shows that forage
materials of cowpea varieties were highly fermentable in early hours (2 to 12 hrs.) of
incubation; however, as incubation times advanced further, the rate of fermentation slowed
down. Amongst studied cowpea varieties, Bechuana White and IT 98K-491-4 and IT 97K-
499-35 recorded the highest total gas volume of 87.8, 86.7 and 88.2 ml 400mg™ DM at 48 hr
incubation, respectively.

This study showed that cell wall contents (NDF, ADF and ADL) negatively affected the in
vitro organic matter digestibility of incubated substrates. In contrast, in vitro organic matter
digestibility of incubated substrates had significant (P < 0.05) positive correlation with non-
fibre carbohydrates. Gas volume produced by cowpea varieties differed mainly due to
differences in fermentable organic matter and fibre concentrations. These in turn may affect
the extent and rate of the fermentation of available substrate to short-chain fatty acids,
methane (CH4) and carbon dioxide (Blummel and Becker, 1997).
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2.5. Conclusion

This study showed that forage from the studied cowpea varieties had relatively high protein
and adequate concentrations of calcium and phosphorus. Further, the cowpea varieties had
low fibre (NDF) content and good fermentation attributes. The positive correlation between
IVOMD and NFC indicate that selecting cowpea varieties for greater NFC may result in
improved digestibility of the organic matter. Results from this study suggest that forage
materials from cowpea varieties grown in the Limpopo province are suitable as roughage
source, protein and mineral supplements to complement low quality forages. Cowpea
varieties Bechuana White, IT 97K-499-35 and TX 08-30-1 showed a good potential as a
source of high quality roughage and/or nitrogen supplement to animals fed on poor quality
grass. However, there is a need to determine the actual benefit using in vivo and in vitro

supplementation studies.
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CHAPTER 3

In vitro ruminal fermentation and digestibility of Eragrostis curvula hay supplemented with
selected varieties of cowpea forages
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Abstract
This study evaluated the effect of supplementing poor quality Eragrostis curvula grass with

forage of three cowpea varieties on in vitro ruminal fermentation and digestibility. Grass hay was
obtained from the University of Pretoria’s Hatfield experimental farm and cowpea varieties were
harvested at 100% flowering stage from the field trial at an anonymous farm in the Limpopo
province of South Africa. Grass hay and forage from the three cowpea varieties were oven dried,
milled and analysed for chemical analysis. In vitro gas production of grass hay, cowpea varieties
and grass hay supplemented with cowpea forage at three different levels (15, 30 and 50%) of
inclusion were recorded using a semi-automated system. Generally supplementing poor quality
grass hay with cowpea varieties significantly (P < 0.05) improved gas production. Among the
cowpea Vvarieties, high levels of inclusion resulted in greater gas production for Bechuana White
and IT 97K-499-35, while for TX 08-30-1 variety, there was no difference between 15 vs 30 %
or 50% inclusion level. Cowpea supplemented grass hay at 30 and 50% level of supplementation
resulted in a significantly (P < 0.05) greater rate of gas production (c-value) when compared to
the control. Of the three varieties, Bechuana White and TX 08-30-1 are recommended as forage
supplement to improve poor quality basal diet fermentation and subsequently utilisation of the
poor quality diet. However, there is a need for in vivo evaluation to determine the actual feeding
value of this variety through measurement of dry matter intake, digestibility and animal

performance.

Keywords: digestibility, fermentation, poor quality forage, Vigna unguiculata, supplementation
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3.1. Introduction

Livestock production in many tropical regions is constrained by insufficient quality and quantity
of available forage materials. Environmental fluctuations, acidic and low fertile soils and long
annual dry seasons contribute immensely to the reduction of livestock production (Anele et al.,
2011). The available feed resources are often not adequate to meet the animal nutritional
requirements for maintenance and production purposes (Mendieta-Araica et al., 2009).
Consequently, livestock lose body weight due to deficiency of nitrogen, digestible energy and
elements such as sulphur, and sometimes phosphorus, sodium, calcium, zinc, iodine, cobalt or
copper in the feed (Chekeredza et al. 2002).

To improve production performance of livestock, there is a need to improve quality and quantity
of feed. Supplementation of forage legumes to low quality roughages such as maize stover or hay
improves their feeding quality (Koralagama et al., 2008; Ravhuhali, 2010; Vendramini et al.,
2012). This is because forage legumes contain minerals, proteins and vitamins essential for
growth and maturity of rumen micro-organisms that degrade feedstuffs before undergoing
intestinal digestion by the animal (Ravhuhali, 2010).

In regions characterized by farming systems with very limited use of purchased farming inputs,
cowpea can be regarded as a fulcrum to sustain such farming systems (Anele et al., 2010). Leng
et al. (1992) suggested that the role of cowpeas in ruminant diets can be seen as three fold, as a
nitrogen source and mineral supplement for digestion improvement and ruminal microbial
growth efficiency of ruminants fed on poor quality forage. Cowpea residues have been used
successfully as a supplement to low quality diet (N’Jai, 1998; Singh et al., 2003; Singh et al.,
2006). The objective of the study was to determine the effect of supplementing forage from
cowpea varieties from in vitro ruminal fermentation and NDF degradation of poor quality

Eragrostis curvula grass hay.
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3.2. Material and methods

3.2.1. Selection of cowpea varieties

Three promising cowpea varieties identified previously based on their chemical composition,
ruminal fermentation and digestibility, were used for further study to test their effects as
supplemental feed on poor quality basal diet. The selected cowpea varieties were Bechuana
White, IT 97K-499-35 and TX 08-30-1.

3.2.2. Treatment setup

Eragrostis curvula (EC) was obtained from the Hatfield Experimental Farm of the University of
Pretoria, dried and milled to pass through a 1mm sieve in a Wiley mill for chemical analysis.
Thereafter, it was stored in airtight plastic container for subsequent analysis of chemical
composition and in vitro gas production studies. Cowpeas were mixed with grass hay in the
ratios, 15: 85, 30: 70 and 50: 50 and 400g of these were added in serum bottles for incubation. A
control treatment which was constituted of Eragrostis curvula hay was also prepared. The mixed
cowpea — grass hay sample were incubated in a serum bottle to measure in vitro gas production

of the different mixed diets.

3.2.3. Buffer preparation and rumen fluid collection

The buffer, micro and macro mineral solutions were prepared as described by Goering and van
Soest (1970). However, the macro-mineral solution was modified slightly by replacing
Magnesium Sulphate (MgSO4.7H20) with Magnesium Chlorite (MgCl..6H20) in order to reduce
Sulphate in the media as recommended by Mould et al. (2005). These solutions were prepared a
day before and kept in separate containers in a 4 °C fridge. Resazurin solution was prepared by
dissolving 100 mg of resazurin into 100 mL distilled water and it was kept in dark container in a
fridge due to light sensitivity. Before the start of the experiment, an appropriate amount of
distilled water was measured and used to dissolve tryptone. All solutions were measured as
described by Goering and van Soest (1970) and mixed together with distilled water in conical
flask and blended with a magnetic stirrer for 2 minutes, placed in water bath (39 °C) and purged

with COg till light pinkish in colour. Appropriate amount of L-Cysteine hydrochloride and
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Sodium Sulphite were weighed and added directly to the rest of the solution and flushed with

CO:g till pinkish colour turned colourless which indicates a complete removal of oxygen.

Two South African Merino sheep (males) fitted with permanent rumen cannula were used as the
rumen fluid donors. Donor sheep were daily fed alfalfa hay ad libitum as a basal roughage with
free access to water. Rumen fluid of approximately 500 mL per animal was collected before the
morning feeding. The fluids were mixed and strained through four layers of cheese-cloth into
pre-warmed thermos flask and immediately transported to the laboratory within 20 minutes.
Upon arrival the rumen fluid was purged with carbon dioxide (CO2) to maintain the anaerobic

condition.

3.2.4. Incubation of test feed and gas measurement

Each pure substrate of grass hay and forage from three varieties of cowpea and nine
combinations of grass hay supplemented with three cowpea variety (=0.4 g) at three different
levels (15, 30 and 50%) of inclusion as described under section 3.2.2. The various treatments
were weighed into 120 mL serum bottles and each treatment was prepared in four replicates per
run and studied in 2 separate runs. Aliquots (40 mL) consisting of 15 mL rumen fluid and 25 mL
buffer solution, were dispensed into the serum bottles previously warmed at 39 °C and flushed
with CO.. The serum bottles were sealed with a butyl rubber stopper and aluminium crimp seals.
To release gas that might have built up at the start, a small needle was inserted into the rubber
stopper for 5 seconds and the serum bottles were incubated at 39 °C in a continuous rotary
shaking incubator at 120 rotations per minute (rpm). The gas volumes (GV) were recorded at 2,
4, 8, 12, 24 and 48 hours post incubation. Gas volume was measured by inserting a 23 gauge (0.6
mm) needle attached to a pressure transducer connected to data tracker with a visual display.
Two runs were conducted in different weeks with four replicates per run and for each run four
blanks containing the buffered rumen fluid without substrate were included. The average volume
of gas produced from blanks was subtracted from the volume of gas produced from the incubated
sample. The gas volume produced was plotted against incubation time, and @rskov and

McDonald (1979) equation was used to estimate gas production characteristics.

50
© University of Pretoria



GV=b(l-¢e*%

Where GV is the total gas volume (ml 0.4 g DM) at time t, b is the insoluble but slowly
degradable/ fermentable fraction (mL), c is the rate constant of gas production from insoluble
fraction per hour.

3.2.5. 30-h neutral detergent fibre degradability and in vitro organic matter digestibility
To determine the 30h in vitro NDF degradability the method proposed by Goering and VVan Soest
(1970) was used. Rumen fluid was collected from two donor South African Merino sheep as
described in section 3.2.3 above. Approximately 0.5 g of each test feed sample was weighed in
duplicate per 2 runs and transferred into 120 mL serum bottles. Two blank samples which
contained only buffered rumen fluid without substrate were used as control for each run. Serum
bottles were filled with 15 mL rumen fluid and 25 mL medium, after which bottles were
incubated in the in vitro water bath set at a temperature of 39 °C for 30 hours under constant CO>
positive pressure. After 30 hours of incubation each sample was used to determine NDF
following the method of Mertens (2002).

The Gebreyowhans and Terry (1963) method, modified by Engels and Van der Merwe (1967)
was used in determination of the IVOMD. Two digestion phases were involved in this method
and 200 mg samples of feed, replicated in triplicate with standards and blanks in every batch
were incubated with rumen liquor under anaerobic conditions for 48h at 39 °C in the first phase
of digestion. The next phase involved acid pepsin digestion for 48h at 39 °C, under anaerobic
incubation conditions that was terminated after 48h. Therafter, the collected residual plant
materials were oven-dried for 12h at 105 °C. Combustion at 550 °C for 2h in a muffle furnace

was used to determine the ash contents (Engels and Van der Merwe 1967).

3.2.6. Calculations and statistical analysis

Effective gas production (EGP) was estimated using the @rskov and McDonald (1979) equation,
assuming the flow rate constant (k) of 0.05 h™.

EGP =b*c/ (k +¢),
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b is the insoluble but slowly degradable/ fermentable fraction (mL), c is the rate constant of gas

production from insoluble fraction per hour.

To determine the fermentation and digestion kinetics of gas production, NLIN procedure of SAS
(2002) was used to fit non-linear regression model of in vitro incubation data. To determine the
NDF degradability, NDF after incubation was subtracted from the NDF of samples without
incubation. Data was subjected to analysis of variance (ANOVA) using the general linear model
(GLM) procedure of Statistical Analysis Systems (SAS 2002).

3.3. Results

3.3.1. Invitro gas production of grass hay and cowpea varieties

Table 3.1 shows the effect of supplementing poor quality grass hay with different cowpea
varieties on in vitro gas production. Generally cowpea supplementation improved gas production
at 48hrs of incubation compared to the grass hay alone substrate. Among the cowpea varieties,
high levels of inclusion (50% level of inclusion) resulted in greater gas production for Bechuana
White, IT 97K-499-35 and TX 08-30-1 varieties. There was a significant difference (P < 0.05)
between varieties in terms of gas volume when supplemented to grass hay, and in particular grass
hay supplement by TX 08-30-1 variety produced less volume of gas at 15 and 50% level of
inclusion. At 15% level of supplementation, TX 08-30-1 had lesser gas volume than Bechuana
White or IT 97K-499-35. In contrasts, at 30% level of inclusion, IT 97K-499-35 produced the
least gas volume compared to the other two varieties after 48hrs of incubation. At 50% level of
inclusion the gas production after 48hr of incubation ranked greatest for Bechuana White,
followed by IT 97K-499-35 and then TX 08-30-1.
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Table 3.1 Effect of supplementing poor quality grass hay with different cowpea varieties on in
vitro gas production

Treatment Incubation period

3h 6h oh 12h 24h 30h  48h
GRASS 6.5 12.6" 1979 2879 4739 60.3" 80.2f
GRASS +15% BW 9.1  17.0% 249 34.1° 522° 649 84.8¢
GRASS + 30% BW 9.4  17.9¢ 2649 3569 5369 65.00 82.6°
GRASS+ 50% BW 14.0*  23.0° 32.3°  424* 611* 73.4° 92.0°

GRASS+15%IT 97K-499-35 8.7¢ 16.5" 245° 33.7° 518 64.4% 84.1¢
GRASS+30%IT 97K-499-35 7.2 1570 242" 334° 514° 627¢ 80.0
GRASS+50%IT 97K-499-35 11.4° 204> 29.8° 39.8° 585" 70.7° 89.4°
GRASS+15%TX 08-30-1 7.4° 1549 2337 326" 507" 633 83.8°
GRASS+30%TX 08-30-1 8.9 176 2619 353¢ 5339 6469 82.2°

GRASS+50% TX 08-30-1 10.0° 19.0¢ 28.4° 384 57.2° 69.4° 88.0°

SEM 0.32 0.30 0.30 0.30 0.30 0.31 0.28

P- value <0.000 <0.000 <0.000 <0.000 <0.000 <0.000 <0.000

Within columns, means followed by the same letter are not significantly different at P < 0.05;
BW: BechuanaWhite; SEM: standard error of the mean
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3.3.2. Invitro gas kinetics

In vitro gas production kinetics of grass hay, and cowpea supplemented grass hay is shown in
table 3.2. The grass hay significantly (P < 0.05) differed in terms of insoluble but slowly
fermentable fraction when compared to grass hay supplemented with the cowpea varieties,
however, among grass hay supplemented with cowpea varieties at different levels, there was no
significant (P > 0.05) difference in terms of the slowly fermentable fraction. Furthermore, grass
hay had a significantly (P < 0.05) slower rate of fermentation compared to grass hay
supplemented with the cowpea varieties. Cowpea supplemented grass hay at 30 and 50% level of
supplementation resulted in a significantly (P < 0.05) faster rate of gas production (c-value)
when compared to the control. For all varieties at 15% level of supplementation, the rate of gas
production did not differ compared to the control. However, supplementing TX 08-30-1 at 30%
level of supplementation, significantly (P < 0.05) improved the fermentation rate. There was a
significant (P < 0.05) difference between grass hay and cowpea varieties as well as grass hay
supplemented with varieties in terms of effective gas production. Generally, a 50% level of

supplementation resulted in a higher effective gas production compared to the control.
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Table 3.2 In vitro gas production kinetics of grass hay, and cowpea supplemented grass hay

Treatment b (ml) ¢ (ml) EGP (ml 400 mg™?)
Grass hay 102.42 0.01¢ 20.7¢
Grass hay + 15% BW 57.8° 0.04bcd 25.3°¢
Grass hay + 30% BW 52.9° 0.05%° 26.6"¢
Grass hay + 50% BW 59.9° 0.05*° 27.5°
Grass hay + 15%IT 97K-499-35 60.2° 0.03¢ 21,70
Grass hay + 30%IT 97K-499-35 55.0° 0.05%° 26.3%¢
Grass hay + 50%IT 97K-499-35 50.6° 0.06° 28.2°
Grass hay + 15%TX 08-30-1 55.7° 0.02¢ 18.1¢
Grass hay + 30%TX 08-30-1 53.3° 0.102 35.92
Grass hay + 50%TX 08-30-1 56.3° 0.05%° 26.32
SEM 5.42 0.09 1.95

P- value <0.0001 <0.0001 <0.0001

Means within a column with different letters in superscript differ significantly (P < 0.05); b:
slowly fermentable fraction; c: rate of fermentation of fraction b; EGP: effective gas production;
BW: Bechuana White; SEM: standard error of the mean
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3.3.3. 30 hinvitro NDF degradation and in vitro organic matter digestibility

Table 3.3 shows the 30 hour (hr) in vitro neutral detergent fibre digestibility (ivNDFd) and
IVOMD of grass hay, and cowpea supplemented grass hay. The 30 hour ivNDF digestibility of
grass hay supplemented with 30% BW and 50% IT 97K-499-35 cowpea varieties were
significantly (P < 0.05) greater than the poor quality grass hay. At 30 and 50% inclusion, there
was no difference between cowpea varieties in terms of ivNDF digestibility than IT 97K-499-35
supplemented grass hay. However, at 15% inclusion level, TX 08-30-1 resulted in a greater NDF
digestibility of the poor quality grass hay. The cowpea varieties used in the study did not differ
significantly (P < 0.05) in terms of their IVOMD. All cowpea varieties, with the exception of TX
08-30-1 at 30% level of supplementation, improved the IVOMD when compared to poor quality
grass hay.
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Table 3.3 30 h in vitro NDF degradation and in vitro OM digestibility of cowpea varieties, grass
hay and mixtures

Treatments ivVNDFd (%DM) IVOMD (% DM)
Grass hay 18.8¢f 35.09
BW 48.28 69.3%
TX49 47.0° 66.1°°
TX08 37.8° 66.6"
Grass hay + 15% BW 20.5%f 43.9f
Grass hay + 30% BW 24.3¢ 48.4°
Grass hay + 50% BW 23.5¢0€ 60.0
Grass hay + 15%IT 97-499-35 18.3f 43.9f
Grass hay + 30%IT 97-499-35 22.80%f 44.3f
Grass hay + 50%IT 97-499-35 27.7° 74.0%
Grass hay + 15%TX 08-30-1 22.9% 42.01
Grass hay + 30%TX08-30-1 20.6%f 56.1¢
Grass hay + 50%TX08-30-1 23.2¢0¢ 53.8%
SEM 1.36 2.35
P- value <0.000 <0.000

Means within a column with different letters in superscript differ significantly (P < 0.05);
ivNDFd: 30 hour in vitro detergent fibre; IVOMD: in vitro organic matter digestibility; BW:

Bechuana White; SEM: standard error of the mean
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3.4. Discussion

Gas produced by in vitro fermentation reflects the extent of feed fermentation, digestibility and
microbial synthesis of the tested feed (Getachew et al., 1998; Sommart et al., 2000 and Sallam
2005). Generally, low gas produced would indicate low degradability, but feedstuffs high in CP
normally produce less gas during fermentation because protein fermentation produces ammonia,
which influences the carbonate buffer equilibrium by neutralizing H* ions from VFA without
release of carbon dioxide (Cone and van Gelder 1999). Cowpea varieties supplemented to grass
hay were highly fermentable compared to grass hay alone. This could be attributable to greater
crude protein content coupled with lesser fibre concentrations in cowpea varieties as compared to
grass hay alone. The cowpea varieties provided a source of nitrogen to the microbes, which in
return resulted in greater fibre degradation and hence producing more gas. High fermentation of
cowpea varieties in the first 24 h of incubation indicates the quick digestibility of cowpea forage
compared to grass hay. According to Akinfemi et al. (2012) gas production is regarded as an
indicator of carbohydrate degradation. Generally, supplementation of cowpea varieties to poor
quality grass hay provided readily accessible and rapidly fermentable carbohydrate and rumen
degradable nitrogen, thus the overall fermentation was improved. Consequently, increasing
supplementation led to a significant (P < 0.05) improvement of total substrate throughout the
incubation period (Table 3.1). This led to a drop of insoluble but slowly fermentable fraction

with improved rate of fermentation (Table 3.2).

According to Abegunde et al. (2011) the rate at which feed substrate or constituents are degraded
in the rumen is as important as the extent of digestion. This study showed that supplementing
cowpea varieties to poor quality grass hay improved IVOMD of mixed substrate. This could be
associated with an improved rate of gas production observed in table 3.2. All cowpea varieties,
with the exception of TX 08-30-1 at 30% level of supplementation, improved IVOMD when
compared to poor quality grass hay. According to Kafilzadeh and Heidary (2013), degradability
of NDF is imperative component for forage quality. In this study, supplementing poor quality
grass hay with cowpea varieties significantly improved 30hr ivNDF digestibility when 30% BW
and 50% IT 97K-499-35 were used as supplement. At 30 and 50% inclusion, there was no
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difference between cowpea varieties in terms of 30hr ivNDF digestibility due to

supplementation.

3.5. Conclusion

This study showed that supplementing poor quality grass hay with Bechuana White and IT 97K-
499-35 at 50% inclusion level improved fermentation. When TX 08-30-1 is used as a
supplement, 30 % level of inclusion is recommended over 50% inclusion because it resulted in
greater IVOMD, and rate of gas production and similar effective gas production as 50%
supplementation level. Among the three varieties, TX 08-30-1 variety is recommended, as a
supplementary source of forage and nitrogen to improve poor quality hay fermentation and hence
utilization by ruminant animals due to its superiority in terms fermentation attributes when used

as supplement to poor quality forage.
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4.1.  General conclusions

The purpose of this study was to characterize twelve cowpea varieties that have been
agronomically evaluated in the Limpopo Province, South Africa in terms of their chemical
composition and in vitro gas production characteristics. Cowpea varieties were evaluated in
order to identify variety(s) that could be utilised as potential alternative forage source for
supplementation of poor quality feed. Consequently two laboratory based experiments were
conducted at University of Pretoria in order to 1) determine nutritive value through proximate lab
analysis and 2) in vitro gas production and an in vitro cowpea supplementation to poor quality
grass hay. The overall results from this study showed that Bechuana White, IT 97K-499-35 and
TX 08-30-1 are suitable varieties as supplementary source of protein and roughage sources to

animals fed poor quality forage.

The varieties have a satisfactory nutritive value (high protein concentration, adequate
metabolisable energy and produced a reasonably high amount of gas) and good in vitro organic
matter digestibility. This suggests that the promising varieties could be strategically used as
supplemental feed source to improve poor quality forage utilisation by small ruminants.
Generally the digestible organic matter of the varieties was on the range of 52 to 65% and the
crude protein content for the varieties ranged between 15 to 21%. This indicates the potential of

promising varieties to meet the maintenance and production requirement of ruminants.

The effect of supplementing poor quality grass hay with varying levels of selected cowpea
varieties indicated that it improved ruminal fermentation for the first 30 h when supplemented at
both 30 and 50% level. The 50% level of supplementation will result in substitution effect. Thus,
supplementing poor quality grass hay with cowpea varieties increased the protein content of the
diet to the level in which microbes are able to ferment the feed efficiently. At 15% inclusion
level, TX 08-30-1 resulted in a greater NDF digestibility of the poor quality grass hay. The 15%
will result in supplementation effect. Additionally, NDF degradability of grass hay was improved
when supplemented by this variety at 50% level. This means that supplementing poor quality
grass hay with variety IT 97K-499-35 at 50% level may reduce the retention period of poor

quality feed in the rumen and thus may improve feed intake of the poor quality forage. In this
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study, supplementing poor quality grass hay with cowpea varieties significantly improved 30hr
ivNDF digestibility when 30% BW and 50% IT 97K-499-35 were used as supplement. At 30 and
50% inclusion, there was no difference between cowpea varieties in terms of 30hr ivNDF
digestibility due to supplementation.

4.2. Recommendations

This study showed that cowpeas can be produced with relatively good nutritive value (high in
crude protein, highly digestible, adequate metabolisable energy and fibres). These attributes
indicate the suitability of using forage from cowpeas after harvesting of the grain as a
supplementary feed source to improve poor quality forage utilisation by animals. This may be
particularly important in the situation of resource poor farmers or small-holder subsistence
farmers who cannot afford to supplement their animals in times of feed shortage. However, there
is a need for a further research for strategic use of the forage material in the diet of animals under
communal and smallholder production systems in South Africa. Such research will help to
establish the level in which production of livestock will be improved particularly under
smallholder subsistence farmers, who at the moment could not able to afford commercial feed
supplements. Further research is required to determine how the benefit of using promising
varieties (Bechuana White, IT 97K-499-35 and TX 08-30-1) identified in this study could be
converted into animal product, e.g. how it can affect milk and meat production and also quality.
Hence, the relative preference for, palatability and intake of cowpea varieties adapted in
Limpopo need to be determined since they can give complementary information to the data
derived from their nutritive value and further consolidates their importance as source of feed for

livestock.

The in vitro trial conducted in this study showed that 30 and 50% cowpea supplementation to
poor quality grass hay improved fermentation. Additionally these varieties at both 30 and 50%
supplementation level also improved NDF degradability of grass hay. On the other hand
supplementing, IT 97K-499-35 at 50% level increased the in vitro organic matter digestibility of
the poor quality grass hay, suggesting that supplementing this variety at 50% level may reduce

the retention period of poor quality feed in rumen of the animal due to substitution effect and
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perhaps increase dry matter intake. A 15 and 30% inclusion with maximum benefit denotes
supplementation effect, whereas a 50% inclusion level denotes substitution effect. Therefore,
both Bechuana White and IT 97K-499-35 are recommended as a roughage source whereas, TX
08-30-1 may be recommended as a source of protein supplement. Furthermore, it is
recommended that an in vivo trial should be conducted which will help in assessing the effect of
these varieties (Bechuana White, IT 97K-499-35 and TX 08-30-1) on poor quality forage

digestibility and retention period.

63
© University of Pretoria



References

Abegunde TO, Babayemi OJ, Akinsoyinu AO. 2011. Nutritive value assessment of Ficus polita
and Panicum maximum at varying proportions using an in vitro gas production method in

the dry and wet seasons. Pakistan Journal of Nutrition. 10: 35 — 39.

Abule E, Umunna NN, Nsahlai 1V, Osuji PO, Alemu Y. 1995. The effect of supplementing of
(Eragrostis tef) straw with graded levels of cowpea (Vigna unguiculatalata) and lablab
(Lablab purpureus) hays on degradation, rumen particulate passage and intake by

crossbred Friesian x Boran (Zebu) calves. Livestock Production Science. 44: 221 228.

Adeyanju AO, Ishiyaku MF, Omoigui LO. 2007. Inheritance of time to first Flower in Photo-
insensitive cowpea (Vigna unguiculata L. Walp.). Asian Journal of Plant Science. 6 (2):
435 - 437.

Ahmad K, Hussain M, Ashraf M, Lugman M, Ashraf MY, Khan ZI. 2007. Indigenous vegetation
of Soone valley: At the risk of extinction. Pakistan Journal of Botany. 39 (3): 679 — 690.

Ahn JH, Robertson BM, Elliott R, Guttgeridge RC, Ford CW. 1989. Quality assessment of
tropical browse legumes: tannin content and protein degradation. Animal Feed Science
and Technology. 27 (1 - 2): 147 — 156.

Ajayi DA, Adeneye JA, Ajayi FT. 2005. Intake and nutrient utilization of West African dwarf
goats fed Mango (Mangifera indica), Ficus (Ficus thionningii), Gliricidia (Gliricidia
sepium) forages and concentrates as supplements to basal diet of Guinea grass (Panicum
maximum). World Journal of Agricatural Science. 1: 184 — 189.

Akinfemi A, Adua MM, Adu OA. 2012. Evaluation of nutritive values of tropical feed sources
and by-products using in vitro gas production technique in ruminant animals. Emirates
Journal of Food Agriculture. 24 (4): 348 — 353.

64
© University of Pretoria



Akinlade JA, Smith JW, Raji AM, Busari AA, Adekunle 10, Adewumi MK. 2005. Effect of two
cowpea (Vigna unguiculata) fodder cultivars as supplements on voluntary intake, milk
yield and manure production of Bunaji cows. Agriculture and Rural Development in the
Tropics and Subtropics. 106: 105 — 112.

Ali Y, Aslam Z, Hussain F, Shakur A. 2004. Genotype and Environmental interaction in Cowpea
(Vigna unguiculata — L) for yield and disease resistance. International Journal of

Environmental Science & Technology. 1:119.

An LV, Lindberg BEF, Lindberg JE. 2003. Effect of harvesting interval and defoliation on yield
and chemical composition of leaves, stems, and tubes of sweet potatoes (Ipomoea batatas
(L.) Lam) in plant parts. Field Crops research. 82: 49 — 58.

Anele UY, Sudekum K, Arigbede OM, Welp G, Oni AO, Olanite JA, Ojo OV. 2011. Agronomic
performance and nutritive quality of some commercial and improved dual-purpose
cowpea (Vigna unguiculata L Walp) varieties on marginal land in Southwest Nigeria.

Japanese Society of Grassland Science. 57: 211 — 218.

Anele UY, Arighede OM, Sudekum KH, lke KA, Olanite JA, Amole GA, Dele PA, Jolaosho
AO. 2010. Effects of processed cowpea (Vigna unguiculataL Walp) haulms as a feed
supplement on voluntary intake, utilization and blood profile of West Africa dwarf sheep
fed a basal diet of Pennisetum purpreum in the dry season. Animal Feed Science and
Technology. 159: 10 — 17.

AOAC. 2000. Official methods of analysis. 15th edition. Association of official Analytical
chemists, Washington D.C., USA.

Arigbede OM, Anele UY, Sudukum KH, Hummel J, Oni AO, Olanite JA, Isah AO. 2011.

Effects of species and season on chemical composition and ruminal crude protein and

65
© University of Pretoria



organic matter digestibility of some multi-purpose tree species by West African dwarf

rams. Journal of Animal Physiology and Animal Nutrition. 96: 250 — 259.

Asiwe JAN. 2009. Needs assessment of cowpea production practices, constraints and utilization
in South Africa. African Journal of Biotechnology. 8: 5383 — 5388.

Babayemi OJ, Bamikole MA, Daodu MO. 2009. In vitro gas production and its prediction on
metabolizable energy, organic matter digestibility and short chain fatty acids of some
tropical seeds. Pakistan Journal of Nutrition. 8: 1078 — 1082.

Babayemi OJ, Demeyer D, Fievez V. 2004. In vitro rumen fermentation of tropical browse seeds
in relation to their content of secondary metabolites. Journal of Animal Feed Science. 1:
31-34.

Ball DM, Hoveland CS, Lacefield GD. 2002. Southern Forages. 3™ edition. Potash and
Phosphate Institute, Norcross, GA.

Baloyi JJ, Ngongoni NT, Hamudikuwanda H. 2008. The effect of feeding forage legumes as
nitrogen supplement on growth performance of sheep. Tropical Animal Health and
Production. 40: 457 — 462.

Baloyi JJ, Ngongoni NT, Hamudikuwanda H. 2006. Milk production by Saanen does given
forage and a tree browse legume as supplements to the conventional dairy concentrate
and a basal diet of Katambora Rhodes (Chloris gayana) grass hay. South African Journal

Education and Science Technology. 1 (2): 58 — 64.

Baloyi JJ, Ngongoni NT, Topps JH, Acamovic T, Hamudikuwanda H. 2001. Condensed tannin
and saponin content of Vigna unguiculata (L.) Walp, Desmodium uncinatum,
Stylosanthes guianensis and Stylosanthes scabra grown in Zimbabwe. Tropical Animal
Health and Production. 33:57 — 66.

66
© University of Pretoria



Banful B, Dzietror A, Ofori I, Hemeng OB. 2000. Yield of plantain alley cropped with Leucaena
leucocephala and Flemingia macrophylla in Kumasi, Ghana. Agroforestry Systems. 49:
189 — 199.

Barrett BC, Marc FB, Osterloh MS. 2005. Household-level livestock marketing behavior among
Northern Kenyan and southern Ethiopian pastoralists. Cornell University; revised version
2005.

Batterham ES, Egan AR. 1986. Utilization of food legumes as food. In: Wallis, E.S., Byth, D.E.

(Eds.). Food Legume Improvement for Asians farming systems. 193.

Behnke R, Centre O. 2012. The Economics of Pastoral Livestock Production and Its
Contribution to the Wider Economy of Sudan, Feinstein International Centre: Working

paper June 2012.

Ben Salem H, Smith T. 2008. Feeding strategies to increase small ruminant production in dry

environments. Small Ruminant Research. 77: 174 — 194.

Bliummel M, Becker K. 1997. The degradability characteristics of fifty-four roughages and
roughage neutral detergent fibre as described by in vitro gas production and their

relationship to voluntary feed intake. British Journal of Nutrition. 77: 757 — 768.

Bressani R. 1988. Amaranth: The nutritive value and potential uses of grain and by-products.
Food Nutrition Bulletin. 10 (2): 49 — 59.

Brumby PJ. 1986. The International Livestock Centre for Africa: objectives, activities and
future. International Livestock Centre for Africa: Addis Ababa, Ethiopia.

Butler LG, Price MC, Brotherton JE. 1982. Vanillin assay for proanthocyanidins (condensed
tannins): modification of solvent for estimation of the degree of polymerisation. Journal
of Agricultural and Feed Chemistry. 30: 1087 — 1089.

67
© University of Pretoria



Cabrita ARJ, Dewhurst RJ, Abreu JMF, Fonseca AJM. 2006. Evaluation of the effects of
synchronizing the availability of N and energy on rumen function and production

responses of dairy cows —a review. Animal Research. 55: 1 — 24.

Chanthakoun V, Wanapat M, Wanapat S. 2008. Effect of ridged-planting of Phaseolus calcaratus
(Tua-mun) on vyield and chemical composition. Proceedings of the 4th Animal Science
Conference, 31 January 2008, Khon Kaen University. Khon Khaen University: Khon
Kaen, Thailand. 1- 4.

Chekeredza S, Ter Meulen U, Ndlovu LR. 2002. Effect of cowpea hay, groundnut hay,
cottonseed meal and maize meal supplementation to maize stover on intake, digestibility,
and microbial protein supply and acetate Kkinetics in weaner lambs. Tropical Animal
Health and Production. 34: 49 — 64.

Christiaensen L, Tollens E, Ezedinma C. 1995. Development patterns under population pressure.
Agricultural development and the cassava—livestock interaction in smallholder farming
systems in Sub-Saharan Africa. Agricultural Systems. 48: 51 — 72.

Cone JW, van Gelder AH. 1999. Influence of protein fermentation on gas production profiles.
Animal Feed Science and Technology. 76: 251 — 264.

Corre-Hellou G, Fustec J, Crozat Y. 2006. Interspecific competition for soil N and its interaction
with N fixation, leaf expansion and crop growth in pea-barley intercrops, Plant Soil.
282:195 - 208

Dahmardeh M, Ghanbari A, Sayasar B, Ramroudi M. 2009. Effect of intercropping maize (Zea
mays L.) on Green forage yield and quality evaluation. Asian journal of Plant Science. 8
(3): 235-239.]

68
© University of Pretoria



Dakora FD, Keya SO. 1997. Contribution of legume nitrogen fixation to sustainable agriculture
in sub-Saharan Africa. Soil Biology & Biochemistry. 29: 809 — 817.

Dawit M, Sisay K, Tizazu D, Girma T. 2009. Effect of Maize and Legume Intercropping on
(Striga hermontica) Infestation in Metekel Zone. Ethiopian Journal of Weed
Management. 3(1): 13 — 19.

De Faria SM, Lewis GP, Sprent JI, Sutherland JM. 1989. Occurrence of nodulation in the
Leguminosae. New Phytology. 111: 607 — 619.

Department of Agriculture. 2003. Part of a report on trends for 2003. Available at
http://www.nda.agric.za/docs/Trends2003/Animal_production.

Department of Agriculture, Forestry and Fisheries, DAFF. 2011. Production guidelines for
cowpea. Government Printers: Pretoria.
Dixon RM, Hosking BJ. 1992. Nutritional value of grain legumes for ruminants. Nutrition

Reserves Revised. 5: 19.

Dvorachek HE. 1929. Value of legume hays for dairy heifers. Journal of Animal Science. 1929:
77 —83.

Dziba LE, Provenza FD, Villalba JJ, Atwood SB. 2007. Influence of terpenes and nutritional
supplementation on intake of sagebrush by sheep. Small Ruminant Research. 11: 195 —
208.

Ehlers JD, Hall AE. 1997. Cowpea (Vigna unguiculata (L) Walp). Field Crops Reserves. 53: 187
—204.

69
© University of Pretoria


http://www.nda.agric.za/docs/Trends2003/Animal_production

Engels EAN, Van der Merwe FJ. 1967 Application of an in vitro technique to South African
forages with special reference to the effect of certain factors on the results. South African

Journal of Agricultural Science. 10: 983 — 992.

Etana A, Tadesse E, Mengistu A, Hassen A. 2013. Advanced evaluation of cowpea varieties for
fodder production in the central rift valley of Ethiopia. Journal of Agricultural Extension

and Rural Development. 5: 55 — 61.

Fafchamps M, Udry CR, Czukas K. 1998. Drought and saving in West Africa: are livestock a

buffer stock? Journal of Development Economics. 55: 273 — 305.

Fenta BA. 2012. Investigation of the physiological responses in soybean and common bean to
water deficit. PhD thesis of University of Pretoria, South Africa. 118 —128.

Food and Agricultural Organisation (FAO). 2009. FAOSTAT Database.http://apps.fao.org. Food
and Agriculture Organization of the United Nations, Rome, Italy.

Food and Agricultural Organisation (FAO). 2000. FAOSTAT Database.http://apps.fao.org.
FAO, United Nations, Rome, Italy.

Fery RL. 1990. The cowpea: production, utilization, and research in the United States.
Horticulture Revised. 12: 197 — 222.

Foster JL, Adesogan AT, Carter JN, Blount AR, Myers RO, Phatak SC. 2009a. Intake,
digestibility, and nitrogen retention by sheep supplemented with warm-season legume

haylages orsoybean meal. Journal of Animal Sciences. 87: 2899 — 2905.

Foster JL, Adesogan AT, Carter JN, Blount AR, Myers RO, Phatak SC. 2009b. Intake,
digestibility, and nitrogen retention by sheep supplemented with warm-season legume
hays orsoybean meal. Journal of Animal Sciences. 87: 2891 — 2898.

70
© University of Pretoria



Foster JL, Adesogan AT, Carter JN, Blount AR, Myers RO, Phatak SC, Maddox M. 2009c.
Annual Legumes to complement grass-based forage systems in USA Gulf Coast region.
Agronomy Journal. 101: 415 — 421.

Franzel S, Carsan S, Lukuyu B, Sinja J, Wambugy C. 2014. Fodder trees for improving livestock
productivity and smallholder livelihoods in Africa. Current Opinion in Environmental

Sustainability.

Frost WE, Medina E, Menaut JC, Solbrig O, Swift M, Walker B. 1985. Responses of savanna to
stress and disturbance: a proposal for a collaborative programme of research. Biology

International Special Issue. 10.

Fuhlendorf SD, Engle DM. 2001. Restoring heterogeneity on rangelands: ecosystem
management based on evolutionary grazing patterns. BioScience. 51 (8): 625 — 632.
Fulkerson WJ, Neal JS, Clark CF, Horadagoda A, Nandra KS, Barchia I. 2007. Nutritive value of

forage species grown in the warm temperate climate of Australia for dairy cows: Grasses

and legumes. Livestock Science. 207: 253 — 264.

Fustec J, Lesuffleur F, Mahieu-Cliquet JB. 2010. Nitrogen rhizodeposition of legumes. A review.
Agronomy for Sustainable Development, Springer Verlag/EDP Sciences/INRA. 30 (1).

Gebreyowhans S, Gebremeskel K. 2014. Forage Production potential and nutritive value of
cowpea (Vigna unguiculata) genotypes in the northern lowlands of Ethiopia. Animal
nutrition research, Humera Agricultural Research Centre, P.O. Box 62, Humera Ethiopia.

Geleti D, Hailemariam M, Mengistu A, Tolera A. 2014. Herbage Dry Matter Production, Crude
Protein Yield and Nutritive Value of Elite Cowpea (Vigna Unguiculata L. Walp)
Varieties Grown Under Sub-Humid Climatic Conditions of Western Oromia, Ethiopia.
Journal of Animal Science. 4 (7): 988 — 995. doi:10.5455/jasa.20131101071751.

71
© University of Pretoria



Getachew GP, Robinson H, DePeters EJ, Taylor SJ. 2004. Relationships between chemical
composition, dry matter degradation and in vitro gas production of several ruminant

feeds. Animal Feed Science and Technology. 111: 57 — 71.

Getachew G, Blummel M, Makkar HPS, Becker K. 1998. In vitro gas measuring technique for
assessment of nutritional quality of feeds: a review. Animal Feed Science and
Technology. 72: 261 — 281.

Gitau GK, McDermott JJ, McDermott B, Perry BD. 2001. The impact of Theileria
parva infections and other factors on calf mean daily weight gains in smallholder dairy

farms in Murang'a District, Kenya. Preventive Veterinary Medicine. 51: (3-4), 149 — 16.

Goodchild AV, Mcmeniman NP.1994. Intake and digestibility of low quality roughages when
supplemented with leguminous browse. Cambridge Journal of Agricultural Science. 122:
151 - 160.

Goering HK, Van Soest PJ. 1970. ‘Forage fiber analyses, apparatus, reagents, procedures, and
some applications.” (USDA Agricultural Handbook No. 379. pp. 1 — 20. USDA:
Washington, DC).

Graham PH, Vance CP. 2003. Legumes: Importance and Constraints to Greater Use. Department
of Soil, Water, and Climate (P.H.G.) and United States Department of Agriculture,
Agricultural Research Service, Plant Science Unit, Department of Agronomy and Plant
Genetics (C.P.V.), University of Minnesota, 1991 Upper Buford Circle, St. Paul,
Minnesota 55108.

Grant RJ, Mertens DR. 1992. Impact of in vitro fermentation techniques upon kinetics of fibre
digestion. Journal of Dairy Science. 75: 1263 — 1272. doi: 10.3168/jds.S002-
0302(92)77876-X.

72
© University of Pretoria



Grings EE, Tarawali SS. 2010. Cowpea in evolving livestock systems. 5th World Cowpea
Research Conference Theme: “Improving livelihoods in the cowpea value chain through

advancement in science”, 27 September—1 October, 2010, Senegal.

Gwanzura T, Ngambi JW, Norris D. 2012. Nutrient Composition and Tannin Contents of Forage
Sorghum, Cowpea, Lablab and Macuna Hays Grown in Limpopo Province of South
Africa. Asian Journal of Animal Sciences. 6 (5): 256 — 262.

Havilah EJ. 2011. Forages and pastures: annual forage and pasture crops—establishment and
management. In: Encyclopedia of Dairy Sciences. 563 — 575. Volume 2. Second edition.
Academic Press, Oxford, UK.

Hauggaard-Nielsen H, Jensen ES. 2005. Facilitative root interactions in intercrops. Plant Soil.
274: 237 — 250.

Herrero M, Thornton PK, Notenbaert AM, Wood S, Msangi S, Freeman HA, Bossio D, Dixon J,
Peters M, van de Steeg J, Lynam J, Parthasarathy Rao P, Macmillan S, Gerard B,
McDermott J, Sere’ C, Rosegrant M. 2010. Smart investment in sustainable food

production: revisiting mixed crop-livestock systems. Science. 327 (5967): 822 — 825.

Hoddinott J. 2006. Shocks and their consequences across and within households in rural
Zimbabwe. Journal of Development Studies. 42: 301 — 321.

Hong NTT, Wanapat M, Wachirapakorn C, Pakdee P and Rowlinson P. 2003. Effects of timing
of initial cutting and subsequent cutting on yields and chemical compositions of cassava
hay and its supplementation on lactating dairy cows. Asian-Australian Journal of Animal

Science. 16.

Ikhimioya 1. 2008. Acceptability of selected common shrubs/tree leaves in Nigeria by West

African dwarf goats. Livestock Research for Rural Development. Volume 20. Article 90.

73
© University of Pretoria



Jayasuriya MCN. 2002. Principles of ration formulation for ruminants. In: IAEA (International
Atomic Energy Agency) TECDOC Series-1294; Development and Field Evaluation of
Animal Feed Supplementation Packages, Proceedings of the Final Review Meeting of an
IAEA Technical Co-operation Regional AFRA Project Organized by the Joint FAO
(Food and Agriculture Organization of the United Nations) Division of Nuclear
Techniques in Food and Agriculture, Cairo, Egypt, November 25 — 29, 2000. IAEA,
Vienna, Austria, pp. 9 — 14.

Kafilzadeh F, Heidary N. 2013. Chemical composition, in vitro digestibility and Kkinetics of
fermentation of whole-crop forage from 18 different varieties of oat (Avena sativa L.).
Journal of Applied Animal Research. 41 (1): 61— 68.

Kiptarus JK. 2005. Focus on livestock sector: supply policy framework strategies status and links
with value addition; workshop on value assessment food and export investment, The
Grand Regency Hotel, Nairobi on 3rd March 2005.

Koralagama KDN, Mould FL, Fernandez-Rivera S, Hanson J. 2008. The effect of supplementing
maize stover with cowpea (Vigna unguiculata) haulms on the intake and growth

performance of Ethiopian sheep. Animal. 2: 954 — 961.

Kumar D, Datt C, Das LK, Kundu SS. 2015. Evaluation of various feedstuffs of ruminants in
terms of chemical composition and metabolisable energy content. Veterinary World. 8(5):
605 — 609.

Kunene NW, Wilson RAC, Myeni NP. 2003. The use of trees, shrubs and herbs in livestock
production by communal farmers in Northern KwaZulu-Natal. African Journal of Range
& Forage Science. 20: 271 — 274.

74
© University of Pretoria



Kwapata MB, Hall AE. 1985. Effects of moisture regime and phosphorus on mycorrhizal
infection, nutrient uptake, and growth of cowpeas (Vigna unguiculataL. Walp.). Field
Crops Reserves. 12: 241 — 250.

Leng RA, Bird SH, Klieve A, Choo BS, Ball, FM, Asefa G, Brumby P, Mudgal VD, Chaudry
UB, Suharyan O, Hendratno N. 1992. The potential for tree forage supplements to
manipulate rumen protozoa to enhance protein to energy ratios in ruminants fed on poor
quality forages: FAO. Animal Production and Health Paper 102: 177 — 191.

Lenne JM, Thomas D. 2006. Integrating crop-livestock research and development in Sub-
Saharan Africa: option, imperative or impossible? Outlook Agriculture. 35: 167 — 175.

Liu YC, Whitman WB. 2008. Metabolic, phylogenetic, and ecological diversity of the
methanogenic archaea. Animal New York Academic Science. 1125: 171 - 89.
doi:10.1196/annals.1419.0109.

Lu CD, Jorgensen NA. 1987. Alfafa saponins affect site and extent of Nutrient digestion in
ruminants. Journal of Nutrition. 1179: 918 — 927.

Masafu MM. 2006. The evaluation of Leucaena leucocephala (Lam) de wit: A renewable protein
supplement for low-quality forages. PhD Thesis, University of South Africa, Pretoria,
South Africa.

Mati MB, Muchiri MJ, Njenga K, Penning deVries F, Merrey JD. 2006. Assessing Water
Availability under Pastoral Livestock Systems in Drought-prone Isiolo District, Kenya.

International Water Management Institute.

Mauricio, R.M., Mould, F.L., Dhanoa, M.S., Owen, E., Channa, K.S. and Theodorou, M.K.
1999. A semi-automated in vitro gas production technique for ruminant feedstuff
evaluation. Animal Feed Science and Technology. 79: 321 — 330.

75
© University of Pretoria



McAllister TA, Newbold CJ. 2008. Redirecting rumen fermentation to reduce methanogenesis.

Australian Journal of Experimental Agriculture. 48: 7 — 13.

McDonald P, Edwards RA, Greenhalgh JFD, Morgan CA. 2002. Animal Nutrition (6th ed).

Pearson Prentice Hall. Harlow.

McDowell LR, Conrad JH, Humbry FG. 1993. Minerals for Grazing Ruminants in Tropical
Regions. Bulletin, The US Agency for Literature Development and Caribbean Basin
Advisory Group (CBAG), USA.

Mclintire J, Bourzat D, Pingali P. 1992. Crop—Livestock Interactions in Sub-Saharan Africa.
World Bank, Washington, D.C.

Mclintire J, Gryseels G. 1987. Crop-livestock interactions in Sub-Saharan Africa and their

implication for farming systems research. Experimental Agriculture. 23: 235 — 243.

Meissner, HH. 1997. Recent research on forage utilization by ruminant livestock in South
Africa. Animal Feed Science and Technology, 69 (1), 103-119.

Meissner HH, Viljoen MO, Van Niekerk WA. 1991. Intake and digestibility by sheep of
Anthephora, Panicum, Rhodes and Smooth finger grass. In: Proceedings of the IV

International Rangeland Congress, 22—-26 April 1991, Montpellier, France. pp. 648 — 649.

Mendieta-Araica B, Sporndly E, Reyes-Sanchez N, Norell L, Sporndly R. 2009. Silage quality
when Moringaoleifera is ensiled in mixtures with Elephant grass, sugar cane and

molasses. Grass and Forage Science. 64: 364 — 373.

Menke KH, Steingass H. 1988. Estimation of the energetic feed value obtained from chemical
analysis and gas production using rumen fluid. Animal Response Development. 28: 7 —
55.

76
© University of Pretoria



Mertens DR. 2002. Measuring fibre and its effectiveness in ruminant diets. CNCPS v.5.0.34.
Model development papers. Mertens 2002 PNC.

Miki¢ A, Mihailovi¢ V, Cupina B, Bburi¢ B, Krsti¢, B, Vasi¢ M, Vasiljevi¢ S, Karagi¢ b,
Pordevi¢ V. 2011a. Towards the re-introduction of grass pea (Lathyrus sativus) in the
West Balkan Countries: the case of Serbia and Srpska (Bosnia and Herzegovina). Food
Chemistry Toxicology. 49: 650 — 654.

Mikié A, Mihailovié¢ V, Cupina B, Kosev V, Warkentin T, McPhee K, Ambrose M, Hofer J,
Ellis N. 2011. Genetic background and agronomic value of leaf types in pea (Pisum
sativum). Ratarding Poverty. 48: 275 — 284.

Moebius-Clune BN, van Es HM, Idowu OJ, Schindelbeck RR, Kimetu JM, Ngoze S, Lehmann J,
Kinyangi JM. 2011. Long-term soil quality degradation along a cultivation Chrono

sequence in western Kenya. Agriculture Ecosystem and Environment. 14: 86 — 99.

Moll HAJ. 2005. Costs and benefits of livestock systems and the role of market and non-market

relationships. Agricultural Economics. 32: 181 — 193.

Mortimore MJ, Singh BB, Harris F, Blade SF. 1997. Cowpea in traditional cropping systems. In:
Singh BB, Mohan Raj DR, Dashiel KE, Jackai LEN (eds). Advances in cowpea research.
99 — 113. ITANIRCAS, IITA, Ibadan Nigeria.

Moswatsi MS. 2014. Response of Cowpea to Variable Rates and Methods of Zinc Application
Under Rain-fed and Supplementary Irrigation Conditions, MSc Thesis, Department of
Agriculture and Environment Sciences, Faculty of Sciences and Agriculture, University

of Limpopo, South Africa.

77
© University of Pretoria



Mould FL, Morgan R, Kliem KE, Krystallidou E. 2005. A review and simplification of the in
vitro incubation medium. Animal Feed Science and Technology. 123-124, 155 — 172. doi:
10.1016/j.anifeedscie.2005.

Muli MB, Saha HM. 2000. Participatory evaluation of cowpea cultivars for adaptation and yield
performance in coastal Kenya. In: Mureithi JG, Gachene GKK, Muyekho FN, Onyango
M,Mose L, Magenya O. (Eds.). Participatory Technology Development for Soil
Management by Small Holders in Kenya. Nairobi, Kenya. 267 — 1172.

Mupangwa JF, Ngongoni NT, Hopps JH, Hamudikuwanda H. 2000. Effects of supplementing a
basal diet of Chloris gayana hay with one of three protein-rich legume hays of Cassia
rotundifolia, Lablab purpureus and Macroptilium atropurpureum forage on some

nutritional parameters in goats. Tropical Animal Health Production. 32: 245 — 256.

National Department of Agriculture (NDA). 2009. Production guidelines for Cowpeas. National
Department of Agriculture, Republic of South Africa.

National Department of Agriculture (NDA). 1997. Cultivating cowpeas. National Department of
Agriculture, Republic of South Africa.

New Economic Partnership for African Development (NEPAD),” Amanze O, Unagha, Henry 1.
Okon. 2006. Library Philosophy and Practice. Volume. 8, no. 2 (Spring 2006).

Ngwa AT, Tawah CL. 2002. Effect of supplementation with leguminous crop residues or
concentrates on the voluntary feed intake and performance of kirdi sheep. Tropical
Animal Health Production. 34: 65 — 71.

Nielsen S, Ohler T, Mitchell C. 1997. Cowpea leaves for human consumption: production,

utilization, and nutrient composition. Advances in cowpea research. International

78
© University of Pretoria



Institute of Tropical Agriculture (IITA) and Japan International Research Center for
Agricultural Sciences (JIRCAS). Ibadan, Nigeria. 326 — 332.

N'Jai O. 1998. Comparisons of groundnut hay, sesame seed cake, Leucaena leucocephala, and
Gliricidia sepium as protein sources for rams. In: Daniel, J.N., Roshetho, J.M. (Eds.),
Nitrogen Fixing Trees for Fodder Production. Proceedings of the International Workshop.
FACT net/Winrock International/BAIF. FACT net Reports, Special Issue, pp. 170 — 180.

Njidda AA, Nasiru A. 2010. In vitro gas production and dry matter digestibility of tannin-
containing forages of semi-arid region of North-Eastern Nigeria. Pakistan Journal of
Nutrition. 9: 60 — 66.

Norton BW, Kamau FK, Rosevear R. 1992. The nutritive value of some tree legumes as
supplements and sole feed for goats. Nonthaburi, Thailand. Proceedings of the Sixth
AAAP Animal Science Congress. 3: 151.

Nsahlai IV, Ummunna NN, Bonsi MLK. 1998. The utilization of teff (Eragrostis teff) straw by
sheep feed supplementary forage legumes with or without either crushed maize grain on

wheat bran. Small ruminant Research. 29: 303 — 315.

NRC (National Research Council) 1998. Nutrient Requirements of Swine. Tenth Revised
Edition. National Academic Press, Washington, D.C. 20418 USA.

NRC (National Research Council). 1985. Nutrient Requirements of Sheep (6th ed.) National
Academy of Science, Washington, DC, USA.

Olafadehan OA, Okunade SA. 2016. Fodder value of three browse forage species for growing
goats. Journal of the Saudi Society of Agricultural Sciences. (2016),
http://dx.doi.org/10.1016/j.jssas.2016.01.001.

79
© University of Pretoria


http://dx.doi.org/10.1016/j.jssas.2016.01.001

Olafadehan OA, Adewumi MK. 2009. Productive and reproductive performance of strategically
supplemented free grazing prepartum Bunaji cows in agropastoral farming system.
Tropical Animal Health and Production. 41: 1275 — 1281.

Olivier GC. 2004. An analysis of the beef supply chain: From farm to fork, Magister Commerci
thesis of the Rand Afrikaans University, Johannesburg, South Africa.

Oluokun JA. 2005. Intake, digestion and nitrogen balance of diets blended with urea treated and
untreated cowpea husk by growing rabbit. African Journal of Biotechnology. 4 (10): 1203
—1208.

Onono JO, Wieland B, Rushton J. 2013. Constraints to cattle production in a semiarid pastoral

system in Kenya. Tropical of Animal Health and Production. 45: 1415 — 1422.

Onwuka CFl, Adetiloye PO, Afolami C. 1997. Use of household wastes and crop residues in
small ruminant feeding in Nigeria. Small Ruminant Response. 24: 233 — 237.

Opiyo EOF, Mureithi MS, Ngugi KR. 2011. The Influence of Water Availability on Pastoralist's
Resource Use in Mwingi and Kitui Districts in Kenya. Journal of Human Ecology. 35:
(1), 43 - 52.

@rskov ER, Mcdonald I. 1979. The estimation of protein degradability in the rumen from
incubation measurements weighted is according the rate of passage. Journal of
Agricultural Science of Cambridge. 92: 499 — 503.

Osuji PO, Odenyo AA. 1997. The role of legume forages as supplements to low quality
roughages. Animal Feed Science and Technology 69: 27 — 38.

Palmer B, Schlink AC.1992. The effect of drying on the intake and rate of digestion of the shrub
legume Calliandracalothyrsus. Tropical Grasslands. 26: 89 — 93.

80
© University of Pretoria



Paterson RT, Karanja GM, Roothheart RL, Nyaata OZ, Kariuki IW. 1998. A review of tree
fodder production and utilization within smallholder agroforestry systems in Kenya.
Agroforestry Systems. 41: 181 — 199.

Pavanello S. 2010 Livestock marketing in Kenya—Ethiopia border areas: A baseline study.

Humanitarian Policy Group. London, SE1 7JD.

Perkin Elmer. 1982. Perkin Elmer AAS Manual (model 2389). Perkin Elmer, Norwalk,
Connecticut, USA.

Polhill RM, Vander der Maesen LJG. 1985. Taxonomy of grain legumes. In: Summerfield RJ,
Roberts, EH. (Eds.). Grain legume Crops. Collins, London, pp. 3 — 36.

Poppi DP, McLennan SR. 1995. Protein and energy utilization by ruminants at pasture. Journal
of Animal Science. 73: 278 — 290.

Ralevic P, Patil SG, van Loon G. 2010. Integrated agriculture production systems for meeting
household food, fodder and fuel security. Journal of Sustainable Agriculture. 34: 878 —
906.

Ravhuhali KE. 2010. Effect of Cowpea Supplementation on Productivity of Pedi Goats and
Dorper Sheep fed adlibitum Buffalo Grass, MSc Thesis, Department of Agriculture and
Environment Sciences, Faculty of Sciences and Agriculture, University of Limpopo,
South Africa.

Rebero E, Mupenzi M. 2012. Comparison of nutrient composition and in vitro digestion
characteristics of four forage legumes from two agro-ecological zones of Rwanda.
Agricultural Journal. 7: 264 — 2609.

81
© University of Pretoria



Reed JD 1995. Nutritional toxicology of tannins and related polyphenols in forage legumes.
Journal of Animal Science. 73: 1516 — 1528.

Sallam SMA. 2005. Nutritive value assessment of alternative feed resources by gas production
and rumen fermentation in vitro. Research Journal of Agriculture and Biological Science.
1(2): 200 — 209.

SAS®, 2002. User’s guide: Statistics, Version 9.1. SAS Institute, Inc. Cary. NC, USA.

Savadogo M, Zemmelink G, Nianogo AJ, Van Keulen H .2000. Cowpea (Vigna unguiculata L.
Walp) and groundnut (Arachis hypogea L.) haulms as supplements to sorghum Sorghum
bicolor L. Moenchstover: Intake, digestibility and optimum feeding levels. Animal Feed
Science Technology. 87: 57 — 69.

Schingoethe DJ. 1998. Feeding dairy cows. In: Kellems RO; Church DC, ed. Livestock feeds
and feeding. Prentice Hall, upper Saddle River, New Jersey. P. 281 — 296.

Schlecht EF, Mahler M, Sangaré A, Susenbeth B, Becker K. 1995. Quantitative and qualitative
estimation of nutrient intake and faecal excretion of Zebu cattle grazing natural pasture in
semiarid Mali. Pages 85-97 in Livestock and sustainable nutrient cycling in mixed
farming systems of sub-Saharan Africa, edited by J.M. Powell, S. Ferndndez-Rivera, T.O.
Williams, and C. Renard. International Livestock Centre for Africa (ILCA), Addis
Ababa, Ethiopia.

Scogings PF, Dziba LE, Gordon 1J. 2004. Leaf chemistry of woody plants in relation to season,
canopy retention and browsing in semi-arid subtropical savanna. Australian Ecology. 29:
278 — 286.

Sharma B, Amarasinghe U, Xueliang C, de Condappa D, Shah T, Mukherji A, Bharati L, Ambili
G, Qureshi A, Pant D, XenariosS , Singh R, Smakhtin V. 2010. The Industry and the
Ganges: river basins under extreme pressure. Water International. 35: 493 — 521.

82
© University of Pretoria



Simbarashe K, Baloyi JJ, Nherera-Chokuda F, Ngongoni NT, Matope G. 2015. Rumen
degradability of Desmodium uncunatum, Mucuna pruriens and Vigna unguiculata forage
legumes using the in vitro Daisy Il technique. African Jounrnal of Agricultural Research.
10 (12): 1386 —1391.

Singh S, Kundu SS, Negi AS, Singh PN. 2006. Cowpea (Vigna unguiculata) legume grains as
protein source in the ration of growing sheep. Small Ruminant Research. 64: 247 — 254.

Singh B, Sahoo A, Sharm R, Bhat TK. 2005. Effect of polyethylene glycol on gas production
parameters and nitrogen disappearance of some tree forages. Animal Feed Science
Technology. 123 — 124, 351 — 364.

Singh BB, Ajeigbe HA, Tarawali SA, Fernandez-Rivera S, Abubakar M. 2003. Improving the

production and utilization of cowpea as food and fodder. Field Crops Response. 84: 169.

Singh BB, Tarawali SA. 1997. Cowpea and its improvement: Key to sustainable mixed
crop/livestock farming systems in West Africa. In Crop Residues in Sustainable Mixed
Crop/livestock Farming Systems. 79 — 100. Edited by C. Renard. Commonwealth
Agricultural Bureau International (CABI), Wallingford, United Kingdom.

Singh K, Schiere JB. 1995. Principles and Applications with Emphasis on Indian Livestock
Production. Handbook for Straw Feeding Systems. ICAR / WAU, New Delhi, India.

Smith GR, Pemberton 1J, Rouquette FM, Evers GW. 2008. Texas Agricultural Experiment
Station, Texas A&M University System, PO Box 200, Overton, Texas 75684, USA
Proceedings 61st Southern Pasture & Forage Crop Improvement Conference, 2008

Breeders Work Group Forage legumes for Texas and the US southern region.

Smith T, Jayasuriya N, Mlambo V, Lekule F, Thomas D, Owen E, Pearson A, Titterton M.
2005a. Feeds and feeding to improve productivity and survival. In: Owen E, Kitalyi A,

83
© University of Pretoria



Jayasuriya N, Smith T. (Eds.), Livestock and Wealth Creation. Improving the Husbandry
of Animals kept by Resource-poor People in Developing Countries. Natural Resources

International Limited, Aylesford, Kent, UK, pp. 191 — 213 (www.nrinternational.co.uk).

Nottingham University Press, UK.

Smith TM, Goodman PS. 1986. The Effect of Competition on the Structure and Dynamics of
Acacia Savannas in Southern Africa. Journal of Ecology. 74: 1031 — 1044.
www.jstor.org/stable/2260231.

Sniffen CJ, O’Connor JD, Van Soest PJ, Fox DG, Russel JB. 1992. A net carbohydrate and
protein system for evaluating cattle diets 11. Carbohydrate and protein availability.
Journal of Animal Science. 70: 3562 — 3577.

Sollenberger LE, Reis* RA, Nussio LG, Chambliss CG, Kunkle WE. 2004. Forage conservation.
In L.E. Moser, B.L. Burson, and L.E. Sollenberger (ed.). Warm-season (C4) grasses.
ASA/CSSA/SSSA, Madison, WI. 355 — 387.

Sommart KD, Parker S, Rowlinson P, Wanapat M. 2000. Fermentation characteristics and
microbial protein synthesis in an in vitro system using cassava, rice, straw and diriedruzi

grass as substrates. Asian-Australian Journal of Animal Science. 13: 1084 — 1093.

Sprent JI, Parsons R. 2000. Nitrogen fixation in legume and non-legume trees. Field Crops
Response. 65: 183 — 196.

Sultan JI, Inam-Ur-Rahim, Nawaz H, Yagoob M, Javed I. 2008. Nutritional evaluation of fodder
trees leaves of northern grasslands of Pakistan. Pakistanian Journal of Botany. 40 (6):
2503 — 2512.

Sumberg J. 1998. Mixed farming in Africa: the search for order, the search for sustainability.
Land Use Policy. 15 (4): 293 — 317.

84
© University of Pretoria


http://www.nrinternational.co.uk/
http://www.jstor.org/stable/2260231

Steele M. 1996. Goats. The Tropical Agriculturist. Macmillan CTA, Netherlands.

Stroebel A. 2004. Socio-economic complexities of smallholder resource-poor ruminant livestock
production systems in Sub-Saharan Africa. PhD Thesis. University of the Free State,
South Africa.

Swanepoel FJC, Stroebel A, Nthakheni D. 2000. Productivity measures in smallholder livestock
production systems and social development in Southern Africa. Asian-Australian Journal
of Animal Production. 24: 237 — 240.

Tarawali SA, Singh BB, Gupta SC, Tabo R,Harris FS, Nokoe S, Ferna’ndez-Rivera A, Bationo
VM, Manyong K, Makinde EC, Odion. 2002. Cowpea a key factor for a new approach to
integrated crop-livestock systems research in dry savannas of West Africa. In: Fatokum
CA, Tarawali S, Singh BB, Karmawa PM, Tamo M (eds). Challenges and opportunities
for enhancing sustainable cowpea production. International Institute of Agriculture,
Ibadan, Nigeria. 233 — 251.

Tarawali SA, Singh BB, Peters M, Blade SF. 1997. Cowpea haulms as fodder. Advances in
Cowpea Research, edited by B.B. Singh, D.R. Mohan Raj, K.E. Dashiell and L.E.N.
Jackson. Co-publication of International Institute of Tropical Agriculture (ITA) and
Japan International Research Centre for Agricultural Sciences (JIRCAS). IITA, Ibadan,
Nigeria: 313 — 325.

Tefera S, Mlambo V, Dlamini BJ, Dlamini AM, Koralagama KDN and Mould FL. 2008.
Chemical composition and in vitro ruminal fermentation of common tree forages in the

semi-arid rangelands of Swaziland. Animal Feed Science and Technology. 142: 99 — 110.

Theodorou MK, Williams BA, Dhanoa MS, McAllen AB, France J. 1994. A simple gas

production method using pressure transducers to determine the fermentation kinetics of

85
© University of Pretoria



ruminant feed. Animal Feed Science and Technology. 48: 185 — 197. doi: 10.1016/0377-
8401(94)90171-6.

Thomas D, Sumberg JE. 1995. A review of the evaluation and use of tropical forage legumes in

sub-Saharan Africa. Agricultural Ecosystem and Environment. 54: 151 — 163.

Thompson J, Swartz HA, Marsh D, Alexander M. 1988. Effect of feeding cowpeas (Vigha
unguiculata L Walp) and grain-oat hay diet on performance and carcass characteristics of

lambs. Journal of Animal Science. 66:92.

Tilley JMA, Terry RA. 1963. A two-stage technique for in vitro digestion of forage crops.
Journal of Brazilian Grassland Society. 18: 104 — 106.

Tothill JC, Dzowela BH, Diallo AK. 1989. Present and future role of grasslands in inter-tropical
countries with special reference to ecological and sociological constraints. Proceedings of
the XVI International Grassland Congress, 4 — 11 October 1989, Nice, France, INRA,
Versailles, pp. 1719 — 1724.

Tylutki TP, Fox DG, Durbal VM, Tedeschi LO, Russel JB, Van Amburgh ME, Overton TR,
Chase LE, Pell AN. 2008: Cornel net carbohydrate and protein system: a model for
precision feeding of dairy cattle. Animal Feed Science and Technology. 143: 174 — 202,

Ulyatt MJ, Lassey KR. 2001.Methane emissions from pastoral systems: the situation in New
Zealand. Arch. Latinoam. Production Animals. 9: 118 — 126.

USAID. 2008. USAID-NMSU/AWATT., USAID. Afghanistan Water, Agriculture and
Technology Transfer (AWATT) Program.

Valarini MJ, Possenti RA. 2006. Research note: Nutritive value of a range of tropical forage

legumes. Tropical Grasslands. 40: 183 — 187.

86
© University of Pretoria



Valbuena D, Erenstein O, Homann S, Abdoulaye T, Claessens L, Duncan AJ, Geérard B, Rufino
MC, Teufel N, van Rooyen A, and van Wijk MT. 2012. Conservation agriculture in
mixed crop-livestock systems: Scoping crop residue trade-offs in sub-Saharan Africa and
South Asia. Field Crops Research. 132:175 — 184.

Van Soest PJ. 1994. Nutritional Ecology of the Ruminant, 2nd Edition, Cornell University.

Van Soest PJ, Robertson JB, Lewis BA. 1991. Methods for dietary fiber, neutral detergent fiber
and non-starch polysaccharides in relation to animal nutrition. Journal of Dairy Science.
74: 3583 — 3597.

Vendramini JMB, Arthington JD, Adesogan AT. 2012. Effects of incorporating cowpea in a
subtropical grass pasture on forage production and quality and the performance of cows

and calves. Grass Forage Sciences. 67: 129 — 135.

Walli TK, Harika AS, Sharma DD. 1994. Influence of crop management practices and post-
harvest techniques on quantity and quality of straws. In: Variation in the Quantity and
Quality of Fibrous Crop Residues (Eds Joshi AL, Doyle PT, Oosting SJ), Proceedings of
the National Seminar. Beef Development Research Foundation. 53 — 60. Pune, India,

Wanapat M. 2008. Potential uses of local feed resources for ruminants. Tropical animal health
production. 41: 1035 — 1049.

Wanapat M, Poungchompu O, Joomjunta S, Lunsin R, Heebkaew R and Petlum A. 2006. Study
on growth and nutritive values of Phaseolus calcaratus. Tropical Feed Resources

Research and Development Center. Khon Kaen University: Khon Kaen, Thailand.

Wesonga FD, Kitala PM, Gathuma JM, Njenga MJ, Ngumi PN. 2010. An assessment of tick-
borne diseases constraints to livestock production in a smallholder livestock production
system in Machakos District, Kenya. Livestock Research for Rural Development 22, (6),

87
© University of Pretoria



IT VAN PRETORIA
Y OF PRETORIA
HI YA PRETORIA

Volume 22, Article#111. Retrieved March 120, 2012,
from http://www.Irrd.org/lrrd2022/2016/wes022111.htm.

Winrock International. 1992. Assessment of Animal Agriculture in sub-Saharan Africa. Winrock

International Institute for Agricultural Development, USA.

Woodward A, Reed JD. 1989. The influence of polyphenolics on the nutritive value of browse: a
summary of research conducted at ILCA. ILCA Bulletin 35: 2 -11.

88
© University of Pretoria


http://www.lrrd.org/lrrd2022/2016/weso22111.htm



