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Abstract

Feeding behaviour of Xhosa lop-eared, Nguni and Naui x Boer goat genotypes kept on
rangelands of the False Thornveld

By

Archibold Garikayi Bakare

The study was conducted at the University of FateHfarm to assess the feeding behaviour of
three goat genotypes: Xhosa lop-eared (XLE), NgN@N) and Nguni x Boer crossbred (NBC)
genotypes. The time spent on different activitigeaging, browsing and other activities) on
rangelands was recorded using stop watches. Thedmistological faecal analysis technique
was used to identify and quantify the plant spethes were consumed by the goats across the
four seasons. Time spent browsing was high in posi season for XLE (55.94 %) compared
to NGN (52.97 %) and crossbred NBC (45.95 %) god@ite high browsing activity was also
noted for XLE in hot-wet and cool-dry season (P.85). The NBC goats on the other hand;
devoted most of their time grazing compared to Xdriel NGN goats across seas@As< 0.05).
Generally, time of day had no effect (P > 0.05)foraging activities among the goat breeds.
Grewia occidentalisPanicum maximunandDiospyros lycioidesvere the most preferred plant
species by all genotypes across seasons in thegad#t was concluded that crossbreds spent
more time grazing as compared to XLE, which areemar browsers. It could, therefore, be
recommended that XLE complement with grazers aitid sheep) for efficient management of

feed resources in rangelands.

Keywords: Plant preference, Species composition, Seasame Tsampling method, micro

histological faecal technique
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CHAPTER 1: Introduction

1.1 Background

An estimated population of about seven million go@apra hircug is found in South Africa
(FAOSTAT, 2008), where almost half of the total plgtion is kept under smallholder
conditions (Coetzee, 1998; Shabalala and Mosim®&2R0These goats exist in natural
environments such as rangelands and are a meéfessafstenance to resource-poor households,
especially in areas where cropping is not feasibley provide a source of protein (milk and
meat) and cash that is used to buy grain, and hoigeautensils among other household

necessities (Lebbie, 2004; Haenlein and Ramire27 28imela and Merkel, 2008).

The ever increasing population of households putran on the finite resources, particularly
feed for goats and also their products that aréabta for human sustenance (Smail, 1997). This
calls for the need to improve production from tluatg to cope up with high demand for their
products and at the same time manage the availabte resources in rangelands much more
efficiently. This can possibly be done by assess#egliing behaviour of the goats on rangelands
(Demment and Greenwood, 1988; Lachica and Aguil2f®f)5). Feeding behaviour can be
defined as any action that is directed toward tleeyrement of nutrients. The optimum intake of
nutrients by the goats could be easily attainef@efling habits are understood and controlled

(Ngwaet al, 2000).

Compared to cattle and sheep, goats utilise a tyad€ plant species for their nutritional

requirements to be met. Choice of plant speciescémsumption by goats depends on plant
1



species available on rangelands. When feed resowce limited, goats spend more time

selecting highly nutritive plant parts, and in thecess, may not eat much (Peacock, 1996).
Consequently, their performance on rangelandsfestaid. Other strategies used by goats to get
nutritive feed include the use of the bipedal starzcskill where the goat stands on its hind legs
to access tree leaves at a considerable he\gi@,(200% and climbing trees to access tree leaves

(El' Aich et al, 2007).

In most studies on rangelands of South Africaleliittention has been paid to the feeding
behaviour of indigenous breeds such as Nguni (NGNpsa lop-eared (XLE) and their crosses
with imported breeds. Studies derived outside Sd\tita using different goat breeds, came
with inconclusive results, leading to an assumptioat all goats are browsers (Ngwa al,
2000; Omphileet al, 2003). As such, it has long been consideredogmp@ate to mix goats with
cattle and sheep (which are largely regarded aepato optimise the use of diverse rangeland
resources (Tainton, 1999; Cissgal, 2002). There is, however, evidence to suggedtdgbats
are not exclusively browsers, with breeds showiifter@nt feeding strategies on rangelands
(Hoste et al. 2001). Feeding behaviour might vary due to molgdioal make up of goat
genotypes and also changes in vegetation struattroess season. It is, therefore, imperative to

assess feeding behaviour of the goat genotypeshteve good feeding management.

The NGN goat is a small framed breed that has begorted to be hardy and can thrive under
local environmental conditions, utilising availaliéed resources much more efficiently (Dziba
et al, 2003; Nyamukanza and Scogings, 2008). Few, if stuglies have been done to verify this

assertion and to compare their diet selection witler genotypes under rangeland conditions.



The Xhosa lob-eared on the other hand, is a laeyedd goat breed well known for its attractive
coat pattern of various colours. This goat genotlype potential to increase revenue for the
resource-poor households from the sale of hidedis¢nminate crossing with synthetic and

exotic breeds also occur, resulting in changesomes morphological traits in goats, such as
stature(Masika and Mafu, 2004). These resultant crossege baen reported to dominate most
communal areas (Cardellino, 2009). Feeding behawbthe three goat genotypes co-existing
on rangelands, is yet to be studied. The breedg watheir morphological make up, thus,

feeding behaviour of goats on rangelands is likgtyng to differ. Since seasons influence
vegetation structure and nutritional compositions icrucial to determine the feeding behaviours

of the different goat genotypes across seasons.

1.2 Justification

Knowledge of feeding behaviour will assist farmeos partition limited feed resources on
rangelands among goat breeds and other livestamtiesp Appropriate stocking densities can,
therefore, be estimated paving way for good ramgeknd livestock management practices. In
addition, understanding feeding behaviour is alsgpadrtant in selecting breeds which are
adapted to local environmental conditions. If bee@dle adapted to the local environmental
conditions, they perform to expectation giving farms valuable products (food) and income

from sales.

1.3 Objectives

The major objective of the study was to determeeding behaviour of indigenous XLE goat,
NGN goat and NBC on rangelands of the false thddavEhe specific objectives were as

follows:



1. Compare time spent foraging by Nguni (NGN), Xhosp-¢ared (XLE) and Nguni X
Boer crosses (NBC) on rangelands of the false theddn
2. Determine plant feed preferences of XLE, NGN andCN\#dats on the rangelands of the

false thornveld.

1.4 Hypotheses
The hypotheses tested were that:
1. There are no differences on time spent foraginghey XLE, NGN and NBC goat
genotypes on rangelands of the false thornveld.
2. There are no differences on plant feed preferented.E, NGN and NBC goats on

rangelands of the false thornveld.
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CHAPTER 2: Literature review

2.1 Introduction

Efficient management of the feed resources on tangs is underpinned by an understanding of
the feeding behaviour of goats. This chapter ge@phasis on the feed resources available to
goats, performance of goats under rangeland conditifactors affecting feeding behaviour and

also methods of assessing feeding behaviour. TTohemation will give a theoretical background

for the research on feeding behaviour of goathermpresent study.

2.2 Plant feed resources edible to goats

Goats are well known to utilize diverse plant faedources on rangeland&cacia karroo,
Diospyros lycioides, Ehretia rigida, Grewia occidaims, Rhus longispina and Scutia myrtiage
some of the tree species edible to goats in thdysirea. The trees can either be decidudus (
karroo, D. lycioides, E. rigida, G. occidentglisr evergreenK. longispina and S. myrtipshus,
their availability as feed for goats vary with seagScogings, 1998; Dziba, 2000). A myriad
number of grass species can also provide feeddatsg The plant species differ in chemical
composition across seasons, resulting in herbivshesving preference for a particular plant in
relation to its chemical constituents (Tainton, 9P9 Nutritional and anti-nutritional
characteristics of different browse trees on raaggs of Eastern Cape in winter and summer are

shown in Table 2.1 and Table 2.2, respectively.



Table 2.1: Nutritional characteristics of browse spcies on rangelands in a False Thornveld

DM CP (% NDF Cellulose Lignin Energy

Season  Species (%) DM) (MJ/kg) P (% DM)
Winter  Acacia karroo 89.7 144 30.7 6.2 34 20.2 0.09
Diospyros
lycioides 86.6 7.8 41.0 9.7 103 19.7 0.1
Ehretia Rigida 89.3 10.9 339 2.9 8.6 18.3 0.08
Grewia
occidentalis 89.6 9.6 42.6 16.9 0.6 18.8 0.1
Rhus longispina 91.3 11.1 33.6 6.8 0 20.7 0.09
Scutia myrtina 89.6 11.6 423 8.8 14.2 20.4 0.09
Summer Acacia karroo 91.1 15.7 29.1 5.3 4.1 20.4 0.11
Diospyros
lycioides 91.3 10.6 40.5 7.0 9.1 19.4 0.11
Ehretia. Rigida 87.7 13.1 30.5 2.4 2 18.7 0.14
Grewia
occidentalis 90.8 15.0 46.6 12.2 0.5 19.3 0.14
Rhus longispina 91.2 13.1 37.8 4.3 3.1 21.7 0.12
Scutia myrtina 89.5 119 456 9.5 9.6 20.4 0.14

Source: Dziba (2000)

DM- dry matter; CP-crude protein; NDF- Neutral dgent fibre; P-phosphorus; MJ-mega joules



Table 2.2: Anti-nutritional characteristics of browse trees on rangelands in a False

Thornveld
Season  Species TP CT PPT
Winter  Acacia karroo 54.6 25.8 176.3
Diospyros lycioides 54.4 32.8 119.2
Ehretia rigida 42.3 0.4 48.6
Grewia occidentalis 37.8 24.8 1455
Rhus longispina 23.3 9.3 55.7
Scutia myrtina 98 67.3 237.6
Summer Acacia karroo 171.8 101.7 161.7
Diospyros lycioides 73.9 42.3 84.3
Ehretia rigida 97.9 0 0
Grewia occidentalis 45.2 26.7 77.0
Rhus longispina 33 17.5 2.5
Scutia myrtina 157.9 102.8 232.5

(Dziba, 2000)

TP- total phenols; CT- condensed tannins; PPT-eprgirecipitating tannins.



Chemical composition of grasses also varies withsee, particularly for those which are
perennials (Hendricksoat al, 1997). Fibre content increases with age of tdaatpwith low
proportions of fibre content occurring when grasaesstill young and succulent during the rainy
season. Fibre content becomes high during the ws#ason (Hendricksoet al, 1997). An
opposite trend also occurs for the crude proterelte High crude protein content occurs when
the plants are still young and decreases with adevels below 7% (Mphinyane, 2001). Some
indigenous grasses have also been noted to pdssems-like substances, whilst others such as
Cynodon dactylomroduce cyanogenic compounds (O'Reagain, 1993 .atlwerse effects from

these anti-nutritional factors make animals forggn rangelands to become selective.

2.3 Performance of goats on rangelands

Goats consume a variety of plant species that watljeir chemical constituents in rangelands.
However, their performance under rangeland conuhtiis not always satisfactory due to high
disease prevalence, parasite challenge and aleo wstrictions when acquiring nutritive feed
(Rumosa Gwazet al, 2009; de Vries, 2008). Rumosa Gwateal. (2009) observed that high
disease prevalence and high parasitic infectiom®mmunal areas where goats are reared under
rangeland conditions, is attributed to the inapitif farmers to buy veterinary medicines for their
livestock and also poor livestock management prastiGoats on rangelands for this reason are
likely not going to perform to expectation. Thisuéis in goats not meeting their nutritional
requirements leading to poor growth performancghhkid mortalities and also increased
kidding interval (above 258 days), as shown in &abI3. Other restrictions when acquiring
nutritive feed can be instigated by fluctuationsiiriritional characteristics of plant species with

season. Underperformance of goats will be morequoeed in dry periods when forage will be

10



of poor quality. Some goat breeds which are adafutadilisation of vegetation in a particular
area when feeding on rangelands use their feediiatpgies to feed off low nutrient grasses and
incorporate browse species to attain maximum mitiigake (Sinclair, 1977). Performance of
NGN, XLE and also crossbreeds in sweet rangelaridheo false thornveld is not known.
Information gained fronmfeeding behaviour helps in the understanding how gbats will

perform in natural environments.

2.4 Feeding behaviour of goats

To attain optimum nutrient intake from the avai@albéed resources, goats show off different
feeding strategies on rangelands. This is normealigrred to as feeding behaviour and usually
varies across seasons and breeds. Several pevspebtive been postulated regarding the
feeding behaviour of goats with the argument whethe goat genotypes can be classified as
either grazers or browsers (Knights and Garcia,/18steet al, 2001; El Aichet al, 2007).
Papanastasist al (2008) concluded that goats cannot be clearlinddfas either browsers or
grazers but are opportunistic feeders. Their feea combination of grasses and shrub plants or
tree leaves. Skillful grazing behaviour and efintieligestive system enable goats to attain
maximal feed intake and utilisation in a given atiod (El Aich et al, 2007). Feeding
behaviour exhibited by goats on rangelands is oeted by factors which include; breed,
season, anti-nutritional factors, morphology ofnplparts, social rank, group feeding and human

influences.
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Table 2.3:Performance of goat genotypes under communal prodtion systems

Breed Age at first Kidding Kid Growth Source
kidding interval mortality rate

(months) (days) (%) (g/day)

Mashona  18-19 370 30 40 Ndlovu and
Royer
(1988)

Matebele 23 - 30 98 Sibanda
(1988)

Nguni 16-18 258 - - Webb and
Mamabolo
(2004)

394 16 - Kamwanjaet
al. (1985);
DAGRIS
(2007)

Landim

Malawi 15.6 365 - - Nsoso et al
(2004);
Ayoade
and
Butterworth
(1982);
Kamwanja et
al. (1985)
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2.4.1 Effect of breed on feeding behaviour

Genetic differences among breeds influence intakevell as feeding behaviour of an animal
(Fukasawaet al, 2005). Variations exhibited by goat breeds imake are a result of
morphological and physiological characteristicsol@nzaet al, 2003). Some of the attributes
that have emanated in the different goat breedsiwbause variation in feeding behaviour are;

body size and oral morphological characteristics.

Body size at maturity usually varies among indidd@animals within and between breeds
(Peacock, 1996). Examples of breeds with marketeréiices are the XLE and NGN goat
breeds. The XLE with its large body framework hesagl legs that enable it to walk long
distances searching for nutritive feed. Time spent by goats on different activities on
rangelands is likely going to be affected. Van $@#994) also observed animal breeds with
smaller body size to be more selective in theidiieg behaviour for immature plant material,
whereas a considerable large body size promotesogdsstinal retention and digestive
capacity. All these developments in animals witharels to the feeding behaviour help in the

achievement of nutritional requirements for a gattr animal with size.

Body size as reported by Caumul and Polly (2006pants to about 10% of variation in skulls,
7% in mandibles, and 15% in molars. If a particujmat breed has a smaller body size it
develops a smaller mouth which enable it to makallstites of browse tree leaves more
efficiently, and at the same time limit the sizebite of grass swards (lllius and Gordenal,
1987). Smaller goat breeds are, therefore, moextet than large goat breeds resulting in the

development of mouth and tooth morphology to st tiype of plant material being consumed
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(Moore and Lavelle, 1974). Variations in oral marfaygical traits among different goat breeds
exist, which cause preference for different pla@cses on rangelands. Morphology of mandible,
dental wear and chewing muscles are useful forepgates made for different plant species
(Pérez-Barberia and Gordon, 1999; Amastlal, 2009). They play an important role in food
selection and food communition. The morphometadadrinvolved in dietary choices are incisor
breadth, incisor depth, muzzle width, mandibulgstdepremolar row length, molar row length,
mandible length, and length of mandibular diastéfeaez-Barberia and Gordon, 1999; Olopade
and Onwuka, 2005). These traits can be used tothgpcally classify goat breeds as a grazer,

browser or mixed feeder.

Attachment of the muscles to the mandible diffeepahding on the feeding behaviour of a
particular goat breed. Plant materials with highder fibre content (e.g. grasses) are tough;
therefore require higher bite forces during masttcaas compared to browse leaves (Kiltie,
1982). Attachment of muscles on the lower jaw ardagoat breeds which are perceived to be
grazers will therefore be larger as compared tovbeos independent of body size to allow
animal to crush high fibrous plant material. Thesglas involved in communition of plant feed
material are the masseter and temporalis musctesdbonret al. 2003). Muscular strength and
endurance of the chewing muscles is affected bybeunand type of muscle fibre, and also
muscle fatigue (Wegneat al. 2000). Other animal related traits that causéatian in feeding

behaviour are sensory properties and anatomy dfiffestive system an animal.
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2.4.2 Effect of season on feeding behaviour

Season influences normal feeding behaviour of goatsangelands with main emphasis being
on vegetation structure and ambient temperaturascédet al, 2008). Vegetation structure and
ambient temperatures vary across seasons, withelmperatures being experienced in winter as

opposed to the summer season.

Silanikove (2000) reported goats to perform wellhiwi a certain temperature range referred to
as the thermal neutral zone or zone of comfort. Fematures well above or below the zone of
comfort predispose the goat to stress. The highemhbemperatures associated with the hot and
wet season, result in a reduction in feed intakeinarease in the respiratory rate and an animal
will always be craving for water all the time (Silkove, 2000; Darcaet al, 2008). Currently

no research has been conducted to determine defgheat tolerance on the indigenous goats in
Southern Africa. Researches on Hipsi, Aardi and Zwoat breeds showed varying degrees in
heat tolerance (Alamer, 2006). Heat tolerance vss faund to vary among goat breeds which
include Barbari, Black Bengal, Sirohi, Marwari, Camabadi, and Kutchi (Josét al, 2004). In

a bid to dissipate body heat; goats can eithedstatie down on cold surfaces (Mitlohnetral.,
2002). In some cases they will seek shade undes tmm rangelands (Silanikove, 2000;
Mitlohner et al, 2002). During the cool-dry season when low terappges are experienced,
goats respond by increasing feed intake to genemabee heat to maintain body core
temperatures (Landaet al, 2000). Landawet al, 2000 also demonstrated that goats consume
more herbaceous species during winter, whereag lgown will be reduced as goats will be

trying to avoid contact with cold surfaces.
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Nature of plant resources influences feeding behavof goats on rangelands and this varies
with season (Johnsaat al, 2001). Regions characterised by deciduous tkdebave different
populations of plant species being altered witlsgeaThe shedding of leaves by deciduous trees
results in reduced unavailability of foliage to tpéDzibaet al, 2003). If an area has very few
palatable tree species to goats, the animal vathnteto other alternatives, that is, consumption of
grasses. Conversely, if there are few palatablesgspecies they will browse. Goat breeds which
are taller can make use of their long legs to watlg distances searching for desirable plant
species which are spatially distributed as compéweshort breeds. Goat breeds adapted to the
particular ecological region will therefore haveess to foliages by using their knowledge of the
surrounding environment and foraging skills (Sdftileg and Pigliucci, 1998; Provenza al.,

2003).

2.4.3 Effect of anti-nutritional factors on feedingbehaviour

Anti-nutritional factors are substances which, wpessent in feed, reduce intake and utilization
as well as growth of an animal (Amuchie, 2001; Rrmaet al, 2003; Makkar, 2003). Goats can
tolerate the adverse effects of most of these soxirfeed and this makes them consume a wide
variety of feed (Peacock, 1996). Condensed tani@is), for example, are a group of phenolic
compounds widely distributed in leguminous foragHseir sensitivity has been noted in cattle
and sheep, while goats are more resistant (Van aidi ldt al., 1999). Some goat breeds can
withstand the adverse effect of tannins and eatenwdrthe tree species. Nyamukanza and
Scogings (2008), observed NGN goats to have higiterates ofAcacia spfoliages containing

high levels of tannins compared to the Boer goltrrisonet al (2006) also describes the
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presence of enzyme atropinesterase in the cireylaygstem and in the liver of goats. Upon
eating a plant rich in tropane alkaloids such aspate and scopolamine, the enzyme hydrolyses
these alkaloids making plant feed material harmieske animal. According to Liebenberg and
Linn (1980), the level of the enzyme atropinesteras the goats varies with season
(concentration of the enzyme is low in winter) awdoss breeds. Gleadow and Woodrow (2002)
and, Vough and Cassel (2002) also observed higtsianeby herbivores on young growing of
grass due to high prussic acid content which carsegoisoning if high concentrations enter

body system of an animal.

2.4.4 Morphology of plants

Apart from the anti-nutritional factors, plants kadeveloped structural features which deter
herbivores from feeding (Papachristeual, 2005). Thorns, for example, are structural fiesgu
that have developed on some plant speciesAikkarroo, A. Tetracanthand R. Longispina
These thorns, with their sharp ends, can piercshflef any approaching herbivore thus
restricting its feeding rate (Boret al, 2004). Non-spinescence specibs I(ycioides, E. rigida
andalso G. occidental)sare, therefore, likely to be consumed in largardtiies (Dziba, 2000).
Other structural features on plants include tricasrand hardened leaves due to deposition of
granular minerals in plant tissues. Trichomeseaavés sometimes contain irritants which deter
herbivores from feeding. Depositions of the cheingmpounds (resins, lignins, silica, and
wax) as noted by Robbins et al. (1993), can aketute of plant tissue material reducing
palatability. This results in high aversion by goatthe particular plant material (Perez-Barberia
and Gordon, 1999). Scogings, 1998 also observe@ gdamt species to develop new leaves on

new shoots, whereas others produce new leavesnolthlorowsable branches. High intake rate
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were noted for those trees which develop new leawesnew shoot by goats feeding on

rangelands (Dziba, 2000).

2.4.5 Effect of social rank on feeding behaviour

In an environment where resources are scarce, ¢j&atall living creatures compete for the
available resources in order to survive and reprediKiley, 1978). Social ranking within a
population can then play a significant role on feeding behaviour of goats (Barroso al,
2000). The oldest and biggest goat breeds occuphitthest positions in the social ranking and
can benefit more comparing with their subordinat@scording to Thouless (1990) the
subordinates are always submissive to the domioaes affecting their feeding behaviour in
two ways. Firstly, they move away and stop feedutngn their neighbour is socially dominant.
Lastly, they take fewer bites as the distance fiominant neighbours decreases. Accessible
browse trees and also herbaceous plant materigl tvdrefore, be limited to the dominant
animals. Low-ranking goats can only access feed lkater time, thus, affecting behaviour of

feeding herbivore on rangelands.

2.4.6 Group feeding

Goats on communal rangelands usually graze in $ladmposed of different breeds. In these
flocks, social behavioural learning occurs werestdsenot accustomed to the feeding technique
learn from another different breed or the leaderttd group. This learning can also be

transferred to offspring and through continual stimgpand evaluating of various feed sources,
goats can easily adapt to different environmentahddions (Provenza and Balph, 1987;

Thorhallsdotiret al, 1987). If an animal is introduced to a new eowment with new plant
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species, it will always become reluctant to eatehdeods or familiar foods whose flavours have

changed, thus reducing intake.

2.4.7 Human influences

Many farmers in communal areas usually practiceeshifarming, which results in competition
for land between the cropping and livestock entsegr (Peacock, 1996). Crops, cereals in
particular, form a staple diet for people and usuedquire large fertile lands for cultivation.
This normally leaves unproductive and unfertiledgnwith low plant biomass being reserved for
pastures for livestock. If the condition of the fp@sland is poor (with low plant biomass), goats
are likely not going to be selective and can beddrto eat the available vegetative matter, thus
affecting their normal feeding behaviour on rangdk (Provenzat al, 2003). Conversely,
when rangelands are in good condition and cortecksg densities are implemented, there will
be plenty of forage giving goats a wider selectionplant species (Villalb&t al, 2004). The
production system being implemented by farmers a@fects feeding behaviour of goats,
particularly learning about consumable plant speole rangelands. Under intensive production
system, goats are given more of conventional femus$ these goats will not perform to
expectation because of inadequate knowledge oft gpecies on rangelands (Morand-Fehr,
2005). Shepherding on rangelands influences theesgin of the behavioural trends of the
flock (Baumontet al, 2000). Presence of herders/shepherds whilsiiollg movements of the
flock maintains the confidence of the animals araytwill, therefore, have a wider selection of

plant material on heterogeneous pastures.
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2.5 Methods of assessing feeding behaviour of goats
Different methods can be used to assess feedirgylmel of goats on rangelands. The methods
can either be direct or indirect. Under communabedand system, direct methods can easily be

carried out whilst indirect methods require expeasaboratory equipment.

2.5.1 Direct methods of assessing goat feeding beiwar

The direct methods involve; recording time spentfaraging and non-foraging activities on
rangelands, and counting the number of bites mgdgohts (Raats et al., 1996; Orihuela and
Solano 1999; Solanki, 2000). The techniques amyfaasy and inexpensive. They show high
precision levels in woody species but poor estiomain grass components. On rangelands, it is
often difficult to locate and approach closely &mcurate observation with the direct observation
method (Mphinyane, 2001). Difficulty in speciesntiécation and quantification of how much

plant material was prehensed are some of the mohgllenges associated with the procedure.

2.5.1.1 Time sampling method

Time sampling method involves visual animal obseovs including recording time spent on
the different behavioural activities (grazing, bsig, walking and lying down) on rangelands.
In this method, stop watches are used by obsefeersecording time spent on each activity
performed by goats on rangelands (Orihuela andn®plE999; Solanki, 2000). The time spent
feeding and on other activities by goats variehwviiteed and season as shown in Table 2.4.
Feeding behaviour of different goat breeds on ramgis of southern Africa across seasons are

not yet established.
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2.5.1.2 Bite count method

Another direct method of observing feeding behawviowolves the counting of bites made by
goats. A bite in this context is an act of breakufigor picking up a piece of forage (Agreil and
Meuret, 2004). Using the method, goats being oleskare closely followed by enumerators
who record the number of bites made at a particimae (Osoloet al, 1996). More reliable
estimates from the method are made possible where ik low density vegetation which does

not disrupt enumerators (Mengti al, 2006).

2.5.2 Indirect methods of assessing goat feedinghasiour

Indirect methods that can be used to determine ositign of diet are micro-histological faecal
analysis, oesophageal extrusa method and fae@aleatechnique. The techniques require an in-
depth knowledge of the histology of plants, patady epidermal cells. The plant cuticle plays
an important role for it resists digestion and éeslIplant fragments to be recovered from faeces
and also when using the oesophageal extrusa te@hnibhe plant fragments can then be

compared microscopically with reference materiairfrthe rangelands (Ler@y al, 2000).

2.5.2.1 Faecal odd chain alkane method

The faecal alkane method makes use of the natealrong markers, n-alkanes, which are
components of plant cuticular wax used for estingatigestibility in grazing ruminants (Dove
and Mayes, 1991). The naturally occurring n-alkaaes odd chains @2 - Css) resistant to
digestion which can be recovered in faeces (Do982)1L Gas chromatography can be used to
calculate the concentration of odd-chain alkanesent in forage which can be compared with

concentration in faecal samples. The techniquebeasn used in experiments involving sheep
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and cattle (Dillon and Stakelum, 1990). Using adsarhave been found not provide good
estimates of the composition of the diet when enas are grazing complex pastures (Dillon
and Stakelum, 1990). The method also requires teghexpertise to carry out the procedures in
the laboratory with also some knowledge of dietagcentrations of a natural odd-chain alkane

in plants.

2.5.2.2 Oesophageal extrusa technique

The procedure for carrying out micro-histologicasophageal extrusa involves collection of
plant material consumed by goats in a bag placednar the goat's neck after the plug and
spatula that seal the fistula had been removedtg¢Retal, 1996). The oesophageal extrusa gives
a representative diet selected by goats than tleetdand other indirect methods (Raetsal,
1996). The oesophageal technique is unbiased tewadijestible diet constituents (Vavra and
Holechek, 1980). Its use is limited because itated one of the degrees of freedom in animal
welfare, that is, freedom from pain caused by tirmgisal opening made on the oesophageal of

goats. The technique has also been found inteaniptals under observation.

2.5.2.3 Micro-histological faecal technique

Micro-histological faecal analysis involves the ntication and quantification of epidermal
fragments of ingested plant material recoveredaecés (Hooimeijeet al, 2005; De Jong,
2006). For studying different goat breeds, fae@h@es can be collected per rectum to

determine diet preference of a particular bree@ Jamples can be dried af6r stored in
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Table 2.4: Time spent (%) browsing, grazing and otér activities by different goat breeds

Breed Season Grazing Browsing Other Source

West African Summer 13.9 21.8 64.3 Ouédraogpal

dwarf (2006)

Winter 32.5 16 51.5

Saanen 60.1 35.9 - Aregheoet al
(2006)

Boer 39.0 61.0 Raats et al
(1996)

Angora 47.7 0.15 47.3 Hosteet al
(2001)
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formalin prior to observations. Micro-histologicdhecal analysis has advantages over
oesophageal extrusa in that: it does not placerestyiction on animal movement and also does
not interfere with the normal feeding behaviour thie animals on rangelands. Several
disadvantages are, however, associated with thieadeThese include; identification of plant
fragment being both tedious and time consuming,esspecies may become unidentifiable in the
faeces and fragments may differ between specigagldrigestion so the relative proportion of

species appears different.

2.6 Conclusion

Goat breeds have different feeding habits, whicultein an overlap in their diet preferences.
This can be influenced mostly by season, morphoddgiharacteristics each goat breed exhibit
and also other plant related factors. It is, tr@esfimportant to determine feeding behaviour of
common indigenous goat genotypes on rangelandsasezsons. This would enable partitioning
of resources among the goat breeds and otherduslesipecies on rangelands. The objective of
the current study was to determine feeding behawdundigenous XLE, NGN and NBC on

rangelands in the False Thornveld.
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CHAPTER 3: Time spent foraging by Xhosa lop-earedNguni and Nguni x Boer crossbred
raised on rangelands in the False Thornveld acroseasons

Abstract

Feeding behaviour of XLE, NGN and NBC goat genosypas compared in a False Thornveld
by recording time spent on browsing, grazing arfteohon-foraging activities in four seasons
(cool-dry; hot-dry; hot-wet and post-rainy). Obssions were made before 12 noon and in the
afternoon for 8 goats per breed. Four observerdtored the goats at 15-minute intervals for 4 h
(0800-1200h) in the morning and 4h (1200-1600 h)hm afternoon using stop watches. The
XLE goats spent more time browsing (P < 0.05) mdbol-dry and hot-wet season compared to
NGN and NBC goats. The NGN goats spent more tinmevéing (P < 0.05) in the hot-dry
season. Time spent grazing varied among the goatymges with the NBC cross spending more
time grazing (P < 0.05) in hot-dry, cool-dry andsprainy season. No differences were noted for
non-foraging activities across seasons among goaitgpes. Time of day had no effect on time
spent on different activities by goat genotypeseadion rangeland. It was concluded that NBC
goats spent more time grazing compared to othexdsracross season. Conversely, XLE spent

more time browsing in cool-dry and hot-wet seasmrapared to NGN and NBC goats.

Keywords: Goat genotypes, Seasons, Sweet rangelands, @amaiag method

3.1 Introduction
Information for comparisons of feeding behaviourgoft breeds on rangelands is scarce. Most
studies conducted compared animals of differentiepethat is, goats with wildlife species; and

also goats with cattle and sheep reared on randel@rainton, 1999; Breebaart, 2001). Different
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species show clear differences on their feedingthigProvenzaget al, 2003). As a result,
rangeland resources can be partitioned among thehspecies. There is, however, a possibility
that feeding behaviour can vary among breeds withim same species. This is normally
influenced by several factors interacting at déferscales over time (Agreil and Meuret, 2004).
Some of the most important factors include the molggical and physiological make up of a
breed, and season (Van Soest, 1994; Peacock, I¥¥6a et al, 2003). Seasons influence
vegetation structure and nutritional compositiomplaint species in rangelands. Goat breeds for
this reason adapt to different feeding strategeget feed to meet their nutritional requirements.
As a result, time spent on different activitiesrangelands is likely going to be affected. It is,
therefore, crucial to determine time spent on dgffié activities by the different goat genotypes

across seasons.

Time spent on different activities by different gganotypes give an understanding of how feed
resources are utilized. This facilitates in thetipaning of resources among different breeds and
other livestock species on rangelands. Farmers paatition resources by designing and
implementing effective grazing management systemsd aformulating economical

supplementation programs. The objective of thegmestudy was, therefore, to determine time
spent foraging by the XLE, NGN and NBC goat breddse null hypothesis was that there are
no differences on time spent browsing or grazingkhfz, NGN and NBC goat breeds raised on

rangelands.
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3.2 Materials and Methods

3.2.1 Study site

The trial was conducted at the University of FoarélFarm which is situated 80 km inland from
the Eastern Cape coastline in South Africa. Theaf@rlocated at latitude of 32°48 and 26°51

E; and is 520 m above sea level. The rangelandemerglly flat with a few steep slopes.
Vegetation is classified as the “False ThornveldEastern Cape” (Acock, 1975). It constitutes

diverse plant species of trees and grasses.

3.2.2 Weather patterns of the study site
Temperature patterns recorded during the observapieriod are shown in Figure 3.1.
Approximately 86.9 mm of rainfall was received ahgrithe observation period in hot-wet season

whilst no rainfall was received in other seasons.

3.2.3 Vegetation assessment

Composition of herbaceous and woody species wasrdeted using the plant step-point method
(Evanset al, 1957) and belt transects method (Eggletbral, 1995), respectively. Using the
plant step-point method, approximately 200 poin&seMocated to each of the transect lines in
the paddock measuring about 200 m in length bymingpa pointed metal rod at each step. The
plant nearest to each point was identified androsmh The belt transects method involved the
widening of the line transect to form a continudnett from which all the woody species were

recorded.
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The plant species composition was calculated as:
Species composition = (M/N) x 100; where
M - Total number of appearances of each plant sgeci

N - Total number of all the different plant specnsserved

Composition of browse and herbaceous plant spacitee study is shown in Table 3.1 and 3.2,

respectively.

3.2.4 Adaptation period

The goats were adapted to the rangeland conditiotiee paddock of about 20 ha for two weeks.
Watering points distributed evenly in the paddougpmied water. The adaptation was done to
enable the goats to get used to the presence efvars so that the animals can be closely

monitored. A flock size of 50 goats including thedentified for the experiment was used.

3.2.5 Management of animals and data collection

Twenty four clinically healthy does aged betweeto 3 years old, eight from each of the three
breeds; XLE, NGN and NBC were randomly selectedhfeoflock of 50 goats. Average weights
for the XLE, NGN and NBC were 40.1 £ 1.27, 32 +71&hd 35 + 1.27 kg, respectively. All the
does used were marked on their flanks with pairticlv aided in the accurate identification
during observation. In the event that paint onfltueks become invisible to observers. The goats
had numbers on their ear tags which complement thibtse on their flanks. This ensured that

same goats were used throughout the experiment.
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Table 3.1: Average species composition values of ety plant material for all seasons

Browse species

Composition (%)

Acacia karroo

Azima tetracantha
Coddia rudis
Diospyros lycioides
Ehretia rigida

Grewia occidentalis
Lantana camara
Leucas capensis
Lippia javanica

Lycium ferocissimum
Maytenus heterophylla
Maytenus polyacantha
Maytenus capitata
Rhus longispina

Rhus reflecta

Scutia myrtina

80.70
0.12
241
2.53
3.02
0.48
0.48
0.24
1.45
2.05
1.57
0.24
0.24
0.36
1.93
2.18
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Table 3.2: Average species composition values ofrhaceous plant material for all seasons

Herbaceous species Compasit (%)

Digitaria eriantha 28.0
Sporobolus africanus 12.7
Cynodon dactylon 15.7
Sporobolus fimbriatus 14.3
Panicum stapfianum 3.3
Panicum maximum 1.0
Microchloa caffra 1.3
Eragrostis obtusa 0.7
Eustachys mutina 4.7
Themeda triandra 14.3
Setaria neglecta 0.7
Eragrostis chloromelas 0.3
Cymbopogon plurinodis 3.0
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The goats were penned after 1600h and releasedgdime day before 0800h. Four observers
monitored the goats at 15-minute intervals for @8&00-1200h) in the morning and 4h (1200-
1600 h) in the afternoon using stop watches. Timesabservers monitored the goats across
seasons; hot-wet, post-rainy, cool-dry and hot-éwgtivities of feeding behaviour of the goats
were recorded for four consecutive days, two timesach season. The activities recorded were
grazing, browsing, grazing/walking, standing, watki lying down and other activities.
Description of the activities is in Table 3.3. Tirae spent on each activity was expressed as a

proportion of the total time spent on various dtigg in each season.

3.2.6 Statistical analysis

The proportion (%) of time spent on different aittés was analyzed using the General Linear
Model (GLM) procedure of SAS (2003). Comparisonsnmgans were done using the PDIFF
option of SAS (2003). The model used was as follows

Yiw = 1 +o i + Bj + afij + O+ adi +aPdijk+ i,

Where; Yju = Time spent on each activity;

u=overall mean response;

a;j =effect of breed (i=Xhosa, NGN, crossbred NGN >eBp

p;= effect of season (j= Cool-dry; Hot-dry; Hot-wBpst-rainy) ;

O = time of day (k= morning, afternoon);

afij = interaction of season and breed

adi = interaction of breed and time of day

aBdik = interaction of breed, season and time of day;

&jk = experimental error.
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Table 3.3: Description of activities recorded usingime sampling method

Activity Description

Grazing Consumption of grass material with head
pointing downwards
Browsing Consumption of browse species with head

pointing upwards

Grazing/walking Consumption of herbaceous matesihlilst
moving

Standing Standing without eating and when rumimgatin

Lying down Sitting to rest or ruminate

Walking Moving from one place to another with head
raised up

Other activities Fighting, mating and drinking wate
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3.3 Results

3.3.1 Time spent foraging

During the post-rainy season, no differences (P0%)Owere noted on time spent browsing for
the goat genotypes before noon (Table 3.4). Diffeee (P < 0.05) were observed in the
afternoon when the XLE spent more time browsing 184t 0.79 %) than the NGN (46.33 +
0.69 %) and NBC (37.53 £ 0.83 %). Time spent gxias high (P < 0.05) for NBC compared
to the XLE and NGN regardless of time of day. Hoe activities like grazing/walking, lying
down, standing, walking and other activities likeatmg, fighting and drinking water, no
differences (P > 0.05) among breeds and time ofwiene observed. This was also observed

during the hot-dry season (Table 3.5).

In the hot—dry season, NGN goat breed spent more tirowsing (P < 0.05) than the XLE and
NBC (Table 3.5). Conversely, NBC spent more timezgrg (P < 0.05) than NGN and XLE goat
breeds. No differences (P > 0.05) were noted or tment grazing for NGN and XLE goat

breeds regardless of time of day.
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Table 3.4: Time spent (%) on different activities ly Nguni (NGN), Xhosa lop-eared (XLE)

and the Nguni x Boer crosses (NBC) in the post-rajnseason

Breed Time b g gw 0 I S w se

NGN AM 59.62 17.0f 4.4C 0.78 0.00 2.96 1524 0.691
PM 46.33% 2943 759 1.03 258 3.64 9.41 0.691
XLE AM 57.70 16.13 7.67 1.37 0.07 2.20 14.87 0.786
PM 54.18 25.0f 6.04 2.07 0.03 2.83% 9.84 0.786
NBC AM 54.38 21.84° 6.00 0.83 0.03 1.53 15.37 0.834

PM 3753 34.03 8.20 2.20 3.63 3.50 1090 0.834

¢ y/alues within the same column with different supsps are significantly different (P <
0.05)

b-browsing; g-grazing; gw-grazing/walking; o-othactivities; I-lying down; s-standing; w-
walking

AM - before 12 noon; PM - afternoon

se - standard error
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Table 3.5: Time spent (%) on different activities ly Nguni (NGN), Xhosa lop-eared (XLE)

and the Nguni x Boer crosses (NBC) in the hot-dryemson

Breed Time b g gw 0 I S w se

NGN AM 1557 5529 1297 0.37 - 0.40 15.40 0.589

PM 13.68° 56.57 15.04 0.63 0.1G 0.60 13.38 0.589

XLE AM 8.7 56.79 17.33° 0.9¢ - 1.10 15.17 0.572
PM 11.12 56.39 15.8F 0.60 - 0.60 15.48 0.572
NBC AM 547 63.85 15.73 0.56 - 040 14.04 0.654
PM 448 67.22 12.48 053 - 0.27 15.03 0.654

a¢y/alues within the same column with different supgps are significantly different (P <
0.05)

b-browsing; g-grazing; gw-grazing/walking; o-othactivities; I-lying down; s-standing; w-
walking

AM - before 12 noon; PM - afternoon

se - standard error
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There were no significant differences (P > 0.05)oagthe goat genotypes on time spent
browsing during the hot-wet season (Table 3.6). Wi&N goats spent more (P < 0.05) time
grazing in the afternoon than other goat breedsrddgss of time of the day. Time spent
grazing/walking was high before noon and increas®dhe day progressed. This was observed
for all goat genotypes in the paddocks. The saemdtas in grazing/walking activity was also
observed for time spent walking by all goat breddis.differences (P > 0.05) were noted for
standing, walking and other activities like matifighting and drinking water in the paddock for

all goat genotypes.

In both morning and afternoon sessions, the XLEtgyspent more time browsing (P < 0.05)
compared to NBC and NGN goat breeds in the coolsgigson (Table 3.7). The NBC on the
other hand, spent more time grazing (P < 0.05) @etpto the XLE and NGN goat breeds in
the same season. No significant effects were nmtetime spent grazing for each goat breed in
paddock before noon and in the afternoon. Time tsperthe activity of grazing/walking was

less (P < 0.05) for the XLE than NBC and NGN gaabls.
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Table 3.6: Time spent (%) on different activities ly Nguni (NGN), Xhosa lop-eared (XLE)

and the Nguni x Boer crosses (NBC) in the hot-weeason

Breed Time b g gw 0 I S w se

NGN AM 3150 41.43 14.13 0.73 093 1.83F 9.43 0.541
PM 25.3F 47.8F 8.97 268 268 4.99 7.57 0.594
XLE AM 31.6F 40.7¢ 13.24 0.80 0.60 2.23 10.82 0.563
PM 27.63 40.77 9.10 277 453 6.97 823 0.612

NBC AM 31.64 41.25 1357 1.1F 1.47 11.06 1.012

PM 28.68 35.5F 10.84° 3.1F 6.17 7.94 7.77 1.012

a\/alues within the same column with different supgps are significantly different (P < 0.05)
b-browsing; g-grazing; gw-grazing/walking; o-othactivities; I-lying down; s-standing; w-
walking

AM - before 12 noon; PM - afternoon

se - standard error
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Table 3.7: Time spent (%) on different activities ly Nguni (NGN), Xhosa lop-eared (XLE)

and the Nguni x Boer crosses (NBC) in the cool-drseason

Breed Time b g gw 0 I S w se

NGN AM 1422 4920° 2127 1.08 1.0 1.9 11.34 0.229
PM 11.22 50.84° 2215 1.16 213 259 9.9C 0.338
XLE AM 17.08 454Ff 20.62° 1.39 0.13 3.66 11.7G 0.353
PM 1556 46.17¢ 19.7% 1.36 156 3.76 11.84 0.564
NBC AM 7.66 5417 2376 085 0.67 2.09 10.83 0.394

PM 5.068 56.83 2219 1.44 0.33F 250 11.65 0.639

abcdy/alues within the same column with different supspgs are significantly different (P <
0.05)

b-browsing; g-grazing; gw-grazing/walking; o-othactivities; |-lying down; s-standing; w-
walking

AM - before 12 noon; PM - afternoon

se - standard error
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3.4 Discussion

The observation that time devoted to grazing wagk im the hot-dry season for all goat breeds
than other seasons was anticipated. More time ddvit grazing during the hot-dry season
might be attributed to the tree species which ghed leaves. In the present study, karroo
was the most abundant tree species in the padddska deciduous tree and most of its leaves
were shed during the hot-dry season leaving veny $boots for consumption by the goats.
Shoots from deciduous trees started to emergesairibet of the hot—wet season. This left goats
with no option but to eat more of the herbaceouderns during the hot-dry season.
Comparisons of breeds in the hot-dry season hasrsINBC to spent more time grazing than
other goat breeds in the study. This might be ledrto the adaptability of the NBC goats to the
vegetation type. The NBC probably was able to pcedprodiguous quantities of saliva with
urea, which can aid digestion of fibrous materiaérbaceous material) (Silanikove, 2000).
Saliva production by the NBC goats was, howevetr,measured in this study and it, therefore,
warrants further investigation. Unlike the XLE, tNBC goats in the present study had also a
small body frame as the NGN goats. The NBC gohsetore, were also unable to reach browse
leaves at higher levels, thus resorted to graZiihg. observation that goats did not lie down in
the hot-dry season may be attributed to the uraviitly of palatable feed in the paddock (Raats
et al, 1996; Ouédraoget al 2006). Instead of lying down, goats spent mordheir time
searching for palatable feed to compensate forcaedse in availability (El Aicket al, 2007.

This could also account for the less time sperttber non-foraging activities in the paddock.

During the observation period, the post-rainy seagas characterised by vegetation with plenty

of browse leaves and also herbaceous plant speties were still succulent. Option to spend
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more time grazing than browsing by goats may bebated to the accessibility of the plant
species. Herbaceous plant species are easily ddeedsan browse species. Body size of the
different goat breeds have been noted to play aoitant role in accessing tree leaves. This was
the case with the XLE goats which spent more timevbing than NGN and NBC goats. The
XLE is a large framed goat compared to NGN and Nj8@t breeds. It probably took advantage
of its large size to stretch its body when assunthegbipedal stance to reach tree leaves at a
much higher level especially when browse was lichi(BIRC, 2007). This observation is in
agreement with Shelton (1978) and Dziba (2000) wdpwrted that goats use an advantage of
their large body framework to become more of browsm rangelands. The observation that
time spent by goats browsing decreases as therdgyesses and at the same time, grazing time
in the paddock increased as the day progressedd dmu explained as a feeding strategy
employed by goats to prevent rumen fill with lowafity feed, which would otherwise reduce
intake (Solanki, 2000). Proveneaal (2003) also explains such an anomaly to be dteediof
goats trying to detoxify anti-nutritional facton®im previous consumption of browse species by

dilution from eating herbaceous material.

During the cool season, trees also shed their $eaM@s might probably account for more time
spent grazing by the goats. These findings areistem$ with reports from Landaat al (2000)
and Ouédraoget al (2006) where goats also consumed more herbacgmees during the
cool season. The observation that XLE goats spemé mime browsing in the cool season than
other breeds in the experimantght be a result of breed being adapted to copeitipthe anti-
nutritional factors in browse species comparechto NIBC and NGN goat breeds (Proveeta

al., 2003). The observation where the breed spent itirmie browsing was also obtained in hot-
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dry and also post-rainy season. Such findings wiheeed differences were observed in the
amount of browse consumed were also noted by Nyanazk and Scogings (2008). Goats
during the cool season were expected not to liendmwre often to avoid contact with the cold
surface(Landauet al, 2000).This was not the case in the current study forgéat goats had to

lie down probably when ruminating.

The behavioural activity where goats graze whilsivimng (grazing/walking) has also been
reported by El Aichet al. (2007). In the current study, this was observadalb goat breeds
across seasons. Time spent grazing/walkwag more for the NGN as well as the NBC and less
pronounced for the XLE goats on rangelands. Tinenspn the grazing/walking activity by the
goats on rangelands in the study emanated whers goaved to another grazing patch on
rangeland and also when some individual goats tegireg to catch up with the rest of the flock

as they were feeding.

The similarities in time spent on non-foraging waitieés in the present study for different breeds
agree with literature on the influence of sociahdaoural learning (Provenza and Balph, 1987;
Thorhallsdotiret al, 1987; Barroset al, 2000). In these reports, goats not accustomeheto

feeding technique learn from another breed whesgiag in a flock.

3.5 Conclusions
The NBC goats spent more time grazing on herbacglaumns$ species in the hot-dry and cool-dry
season regardless of time of day compared to XLdE M@GN goat breeds. Conversely, XLE

goats spent more time feeding on browse specig®ipost—rainy, cool-dry and hot-dry season.
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It is, therefore, recommended that the XLE goatsukhbe incorporated in a mixed livestock
system to reduce competition for limited herbacemagerial on rangelands. Since the goat
genotypes vary their time spent browsing and grapm rangelands, it is important to ascertain

plant species selected by the different goat ggrastyor efficient management rangelands.
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CHAPTER 4: Seasonal variation in plant preference®f Xhosa lop-eared, Nguni and Nguni
x Boer crossbred goats raised on rangelands of tfk&lse Thornveld

Abstract

Plant preference of three goat genotypes; Xhosa&déopd (XLE), Nguni (NGN) and Nguni x
Boer crossbred (NBC) was studied using the micstelogical faecal analysis technique. Faecal
samples were collected from rectum of goats in feasons; hot-dry (September to October),
hot-wet (November to February), cold-dry (June taghst), and post-rainy season (March to
May). The faecal samples were prepared for observaind plant fragments identified using a
microscope at 400 x magnification. Greater propodi(P < 0.05) oA. karroofragments were
identified in faeces of the XLE goats in the hog-deason compared to NGN and NBC goats.
The NBC goats had a higher (P < 0.05) proportioSpdrobolus africanuandsS. fimbriatusin
faeces compared to other breeds. No significarferéiices (P > 0.05) were found on the
proportion of plant fragments identified in faeadsall goat genotypes during hot-wet season.
The NBC goats had low (P < 0.05) proportions ohplaagments oD. lycioidesandE. rigida
identified in faeces and had a higher proportiorfspbrobolus africanus the cold-dry season
compared to NGN and XLE goaifBhe XLE and NBC goat genotypes had higher proportidns o
S. fimbriatusand P. maximunplant fragments during the post-rainy seasamewia occidentalis
Panicum maximunand Diospyros lycioideshad greater preference index values for all goat
genotypes, compared to other plant species. The Xbkts selected more browse than
herbaceous plant species compared to other bréédsa lop-eared goats, therefore, show a
potential to browse more than the NGN and NBC gaddge of the XLE goats in mixed livestock
system with livestock species perceived to be gsama rangelands of the False Thornveld is

recommended.
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4.1 Introduction

Plant preferences are discriminations exerted byammal between plant species and plant
components (Newmaet al, 1995). The concept of feed preferences typicaflglies to goats
since they prefer to alternate between differemd$ewhilst feeding on rangelands (Abdel-
Moneim and Abd-Alla, 1999). From Chapter 3, the XigBats spent more time browsing
compared to NGN and NBC goat breeds. On the contitavas observed that NBC goats spent
more time grazing compared to XLE and NGN goatsiafians in time spent browsing and
grazing could possibly signify some differencesnatritional wisdom across goat genotypes,
which might enable them to select different plgmtses to meet their nutritional needs and at
the same time avert from plants that cause toxsc{Brovenzaet al 2003). Plant species
preference may also vary across seasons due todtians in chemical constituents of plant
species and also forage accessibility, a resulh@fanimals’ ability to reach a certain height of

tree when browsing.

Preference for plant species by goats on rangelease studied using the micro-histological
faecal analysis technique (Hooimeijetr al, 2005; De Jong, 2006). The technique does not
interfere with the normal feeding behaviour of #remals whilst feeding on rangeland and does
not place any restrictions on animal movements.videdge of dietary preferences could allow
optimal forage allocation to the different goat ggmpes and other livestock species, selecting
species for reseeding deteriorated rangelands eedicing the outcome of overgrazing by

different livestock species (Holechek al, 1982). The objective of the current study was to
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compare plant preferences of the XLE, NGN and NB@tgenotypes on sweet rangelands in

the False Thornveld in South Africa.

4.2 Materials and Methods
4.2.1 Study site, experimental animals and their meagement
The study site and management of the goats areildesan Chapter 3. Twelve clinically healthy

goats, 4 from each breed of the XLE, NGN and NB@ewssed in the study.

4.2.2 Micro-histological faecal analysis

4.2.2.1 Collection of faecal material

Before collection of the faecal samples, goats vedieaved to adapt to the rangeland conditions
for a period of two weeks. Faecal pellets wereeoddld as per rectum of the goat before they
were kraaled after 1600h. The faecal samples weee ih an oven at 6& for 24 hours and
milled through a 1mm screen. The samples were dtamea dry environment awaiting
preparation for observation under microscope.

4.2.2.2 Preparation of faecal material

Approximately 2 g of ground faecal samples wereesligd in 10ml of 55 % nitric acid over a
water bath for 2-3 minutes, and then placed in 200ailing water. The boiling water was
regularly stirred to facilitate the clearing of icuar fragments. The fragments were allowed to
settle at the bottom and supernatant liquid dedamtevide-mouthed pipette was used to take a
grab sample which was transferred onto a slidee@uh slide, at least 100 epidermis fragments

were identified and measured. Enumeration methaa usvolved counting the number of
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fragments of each plant species on slide quadaatsglescribed by De Jong (2006). Slides were

viewed under a microscope at a magnification 008.4

4.2.2.3 Preparation of reference plant material

All grasses, shrubs and trees in the paddock whetified and leaves collected for use as
reference plant material. Reference plant matemadse necessary for the identification of
plant epidermal cells of different plant speciediiahh have been consumed by goats and
later recovered in faeces. Portions of the fresinfpmaterial were preserved in formalin
acetic. Leaf or plant material was cut into thinpgs (10 X 10 mm) and boiled in 10% nitric
acid to separate the epidermis from the mesoplayd (McAllister and Bornman, 1972).
The strips were then washed using running wateemnoove residual acid and the epidermis
peeled off using a forceps. Abaxial and adaxialfssres were peeled off from the plant
strips and mounted on slides with a stain. The ispeic was viewed under a microscope at a
magnification of 400x. Photomicrographs were takerhelp in the matching process of

epidermis of plant material from the faeces.

4.2.3 Preference index

Plant species composition on rangelands where doedged was assessed (Chapter 3). The
values obtained were used to calculate preferendexitogether with values from faecal
analysis. A preference index (PIl) was calculatadguthe formula:

Pl= CCF/CA; where

CCF is the percentage of plant species recover&koes; and

CA is the composition of plant species availableaimgelands.

59



Preference index indicates the extent of utilizatd plant species in relation to their availalyilit
(Petrides, 1975). Preference index values grelaéer 1.0 indicate a plant species was selected by
the goat. A negative selection of a particular plgpecies is indicated by a preference index

value less than 1.0. Zero indicates the plant sgegas not consumed.

4.2.4 Statistical analysis

Following arcsine transformation to normalise thetag the proportions of plant fragments
identified in faeces were analyzed by using the Ghfdcedure of SAS (2003). Comparisons of
means were done using the PDIFF option of SAS (R0d8del used was as follows;

Yik=p +oi+ B +afj + 6,

Where;

Yij = proportion of plant species in faeces

u=overall mean response;

a;j =effect of breedi£XLE, NGN, NBC);

B;= effect of season€ cool-dry; hot-dry; hot-wet; post-rainy);

afij = interaction between breed and season;

ejjx = experimental error.

4.3 Results
4.3.1 Diet composition in faeces
Twenty five plant species were identified in faeoésall the goat genotypes. Of the 25 plant

species, 13 were browse species whilst the rentpitthwere herbaceous plant species (Table
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3). Acacia karroowas the most consumed browse species on rangedéandsidenced by the
higher proportion of plant fragments identified faeces of all goat genotypes across seasons.
Sporobolus fimbriatusS. africanusand T. triandra contributed a higher proportion for the
herbaceous species in the diet of all goat genetyggoeoss seasons. Goats seemed not to prefer
the plant specie%;. rudis L. camara L. javanicaandS. neglectas they were not identified in

faeces across seasons.

During the post-rainy season, significant diffeehgP < 0.05) among genotypes on the
proportion of plant fragments identified in faecegre observed folS. fimbriatusand P.
maximum(Table 4).The XLE and NBC goat genotypes had higher propostiof S. fimbriatus
andP. maximunplant fragments compared to the NGN goats. Otlffarences on proportion of
plant fragments found in faeces of goats wereefatigida, L. capensis, R. refracta, M. caffra, E.
chloromelas, E. obtusand C. plurinodis when plant fragments were not identified for a
particular goat breed (R 0.05). Nguni goats consumé&d rigida whilst XLE and NBC goat
genotypes did not. On the other hand, NBC and NG&t genotypes rejected capensiandR.
refracta respectively. The trend where one goat genotypendidconsume a plant species as
opposed to other goat genotypes also occurred Her hierbaceous specielt. caffra, E.

chloromelas, E. obtusandC. plurinodis.

In the hot-dry season, the NBC goats craved fobdwous than browse species compared to
XLE and NGN goat breeds (Table 5). Consumptionesbhceous species was indicated by the
high (P < 0.05) proportion of plant fragments&fafricanusS. fimbriatusand C. plurinodis

identified in faeces compared to XLE and NGN goededds. The XLE goats had a higher
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proportion ofA. karrooin faeces than NBC and NGN goat breeds. Plantrfeags of the browse
speciesM. capitata, R. reflectandL. ferocissimunwere not identified in faeces by NBC goats
indicating they did not constitute their diet. Retjen of browse species was also observed/for
polyacanthaand R. longispinafor NGN and XLE goat genotypefigitaria erianthaand E.
mutina are herbaceous material rejected by XLE and NBOftypes but consumed by NGN

goats.

No significant differences (P > 0.05) were foundtbe proportion of plant fragments identified
in faeces of all goat genotypes during hot-wet sed$able 6). Differences were observed when
a particular goat breed did not consume a plantiepen relation to other goat genotypes. In the
cold-dry season, NGN and XLE had higher (P < Of®jportions of plant fragments @.
lycioidesandE. rigida in their faeces compared to NBC goats (Table N)tl@ contrary, NBC
goats had a higher (P < 0.05) proportionSofafricanusin faeces than XLE and NGN breeds.
Other differences occurred when fragments of aqaetr plant species were not identified for a

particular goat genotype €0.05).
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Table 4.1: Plant species identified in faecal samgd of Nguni (NGN), Xhosa lop-eared

(XLE) and the Nguni x Boer crossbred (NBC) goats ithe post-rainy season

Plant species NGN XLE NBC
Browse species

Acacia karroo 45.69 + 0.033 38.56+ 0.07% 36.79+ 0.091
Diospyros lycioides 2.54 +0.28 6.43+0.19 7.55+0.21
Ehretia rigida 1.02+ 0.18 0 0
Grewia occidentalis 6.09 + 0.25 5.51+0.2% 4.72+0.23
Leucas capensis 0.51+0.19 0.92+0.19 0
Rhus reflecta 0 2.14+0.13 0.94+0.15
Scutia. Myrtina 8.63+0.16 1.84+0.15 4.72+0.28
Herbaceous species

Sporobolus africanus 16.24+0.17 11.02+0.17 10.38+0.20
Sporobolus fimbriatus 6.60+0.17 10.10+0.17 8.02+0.19
Panicum maximum 3.050.19 5.78+0.19 1.89+0.2%"
Microchloa caffra 0 1.84+0.086 0
Eragrostis obtusa 0 0.92+0.074 0
Themeda triandra 8.63+0.10 13.13+0.16 16.98+0.12
Eragrostis chloromelas 1.02+0.24 0 0
Cymbopogon plurinodis 0 1.84+0.2% 8.02+0.25

a®y/alues within the same row with different supenmstsriare significantly different (P < 0.05)
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Table 4.2: Plant species identified in faecal samgd of Nguni (NGN), Xhosa lop-eared

(XLE) and the Nguni x Boer crossbred (NBC)goats in thehot-dry season

Standard
NGN XLE NBC error
Browse species
Acacia karroo 26.48 38.59 21.60 0.079
Diospyros lycioides 8.45 7.76 3.67 0.214
Ehretia rigida 2.74 3.06 0.65 0.176
Grewia occidentalis 7.08 477 5.18 0.183
Leucas capensis 2.74 3.53 1.73 0.192
Lycium ferocissimum 1.60° 1.8¢ 0 0.113
Maytenus polyacantha 0 0.24 0.27 0.071
Maytenus capitata 1.830 2.35 0 0.097
Rhus longispina 0 0 0.27 0.1
Rhus reflecta 0.23 0.77 0 0.132
Scutia myrtina 11.19 5.47 4.54 0.223
Herbaceous species
Digitaria eriantha 0.46' 0 0 0.099
Sporobolus africanus 7.08 7.06 20.95 0.170
Sporobolus fimbriatus 5.25 4.00 12.3F 0.167
Panicum maximum 7.53 477 4.37 0.187
Eragrostis obtusa 0.23 0.94 0.27 0.075
Eustachys mutina 0.23 0 0 0.074
Themeda triandra 12.56 9.18 14.69 0.102
Eragrostis chloromelas 2.74 3.06 0.65 0.167
Cymbopogon plurinodis 1.60° 2.82 9.07 0.208

ay/alues within the same row with different supenstsriare significantly different (P < 0.05).
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Table 4.3: Plant species identified in faecal samgd of Nguni (NGN), Xhosa lop-eared

(XLE) and the Nguni x Boer crossbred (NBC) goats inhe in hot-wet season

Standard
NGN XLE NBC error
Browse species
Acacia karroo 22.98 30.8¢ 21.87 0.079
Diospyros lycioides 12.13 10.75 8.66 0.214
Ehretia rigida 0.85 0.67 2.28 0.176
Grewia occidentalis 4.89 4.7¢ 7.06 0.187
Leucas capensis 4.68 1.79 5.92 0.192
Rhus longispina 0 5.37 0 0.01
Rhus reflecta 1.06 0.45 0.46 0.132
Scutia myrtina 0 4.48 0.46 0.099
Herbaceous species
Digitaria eriantha 2.34 0 0 0.085
Sporobolus africanus 11.97 12.09 15.77 0.170
Sporobolus fimbriatus 107 10.97 8.88 0.167
Panicum maximum 2.9¢ 2.9F 2.96 0.187
Eragrostis obtusa 0 0 0.23 0.074
Eustachys mutina 1.06 0 0 0.056
Themeda triandra 15.74 9.85 14.58 0.102
Eragrostis chloromelas 0.85 0.67 2.28 0.098
Cymbopogon plurinodis 8.57° 4.48 8.66 0.208

ay/alues within the same row with different supernstriare significantly different (P < 0.05)
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Table 4.3: Plant species identified in faecal samgd of Nguni (NGN), Xhosa lop-eared

(XLE) and the Nguni x Boer crossbred (NBC) goats ithe cool-dry season

Standard error

NGN XLE NBC

Browse species

Acacia karroo 27.14 32.00 24.67 0.079
Azima tetracantha 0 0.43 0 0.021
Diospyros lycioides 9.57 7.08 1.10 0.214
Ehretia rigida 3.33" 8.7¢ 2.64 0.176
Grewia occidentalis 6.43 1.93 3.96 0.183
Leucas capensis 2.86 3.86 2.20 0.192
Lycium ferocissimum 1.43 1.50° 0.44 0.113
Maytenus heterophylla 0 0.43 0 0.021
Maytenus polyacantha 0 0 0.44 0.112
Maytenus capitata 0 1.29 0.27 0.097
Rhus reflecta 2.14 2.79 0 0.132
Scutia myrtina 5.00 4.93 8.8F 0.139
Herbaceous species

Digitaria eriantha 1.19 1.5G 1.1¢ 0.099
Sporobolus africanus 9.058 7.08 18.06 0.170
Cynodon dactylon 0.24 0 0 0.079
Sporobolus fimbriatus 8.57 3.00° 8.37 0.167
Panicum stapfianum 0 0.2F° 0 0.015
Panicum maximum 5.48 5.36 6.39 0.187
Eragrostis obtusa 0.7F 1.07 2.86 0.0745
Eustachys mutina 0 0 0.66 0.0564
Themeda triandra 14.29 13.94 10.79 0.102
Eragrostis chloromelas  0.7F 1.07 2.86 0.089
Cymbopogon plurinodis  1.9¢° 1.72 447 0.208

@yalues within the same row with different supensisriare significantly different (P < 0.05)
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4.4.2 Plant preference indices

Eleven plant species were selected by the threehyeads on rangelands. Six browse species
were selected by all goat breeds on rangelanddg Bab). These includb. lycioides, E. rigida,

G. occidentalis, M. capitata, R. longispirmad S. myrtina Grewia occidentalisvas the most
preferred browse species selected by all goat braewss seasons, with high preference index
values compared to other browse species. The XlaEsgelected more browse species, some of
which were not selected by the NGN and NBC goatdise The browse species which were not
selected by NGN and NBC ake longispinaandE. rigida. The NBC goats only selected three
browse species namely. lycioides, G. occidentaliandS. myrtina Coddia ruddis, L. camara,

L. capensifndL. javanicaherbaceous plant species were unacceptable toatlbgeeds.

Variations have been noted on the different hermaseplant species selected by goats on
rangelands (Table 4.6). The herbaceous plant speaee selected by the goat breeds were
pluridonis, E. obtusa, P. maximum, S. africaraml T. triandra The NGN goats selected.
pluridonis andP. maximunwhile XLE selectedE. obtusaandP. maximumUnlike the XLE and
NGN goat breeds, the NBC goats proved to have hehigreference for herbaceous plant
species. It selected five herbaceous plant spegibigh includeC. pluridonis, E. obtusa, P.
maximum, S. africanuandT. triandra Panicum maximumvas the most preferred herbaceous
plant species by all breeds with higher prefereim#ex values.Setaria neglectawas

unacceptable to all goat breeds.
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Table 4.4: Plant preference indices (PI) of browsspecies for the Nguni (NGN), Xhosa lop-
eared (XLE) and the Nguni x Boer crossbred (NBCyoats

NGN XLE NBC
CA CCF Pl CCF Pl CCF Pl
Browse species
Acacia karroo 80.70 30.65 0.38 35.40 0.44| 27.44 0.34
Azima tetracantha 0.12 0 0 0.11 0.94 0 0
Coddia ruddis 2.41 0 0 0 0 0 0

Diospyros lycioides 2.53 8.46 3.34 8.13 3.21| 5.26 2.08
Ehretia rigida 3.02 2.00 0.66 3.24 1.07 1.43 0.47

Grewia occidentalis 0.48 6.17 12.78 421 8.73 4.92 10.20

Lantana camara 0.48 0 0 0 0 0 0
Leucas capensis 0.24 0 0 0 0 0 0
Lippia javanica 1.45 0 0 0 0 0 0

Lycium ferocissimum 2.05 0.76 0.37 0.85 0.42 0.11 0.06

Maytenus heterophylla 1.57 0 0 0.11 0.07 0 0
Maytenus polyacantha 0.24 0 0 0.06 0.24| 0.17 0.71
Maytenus capitata 0.24 0.47 1.95 0.91 3.77 0.06 0.24
Rhus longispina 0.36 0 0 1.36 3.77 0.06 0.16
Rhus reflecta 1.93 0.88 0.46 1.55 0.80 0.34 0.18
Scutia myrtina 2.17 6.11 2.81 421 1.94 4.75 2.19

CCF: percentage of plant species recovered in $aece

CA: composition of plant species available in rdagds.
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Table 4.5: Plant preference indices of herbaceougecies for the Nguni (NGN), Xhosa lop-
eared (XLE) and the Nguni x Boer crossbred (NBCyoats

NGN XLE NBC
Herbaceous species CA CCF PI CCF Pl CCF CA
Cymbopogon
plurinodis 3.00 3.23 1.08| 2.73 0.91 6.68 2.23
Cynodon dactylon 15.67 0.06 0 0 0 0 0
Digitaria eriantha 28.00 1.06 0.04| 0.40 0.01 0.29 0.01
Eragrostis obtusa 0.67 0.24 0.35| 0.74 1.11 0.86 1.29
Eustachys mutina 4.67 0.35 0.08/ 0 0 0.17 0.04
Microchloa caffra 133 O 0 0.45 0.34 0.06 0.04
Panicum stapfianum 3.33 0 0 0.06 0.02 0 0
Panicum maximum  1.00 4.82 482, 4.74 4.74 4.01 4.01
Sporobolus africanus 12.67 11.09 0.88] 9.46 0.75 16.83 1.33
Sporobolus fimbriatus 14.33  7.76 0.54| 7.05 0.49 9.60 0.67
Setaria neglecta 0.67 0 0 0 0 0 0
Themeda triandra 14.33 13.07 0.91] 11.65 0.81 14.45 1.01

CCF: percentage of plant species recovered in $aece

CA: composition of plant species available in rdagds.
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4.4 Discussion
Among the forage species that where availablengetandsA. karroowas the most consumed

plant species by all the breeds, as larger prapwstof the plant fragments were identified in the
faeces across seasons. Although karroo had larger proportions of the plant fragments
identified in faeces, it was negatively selected <PL.0). This could be due to a high species
composition of about 80% found relative to plar#giments identified in faeces of goats. The
high occurrence oA. karrooin faeces might be a result of subsequent encooftgoat breeds
with this browse species (Raasal, 1996). Furthermoréi. karroois a leguminous tree with
high protein levels, thus this might account foe thigh intake rate exhibited by the goat
genotypes on the plant species across seasonsa(@zih, 2003). Digestibility of protein ir.
karroo was, however, not estimated warranting furtheestigations on the adverse effects of
tannins on digestibility. Presence of spinescemcéhe plant specied\( karrog might have not

offered a defensive mechanism to act against henpiv

A significant proportion oD. lycioideswas also found in faeces of all goat genotypeschvhi
was not anticipateddiospyros lycioidess regarded as an unacceptable plant species ts goa
mainly due to its lower digestibility (Raatst al, 1996; Scogings, 1998; Dziba, 2000).
Morphology of the plant species might probably explsuch an anomalipiospyros lycioidess

a deciduous non spinescence tree species andyustaaits to develop new shoots at the onset of
the rainy season. New leaves on this tree speetesiap on new shoots. As reported by Dziba
(2000), those plant species which produce new eamenew shoots allow goats to make higher
intake rates. This supports findings in the presguatly for the high preference index values
obtained forD. lycioidesfor all goat genotypes feeding on rangelanflsretia rigida, G.

occidentalis, L. capensiand S. myrtinacontributed a significant proportion to the diéttloe
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goats although in small proportion comparedAtokarroa This might also be due to their

availability in rangelands, which was very low caamgd toA. karroa

Grewia occidentalison the other hand, has proved to be a very féafdant species with high
preference index values compared to other plantispdor all the goat genotypes. Just like
Diospyros lycioidesjt is a non-spinescence tree species which deveteps leaves on new
shoots. High preference values fér occidentaliscompared td. lycioidesmight be a result of
low lignin and antinutritional factors i@. occidentalighanD. lycioides.This conforms to Raats
et al (1996), Gthesen (1997) and Dziba (2000) who also reportedsgieeding on rangelands
to selectG. occidentalighan other plant specie.he low proportion of th&rewia occidentalis
plant fragments found in the faecal samples ofgibats is attributed to the species composition

in the paddock, which was low.

The observation thd. rigida had low preference index values was not expe@ety the XLE
goats selected plant species whilst NGN and NBCt ¢poeeds did notEhretia rigida as
reported by Dziba (2000), has low levels of antirtional factors which impart a bitter taste in
the mouth of goats. In addition, the plant spe@eslso a non-spinescence species. A possible
reason for the XLE goats to consume the plant sgauight be due to its large body framework.
Very few E. rigida plant species that the goats came across develppedleaves at a
considerable height that enabled the XLE goateachr some of the leaves than NGN and NBC

goat breeds.
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Sporobolus africanus, S. fimbriatu®, maximunmandT. triandraare perennials; hence their fibre
and protein content may vary with season (Van Gwmlisn, 1992). This probably influenced
intake of the plant species in the present stugdultiag in differences in proportion of plant
fragments forS. fimbriatusand S. africanusrecovered in faeces of goats with season. Also,
fibrous material high in lignin content as noted Ygn Lieverloo et al. (2009) can escape
digestion; hence more fragments are recovereddoefa This could probably justify the high
proportions ofS. fimbriatusandS. africanusobtained in the current studiganicum maximum
and T. triandra are very palatable plant species to goats, hefsm® tagh proportions of
fragments have been identifiedfaecal samples of goaroportions ofP. maximunfragments

in faeces of goat genotypes were low. However, gsaem to crave for the plant species as

preference index values greater than one werersatai

The observation that NBC goats preferred more lvedoss plant material rather than browse
species when compared XLE and NGN breeds might besaltant of the breed producing
prodiguous quantities of saliva with urea to faatk the digestion of fibres in herbaceous species
(Robbinset al, 1995). Low proportions acfome indigenous grasses identified in faeces nhight

a result of tannin-like substances and also cyamogeompounds especially i@. dactylon,
which result in aversions (O'reagain, 1993). Tineliigs are consistent with Danckwerts (1989)
observations that grasses do use other mechanemisnqtritional factors) rather than low

digestibility to deter herbivores.

The XLE and NGN goat breeds preferred browse specmmpared to the NBC goats.

Utilization of the browse species such Aaskarroo, S. myrtina and A. tetracanthaay be a
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result of XLE and NGN being adapted to coping wiite anti-nutritional compounds common in
woody vegetation (Provens al, 2003; Nyamukanza and Scogings, 2008). The bigtdace

is another foraging strategy that enables the goatgilize browse trees; particularly the XLE
which is large framed (NRC, 2007). Plant species aamsumed by the goat genotypes were

either scarce or not found along their feeding seur

4.5 Conclusions

From the current study, it can be concluded thaCNfdats preferred more herbaceous plant
species, including. triandra andS. africanuswhich were not selected by XLE and NGN goat
breeds. Conversely, The XLE goats selected more/dmspeciesR. longispinaandE. rigida

not selected by NGN and NBC goats on rangela@dswia occidentalisD. lycioidesand P.
maximumwere the most preferred plant species by all thet genotypes. Over utilization of
different plant species can be predicted which willturn allow reseeding of deteriorating

rangelands to be done.
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CHAPTER 5: General discussions, Conclusions and Resmmendations

5.1 General discussions

Feeding behaviour of the indigenous goat genotgpegngelands is poorly understood resulting
in some inconclusive results being forwarded retato whether the goats can be classified as
either browsers or grazers. This lack of knowledgehe feeding behaviour of goats has resulted
in poorly managed rangelands and that has led d¢ordingelanddeterioration. Appropriate
knowledge on feeding behaviour aids in the paritig of rangeland resources to reduce
competition for limited resources especially undemmunal rangeland conditions where mixed
livestock farming system is practised. The stutigreéfore, compared time spent foraging and

plant feed preferences of XLE, NGN and NBC breadsamgelands.

In chapter 3, the direct method of observationpimwg the use of stop watches to determine
time spent on different activities on rangelands waed. Using this method, differences have
been noted among breeds on time spent foragingragelands. The XLE goats spent more time
browsing compared to other breeds. The NBC goathe@mwther hand, devoted most of its time
on the grazing activity compared to other breedstue of the goat breed, most likely
influenced feeding behaviour of goats on rangelaidss gave the XLE goats an added
advantage when assuming the bipedal stance to teaeheaves at considerable height when
assuming the bipedal stance. Time spent browsirgghigh in post-rainy season whilst grazing

time was high in hot-dry and cold-dry season.

Time spent on the different foraging activities slo®t give adequate information relating to the

exact plant species preferred by the goat genotypefficient management of rangeland
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resources. The micro-histological faecal analysthhique was, therefore, used to determine the
plant species preferred by the goat genotypes apteh 4. Differences among the breeds were
observed when using the technique, particularlyfean plant species that have been consumed
by goats. The XLE goats selected more browse sp&gdibé an additional oR. Longispinaand

E. Rigida not selected by other goat breeds in the currerdys The NBC goats preferred
herbaceous material. Probably preference for hedhec material might be a result of the
inability of the NBC goats to detoxify anti-nutonal factors, therefore, did not consume browse
species.Grewia occidentaliswas the most preferred plant species by all geatypes on
rangelands. The techniques have provided relemémtnnation which might facilitate in efficient

management and improvement of rangeland resources.

5.2 Conclusions

Feeding behaviour of indigenous XLE, NGN and NBGitgoon rangelands was different. The
XLE goats showed potential to utilize browse trdws spending more time browsing and

selecting more browse species compared to othedbrm the current study. The NBC goats,
however, showed a potential to utilize herbacedastpmaterial, therefore, will pose some

competition to other grazers such as cattle andsha the limited herbaceous plant resources
on communal rangelands. Time spent browsing wak Imgpost-rainy season whilst grazing

time was high in hot-dry and cold-dry seas@Gnewia occidentalisvas the most preferred plant

species by all goat breeds on rangelands.

78



5.3 Recommendations and further research

Since XLE goats were more of browsers comparedheragoat breeds, it can be recommended
that the breed be incorporated in mixed livestockdpction system. This would enable
optimal/efficient management and utilization of galand resources since the livestock species
would be having different feeding habits. Knowledgeplant feed resources should, therefore,
be imparted to farmers so that they can propag@eliant species most preferred by the goats,
particularly G. occidentalis This will also enable the farmers to estimateclatay densities

basing on the plant species acceptable to the &ima

More work is required on the following aspects épedimine:

1. Bite sizes, the cranio-dental anatomy and bite tOun the indigenous goat
genotypes.
2. Effects of feeding behaviour on productive and edpctive performance of the

indigenous goat genotypes.

3. Impacts of mixing different livestock species oadeng behaviour.
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