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ABSTRACT

The Charolais and Polled-Hereford constitute some of the Bos raurus beef cattle breeds in
Kenya. They are used in different production systems, i.e., as pure breeds in the medium to high
potential areas and for crossbreeding with the B. indicus breeds in the arid and semi-arid lands. In
this study, records on growth and fertility performances were used to estimate genetic and
phenotypic parameters using various univariate and multivariate models, and to examine genetic
and environmental trends in performances of the two traits. Sex, age of the animal, parity of dam
and year-season effects were the main environmental effects that influenced birth weight (BW),
pre-weaning average daily gain (ADG) and weaning weight (WW). Fertility performance; age at
first calving (AFC) and calving interval (CI) were affected by herd-year-season of birth and
calving, respectively. Direct heritability estimates from univariate analyses of growth traits were
0.36 and 0.21; 0.25 and 0.10, and 0.23 and 0.13, for BW, ADG and WW in the Charolais and
Polled-Hereford, respectively. Maternal heritability estimates were, correspondingly, 0.11 and
0.01; 0.18 and 0.00; 0.17 and 0.17 for BW. ADG and WW for the Charolais and Polled-
Hereford. Direct-maternal genetic correlations ranged from -0.45 and 0.1.00; -0.51 and -0.10; -
0.47 and -0.39 for BW, ADG and WW in the Charolais and Polled-Hereford. respectively. The
heritability estimates for fertility traits were, correspondingly, 0.06 and 0.16; 0.00 and 0.05 for
AFC and CI for the Charolais and Polled-Hereford. The genetic correlations between growth
traits ranged from -0.99 to unity, and between growth and fertility traits from -1.00 to unity. The
genetic correlations between AFC and CI were high and negative (-0.99) for both breeds.
Phenotypic correlations between growth traits ranged from 0.0 to 0.28, and between growth and
fertility traits from -0.16 to 0.12. There seemed to be no phenotypic correlation between AFC
and CI. However, the high and negative genetic correlation between AFC and CI implies that
selection for short AFC could not result into improved reproductive efficiency. The high and
positive (1.00) genetic correlation between BW and ADG in the Charolais suggests that selection
for BW would result into faster growing animals. Based on the heritability estimates for growth
traits, there are opportunities for genetic improvement of these B. faurus breeds by selection for
early growth traits. This means that growth and fertility traits could be used in genetic evaluation

in B. taurus cattle breeding programmes in Kenya.
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CHAPTER ONE

INTRODUCTION

In Kenya, beet production forms a vital component of the livestock sub-sector with a
significant contribution to the national food security (MALDM, 2000; Kahi et al., 2006). It
accounts for about 70% of the domestic meat consumed (NDP, 1997). The supply of beef is
mainly from the Bos indicus cattle found in the ASALs, B. faurus beef cattle found in
medium- to high-potential areas and a few culls from the dairy industry (Trail et al., 1984;
Mwandotto et al., 1988; Indetie et al., 2000; MALDM, 2000; Irungu and Ouda, 2001; Rewe et
al., 2006a and b; Wasike, 2006). Some of the B. taurus beef breeds found in Kenya include
the Charolais, Polled-Hereford, Angus, Simmental and Red Poll, which in the riledium to high
potential areas, are used as purebreeds. In the ASALs, they are used for crossbreeding with
the B. indicus breeds, especially the Boran. to improve on the overall production etficiency
(Gregory et al., 1984; Trail et al., 1984).

Despite the importance of B. taurus beef breeds in different production systems, their
numbers remain low, which limits the exploitation of their beef production potential.
However, general permanent improvement in performance can be realised through the design
of appropriate breeding programmes (Smith, 1984). To effectively design breeding
programmes and predict selection responses in traits of economic importance, genetic
evaluation of economically important traits becomes important (Demeke et al.. 2003). Growth
and fertility traits are important in beef production because they directly influence the rate of
off-take. Other traits include survival and carcass traits. Survival traits are of importance
within the strenuous tropical production conditions where the environment greatly influences
performance (Burrow, 2001; Hearnshaw et al., 2002). Carcass traits include carcass quality
and quantity traits, e.g., pre-slaughter live weight, hot carcass weight and dressing percentage
(Pariacote et al., 1998). Selection for carcass quality traits is greatly influenced by the market
demand. In most cases in the tropics, survival and carcass traits tend to be selected for as
correlated traits (Davis, 1993).

Performance evaluation involves estimation of genetic and phenotypic parameters in
the populations of interest, and evaluation of annual trends (Albuquerque and Meyer. 2001;
Plasse et al., 2002; de Mattos et al., 2000; Abdel-Aziz et al., 2003). Performance is influenced
by both the genetic constitution of an animal and the environmental circumstances under
which it is performing (Burrow, 2001). Environment specific estimates obtained by

appropriate analytical models yield greater accuracy and are more efficient when applied in



tropical beef breeding programmes (Davis, 1993). The efficiency of beef cattle genetic
improvement programmes based on exotic breeds will, therefore, depend on the accuracy of
identifying and selecting genetically superior animals using precise and accurate estimates of
performance parameters (Sharma et al., 1982; Davis, 1993; Meyer, 1993b; Arthur et al., 1994;
Mrode, 2000; Burrow, 2001). Genetic and phenotypic parameters have been estimated for
most B. indicus cattle breeds in the tropics (e.g.. Rege and Wakhungu, 1992b; Davis, 1993;
Meyer, 1993b: Haile-Mariam and Kassa-Mersha, 1994 and 1995; Lobo et al., 2000; Demeke
et al., 2003 and 2004; Wasike, 2006). Similarly, direct and maternal effects have been
estimated in beef cattle under temperate environments (Dodenhoff et al., 1998; Ferreira et al.,
1999; de Mattos et al., 2000; Duangjinda et al., 2001; Quintanilla et al., 2002; Phocas and
Laloe. 2004; Meyer et al.. 2004). However, these estimates are scarce for B. faurus beef
breeds reared under tropical environments.

The recent re-opening of the KMC processing plant at Athi River, with an anticipated
slaughter capacity of 1,000 head of cattle daily, is bound to exert demand for beef cattle for
use in the facility, in addition to other slaughter houses. This calls for more efficient beef
cattle breeds that can be genetically and environmentally manipulated for sustainable beef
production. However, no organised improvement programme exists for the B. raurus beef
breeds in Kenya, mainly because there are no accurate parameter estimates in place, yet the
records are available. The B. faurus beef breeds have high growth rates and attain mature
weight earlier than the B. indicus beef breeds. Since the introduction of B. rqurus beef breeds
into Kenya in the 1960’s, the performances and suitabilities of the Charolais and the Polled-
Hereford beef breeds under the local conditions is relatively unknown. Genetic and
phenotypic parameters for growth and reproductive traits of these breeds under local

production circumstances are lacking.

1.1. Statement of the problem

The population of the Charolais and Polled-Hereford breeds has remained low, and
their performances and suitabilities under the local conditions is relatively unknown. Despite
their low numbers, these breeds are important in the beef industry as they are used as pure
breeds and/ or in crossbreeding with the local breeds, especially the Boran. Genetic
parameters for growth and fertility traits of these beef breeds under local production
circumstances are lacking. These parameters are needed to facilitate development of effective

breeding programmes.
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1.2. Objectives of the study

The overall objective of this study was to determine the genetics of growth and

fertility traits in the Charolais and the Polled-Hereford beef cattle breeds in Kenya. The

growth traits studied were: birth weight (BW), pre-weaning average daily gain (ADG) and

weaning weight (WW). Fertility traits included: age at first calving (AFC) and calving

interval (CI). The specific objectives addressed were to:

(1)
(i)

(iii)

Determine factors affecting performance and obtain mean estimates for growth and
fertility traits of the Charolais and the Polled-Hereford beef cattle breeds.

Estimate genetic and phenotypic parameters for growth and fertility traits of the
Charolais and the Polled-Hereford beef cattle breeds.

Estimate the genetic and environmental trends in the growth and fertility traits of the

Charolais and the Polled-Hereford cattle over the years.

1.3. Hypotheses of the study

H[l:

H{_]:

Ho:

Environmental factors are not the cause of observed variation in growth and fertility
traits in the Charolais and the Polled-Hereford cattle.

Genetic and phenotypic parameters for growth and fertility traits in the Charolais and
the Polled-Hereford cattle are comparable.

No genetic and environmental improvements have occurred in the Charolais and the

Polled-Hereford cattle in Kenya over the years.

(8]



CHAPTER TWO
LITERATURE REVIEW

2.1. Beef cattle production in Kenya

In Kenya. beef is produced under pastoral systems and commercial beef ranching,
which are pasture-based (Peeler and Omore, 1997; Kahi et al., 2006). These systems
complement each other in that the ranches sell breeding animals to pastoral producers and
vice versa. Crossbreeding between indigenous (B. indicus) cattle and the exotic (B. taurus) beef
breeds such as the Shorthorn and the Polled-Hereford started in the early 1930's (Gregory et al.,
1984: Trail et al., 1984). Beef production was initially practiced on large-scale ranches of 405
hectares (1,000 acres) and above as well as by pastoralists in the ASALs. However, the sub-
division of land in the late 1960’s contributed to a depression in beef output because a producer
required at least 100 breeding cows in an optimum stocking area of 405 hectares (1.000 acres)

for sustainable production (Berry, 1993; Prettejohn and Retief, 2001).

2.1.1. Beef cattle production systems in Kenya

Beef production in Kenya is carried out in different production systems in high and
medium potential lands and in the ASALs (Irungu and Ouda, 2001; Rewe et al., 2006a and b).
A large proportion of the beef is produced in the ASALs and relies on extensive grazing
(NDP, 1997 Kahi et al., 2006). According to Irungu and Ouda (2001) specialised beef
production is done by the commercial large-scale ranches found in the Rift Valley, Eastern
and Coast provinces. Commercial large-scale beef ranching is characterised by good
management practices such as maintaining pastures by stocking within the carrying capacity,
controlling breeding and providing veterinary care. The ranchers also record performance of
their cattle, which are used for selecting for improved growth, fertility and partly survival
performance. Generally, cattle are finished on pasture under extensive grazing. Under
ranching systems, the most important factors are adaptability, fertility, and genetic potential
for growth and mature weight. As a result, most ranches realize high growth rates and have
their stock ready for market within 3 years, when the animals weigh over 300 kg live weight.

Feedlot finishing of beef cattle was practised in Kenya in the late 1960°s up to mid
1970°s. Cattle were acquired from the pastoralists by ranchers and intensively fed for about
three months then sold for beef (Irungu and Ouda, 2001). This practice increased the live

weight gain and market value of the meat (Creek, 2003). As reported by Peeler and Omore



(1997). the other systems are pastoralism, dairy-meat and dairy. Pastoralism involves
movement of animals in search of pasture. Pastoralists keep cattle primarily for milk and beef,
but other products are secondary compared to dairy values. The milk is used for subsistence,
while non-breeding stock are sold directly for slaughter or for growing and finishing in higher

potential areas.

2.1.2. Marketing structures

Beef cattle marketing is one of the controversial issues in the livestock sub-sector in
Kenya (Kilungo and Mghenyi, 2001). It is constrained by a number of factors; ranging from
lack of proper market channels for beef cattle and beef products, inaccessibility to the export
market, to static prices of beef products (Kahi et al., 2006). Until 1987, the KMC was the
main marketer of beef and beef products in the country, and it determined prices of both live
animals and beef (MoARD, 1998). This ensured an extra step in the marketing of beef. After
the collapse of the KMC (currently revived) beef marketing became an individual producer’s
effort whereby those producers who were less efficient have been forced out of the market
(Prettejohn and Retief, 2001). The restructuring of the beef industry during this time coupled
with the collapse of the KMC resulted in livestock producers seeking alternative markets
(Kilungo and Mghenyi, 2001). This saw some of its functions taken over by local government
(municipal/ county) council abattoirs, and a rise in the number of middlemen. An illustration
of various beef marketing channels before and after the revival of the KMC is presented in
Figure 1.

The beef market in Kenya lacks stratification (MoARD, 1998). Kilungo and Mghenyi
(2001) defined three main beef marketing categories in operation as primary, secondary and
terminal markets. Primary markets comprise local herders as the main sellers with local
butcheries and itinerant traders as the main buyers. Secondary markets consist of local herders
as the main sellers, and larger and more established traders and butcheries as the main buyers.
Terminal markets comprise of traders as main salers while traders and butchers are the main
buyers. In both primary and secondary markets, animals are traded for both resale to
middlemen and slaughter. Animals in terminal markets are mainly sold for slaughter. The
recent reopening of the KMC is expected to shift the scenario and, consequently, improve the
average revenues to the producers who will in turn be encouraged to propel the enterprise

further.
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Figure 1. Beef marketing channels before and after the revival of the Kenya Meat
Commission (Source: Kilungo and Mghenyi, 2001)

2.1.3. Breeding of beef cattle

Breeders utilize strategies that are designed to integrate new technologies and to
improve on the old ones, for the purposes of maximising performance of existing stock
(Gibson and Dekkers. 2003). Beef cattle breeding schemes follow a series of logical steps;
specifying the planned breeding, production and marketing systems and, consequently,
defining the breeding objective, evaluating available breeding stocks (nucleus or stud units),
developing testing and selection systems for further improvement of economic merit
(multiplier) and, lastly, dissemination of the improved stock to industry (commercial) so as to
enjoy the benefits of improved work (Harris et al., 1984; Smith, 1988: Ponzoni and Newman,
1989; Blair and Garrick, 1994; Rewe et al., 2006a and b). Such a scheme is already being
practiced in Kenya, although unconsciously (Rewe et al., 2006a and b). It resembles a

pyramid. with the stud unit at the peak and commercial unit at the base. Breeding structures



may, therefore, consist of either simple isolated sub-populations or complex populations with
flow of genes from the nucleus to the field populations and vice-versa. Through appropriate
breeding structures. there is transfer of improved genes from the nucleus to the entire
population (Cunningham, 1980).

A nucleus is either open or closed. The former implies that replacement stock for the
nucleus population is being selected from both the nucleus and commercial populations,
leading to a two-way flow of genes. A closed nucleus means that replacement stock for the
nucleus herds are selected only within the nucleus and no importation is done from the
commercial population, resulting in a one-way flow of genes. The open or closed nucleus
herds can either be dispersed or centralised. The open nucleus schemes are beneficial when
offspring in the commercial tiers are superior to the average of their parents and when
selecting for lowly heritable traits (Garrick. 1993). The movement from the commercial to the
nucleus herds ensures continuous screening of the commercial females transferred into the
nucleus. However, closing the nucleus has the advantage of blocking unimproved genetic
material from commercial populations (Garrick, 1993).

Breeding strategies for beef cattle should be aimed at improvement of productivity
without loss in adaptation to the environment. Basic principles of genetics for livestock
improvement can be applied for beef cattle. These include: (a) selection within breeds, (b)
selection among breeds (breed substitution) and (c) crossing between breeds (Taneja, 1982).
Within breed selection is a strategy of genetic improvement usually carried out in individual
populations and is intended to increase the average level of genetic merit of the population
(Kosgey et al., 2005). Successful selection within breeds relies on genetic variation and the
ability to detect the variation, in addition to the proportion of parents needed to produce the
next generation (Bett, 2005). Larger proportions result in lesser genetic progress and vice-
versa. Significant genetic variation exists between and within breeds for most important traits
in beef production (Koch et al., 1989). For example, breeds with the greatest retail product
growth potential produce carcasses with less fat trim, meat with lower levels of marbling, but
very acceptable meat palatability. However, they also sire progeny with heavier birth weights
and increased calving difficulty. The rate of progress also depends on the speed with which
successive generations (not only successive offspring) can be produced (Taneja, 1982). For
example, progress by selection must be expected to be moderately high for a trait like growth
rate, which is moderately heritable. Replacing one pure breed with another might be
contemplated if the difference in performance is large. However, the performance of the new

breed should be assessed along with the old breed under the conditions in which the breed



will be kept (Taneja, 1982). This strategy can achieve rapid genetic change when there are
large genetic differences between breeds (populations) in traits of importance (Simm et al.,
1996). On the national scale involving a very large number of animals, breed replacement by
importation is impracticable, even impossible, to achieve over reasonable periods of years.
Crossbreeding is a means of producing animals that are expected to be on average
halfway of their parental breeds in their performance. Crossing may be between B. indicus
breeds or B. indicus and B. taurus breeds. Crossbred animals provide an opportunity for
upgrading to the better parental breed by back-crossing with males of that breed. However,
crossbreeding depends on a number of circumstances which include: (i) the genetic
combination best suited to the conditions under which the animals must live and (ii) the extent
to which the filial generation one (F1) is actually better than the average of the parents, i.e.,
the extent to which it manifests the hybrid vigour (Taneja, 1982). The two circumstances may
change with time as a result of changes in the environment. In the past, it was often assumed
that B. taurus breeds from temperate areas, with high production in their homelands, would
automatically raise productivity when crossed with local breeds in tropical areas. Beef cattle
breeds for harsh environments must be able to survive prolonged droughts, by having the
ability to walk over long distances in search of water and pasture, and utilise coarse forages
for growth, fertility and lactation (Mucuthi and Munei.,, 1996). Beef cattle breeding
programmes in the ASALSs are largely lacking because only in a few areas do farmers practice
better breeding by upgrading (Kilungo and Mghenyi, 2001). Genetic improvement takes time
and, therefore, likely changes in production conditions or in the market should be taken into

account.

2.1.4. Constraints to beef production in Kenya

The beef industry in Kenya has lagged behind other agricultural enterprises mainly
due to policies that did not favour the ASALs (Kahi et al., 2006). The ASALs support over
50% of the livestock population, and more than 25% of the human population in the country,
consequently forming an important avenue for rural development. Beef production is
negatively influenced by production and market constraints. Production constraints refer to
factors that influence beef production and include; policies governing land ownership,
production and marketing, research (genetic improvement), disease surveillance, drought
(disaster preparedness), feeding and insecurity (cattle rustling) (Kahi et al., 2006). Most of the
beef is produced under rain fed pasture-based systems in the ASALs. These areas are

characterised by high solar radiation and ambient temperatures, high incidences of livestock



diseases, and inadequate and low quality pastures due to low rainfall and unreliable water
supply, especially during droughts, which often lead to losses of body condition and to deaths
(Kahi et al., 2006). Continued sub-division of land due to human population pressure and
persistent droughts poses a big challenge to beet production mainly during dry seasons. This
sub-division has led to shrinkage in the grazing resource base that, consequently, aftects the
productivity of the animals (Kilungo and Mghenyi, 2001; Kinyamario and Ekeya, 2001).

Low growth rates of B. indicus cattle owing to their low genetic potential coupled with
environmental limitations result to low off-take. Low destocking rates among the pastoralists
often lead to overgrazing of pasture tields, causing environmental degradation and livestock
losses during droughts. Major shifts from beef to dairy and cropping enterprises in medium to
high potential areas constrain expansion in the sub-sector (Kilungo and Mghenyi, 2001). Poor
disease control as a result of animal movements within rangelands and across national
borders, and interaction of animals with wildlife (leading to wildlife-livestock and wildlife-
human conflicts) often enhances the spread of zoonotic diseases. This negatively impact on
the sub-sector, particularly in relation to the external markets. Slaughter facilities are
generally located far from the production points. This, coupled, with poor infrastructure, lead
to long distance walking of animals destined for slaughter that often results to loss of weight
and, therefore, income to the producer. Small-scale producers lack information on price and
price shifts in forward markets and, as a result, are often exploited by middlemen (traders)
(Kilungo and Mghenyi, 2001). Generally, the potential for beef production in Kenya exists
given the available genetic and physical resources. However, its achievement requires review
of policies aimed at accelerating development in the rangelands and empowerment of the

producers, pastoralists included, to increase their production (Kahi et al., 2006).

2.2, Traits of economic importance in beef production

Beef cattle productivity is a function of many traits; production, fertility, survival and
carcass composition (Vercoe and Frisch, 1992). The economic impact of these traits on a beef
production enterprise is examined by considering their effects on profitability of the
enterprise. Selecting the best cattle can lead to gains in genetic potential for profit. As the
traits are related, breeding programmes incorporating most of the favourable traits would be
more effective than those considering a particular trait category. Selection for improvement of
these traits in a production system is influenced by the production environment, case of

expression and market conditions.



2.2.1. Production traits

Production performance is described by growth traits, which directly influence
profitability in beef production (Baker and Morris, 1981; Johnston and Graser, 1998; Arango
and Plasse, 2002). The traits include all growth characteristics measured as live weight and
depend on the animal’s inherent growth potential under given production circumstances
(Dillard et al., 1980; Mackinnon et al., 1991; Davis, 1993; Campelo et al.,, 2004). In
commercial cut-based beef cattle, production parameters related to growth are important
because they determine the size of an animal at slaughter. Production traits are used in the
computation of feed efficiency traits (Arthur et al., 2001).

Pre-weaning growth of calves is one of the most important parameters for evaluating
beef cattle. Birth weight, ADG and WW are some of the common measures of this growth
(Dillard et al., 1980; de Mattos et al.. 2000; Arango and Plasse, 2002: Abdel-Aziz et al.,
2003). These traits in beef cattle are important in selection programs (Ferreira et al., 1999).
Weights at weaning give breeders useful information to test growth ability (Goyache et al.,
2003). Genetic merit for growth of meat producing animals is generally assessed, treating
records taken at different ages, or ranges of ages, as different traits (Arthur et al., 2001;
Meyer, 2004). For the estimation of breeding values, weaner traits should be treated as
different from yearling traits (Arthur et al., 2001). This is due to the fact that growth during
the active growth phase (weaners) is characterised predominantly by muscle growth, while
that during the slow growth phase (yearlings) is characterised by increased fat deposition.
Early maturity in beef cattle may be important in the tropical environment with large seasonal
variations where costs of production are minimised by marketing slaughter cattle at the end of
a growing season and, therefore, avoid weight loss during an additional dry season (Koch et
al., 1989). The efficiency with which feed, labour and capital are converted into beef forms an

important component in determining profitability in beef cattle.

2.2.2. Fertility traits

In a beef production enterprise, high off-take is the ultimate goal. This involves animal
movement out of the system as sale or slaughter animals. The goal is determined by fertility.
among other factors. Normal fertility (i.e., the regular production of viable offspring) is the
prerequisite to achieving high off-take. Fertility levels are measured using AFC, NSC, CI.
DC, NR and calving rate/ calf crop (Branton, 1970; Johnston and Graser, 1998; MacGregory
and Casey, 1999; Schaeffer, 2004). Losses from impaired fertility or reproductive failure

constitute the greatest single cause of loss among beef cattle in the tropics (Branton, 1970).
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The main reason for the relatively low reproductive efficiency of beef cattle in the tropics is
recognized to be environmental (Haile-Mariam and Kassa-Mersha, 1994; Demeke et al.,
2004).

High rates of fertility, i.e., the efficiency of cows in producing calves are directly
related to profitability in beef cattle. Except for AFC, fertility traits are observed before every
parturition and, therefore, there are observations on the same animal over a period of years
(Schaeffer, 2004). Fertility traits generally have low heritability, indicating a strong influence
of environmental factors such as herd management decisions (Haile-Mariam and Kassa-
Mersha, 1994; Olori et al., 2002: Demeke et al., 2004; Schaefer, 2004). Age at first calving is
negatively correlated with growth traits, signifying favourable relationships between growth
and early fertility (Bourdon and Brinks, 1982). A delay in conception due to poor fertility
prolongs intercalving interval, causing a shift in calving pattern, which can lead to culling.
Calving interval as a measure of fertility can present a problem because only animals that
survive to the next lactation have a CI. However, CI remains the principle measure of fertility

efficiency in continuous breeding schemes (MacGregory and Casey, 2000).

2.2.3. Survival traits

The ability of an animal to grow and reproduce in a given management system is
described by survival traits. The traits describe the potential of an animal to grow, reproduce
and remain productive under given production conditions (Mackinnon et al., 1991). The more
adapted an animal, the longer it will live and reproduce, such that more calf crop percentage
can be realised. Survival is a trait observed daily in an animal’s lifetime, but only at the point
at which an animal dies or is culled is it usually recorded (Schaefer, 2004). At the beginning
of the observation period, usually at birth or first calving, most animals are still alive so the
phenotypic variance is close to zero.

Survival estimates vary widely under different environments, management systems
and culling policies. Estimates of cow survival and associated statistics are useful in
modelling herd-age structures in production systems (Hearnshaw et al., 2002). Herd life is a
measure of the animal’s adaptability to a particular production environment and is usually
described as survival rate at various developmental stages measured in terms of tolerance to
pathogenic parasites and mortality (Burrow, 2001). Longevity, the number of days a cow
survives given an opportunity to stay in the herd after a first calving, is one of the traits that
affect overall profitability and efficiency in beef production (Martinez et al., 2002 and 2004,

Hearnshaw et al., 2002; Forabosco et al., 2004). Cows with long productive life increase
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profits by decreasing annual cost of replacements (Hearnshaw et al., 2002; Forabosco et al.,
2004) and, therefore, enhance rates of genetic gain (Hearnshaw et al., 2002). Genetic
prediction of stayability of females represents an important opportunity for cost reduction and
increased profits through selection for persistent fertility and productivity. Survival traits tend
to have widely varied parameter estimates due to high environmental influences (Davis, 1993;

Hearnshaw et al., 2002).

2.2.4. Carcass traits

The carcass constitutes 50-60% of the live weight of an animal. The loss comprises
mainly offals, the hide and bones. Carcass merit of beef cattle forms an important attribute in
beef marketing because it determines the amount and quality of saleable meat harvested from
slaughtered animals, and the revenue generated thereof (Rewe et al., 2006b). The traits
describe the characteristics of beef and can be divided into carcass quality and quantity traits.
The carcass quality traits include marbling score, fat thickness, kidney, pelvic and the heart fat
percentages, rib eye area and yield grade. On the other hand, carcass quantity traits comprise
pre-slaughter live weight, hot carcass weight and dressing percentage. Carcass measurements
can be taken after slaughter of animals either at the same age or same weight. Carcass
measurements at the same age reflect growth. Heritabilities of carcass traits are moderate to

high in Polled-Hereford cattle (Meyer et al., 2004).

2.3. Performance of B. faurus beef cattle and their crosses

Beef cattle that are entirely dependent on natural range forage for growth and
reproductive functions and therefore, exhibit a seasonal cyclicity in body weight and
condition (Itulya et al., 1987). In the tropics, growth virtually ceases during the dry season
and then resumes during the wet season. Consequently, poor correlations between weights
before and after the wet season are expected (Itulya et al., 1987, Mackinon et al., 1991).
Besides, climate, amount and quality of feed resources, and market requirements play key
roles in determining the optimum level of performance (Koch et al., 1989).

The B. raurus beef breeds have acceptable milking ability and good adaptability to
pasture grazing conditions, with reasonable growth and carcass weights. They are. therefore,
used as purebreeds and in crossbreeding systems to maximise cow performance (Baker and
Morris, 1981; Koch et al., 1989; Morris et al., 1993). In B. raurus X B. indicus breed crosses,

there is more heterosis for performance traits (Gregory et al., 1984; Trail et al., 1984: Koch et



al., 1989), due to their diverse genetic backgrounds. Direct across-breed comparisons of
individuals require joint knowledge of the relative genetic merits of breeds and individuals
within breeds (Sullivan et al., 1999). Genetic merit for reproductive performance could
change over time as well (Schaeffer, 2004). Tables 1 and 2 below show the growth and
reproductive performances, respectively. of some B. raurus beef breeds and crosses in the
temperate and tropical countries. There is very little published information on the traits of 5.

taurus breeds under Kenyan conditions.

2.3.1. Productive performance

Table 1 presents mean performances for some productive traits for B. faurus breeds.
Performances of the B. taurus breeds and their crosses are variable. The variations may be
attributed to differences in the population structures of the herds, herd management, breed.
differences in selection strategies and the environment or climate where the data was
obtained. However, the Charolais outperforms most of the breeds with regard to BW, WW,
FW and ADG. This demonstrates superiority in performance of the Charolais over the other
breeds. Generally, across the breeds, male calves weighed more than female ones and, on
average, Charolais calves were heavier at birth and weaning, and grew faster than the other
breeds. This could be attributed to the higher individual additive genetic influence on the
growth of Charolais cattle relative to the other B. raurus breeds. Lunstra and Cundiff (2003)
reported lower post-weaning weight gain and attainment of puberty in offspring of heat-
adapted sire breeds compared to those of B. faurus-sire breeds. Bos faurus-sired bulls grew
more rapidly after weaning than B. indicus-sired bulls. In that study, differences in growth
patterns through yearling could be attributed to seasonal effects that could have favoured heat-
adapted breeds during pre-weaning period (summer) but favouring temperate breeds during
post-weaning period (winter). This shows the influence of the production environment on the
growth performance of beef cattle. The B. taurus x B. taurus (i.e., Charolais x Hereford,
Hereford x Angus) crosses tended to be lighter at weaning than the B. raurus x B. indicus
(Charolais x Boran) crosses (Table 1). This could be attributed to greater heterotic effects in
the B. raurus x B. indicus crossbred genotypes, owing to their diverse genetic backgrounds.
Breed differences in performance characteristics are important genetic resources for
improving efficiency of beef production, and crossbreeding is an acceptable means of
incorporating desirable traits from various breeds (Meyer, 1993b; Lunstra and Cundift, 2003).
Weaning weight estimates within a genotype are highly variable (Table 1). This is because

weaning weight is largely dependent on age at weaning (Goyache et al., 2003), which in turn



is dependent on the month of birth of the calf. In addition, this could be attributed to the calf
rearing systems and environmental conditions of the production areas where the data used in
the studies were obtained. Male animals were born and weaned heavier than female animals
(Table 1). Sex of the animal affects all growth traits in beef cattle. This is due to the
differences in growth physiology between the sexes, resulting in sexual dimorphism in growth
performance (Trail and Gregory, 1981; Indetie et al., 2000). Male cattle tend to be heavier
than their female counterparts at all ages due to higher influence of testosterone hormone. It
has been suggested that male calves had greater nutritional requirements to fully express their
growth potential than their female contemporaries (Sharma et al., 1982; Itulya et al., 1987;

Burrow, 2001).



Table 1. Productive performance of B. taurus beef cattle and their crosses

Genotype”

CH

HE

RAN
Angus

B

Tuli

F,
CHxB
HF x CH

Trait Country
 Bw"™ ﬂBVWf BW' ww" ww' wWw' ADG® ADG™ ADGP" YW FW
38 206 0.82 o
47 280 France
48 286
42 229 Canada
41 259 344 454 Australia
1.61 1.15 France
1.41 128
32 157 0.61 USA
44 252 1.04 1.30
33 211 0.70 Australia
33 206 324
32 228 410
38 228 344
40 198 Canada
35 33 206 193 USA
36 203 313 5
36 34 221 184 278 422 %
222 188 194 o
34 32 233 200 276 USA
34 32 244 198 280 -
204 175 186 i
38 211 Canada
33 168 New Zealand
28 187 207 Australia
211 404 Canada
43 254 1.06 1.33 USA
46 254 1.04 1.01 "
194 Kenya
39 242 0.99 ”
44 251 1.04 .16
211 s
35 177 0.69 &
32 172 0.69

HF x Angus

Dillard et al. (1980)

Phocas and Laloe. (2004)
Fouilloux et al, (2002)
Sullivan et al. (1999}
Meyer (1993b)

Arthur et al. (2001)

Renand et al. (2002)
Dillard et al. (1980)
Lunstra and Cundift (2003)
Arthur et al. (1994)

Meyer (1992)

Meyer (1995)

Meyer (2004)

Sullivan et al. (1999)

Itulya et al. (1987)

Ferreira et al. (1999)
Bourdon and Brinks (1982)
Nadarajah et al. (1987)
Bourdon and Brinks (1982)

Nadarajah et al. (1987)
Sullivan et al. (1999)
Morris et al. (1993)

Meyer (1992)

Fan et al. (1995)

Lunstra and Cundiff (2003)

Gregory et al. (1984)
Lunstra and Cundiff (2003)

Gregory et al. (1984)

Dillard et al. (1980)

*AFC= age at first calving (days); CI= calving interval (days); BW™= birth weight for males (kg); BW'
BW*= average birth weight (kg): WW™ = weaning weight in males (kg); WW'= weaning weight in females (kg): WW"= average weaning weight (kg);
ADG" = average daily gain (kg): ADG™=pre-weaning average daily gain in males (kg); ADGP"= post-weaning average daily gain in males (kg);

YW= yearling weight (kg); FW= Weight at 18 months (kg).

"CH= Charolais; HF= Polled-Hereford;; RAN= Red Angus; B= Boran: F,= first generation crosses.

= birth weight for females (kg);



2.3.2. Reproductive performance

Increased fertility improves the profitability of beef production under most production/
marketing situations (Johnston and Graser, 1998). Cow reproductive performance is a more
important objective for improvement than growth rate (Baker and Morris, 1981). However,
improving cow fertility through female selection is expected to be slow and costly, owing to the
low heritability and selection intensity associated with female reproductive traits (Mwansa et al.,
2000). The success or failure of an insemination event can be viewed as a trait of the cow that is
being inseminated (e.g., female fertility), or as a trait of the service bull (e.g., male fertility)
(Waigel and Rekaya, 2000). Improvement by selection is more difficult for reproductive
performance because of low heritabilities of reproductive traits. Fortunately, crossbreeding can
substantially improve both cow fertility and maternal performance (Baker and Morris. 1981).
Improvement in fertility has been found to be sensitive in most production systems because it
will improve meat production (Peeler and Omore, 1997; MacGregory and Casey, 2000). The
environment surrounding the animal plays a major role in its fertility. The environmental effects
range from physical (i.e., climatic factors) to nutrition and general management (feeding and heat
detection). Therefore supplementing animals with quality feeds during adverse seasons,
employing prudent heat detecting and culling of cows that exhibit silent heat and those that do
not conceive after repeated insemination could improve reproductive efficiency. High rates of
fertility in a beef herd are directly related to the profitability of beef production (Johnston and
Graser, 1998: MacGregory and Casey, 1999). Conversely, before fertility can be improved, it is
essential that a suitable measure of fertility performance be found. The trait should be heritable,
exhibit variation and be easy and cost effective to measure under field conditions (Baker and
Morris, 1981; Johnston and Graser, 1998). Calving interval is currently used as a measure of
fertility in many countries. However, it is not a suitable measure of reproductive ability when
cows are mated during restricted breeding seasons owing to the negative effect of previous
calving date on CI (MacGregory and Casey, 1999; Rust and Groeneveld, 2001). It is only
available for cows from the second parity onwards, and can be computed from minimum data,
but does not take into account information from the first parity or end of a cow’s life span (Rust
and Groeneveld, 2001). Calving interval is only available for cows that conceive and calf again
(Olori et al., 2002). In addition, CI is under the influence of certain environmental factors, e.g.,

parity (Gregory et al., 1984: MacGregory and Casey, 1999), and the previous calving date

16



(MacGregory and Casey, 2000). In the present study, where year round mating took place for the
majority of the period, CI appears to be a comparable measure of fertility. Cows with shorter
CI's are the most fertile (Demeke et al., 2004) and, consequently, are selected in preference to
those with longer CI's. Heritability estimates of CI for beef cattle are scarce in the literature due
to the fact that either calving rate or calving date (days to calving) are considered to be
appropriate measures of fertility in seasonal mating schemes (Haile-Mariam and Kassa-Mersha,
1994). On the other hand, AFC represents one component in the reproductive life of a cow, and it
is only recorded for heifers. Furthermore, in a variable environment, AFC reflects management
decisions to a greater extent than genetic merit (Rust and Groeneveld, 2001). Fertile cows have
their first calves at an early age followed by short CI’s thereafter (Demeke et al., 2004). A
reduced AFC would increase the number of calves born for a given number of cows in a herd
(Rust and Groeneveld, 2001). This index can be computed without additional data recording
because birth date and the first calving of a cow are generally known.

Table 2 presents a summary of some reproductive performances for B. faurus and B.
indicus, and their crosses. Age at first calving was variable, although B. faurus and composite
breeds had shorter AFC compared to the B. indicus breeds. The Red Angus in the USA attained
AFC earlier than the Boran in Ethiopia as the B. taurus x B. indicus crosses recorded shorter
AFC than the purebred B. indicus (Gregory et al., 1984). The variation could be due to genotype
by environment interactions. B. faurus X B. indicus crosses recorded shorter CI's compared to the
B. indicus. Generally, B. taurus X B. indicus crosses have shorter CI's than purebred B. indicus

(Table 2). This could be attributable to the effect of heterosis in the crossbred genotypes.

1d



Table 2. Reproductive performances of B. taurus and B. indicus beef cattle and their crosses

Genotype Trait® Country Source
AFC CE  GD
Polled-Hereford 730 USA Bourdon and Brinks (1982)
Red Angus 723 %
Angus 726 3 5
i 930 Brazil Teixeira et al. (2002)
Beef herd 377 87 South Africa MacGregory and Casey (1999)
Boran 1271 442 Ethiopia Haile-Mariam and Kassa-Mersha (1994)
= 1275 473 Demeke et al. (2004)
- 1049 412 Gregory et al. (1984)
» 1223 413 Kenya Trail and Gregory (1981)
1093 421 5 Trail et al. (1984)
5 1188 477 = Wasike (2006)
Composite breed 782 391 South Africa van der Westhuizen et al. (2001)
Sahiwal 1259 469 India Seithi et al. (1997)
- 1345 468 Kenya Ilatsia et al. (2007)
Charolais x Boran 1021 398 % Gregory et al. (1984)
Santa Gertrudis x Boran 1104 452 - .
Red Poll x Boran 392 - 4

*AFC= age at first calving (days); CI= calving interval (days); CD= calving date.

2.4. Factors influencing productive and reproductive performances

Productive and reproductive performances are normally influenced by fixed
environmental factors and other continuous effects. Environmental factors greatly influence
growth and reproductive performances of beef cattle in the tropics (Haile-Mariam and Kassa-
Mersha, 1994; Wasike, 2006). These effects are usually included in models used for the analysis
to adjust the data for any bias that would lead to under- or over-estimation of an animal’s
performance. The fixed effects are usually defined into classes comprising all the possible levels
of interest. These include herd, year, season, sex, genotype and parity, and their interactions.
Continuous effects are sources of variation usually not defined into class levels and have a
continuous influence on the observation. They are usually fitted as covariables and include age
related effects like age of the calf at weaning and age or weight of the cow at birth or calving
(Dillard et al., 1980; van der Westhuizen, 2001; Goyache et al., 2003). It has been observed that
age of calf at weaning was an important source of variation for WW, while age of dam affected

both BW and WW (Maiwashe et al., 2002; Wasike, 2006).



Table 3 presents some of the factors and their effect on growth and fertility traits in beef cattle.
Significant differences between sexes have been reported for BW and WW (Dillard et al., 1980:
Goyache et al., 2003) (Table 1). Male calves weighed more than the heifers. Among the possible
reasons for differences in performance of the breed groups are breed additive and breed maternal
environment contributions to their performance (Dillard et al., 1980; Meyer, 1992). For example,
the Charolais maternal ability (mainly dam’s milk production) may exceed that of the Polled-
Hereford and Angus for growth traits and, therefore, account for significant amounts of variation
in BW and WW (Table 1). Galina and Arthur (1989) observed substantial evidence that certain
breeds, particularly B. taurus, tend to have their first calving much earlier than the B. indicus and

that crossing the two types generally improved the performances of the B. indicus breeds.

Significant herd x year interaction effects have been reported for BW and WW (Table 3)
implying that year effects were not the same for both herds, i.e., changes in both management
and climatic conditions would result in changes in productive performance (Dillard et al., 1980).
Herd x year of birth interactions influence reproductive performance, e.g.. animals born in herds
under good management and favourable climatic conditions would calve down earlier and their
CI's would be shorter and vice-versa (van der Westhuizen, 2001).

Genotype by environment interactions is a change in the relative performances of two or
more genotypes measured in two or more environments (Mathur, 2002). Morris et al. (1993)
reported greater genotype by environment interaction differences for reproductive than growth
traits, and the B. taurus breeds excelled in most favourable environments than in harsh ones. In
real life. both the environmental and genetic changes are happening and, therefore, it is necessary

to improve on the total efficiency of a beef production system.
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Table 3. Factors influencing productive and reproductive performances in beef cattle

Factor® Traits’ Source
BW WW ADG ADG' FW AFC (I
Fixed effects
Herd ok Goyache et al. (2003)
*% % Dillard et al. (1980)
% b Mwandotto et al. (1988)
Sex e o % Dillard et al. (1980)
AR Goyache et al. (2003)
Lo *ok * Abdel-Aziz et al. (2003)
NS NS Haile-Mariam and Kassa-Mersha (1994)
b *¥ ) Sharma et al. (1982)
Parity **% - Demeke et al. (2004)
* * Indetie et al. (2000)
Genotype . i Arthur et al. (1994)
kxk o k% Demeke et al. (2004)
ik N 2 Abdel-Aziz et al. (2003)
*¥ i *¥ Dillard et al. (1980)
Aok *k L Lunstra and Cundiff (2003)
& i i Ek e Sharma et al. (1982)
axE NS NS Arthur et al. (1994)
* * ¥ *  Morris et al. (1993)
o Goyache etal. (2003)
* * Indetie et al. (2000)
Y-Sob el L Mwandotto et al. (1988)
* Demeke et al. (2004)
A NS NS Lunstra and Cundiff (2003)
#*  McGregory and Casey (1999)
o *  Haile-Mariam and Kassa-Mersha (1994)
¥ ¥ i Abdel-Aziz et al. (2003)
ik Koster et al. (1994)
H-Yob kwk wkk yan der Westhuizen (2001)
et L Bex % ¥ Sharma et al. (1982)
i b Dillard et al. (1980)
Continuous effects
AWn g van der Westhuizen (2001)
ok Abdel-Aziz et al. (2003)
L Goyache et al. (2003)
) ik Dillard et al. (1980)
e Mwandotto et al. (1988)
Age of dam E L A Dillard et al. (1980)
i i i Abdel-Aziz et al. (2003)
* Arthur et al. (1994)
*k K% o #3k

#

*

Sharma et al. (1982)
Indetie et al. (2000)

G x E= genotype x environment; Y-Sob= year-season of birth; H-Yob= herd-year of birth; Awn= age at weaning.
"BW =birth weight (kg); WW= weaning weight (kg); ADG = average daily gain (kg); ADG"= post weaning average
daily gain (kg); FW= weight at 18 months; AFC= age at first calving (days); CI= calving interval (days).
*#¥P<(.001; **P< 0.01; *P<0.05; NS= not significant.
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2.5. Variance components
2.5.1. Genetic variance

Biological variation is an important aspect of genetic progress. The actions of individual
genes are largely unknown. Consequently, quantitative methods based on the infinitesimal
models have been designed to analyse the effects of genes and partition phenotypic variance into
its components; genetic and environmenta!l causes (Mrode, 2000). These components vary
among populations for several reasons; due to changes on gene frequency. previous selection,
environment and past history of the population (Kennedy et al., 1988: Bennett and Gregory,
1996). Estimates made in one population are, therefore, not recommended for application in
another. Such estimates are available for European cattle breeds in the temperate regions (Kaps et
al.. 1999; de Mattos et al., 2000). However, estimates of (co)variance components for B. faurus
beef cattle breeds reared in the tropics are scarce in the literature.

Direct additive genetic effects are effects on performance of an animal that can be
attributed to its own genes. They are due to the average parental genes (Falconer and Mackay,
1996) and constitute the breeding value of the animal. These effects are heritable and, therefore,
form the core component of genetic improvement due to their ability to be selected for. Maternal
additive genetic effects refer to any contribution or influence on the offspring’s phenotype
attributable to its own dam and the sample of genes passed onto the offspring (Falconer and
Mackay, 1996). Consequently. these effects are partly environmental and partly genetic. Growth
in beef calves is determined not only by the animal’s genetic potential for growth, but also by its
dams’ maternal ability (Meyer, 1992, 1993a and b). Negative additive-maternal genetic
correlations have been reported (Baker, 1980; Dodenhoff et al., 1998; de Mattos et al., 2000;
Maniatis, 2000). They indicate the genetic progress made in selection for beef traits where
maternal effects exist. Faster genetic progress would be realised when the correlation is small
(Baker, 1980). This is achievable when multi-trait models are used for genetic analyses because
the models reduce the correlation owing to adjustments through the residual covariance matrix
when accounting for more than one trait at a time (Rumph et al., 2002). The correlation could
also be reduced through the use of detailed pedigree data, in which a high proportion of the dams
and maternal grand dams have their own records (Maniatis and Pollott, 2003). This is the main
constraint in genetic evaluation in tropical Africa where performance and pedigree recording are

not consistent. This limitation also hinders the partitioning of maternal effects into genetic and



permanent maternal effects, which require repeated records on individual dams and the presence
of these dams in the data.

Maternal environmental contribution to calf growth comprises pre- and post-natal
nutrition supplied by the dam as well as the behavioural interactions between the cow and the
calf (Crow and Howell, 1982). The influence of age of dam on performance (mainly growth)
traits of offspring is greatest during the pre-weaning period and lessens as the animal grows older
post-weaning (Sharma et al., 1982: Arthur et al., 2001). Other effects known to influence
performance include direct dominance and grand-maternal effects. According to Duangjinda et
al. (2001), direct dominance effects (deviations originating from interactions between alleles at
same loci at two homologous chromosomes) are important for weaning weight. Animals with
high weaning weight due to direct dominance effects tend to have lower maternal ability due to
maternal dominance effects. Knowledge of the proportion of the genetic variance attributable to
direct additive and maternal contribution to the performance of the offspring is necessary in

planning sound breeding programmes (Dillard et al., 1980; Arthur et al., 1994).

2.5.2. Environmental variance

This is a component of phenotypic variance resulting from the environment surrounding
the animal. The effects range from physical (i.e., climatic factors) to nutrition and general
management. Environmental variance is further partitioned into permanent, common and
residual (measurement error) variances, each resulting from different effects. However, common
environmental variance is evidenced in multiparous animals and, therefore, is not of interest in
the current study. In successively recorded traits, more than one record/ observation is made on
an individual. For example, weight records from an animal at different times in beef cattle, milk
vield records in different lactations or same lactation in dairy cattle and successive calving
intervals in the same animal are observations taken repeatedly on the same individual at different
times (Meyer, 2000). The variations arising from such observations are partly related and,
therefore, constitute a permanent variance that is attributed to the environment (Mrode, 2005). In
analysis of growth and fertility traits, the environmental variance is partitioned for accurate
estimation of residual variance, which estimates the effect of the environment on the
measurement. Consequently, the permanent environmental effects are modelled as random

effects as they apply to the animals in question. The sum of these effects and the breeding value
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of the animal represent an estimated future performance of the animal in the same herd (Mrode,
2005). Residual variance is the component of phenotypic variation due to all other factors that
cannot be accounted for in the analysis and consist of all modes of gene interactions such as
dominance and epistasis. and the random environmental effects (Mrode, 2005). This component
of variance is an important indicator of the accuracy of the estimates and, therefore, the
reliability of the results. All these components of variance are important in the estimation of
genetic parameters for use in genetic improvement programmes, and their accuracy is necessary

for high genetic progress.

2.6. Genetic and phenotypic parameters for B. taurus beef cattle and their crosses

Estimates of genetic and phenotypic parameters are needed for the genetic evaluation of
animals and the design of effective breeding programmes (Dillard et al., 1980; Davis, 1993.
Arthur et al., 1994; Lobo et al., 2000). These parameters are essential and have to be continually
estimated (Argentao et al., 2002). Table 4 below shows the estimates of genetic and phenotypic
parameters for growth and reproductive traits for beef cattle. Genetic parameter estimates and
information on the extent of within breed variation in the tropics is scarce (Haile-Mariam and
Kassa-Mersha, 1994). Genetic and phenotypic parameter estimates are variable (Lobo et al.,
2000). The variability has been attributed to factors such as population history, data size and
structure, the model of analysis used, breed, environmental effects and evolution (Meyer, 1992;
Davis, 1993; Meyer, 1993a; Burrow, 2001; Hearnshaw et al., 2002; Rumph et al., 2002: Maniatis
and Pollott, 2003). Estimates of genetic effects are useful in explaining differences in
performance among genotypes (Arthur et al., 1994). Increases in beef productivity can occur
only if based on improved techniques of animal breeding, nutrition, fertility and disease
management (Souza et al., 1998, Lobo et al., 2000). In Kenya, breed descriptions in terms of
genetic parameters for traits affecting biological efficiency for the main B. raurus beef cattle are
scarce and, therefore, the need to estimate these parameters for use in design and evaluation of

breeding programmes.
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Table 4. Estimates of genetic and phenotypic parameters for productive and reproductive traits for beef cattle

Population®  Trait 1" Trait2"  Model® —— Parameter estimates * ~ Country Source
hku trant 2 h _m tranl 2 rnm trant2 Fa {1.2) rp (1.2)
Charolais WW WWwW AM 0.34 0.1s5 -0.47 Duangjinda et al. (2001)
BW . 0.33 0.11 -0.41 France Phacos and Laloe (2004) et al. (2004)
5 0.22 0.11 -0.80 0.56 0.25  Australia Meyer (1993b)
YW 0.32 0.00 0.67 028
WWwW AMM 0.11 0.14 -0.12 USA Dodenhoff et al. (1999)
FW ADGP"™  AM 0.26 0.43 France Renand et al. (2002)
BW WW AMM 0.16 0.12 USA Bennett and Gregory (1996)
ADGP* ADGP" 0.46 55 -
Polled- WW WW AM 0.23 0.12 -0.30 Canada Duangjinda et al. (2001)
Hereford ke AMM 0.17 0.16 -0.37 USA Dodenhoff et al. (1999)
BW BW 0.41 0.08 0.05 Australia Meyer (1992)
WW WW 4 0.14 0.13 -0.59 i %
BW BW 0.35 0.14 -0.05 5 Ferreira et al. (1999)
- WWwW " 0.18 0.17 -0.34 =
% YW o 0.30 0.08 -0.26 5 s
WW AM 0.10 0.52 025 [tulya et al. (1987)
WW % % 0.24 0.16 -0.42 USA de Mattos et al. (2000)
BW BW AMM 0.45 0.10 0.15 52 DodenhofT et al. (1998)
AFC 0.07 o Bourdon and Brinks (1982)
ADGP? ADGP* AMM 0.39 ” Bennett and Gregory (1996)
Angus BW WW - 0.20 0.14 0.22 0.76 0.51 Australia Meyer (1993a)
LLARY YW ” 0.25 0.15 -0.04 0.95 0.74 ., 4
BW BW 5 0.36 0.07 0.29 Meyer (1992)
. . 0.53 0.18 -0.51 Kaps et al. (1999)
WW - 0.25 0.11 -0.15 USA Dodenhoff et al. (1999)
BW 0.25 0.34 - Bennett and Gregory (1996)
Composite ., - - 0.17 0.34 -0.19 0.53 0.56 Australia Burrow (2001)
BW s 0.57 0.18 -0.25 5 =
AFC 0.40 a5 van der Westhuizen et al. (2001)
AFC Gl 0.01 -0.3 = ”
Mertolenga 4 AM 0.03 Portugal Matos et al. (2002)
Boran AFC 0.06 Ethiopia Haile-Mariam and Kassa-Mersha (1994)
Cl 5 0.041 < -
Crosses wWwW YW e 0.25 0.14 -0.40 0.79 0.80  France Meyer (1993a)
BW WW AMM 0.58 0.36 -0.78 Australia Mever (1992)

‘Crosses= B. indicus x B. taurus.

PBW= birth weight; WW= weaning weight: ADGP*= post-weaning average daily gain; ADGP™=post-weaning average daily gain for males; YW = yearling

weight; FW= final weight; AFC= age at first calving; CI= calving interval.

“AM= simple animal model (random direct); AMM= animal maternal model (random direct and maternal genetic).

h? = direct heritability; h”,,= maternal heritability: r,,,= corrclation between direct genetic and maternal genetic effects; r,  »,~ additive genetic correlation
between traits1 and 2.1, »,= phenotypic correlation between traits | and 2.
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2.6.1. Heritability

Heritability is the proportion of the total variance that is attributable to the average effects
of genes (Falconer and Mackay, 1996). Information on heritability is important for selection
because it determines the degree of resemblance between individuals. Traits with high
heritability can be improved through selection where response to selection and genetic gain are
expected to be great. The estimates are partitioned into maternal and direct heritability, attributed
to maternal and individual animal genetic effects. respectively. Estimation of genetic parameters
due to maternal effects in beef cattle has generally been restricted to traits describing growth
until weaning (Meyer, 1992). In most studies, only additive genetic components have been
considered.

Variations in heritability estimates of productive traits in B. faurus and their crosses in
the temperate and the tropics have been reported (Table 4). These variations could be attributed
to differences in the population structures of the herds, the model fitted in the estimation of
genetic parameters, the breed and the environment where the data was obtained. For example,
estimates obtained using AM were larger than those obtained using models that included AMM
(Table 4). This was due to fitting of only one random effect (additive genetic effect) to account
for all the genetic sources of variation. As a result, the effect of the dam on the growth of its
offspring was not accounted for independently as in the latter model but lumped together with
the individual genetic effect as genetic variance. When AMM was fitted, the estimate of direct
heritability is drastically reduced due to partitioning of the genetic variance into direct and
maternal genetic variance (Meyer, 1992). There were differences in heritability estimates
between breeds (Table 4). owing to differing genetic potentials of different breeds for the various
traits of interest, and the varying levels of selection subjected to different breeds (e.g., Ferreira et
al., 1999). For instance, in Table 4, medium to high heritabilities for BW and low to medium
heritabilities for WW imply that growth performance could be improved through selection on
these traits. For most production traits, selection plays a major role in their improvement.
Generally, the maternal genetic variance is smaller than the direct genetic variance, resulting in
higher estimates of direct heritability than maternal heritability (Table 4). Low to medium
maternal heritabilities for the growth traits (Table 4), indicate maternal influence on pre-weaning
growth traits. Maternal heritability increased up to weaning after which the estimates decreased.

However, Meyer (1993b) reported no carrv-over of maternal effects until weaning on post-
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weaning weights in the Charolais; the observed maternal genetic effects were not important for
BW and were small for WW. Maternal heritability is a function of maternal variance that arises
from the environment the dam provides to the calf. However, at weaning when the calf is
separated from the dam, the maternal environment is withdrawn and, therefore, the effects of this
environment on variance decline as the calf grows and becomes independent (Meyer, 1992).
Fertility traits generally have low heritability (Table 4). This is because female
reproductive traits are highly influenced by herd management and other environmental factors
(Rege et al., 1991a and 1992a; Koots et al., 1994; van der Westhuizen et al., 2001). Heritabilities
for AFC were low to medium, while for CI were low (Table 4). Low heritabilities for AFC and
CI have been reported in Holstein in Ireland (Olori et al., 2002), and Boran (Wasike, 2006) and
Sahiwal (Ilatsia et al., 2007) cows in Kenya. The wide range of heritability estimates in
reproductive traits would be attributed to variation in environmental and other management
factors. For example, short breeding season and the producer’s habit to specify an age or weight
to expose heifers to the first mate probably would reduce the additive variance and heritability of
the traits (Ilatsia et al., 2007). Furthermore, variation in reproductive performance would be due
to differences in growth rate, age at onset of puberty, regularity of oestrus circle and ability to
conceive (Galina and Arthur, 1989). However, medium heritability estimates for AFC in
composite breeds (Table 4), suggest that progress could be achieved through selection. Age at
first calving is easy to measure because it does not require differential management to be
obtained (Teixeira et al., 2002). A limitation for both AFC and CI as measures of fertility is that
they exclude animals that are not calving (Haile-Mariam and Kassa-Mersha, 1994: Olori et al.,

2002).

2.6.2. Repeatability

When several measurements are taken on an individual animal for a particular trait, e.g.,
daily milk recorded in a lactation of dairy cattle and weekly weight gains taken in beef cattle,
these constitute repeated measurements. Since these measurements are related, they constitute a
covariance between them due to permanent environmental factors (Mrode, 2005). This
covariance in measurements is accounted for as a component of phenotypic variance, by
estimating a parameter called repeatability (Lynch and Walsh, 1998). It is treated as within

individual variance and computed as a correlation between the repeated measurements (Falconer



and Mackay, 1996). If the repeatability estimate is large, it implies the variability in
measurements is genetically influenced while small estimates indicate high environmental

influence on the measurements.

2.6.3. Correlations

Phenotypic. genetic and environmental correlations are measures of the strength of the
relationship between animal performance among traits, breeding values and environmental
effects between traits. Genetic and environmental causes of correlation combine together to give
the phenotypic correlation (Falconer and Mackay. 1996). Correlations are important as they aid
in the prediction of response to selection in one trait due to selection in another. Table 4 shows
some genetic and phenotypic correlations for various traits in beef cattle. Moderate to high
genetic correlations between body weight measurements at various points imply that genetic
improvement in weight at older ages could be achieved by selection at younger ages. Further,
this could allow for early culling of unwanted animals and, therefore, save on feed resources. For
example, improvement in WW and YW would be achievable when selection is done on the basis
of BW. However, this may not be desirable since continual increase in BW as a correlated
response to selection for increased post-weaning weights could eventually lead to dystocia as has
happened in the temperate areas (Davis, 1993). Nonetheless, the high heritability of BW for
Zebu-derived cattle (Table 4) indicates that selection against high BW could limit this problem.

As alluded to earlier, in the tropics growth nearly ceases during the dry season and
resumes during the wet season. Selection for rapid growth rate when nutrition is unlimited
should, therefore, focus on growth measured in the animal during the periods in its life when
nutrition is least limiting. There exist antagonistic relationships between or among traits. For
example, favourable genetic relationships between carcass traits of males, and growth and
reproductive traits of females have been reported (Splan et al., 1998). However, undesirable
relationships could also exist, e.g.. calving difficulty has favourable genetic correlations with hot
carcass weight and retail product percentage. To deal with economically important but
antagonistic traits in beef cattle selection indices that incorporate female productivity and male
carcass value may be one solution, while producers could choose to restrict change in some traits
as they improve on others. That is, progeny of females with high reproductive values could be

managed after weaning to reduce fat deposition (Splan et al., 1998). Milk yield of the cow can be



considered as a trait influenced by the calf (through demand for milk and nursing frequency) and
the cow (Miller and Wilton. 1999). High (0.76) genetic correlations between maternal weaning
gain and cow milk yield have been reported by Miller and Wilton (1999). That study suggested
that maternal weaning gain evaluations are good predictors of a cow’s potential for milk yield.
Milk yield is a trait of economic importance in beef production and can effectively be selected
for in a breeding programme indirectly through maternal weaning gain.

Negative genetic correlations between direct genetic and maternal effects for BW and
WW in beef cattle have been reported (Dodenhoff et al., 1998; de Mattos et al., 2000) caused by
sire x year interaction (i.e.. when a large proportion of sires are introduced into the population/
imported each year) and the dam-offspring covariance (fatty udder syndrome). The negative
genetic correlations suggest genetic antagonism between direct and maternal effects for WW of
beef cattle (Bennett and Gregory, 1996; de Mattos et al., 2000; Lee and Pollak, 2002; Campelo et
al., 2004), and explain why selection in traits subject to maternal influence could be ineffective
(Baker, 1980). Therefore, fitting a random maternal effect in models for genetic evaluation is
recommended (Meyer, 1997). The antagonism observed between direct and maternal effects
requires that knowledge of the maternal influence on pre-weaning weights and of the correlation
between these effects are fundamental for achieving unbiased heritability estimates. However,
difficulties have been encountered in reliable estimation of such correlations arising because
direct and maternal effects are partially confounded in an animal’s performance (Crow and
Howell. 1982: Pelicioni et al., 2002; Phocas and Laloe, 2004). Mever (1997) observed that
direct-maternal covariance in the Polled-Hereford was environmental rather than genetic, and
reported breed differences in the relative importance of genetic and environmental maternal
effects on WW of beef cattle. Other important correlations are those between different values of
the same trait (e.g., the correlation between maternal and additive effects).

Favourable genetic correlations between growth and fertility traits have been reported
(Bourdon and Brinks, 1982; Davis, 1993). Selection for increased live weight would result into
improved female fertility. Bourdon and Brinks (1982) reported low (0.07) heritability for AFC,
negative genetic correlations between AFC and growth traits in the Red Angus, Angus and the
Polled-Hereford, and concluded that there was a favourable relationship between growth and
early fertility. Generally, heritability estimates for fertility traits are much less than for growth

traits. These require larger data sets for genetic estimation with reasonable accuracy (Baker,



1980). Mercadante et al. (2003) pointed out that selection of young animals based on body
weights promoted high and consistent weight and height responses, both at yearling and later
ages, without compromising the reproductive performance of cows with respect to days to
calving (i.e.. there are no negative effects of selection for growth on the fertility of females in
beef cattle). While such estimates have been obtained for European breeds in temperate
environments, knowledge is still limited on such estimates under tropical environments.
Consequently, strategies for genetic improvement of growth in a tropical environment require
knowledge of both the extent of this genetic variation, and the genetic and phenotypic

correlations among the traits involved (Dillard et al., 1980; Mackinnon et al., 1991).

2.7. Models for genetic evaluation of growth and fertility traits

Statistical models applied to data obtained from animals attempt to describe biological
processes and effects quantitatively. The aim is to describe the biological situation as explicitly
as possible (Kennedy et al., 1988). In animal breeding, animal models are used to predict
breeding values, and estimation of selection responses and genetic parameters. A common
feature exhibited by these models is their use of the additive genetic relationship matrix directly
or indirectly (Kennedy et al., 1988). The models include univariate and muitivariate models
(Haile-Mariam and Kassa-Mersha, 1994; Khombe et al., 1995; Rumph et al., 2002; Demeke et
al., 2003; Campelo et al., 2004).

2.7.1. Univariate models

These models are used in estimating genetic parameters considering a single trait at a
time or as a repeated measure on the same animal. As a result, univariate models are unable to
account for relationships between traits, leading to biases in estimates due to selection and their
inefficiency in data utilization. The advantages of fitting univariate models in estimating genetic
parameters is due to the reduced computational demands and accounting for individual
permanent environmental effects because of repeated measures on the same animal (Meyer,

2004).



2.7.2. Multivariate models

Multivariate models can estimate parameters of many traits simultaneously. The models
involve the concurrent evaluation of animals for two or more traits, making use of phenotypic
and genetic correlations between the traits (Mrode, 2000). Estimates resulting from such models
are more accurate than those from univariate analysis. This enhanced accuracy is due to the
ability of the model to account for relationships between the traits and better connections in the
data due to residual covariance between traits (Mrode, 2005). The univariate models, unlike

multivariate models, account for the effect of selection on variance, and environmental factors.

2.7.3. Random regression models

Genetic evaluation of performance is conventionally done using univariate and
multivariate animal models (finite models), which assume constant variances between ftraits.
However, growth as a biological process is continuous. The assumption of constancy in the
variance component estimates is, therefore, not valid (Kirkpatrick and Heckman, 1989). It is on
this principle that a RRM, which is more flexible and employs CFs between observations on the
trait, was developed for application in genetic evaluation of traits that vary continuously along a
trajectory (Kirkpatrick and Heckman, 1989). For example, in evaluating growth traits in beef
animals, weight is taken on the same individual at various times from birth to maturity
(Schaeffer, 2004). These constitute records often referred to as longitudinal data or repeated
records (Meyer and Hill, 1997). Consequently, the pattern of animal growth over time can be
modelled by random regressions.

Random regression models provide a means of estimating genetic parameters for all ages
without correcting the observations to certain landmark ages (Albuquerque and Meyer, 2001,
Lewis and Brotherstone, 2002; Nobre et al., 2003). Furthermore, they are intended to model
deviations around the phenotypic trajectories (Schaeffer, 2004). The models use fixed regression
coefficients to account for overall and within fixed class trends while fitting the random
regression coefficients for each individual to allow for individual variations in the trajectory and.
therefore, assume a particular covariance structure (Meyer, 1998; Schaeffer, 2004). Random
regression models are a special case of CFs by which covariance function coefficients are
estimated directly by REML (Meyer and Hill, 1997; Albuquerque and Meyer, 2001). These

models are advantageous over conventional analytical methods in that they allow for easy



interpolation between ages at which recording took place. accurate prediction of selection
response and make more efficient use of the data (Meyer and Hill, 1997; Lewis and

Brotherstone, 2002).

2.8. Genetic and environmental trends

Genetic and environmental trends measure the changes that take place in a population or
herd and are the ultimate indicators of sustainable progress (Nadarajah et al.. 1987: Musani and
Meyer, 1997). Evaluation of genetic progress for economic traits is an essential part of successful
planning for the future, and allows documentation of progress from past selection (Nadarajah et
al.. 1987). It allows assessment of the effectiveness of selection procedures and gives the
opportunity for monitoring management conditions such as nutrition and health status (Kovac,
and Groeneveld. 1990). However, this requires separation of the genetic and environmental
portions of the total phenotypic trend (Nadarajah et al., 1987).

The genetic level of a herd in a particular year is the average of the breeding values of the
animals with a calving in that year (Pollak and Quaas, 1998; Martinez et al., 2004). Phenotypic
and genetic trends are estimated from averages of cow performance and cow estimated breeding
values, respectively, within year, and regressing the annual average on year (Nadarajah et al.,
1987: Rege. 1991b; Haile-Mariam and Kassa-Mersha, 1994; Cunningham and Klei. 1995;
Musani and Meyer, 1997; Martinez et al., 2004). Although the phenotypic trend in performance
can be estimated by regression of actual performance records on time (Nadarajah et al., 1987:
Cunningham and Klei, 1995), unbiased estimates of either genetic or environmental trends are
difficult to obtain because of potential confounding of changes in the environment with changes
in genotype (Nadarajah et al., 1987). Breed differences in genetic trends also cause breed merit
differences to change over time (Sullivan et al., 1999).

Positive genetic and environmental trends in beef cattle herds are indicators of favourable
selection methods and good management (Plasse et al., 2002). Negative genetic trends reflect the
failure of the selection programme in place, while negative environmental trends point to poor
management within a herd (Rege and Wakhungu, 1992b; Khan et al., 1999; Ebangi et al., 2000).
Seasonal variation in animal performance in the tropics is expected to be primarily a
manifestation of variation in feed quantity and quality (Rege, 1991a). Haile-Mariam and Kassa-

Mersha (1994) observed no environmental trend for CI in Boran cattle despite considerable



variation in the year, and suggested that the significance of the year effects was mainly due to
random annual fluctuations in rainfall and, therefore, food availability. Cunningham and Klei
(1995) estimated positive genetic trends for BW and WW in Simmental cattle in North America,
and concluded that the increased performance of WW over time was due to increases in average
genetics and the environment.

Two breeds can be described as overlapping genetically if selection candidates of equal
genetic merit can be found in either breed (Sullivan et al., 1999). Consideration is, therefore,
required for across-breed performance in order to maximize opportunities for genetic change and
commercial production efficiency. Breed overlap provides an indication of the potential for
breed rankings to change with differing breed improvement goals. A study by Mercadante et al.
(2003) showed that subsequent to selection of Nelore cows for growth, positive genetic trends in
YW (1.65-2.33 kg/ year and 1.78-2.39 kg/year) for males and females. respectively, occurred
without compromising the reproductive performance of heifers. In the same study, non-
significant annual genetic trends of days to calving (-0.33-0.19 days/year) were reported.
Bourdon and Brinks (1982) reported negative environmental correlations between weaning traits

and gain after weaning, and suggested some environmentally caused compensatory growth.
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CHAPTER THREE
MATERIALS AND METHODS

3.1. Data source

Data on growth and reproductive traits were collected from the ADC’s Chepchoina Farm
and Solio Ranch Limited. Both farms maintain purebred stud herds registered with the Kenya
Studbook.

Solio Ranch Ltd. lies at about 0'S37°E East of Greenwich, 130 km to the south of
Rumuruti town. 30 km west of Nyeri town and 70 km east of Nyahururu town in Laikipia district
of Rift Valley province. and 255 km to the North of Nairobi. The Ranch is in agro-ecological
zone 4 on an altitude of 3680 m above sea level on clay-loam soils. The temperatures range
between 9°C (minimum) and 34°C (maximum). It receives an average of between 700-800 mm
of rainfall in a bimodal distribution (Figure 2). The long rains fall in March-May as the short
rains come in October-December with dry spells in between, i.e., January-February and June-
September (Figure 3). The Ranch occupies a total of 23,880 hectares (59,000 acres) of which
cattle are extensively managed on 16,800 hectares (41,500 acres) of rain fed natural pastures
comprising red oat (Themeda triandra) grasses. The remaining 7.085 hectares (17,500 acres) are
under wild game. Trees found on the farm include Leleshwa (Tarchonathem camphorates) and
Acacia species.

Chepchoina Farm is a government of Kenya farm, located in Endebess division, 70 km
west of Kitale town in Trans-Nzoia district of the Rift Valley province, and 450 km to the North-
west of Nairobi, at 1°N35°E East of Greenwich. The farm is in agro-ecological zone 3 on an
altitude of 2,108 m above sea level on medium to heavy red loam volcanic soil. The temperatures
range between 10°C (minimum) and 32°C (maximum). Figure 2 shows the annual rainfall
distribution in the study area for the years 1977 to 2003. The area receives a bimodal rainfall
averaging 1.053 mm annually (Figure 3). Long rains fall between March and August while short
rains come between September and November (MoA, 2003).. The farm occupies a total of 135
hectares (334 acres) on which cattle are extensively managed on rain fed improved Boma Rhode
pastures. The farm was founded with the vision to be a prime mover of agricultural development

in Eastern Africa by producing and providing quality crop seed and livestock to farmers.
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Figure 2. Annual rainfall distribution (mm) for Solio Ranch Ltd. (+) and the ADC
Chepchoina (0) farms.
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Figure 3. Monthly rainfall distribution (mm) for Solio Ranch Ltd. (+) and the ADC
Chepchoina (0) farms.

3.2. Herd management
The ADC Chepchoina farm comprised the two beef breeds, i.c., the Polled-Hereford.

being the predominant breed, and the Charolais. Solio Ranch Ltd. exclusively raised the
Charolais breed. At Chepchoina farm, both breeds were managed as a single herd. In both farms,
the cattle were extensively grazed on natural pastures and supplemented with mineral licks ad
Iibitum. In addition, stored Boma Rhodes hay was provided during dry seasons at Chepchoina

farm. Calves were weighed and identified within 48 hours of birth and left to run with their dams



until weaning (approximately 9 months). Tattooing and debudding was done in calves when they
were 2 weeks old. while branding was done at weaning. Bull calves not intended for breeding
were castrated at weaning and raised as beef steers. Weaners were herded together away from the
older stock until 17 months of age. when bulls were dispersed to various commercial breeding
herds. At Solio Ranch Ltd.. young bulls (weaning to 17 months) intended for breeding were
placed on a feeding programme of supplementation (i.e., 2 kg magic steers, 260 gm of mixed salt
and dicalcium phosphate, 0.7 kg molasses and 0.7 kg cotton seed cake per bull a day).

Disease management was mainly prophylactic through the control of ecto- and endo-
parasites. and routine vaccinations against endemic diseases such as Foot and Mouth disease,
Rinderpest, Black quarter, Anthrax and Lumpy skin disease. However, specific treatment was
administered to sick animals. To control ticks and other ecto-parasites. cattle were sprayed every
4-5 days at Solio Ranch, while dipping was done once every week at ADC Chepchoina Farm.
Control of endo-parasites was done at the onset of the rains and at the start of the dry period at
ADC Chepchoina farm. At Solio Ranch ltd., this was done only once, i.e., at weaning.

Artificial insemination was exclusively used in both farms. However, at Solio Ranch
Ltd.. cows that did not conceive after two consecutive inseminations were exposed to a bull for
natural mating. Heifers were served at an age of 18-24 months when they were about 380 kg
body weight. Pregnancy diagnosis. through rectal palpation was done after two months by
trained inseminators. Bulls were allowed to serve at 17 months of age when they were about 500
kg body weight. For bull service, near random mating was practised, avoiding sire-daughter,
dam-son and full-sib matings. In both herds, calving was all year round. Selection of breeding
animals was done at weaning, based on physical appraisal of growth performance and
conformation. Selection and voluntary culling was more stringent at the ADC Chepchoina farm
than at the Solio Ranch Ltd. This was because more sires were needed to crossbreed with the
Boran cows in the commercial herd of the Ranch. Sire selection was subjective and was based on
a combination of weaning performance and visual evaluation for soundness/ conformation.
Heifers that showed excellent growth and conformation attributes were put in stud herds in both
farms as replacements while those with good growth and conformation were put in the
commercial herds to breed stock for sale and slaughter. Once in the breeding herds, heifers that
did not calve down within two years were culled at both farms. Culling of cows was determined

by their reproduction efficiency rather than age. Initial culling of animals was done at weaning



where all animals with poor conformation were culled. Solio Ranch Ltd. maintained an average
of 6.700 head of cattle, of which about 2,000 were Charolais breeding cows and bulls, the rest
were the commercial herds of Boran, and Charolais x Boran crosses. An annual average of 1,800
head of cattle was sold yearly from the commercial herd. The Ranch operates by crossbreeding
the French Charolais with the Kenyan Boran. capitalizing on the Charolais’s rapid growth and
the Boran’s resistance to drought and disease. The grass-fed steers attained an average weight of
470 kg in about two and half years of age. At the ADC Chepchoina farm, cows and heifers were
all reared in a similar environment with constant management over the years. However, at Solio
Ranch Ltd.. the cattle were divided into four herds; (a) observing herd (dry cows and cows with
over 3-month old calves), (b) heifer herd (heifers 9 months old to first calving). (¢) young bulls
(9-17 months old) under a feeding programme, and (d) maternity herd (comprised of heavily
pregnant cows, i.e.. 7 months in-calf to 3 months post-calving). The Charolais bulls were used to
crossbreed with the Boran cows/ heifers in the commercial herd and the resulting progenies were

terminal (i.e., destined for slaughter for beef).

3.3. Description of traits and data characteristics

Data on growth and fertility traits were extracted for cows with at least a first calving
during the period 1968 through 2004. Records were available from 1968 to 2004 and from 1973
to 2004 for fertility and growth traits, respectively. Growth traits considered were birth weight
(BW, kg), pre-weaning average daily gain (ADG, kg/day) and weaning weight (WW, kg). For
WW, only calves between 125 days to 275 days of age at weaning (AWn) were included.
Fertility traits were CI (days), and AFC (days). Data were edited for consistency of pedigree
information and correct dates of birth, calving and weighing. The pedigree file was traced back
to 1968. Records with anomalies in pedigree information and dates were discarded. Table 5

below presents the data structure and summary statistics for growth and fertility traits.



Table 5. Data structure and summary statistics for growth and reproductive traits for the Charolais and Polled-
Hereford beef cattle breeds

Charolais Polled-Hereford

Trait BW ADG WW AFC (I BW ADG WW AFC (I
o 1685 972 972 487 1096 1100 897 897 375 1021
Kagn 4024 078 243.601193.60 509.30 3610  0.59 191.30 1200.70 420.10
SD 668  0.19 4990 251.40 189.75 597 0.3 3487 211.80 124.03
CV (%) 1226 1626 1323 1825 35.09 1413 1723 1372 1071 2641
N‘Jﬁl‘;f““i‘“als inped 43a4 3334 3521 3335 3334 3333 3333 3333 3335 3334
W, e 96 79 79 67 63 54 53 53 49 58
No.ofprogenypersive 1760 1230 1230 730 1740 2040 17 17 760  17.60
Wor. i dusins 507 392 392 283 225 355 321 320 140 180
No. of progeny per dam 3.30 2.50 250 170 4,90 3.00 2.80 2.80 2.70 570

“BW= birth weight (kg); WW= weaning weight (kg): ADG= average daily gain (kg); AFC= age at first calving
(days) and Cl= calving interval (days).

3.4. Data analysis
3.4.1. Factors influencing growth and fertility traits and mean performance estimates
Analyses of variance were conducted for different traits in order to assess the non-genetic
factors influencing growth and fertility traits using PROC GLM of SAS (1998). The fixed effects
fitted in the model for the analyses of growth traits included sex of calf, breed, year-season of
birth/ calving, and dam parity. A maximum of nine parities were allowed in the analyses. Table 6
below shows the type of fixed effects fitted as well as the corresponding levels of significance
for the various traits. Herd and breed were fitted for all traits studied in the between-breed
analysis for the ADC Chepchoina farm. In addition, age at weaning was fitted as a linear
covariate for ADG and WW. Herd-year-season of calving and parity were fitted for CIL, while
year-season of birth and WW were fitted for AFC. The year of birth and weaning were from
1974 to 2004 and 1973 to 2003, respectively, while the AFC were, correspondingly, from 1974
to 2002 and 1974 to 2000 for the Charolais and the Polled-Herefords. The years of calving were
from 1974 to 2004. In Chepchoina farm, each year consisted of three seasons; the primary wet
season (March-August), the secondary wet season (September-November) and the dry season
(December-February). Each year in Solio Ranch Ltd. consisted of four seasons; the primary wet
season (March-May), secondary wet season (October-December) and the primary dry season

(January-February), and the secondary dry season (June-September).



3.4.2. Univariate analysis

(Co)variance components and genetic parameters for individual traits were estimated
using single-trait animal models within the DFREML programme (Meyer, 1998). The fixed part
of the model consisted of effects that significantly influenced growth and fertility performances
determined in section 3.4.1.

To identify the best model to fit the growth traits, preliminary analyses were conducted
using different univariate models, each with different combinations of direct additive, maternal
genetic and maternal environmental effects, and covariances between additive direct and
maternal genetic effects. Likelihood ratio tests were conducted to determine the most suitable
model for each growth trait in a univariate analysis. Analyses were terminated when the change
in variance of the function values (-2log likelihood) fell below 10™. These analyses showed that
the best model (based on maximum log likelihood) that fitted the growth data was a model with
three random effects, i.e.. direct additive genetic, maternal genetic and maternal environmental
effects. The model also assumed a covariance structure between direct additive and maternal
genetic effects. Although it is always desirable to include maternal environmental effects in
genetic evaluation of beef breeding programmes, the data structure and the number of dams and
grand dams with records are important determinants in estimating maternal effects (Meyer, 1992;
Maniatis and Pollott, 2003: Solanes et al., 2004). For example, there seemed to be no maternal
genetic influence on ADG and WW in Charolais (Table 7), a fact that could be attributed to the
data structure (Table 5). A simple animal model (AM) with additive genetic effects as the only
random effect was fitted for fertility traits. The structure of the models used in the final analyses

is shown in Table 6. The general mixed model fitted in this case was:
y=Xbt+Zic+ZatZsm+e covia, m)£0 (D)

where y is a vector of observations on the specific trait of the animal; b, a, m and ¢ vectors of
fixed effects, including covariables, direct additive genetic, maternal additive and maternal
permanent environmental effects, respectively, X, Z,. Z, and Z; are the corresponding incidence
matrices relating the effects to y, and e the vector of residual error.

The phenotypic variance (czp) was calculated as the sum of direct additive genetic
variance (¢7,). maternal genetic variance (Gﬁm), direct additive by maternal genetic covariance

. 2 ; . I : e T
(oam), maternal permanent environmental (67.) and error variances (¢”.). The direct heritability
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(h%), maternal heritability (m”) and the permanent environmental effect (c*) were computed as
2 2 2 5 ; 3% % .
G‘a/cszp, szlozp, and 6°/",, respectively. Total heritability (h*1) was estimated by summing all
the genetic effects as a proportion of the phenotypic variance (szml_addmve/csgp), 1e., (Gza+
0.503m+l.553m)f029 The random effects were assumed to follow a normal distribution with zero

mean and (co)variance structure:

i 1o 0 0 0

a 0 &g Ac, O
Var = 4

m 0 A JQIPF Adfzﬂ O

e 0 0 0 lo:

where A and I represent the additive genetic relationship and identity matrix, respectively.

3.4.3. Bivariate analysis

The traits considered in bivariate analysis included BW, WW, ADG, AFC and Cl. An
animal model similar to model 1 above, but ignoring additive maternal and maternal permanent
environmental effects, was used to carry out a series of bivariate analyses to estimate genetic and

phenotypic correlations among all the traits studied.

3.4.4. Estimation of annual trends

Using univariate analyses, breeding values were predicted. To estimate the genetic and
environmental trends. back solutions for EBVs and solutions for fixed effects were obtained.
Genetic trends were estimated by regressing the EBVs in the particular trait on the year of birth.
Year-season effects were regressed on year to obtain the annual environmental trends for various

traits. The environmental trends were expressed as deviations from the overall mean.



CHAPTER FOUR

RESULTS

4.1. Environmental sources of variation

Table 6 presents levels of significance for the various sources of variation on growth and
fertility traits in the Charolais and Polled-Hereford breeds. All main effects fitted significantly
(P<0.001) affected BW. Sex significantly (P<0.001) affected BW but was not significant for all
other traits studied. Age at weaning significantly (P<0.001) influenced ADG and WW. Dam
parity significantly (P<0.001) affected BW, since earlier parity calves were lighter than later
parity ones for both breeds. Dam parity also significantly (P<0.05) influenced WW in both
breeds, and ADG in Charolais (Table 6). Herd effect was fitted for Charolais because the breed
appeared in both herds and it significantly (P<0.001) affected BW. ADG and WW but was not
significant for AFC and CI. Generally, animals at Solio Ranch Ltd. recorded heavier weights for
growth traits than those at Chepchoina Farm. Year-season of birth interaction significantly
(P<0.001) affected all traits studied except CI. Year-season of weaning significantly (P<0.01)
affected WW in both breeds. Similarly, year-season of calving significantly (P<0.001) influenced

Cl. Weaning weight as a covariate significantly (P<0.05) affected AFC in both breeds.

4.2. Mean performance estimates

Estimates of breed means for growth and fertility traits are given in Table 6. The
Charolais calves were generally born on average 4.14 kg heavier than those of the Polled-
Hereford. Male calves were born heavier than their female counterparts for both breeds.
Generally, calves at Solio Ranch Ltd. were born heavier than those at Chepchoina farm (not
shown) and calves born of later parities were heavier than those born of first parity. Charolais
calves gained weight 0.19 times faster than the Polled-Hereford calves (Table 6). Consequently,
Charolais weaned higher weights than Hereford calves; the mean WW were 243.6 and 191.3 kg

for Charolais and Polled-Hereford, respectively (Table 6).
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Overall, Polled-Hereford heifers tended to calf down earlier than those of the Charolais.
The mean AFC were. correspondingly, 1193.6 and 1166.7 days for the Charolais and Polled-
Hereford (Table 6). However. Charolais cows at Solio Ranch Ltd. tended to have longer AFC
than those at Chepchoina farm. Generally, the Charolais had prolonged CI (89.2 days) than the
Polled-Hereford cows. The mean Cls were 509.3 and 420.1 days for the Charolais and Polled-

Hereford, respectively (Table 6).

4.3. Estimate of (co)variance components, and genetic and phenotypic parameters
4.3.1. Estimates from univariate analyses

Estimates of variance components and genetic parameters for growth and fertility trait are
shown in Table 7 below. The direct heritability estimates for BW were 0.36 and 0.21 for the
Charolais and Polled-Hereford cattle, respectively. Heritability estimates for the growth traits in
the Polled-Hereford ranged from 0.10 to 0.21. The corresponding heritabilities for the Charolais
were moderate. Direct heritability estimates for the fertility traits were low (0.00 to 0.16) for both
breeds. Estimates of total heritability (h*r) were low to moderate for the growth traits and low for
the fertility traits. Additive genetic effects accounted for a small proportion of total variation in
the fertility traits. However, the corresponding estimates of residual error variance were high
(Table 7). This resulted in very low heritability estimates for the fertility traits, i.e., 0.0 to 0.05
for CI and 0.06 to 0.16 for CI and AFC, respectively.

For WW, maternal genetic effects accounted for a higher proportion of total variation
than direct additive genetic effects in the Polled-Hereford (Table 7). However, the converse was
true for the Charolais. Direct-maternal genetic correlations were moderate to unity, and negative
for the growth traits analysed except for BW in the Polled-Hereford, which was positive (Table

7).



Table 7. Estimates of (co) variance components and genetic parameters for growth and fertility traits® from univariate analyses

Charolais Polled-Hereford -
CEstimates”  BW  ADG  WW_ AFC Cl BW ADG ~ WW AFC C
6% 1.08 0.00 0.00 3.1 118023 0.00
6y 957  4150.61 24720  2923.80 0.02 534 98275 8747  2671.94 619.37
& 3.08  3067.55 178.60 0.17 1.03 116.46
Fam -0.46 -0.51 -0.47 1.00 1.00 -0.39
Gam 251 -y 70 094 -31.90 -39.34
B 1551 11261.01  731.78 44526.10 30482.54 15.50 7846.41 531.26 13858.05 11687.77
cjp 2673 1664737 1058.90 4744990 31936.84 25.07 9978.52 69585 16529.99  12307.15
o 0.04 0.00 0.00 0.12 0.12  0.00
h? 0.36 0.25 0.23 0.06 0.00 0.21 0.10  0.13 0.16 0.05
m’ 0.11 0.18 0.17 0.01 0.00  0.17
hey 0.27 0.08 0.09 0.06 0.00 0.27 0.09  0.12 0.16 0.05

"BW= birth weight; WW= weaning weight; ADG= average daily gain; AFC= age at first calving; Cl= calving interval.

b 2 . . . = . . 2 . 2 . . . .

's”,~ additive genetic variance; 6°,= maternal genetic variance; "= error variance; 6 p= phenotypic variance; Gy~ direct-maternal covariance;
2 . - T 2 . .pe - - . . - e

h’= direct heritability; m*= maternal heritability; r,,= direct maternal genetic correlation; h'= total heritability.
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4.3.2. Estimates of correlations from bivariate analyses

Estimates of genetic and phenotypic correlations for growth and fertility traits from
bivariate analyses are presented in Table 8. Due to limitations in the size and structure of the data
(Table 6). other combinations within fertility trait category and between fertility and growth trait
categories were not estimable. Estimates of genetic variances for the Polled-Hereford from
bivariate analyses for the growth traits were higher than those from univariate analyses (not
shown). However, the corresponding estimates for fertility traits (AFC and CI) were lower for
bivariate analyses than those from univariate analyses for the Polled-Hereford. For the Charolais,
bivariate genetic variance estimates for fertility traits were greater than those from univariate
analyses. The additive genetic and phenotypic variances for BW in CH were generally
comparable in both the univariate and bivariate analyses.

The heritability estimates for growth and fertility traits from univariate analyses in the
Charolais were comparable to those obtained from bivariate analyses. However. higher
heritability estimates (close to 1) were obtained from bivariate analyses for WW and ADG traits
in the Polled-Hereford. The change in magnitude of heritability estimates was most pronounced
for WW, and ADG, which increased from 0.13 to 0.98 for the Polled-Hereford. However, no
marked changes were seen for fertility traits.

The correlations between the growth traits were variable and positive in magnitude
except for those between BW and ADG, and ADG and WW, which were negative (Table 8).
Generally, genetic correlations between the traits were more variable and stronger (absolute
values) than the corresponding phenotypic correlations. For example, the genetic correlations
between the growth traits ranged from -0.06 to 1.00 while the corresponding phenotypic
correlations ranged from 0.00 to 0.28. Strong genetic correlations (1.00) were estimated between
BW and ADG in the Charolais. Low (=0.16 to 0.12) phenotypic correlations between growth and
fertility traits were estimated (Table 8) but the corresponding genetic correlations were strong.
For the Charolais, the genetic correlation was strong and positive (1.00) while the phenotypic
correlation was low and positive (0.11) (Table 8). The corresponding correlations between WW
and AFC were low and negative (-0.06) for the Polled-Hereford. The genetic correlation between
AFC and CI was strong and negative (-0.99), but there seemed to be no phenotypic correlation

between the traits in both breeds (Table 8).
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Table 8. Estimates of genetic and phenotypic correlations® for growth and fertility traits” in the
Charolais and the Polled-Hereford breeds from bivariate analyses

Charolais Polled-Hereford

Trait 1 Trait 2 1y I T; Iy
BW ADG 1.00 0.07 -0.06 0.00
WW 0.27 0.09 0.07 0.02

AFC - - 0.13 0.12

” 1 0.99 0.00 -0.07 0.00
ADG WW 0.20 0.20 -0.99 0.28
S AFC -0.99 -0.02 - -
% Cl 1.00 0.00 -1.00 -0.16
WW AFC 1.00 0.11 -0.06 -0.06
1 - - -1.00 -0.16
AFC -0.99 0.00 -0.99 0.00

“r, - genetic correlations; r,= phenotypic correlations.
"BW= birth weight; WW= weaning weight; ADG= average daily gain: AFC= age at first calving; CI= calving
interval.

4.4. Genetic and environmental trends in growth and fertility traits

Genetic and environmental trends for BW, ADG and WW are presented in Figures 4, 5 and 6,
respectively. Generally, genetic and environmental trends fluctuated over the years for all traits
in both breeds. Save for the earlier years (i.e., 1973-1982, BW: 1974-1978, ADG and WW), in
subsequent years the trends were consistently negative for all the traits studied. The coefficients
of change in environmental trends for BW, ADG and WW were -0.300 and -0.198 kg/yr, =12.99

and —7.43 g/yr, -3.56, and -2.17 kg/yr for the Charolais and the Polled-Hereford, respectively.

Charolais 12 - Hereford
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Figure 4. Genetic (T) and environmental (A) trends for birth weight (kg) in the Charolais and the Polled-Hereford
beef cattle breeds. The environmental trends are expressed as deviations from the overall mean.
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Figure 5. Genetic () and environmental (A) trends for average daily gain (kg) in the Charolais and the Polled-
Hereford beef cattle breeds. The environmental trends are expressed as deviations from the overall mean
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Figure 6. Genetic (0) and environmental (A) trends for weaning weight (kg) in the Charolais and the Polled-
Hereford beef cattle breeds. The environmental trends are expressed as deviations from the overall mean
Generally, the performance in BW fluctuated between 1.60 kg/yr and —0.40 kg/yr with a
peak performance of 1.57 kg/yr in 1992 followed by 1.36 kg/yr in 2003 for the Charolais. For the
Polled-Hereford, performance fluctuated between —1.54 kg/yr and 0.9 kg/yr with a peak of 0.82
kg/yr in 1988. For WW, the performance fluctuated between —7.80 kg/yr and 6.50 kg/yr with a
peak performance of 6.45 kg/yr in 1992 for Charolais. For the Polled-Hereford, it fluctuated
between —4.30 and 1.95 kg/yr with a peak of 1.91 kg/yr in 1991. Similar trends were seen for
ADG. Overall, there were positive trends in growth traits for both breeds. The coefficients of
genetic progress for BW, WW and ADG were, correspondingly, —0.001 and 0.036; 0.866 and -
0.044: 0.229 and 0.035 kg/yr, for the Charolais and the Polled-Hereford breeds.
Genetic and environmental trends for fertility (AFC and CI) traits are presented in

(Figures 7 and 8). Fluctuations in environmental trends were evident in both breeds, with high
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environmental fluctuations in the earlier than later years for the Charolais. However, the
environmental trends improved over the years for the Polled-Hereford. The coefficients of
change in environmental trends were —1.8 and 16.0 days/yr for AFC, and —4.8 and 3.3 days/yr
for CI in the Charolais and Polled-Hereford, respectively. Negative (favourable) trends were
observed for AFC in the Charolais, but no discernable genetic trends were evident for CI. The
coefficient of change in genetic trends were, correspondingly, -0.5 yr and 0.0 days/yr for AFC
and 0 days/yr for CI in the Charolais and the Polled-Hereford. The environmental trends are

expressed as deviations from the overall mean.
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Figure 7. Genetic (0) and environmental (A) trends for age at first calving (days) for the Charolais and the
Polled-Hereford beef cattle breeds. The environmental trends are expressed as deviations from the overall

mean
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CHAPTER FIVE

DISCUSSION AND CONCLUSIONS

5.1. Aim of the study

Genetic analysis of traits of economic importance is important in determining the
effectiveness of any genetic improvement programme. Genetic improvement programmes
comprise a number of components; i.e., definition of breeding objectives, choice of selection
criteria, performance recording and evaluation, selection and design of mating systems (Ponzoni
and Newman. 1989; Rewe et al., 2006a and b). Consequently, the efficiency and effectiveness of
a breeding programme is dependent on the choice of breeding objective traits for improvement
and accuracy in genetic evaluation. Genetic evaluation has evolved systematically overtime,
from use of simple least square methods to more complex maximum likelihood procedures in the
estimation of (co)variance components and genetic parameters (Lynch and Walsh, 1998). Unlike
in the temperate and other tropical countries. genetic evaluation of beef cattle breeding
programmes in Kenya based on recent animal models has not been fully achieved. As a result,
selection of animals is based on phenotypic appraisal of an individual’s performance rather than
objectively determined genetic merit. The objective of the current study was to genetically
evaluate growth and fertility performance of the Polled-Hereford and Charolais beef cattle breeds
in Kenya. The specific objectives were to: (i) determine factors affecting performance and obtain
mean estimates for growth and fertility traits of the Polled-Hereford and the Charolais beef cattle
breeds. (ii) estimate genetic and phenotypic parameters for growth and fertility traits of the
Charolais and Polled-Hereford beef cattle breeds, and (iii) to estimate the genetic and
environmental trends in the growth and fertility traits of the Charolais and the Polled-Hereford
cattle over the years.

In line with the foregoing objectives, three hypotheses were tested; (i) environmental
factors were not the causes of observed variation in growth and fertility traits, (ii) genetic and
phenotypic parameters for growth and fertility traits in the Charolais and the Polled-Hereford
cattle were comparable and (iii) no genetic and environmental improvements had occurred in the

Charolais and the Polled-Hereford cattle in Kenya ovér the years.
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5.2. Performance of B. taurus beef cattle breeds
5.2.1. Non-genetic factors influencing performance

Environmental effects influencing performance of tropical beef cattle have been reported
under various production conditions (e.g., Johnston and Graser, 1998: Lobo et al., 2000: van der
Westhuizen et al.. 2001). This is a prerequisite to formulation of management policies and
production decisions on beef production enterprises. This study indicated significant effects of
year-season on growth, as manifested by the effect of climatic conditions on the performance of
the beef cattle. However, the absence of a correlation between the inter-annual rainfall
distribution and the least square means for growth traits in this study, suggested that the
significance of year-season effects was mainly due to random annual fluctuations in rainfall and.
therefore, pasture availability.
Parity significantly (P<0.001) influenced BW of calves (Table 6). It can be speculated that in
young dams, the nutrient competition between fertility and maintenance needs of the animals is
high than in older dams, a fact that could lead to low BW. This is in agreement with the literature
(e.g., Bourdon and Brinks, 1982; Okeyo et al., 1998; Indetie et al., 2000; Wasike, 2006) that
have reported significant influence of parity and age of the dam on BW of calves. Sex
significantly (P<0.001) influenced BW (Table 6). Bull calves were born heavier than the heifers.
This was due to sexual dimorphism, a physiological phenomena arising from higher levels of
testosterone hormone in males, which accelerates muscle deposition and, therefore, faster growth
compared to females. Sexual dimorphism in growth performance has been reported in the Boran
and Sahiwal cattle in the ASALs (Trail and Gregory, 1981; Mwandotto et al., 1988; Wasike,
2006). Environment (year-season of birth/ calving) significantly (P<0.001) influenced AFC and
CI, respectively, in both breeds (Table 6). In a wet year. unlike a dry one. heifers/ cows had
better nutrition; probably this would lead to faster growth and, consequently, earlier ovarian
cyeling (post-partum), allowing for prominent and regular oestrus expression and, therefore, lead
to short AFC and CI. Conversely, failure to detect heat either because of nutritionally-induced
silent heat, sub-standard supervision or sheer lack of experience in heat detections, is likely to be
responsible for the long AFC and/ or CI in the environments the two breeds were kept. For trends
in CI, discernible fluctuations were observed throughout the period (Figure 8). The fluctuations
could be as a result of poor management emanating from poor heat detection, leading to many

repeat services per conception.
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5.2.2. Mean performance estimates

Charolais calves were born 4.14 kg heavier than the Polled-Hereford’s (36.10 kg)
(Meyer, 1992: Mever, 1993b; Arthur et al., 1994; Meyer et al., 2004). Preliminary results (not
shown) revealed stable trends in least squares means for BW, an indication of the ability of the
Charolais and the Polled-Hereford dams to provide a neutral prenatal environment for calf
growth irrespective of the fluctuations in the environmental conditions. In addition, it appears the
farms were cognisant of BW and its relationship to dystocia such that many of their breeding
decisions were based on the trait, particularly when selecting bulls to breed to virgin heifers.

Discernable fluctuations in WW performances across the years (Figure 6) were indicative
(;f the sensitivity of calves to post-natal stress, possibly due to exposure of nursing dams to
nutritional stress during droughts that lead to reduced milk production and, subsequently,
depriving calves of nutrients. Generally, the Charolais weighed 52.3 kg heavier than the Polled-
Hereford (191.3 kg) at weaning (Table 6). However, higher WW for the Charolais have been
reported in France (Fouilloux et al., 2002; Phocas and Laloe, 2004), Canada (Duangjinda et al.,
2001) and Australia (Meyer. 1993b). Similarly, lower weights have also been reported by Dillard
et al. (1980) and Sullivan et al. (1999) in Canada and the USA, respectively. The difference
could be attributed to variations in climatic conditions, quality of pastures and breeding
objectives between temperate and tropical countries. For the Polled-Hereford, similar WW as in
this study have been reported (Ferreira et al., 1999) in the USA, whereas higher WW have been
reported in the USA (Bourdon and Brinks, 1982) and Australia (Meyer, 1992: Arthur et al.,
1994; Meyer, 2004). However, lower WW have been reported in the USA (Dillard et al., 1980;
Nadarajah et al., 1987) and Canada (Fan et al., 1995: Sullivan et al., 1999). The effect of age at
weaning on WW was found to be significant (Table 6). an indication of the potential bias in
decisions to select or cull animals based on performance parameter estimates from analyses
where their ages were not accounted for. For example, if age at weighing is not accounted for,
selection would tend to favour older animals.

In cow-calf beef production systems, high off-take is the ultimate goal. Calves with high

growth rates attain slaughter weights early and, therefore, optimise off-take, resulting in higher
profits. The Charolais calves gained weight faster than those of the Polled-Hereford (Table 6),

implying higher feed conversion ability for the Charolais compared to the Polled-Hereford.



Generally, the gains were within the range of estimates reported in the literature (e.g., Dillard et
al., 1980; Arthur et al., 1994).

Increased herd fertility improves the profitability of a beef production system. As reported
by Rust and Groeneveld (2001), for example, reduced AFC and short CI would increase the
number of calves born for a given number of animals. This would ensure a higher calf crop in the
productive life of a cow. In less profitable systems, performance of animals is usually lower than
in more profitable systems. Generally, the estimates for AFC and CI (Table 6) were higher than
those reported for the Polled-Hereford in the USA (Bourdon and Brinks, 1982) and in Charolais

x Boran crosses in Kenya (Gregory et al., 1984).

5.3. Estimate of (co)variance components and genetfic parameters
5.3.1. Estimates from univariate analyses

The direct heritability estimates for BW for the Charolais (0.36) and the Polled-Hereford
(0.21) (Table 7), were lower than reported for Hereford and Angus beef cattle in Australia and
the USA. However, the maternal heritability estimates for the Charolais (0.11) and the Polled-
Hereford (0.01) were within the range of those reported in other studies (e.g.. Meyer, 1992;
Dodenhoff et al., 1998; Ferreira et al., 1999; Kaps et al., 1999). Generally, maternal effects
accounted for less variation than direct genetic effects in BW. This is in agreement with other
results on tropical beef cattle in which maternal influence were observed (Meyer, 1992 and
1993b: Haile-Mariam and Kassa-Mersha, 1995; Dodenhoff et al., 1998 Ferreira et al., 1999,
Duangjinda et al., 2001; Burrow, 2001; Demeke et al., 2003). No maternal influence was
reported for BW in the Boran beef cattle in Kenya (Wasike, 2006). Maternal effects at birth are
almost entirely non-genetic, and are attributed to the pre-natal maternal environment and
cytoplasmic effect (Meyer, 1993b; Maniatis, 2000). Maternal influence on BW as evidenced in
the current study could be an indicator of variability in the uterine environment provided for the
Charolais and the Polled-Hereford offsprings during embryonic development. The estimates of
direct-maternal genetic correlations reported in this study for the Charolais and the Polled-
Hereford were higher (absolute values) than reported elsewhere (Meyer, 1992; Dodenhoff et al.,
1998; Ferreira et al., 1999; Burrow, 2001), but were within the range of estimates reported for
Angus in Australia and Simmental cattle in South Africa by Rust et al. (1998) and Kaps et al.

(1999), respectively. Differences between the estimates may be attributed to genetic variations
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between populations, structures of the pedigree and selection policies. A negative estimate of
direct-maternal genetic correlation indicates an antagonistic relationship between these
components, such that omitting the direct-maternal genetic covariance in analyses where
maternal effects are important (for Charolais in this study) would result into overestimation of
direct and maternal heritability (Meyer, 1997).

The direct heritability estimates for WW were similar to ADG (Table 7). They were low
to moderate (0.1-0.25) for the Charolais and the Polled-Hereford (Table 7). The implication is
twofold: genetic improvement could be achieved through selection on the traits, and that ADG
could be used to select calves meant for breeding earlier before weaning age. For the Charolais,
the direct heritability was within the range of what has been reported for the breed in the USA
(Duangjinda et al.. 2001), but was higher than estimates for several other breeds in the tropics
(e.g.. Meyer, 1992, 1993a and b; Dodenhoff et al., 1998; 1999:; Ferreira et al., 1999; de Mattos et
al.. 2000; Duangjinda et al., 2001; Phocas and Laloe, 2004). For the Polled-Hereford, the direct
heritability was within the range of estimates reported in the literature (Meyer, 1992: Dodenhoff
et al., 1999) in Australia and the USA, respectively. However, higher estimates have been
reported for various beef breeds in the tropics and subtropics (e.g., Meyer, 1993a and b;
Dodenhoff et al., 1998 and 1999; Ferreira et al., 1999; de Mattos et al., 2000: Duangjinda et al.,
2001: Phocas and Laloe, 2004). Differences between estimates may be attributed to varying
levels of genetic variation between populations, differences in selection strategies and use of
different models in estimating these parameters.

Maternal effects were more pronounced at weaning in the Polled-Hereford (Table 7).
They accounted for a higher proportion of total variation (116.46) than direct additive genetic
effects (87.47). The maternal heritability was low (0.17) for both breeds. Generally, these
estimates were comparable with estimates reported in the literature (e.g., Meyer, 1992, 1993a
and b: Bennet and Gregory, 1996: Dodenhoff et al., 1998 and 1999; Rust et al., 1998; Ferreira et
al. 1999: de Mattos et al.. 2000; Duangjinda et al., 2001; Phocas and Laloe, 2004).

The heritability estimates for fertility traits were low (Table 7). Similar findings have
been reported for Boran cattle in Ethiopia (Haile-Mariam and Kassa-Mersha, 1994) and in Kenya
(Wasike, 2006). Low heritability estimates for fertility traits have been reported for various cattle
breeds in the tropics (e.g.. Bourdon and Brinks, 1982; van der Westhuizen et al., 2001: Rust and

Groeneveld. 2001: Olori et al., 2002; Demeke et al., 2004). Moderate (0.31) and low (0.11)
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average heritability estimates for AFC and CI, respectively, have been reported for beef cattle in
the tropics (Lobo et al., 2000). The low heritability estimates could be attributed to high
phenotypic variance arising from high environmental variations, such as management decisions
taken by the breeder (Olori et al., 2002) and, consequently. slow response to selection would be
expected. As suggested by Haile-Mariam and Kassa-Mersha (1994) and van der Westhuizen et
al. (2001). much of the improvement in fertility traits could be achieved through improvement of
the production environment rather than selection. Producers should, therefore, opt for a long-
term strategy of achieving change in these traits, which should incorporate improvement of the
production environment, e.g., proper feeding, accurate heat detection and timely insemination,
and control of reproductive disorders. Notwithstanding the low additive genetic variance for
fertility traits, some progress in these traits could be achieved through selection strategies such as
culling cows that do not conceive after a number of inseminations. culling heifers with extended
AFC or selecting for higher body weight at one year of age in heifers (Ilatsia et al., 2007).

Based on the pedigree information, the number of dams and grand-dams with progeny
records were adequate to estimate the direct-maternal correlations (Table 7). The correlation in
BW was moderate and negative for the Charolais but was strong and positive for the Polled-
Hereford. Direct-maternal genetic correlations in ADG and WW were negative and strong to
moderate for the Charolais (-0.51 to -0.47) and the Polled-Hereford (-1.0 to -0.39) (Table 7).
These estimates depict an antagonistic relationship between the effects of an individual’s genes
for growth and those of the dam. Similar findings have been reported by Lee et al. (1997) and de
Mattos et al. (2000). Medium and negative (-0.25) correlations have been reported for WW in the
Polled-Hereford and Boran breeds, respectively (Dodenhoff et al., 1998; Wasike. 2006).
Differences in direction and magnitude of direct-maternal correlations have been associated with
data structure and pedigree information (Gutierrez et al., 1997. Maniatis and Pollot, 2003;
Wasike, 2006). A positive relationship between genetic effects implies that they can be selected
for simultaneously. The results of the present study demonstrate the necessity of including
maternal effects in genetic models for early growth traits. Ignoring maternal effects where they

are important inflates direct heritability estimates in growth traits (Meyer, 1992).
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5.3.2. Estimates from bivariate analyses

Table 8 shows genetic and phenotypic correlations between traits. Apart from
correlations between BW and ADG, and ADG and WW in the Polled-Hereford, the genetic
correlations between BW and other growth traits were positive and ranged from 0.07 to unity.
Similar estimates have been obtained for beef cattle in the tropics (Burrow, 2001; Meyer et al..
2004). This implies that improvement of BW is achievable when selection is done on the basis of
other growth traits. However, this may not be desirable since selection. for instance, on the basis
of WW could result into calving difficulties due to increased BW. For Charolais, the strong
positive relationship between BW and ADG would suggest that selection for low BW would
result into slow growth rate.

The strong and negative genetic correlation between AFC and ADG for the Charolais
(Table 8) indicates a favourable relationship between breeding values for the early weight gain
and AFC. Increased selection based on ADG would result in early onset of puberty. This would
be desirable in most beef production enterprises since early AFC would increase the number of
calvings per cow in a herd. This agrees well with results presented by Rust and Groeneveld
(2001). However, the strong positive genetic relationship between WW and AFC (Table 8)
suggest that younger Charolais heifers weaned lighter calves, and given the positive correlations
between WW and other growth traits for the breed, selection for early AFC would result in
diminished growth performance. Therefore, as an improvement strategy, producers should put
their Charolais heifers in the bullying herds on the basis of weight rather than age.

The negative correlations between early growth traits and Cl for the Polled-Hereford
(Table 8) indicate favourable relationships between breeding values for early growth traits and
CL such that selection for high growth (BW, WW and ADG) traits could result into animals with
short CI. This would normally be desirable since shorter CT would translate to high reproductive
efficiency (MacGregory and Casey, 1999). However, owing to the effects of dystocia, care
should be exercised when selection is to be based on BW, as continuous selection on high BW
could predispose Polled-Hereford cows to dystocia. Similar relationships have been reported in
the Polled-Hereford and Angus breeds (Bourdon and Brinks, 1982). However, it should be noted
that CI is a trait that has many other components, and being a time between two successive
calvings, it is only available from the second parity onwards and does not take into account

information from the first parity or the end of a cow’s lifespan (Rust and Groeneveld, 2001;



Olori et al., 2002). High and negative genetic correlations estimated between AFC and CI (Table
8) indicate unfavourable relationships between the two traits, such that selecting for short AFC
could result into cows with prolonged calving intervals and vice versa. Low and negative genetic
correlations between AFC and CI have been reported in the Kenya Boran (Wasike, 2006). In a
different study, Haile-Mariam and Kassa-Mersha (1994), investigating AFC and CI for Boran
cattle in Ethiopia, reported low genetic correlations between the two traits. However, a positive
genetic relationship between AFC and CI has recently been reported for the Sahiwal breed

(llatsia et al., 2007).

5.4. Genetic and environmental trends
5.4.1. Genetic trends

The genetic trend for BW was generally low and negative for the Charolais, but it was
positive for the Polled-Hereford (Figure 4). At Chepchoina farm, the management would have,
over the years, taken cognizant of the possible dystocia problems that would result from heavy
Charolais calves and, therefore, selected against the trait. The pattern of genetic trends in BW for
the Polled-Hereford was comparable to those reported for Gudali and Wakwa cattle breeds in
Cameroon (Ebangi et al., 2000). High genetic progress has been reported for various beef breeds
in the temperate countries (Cunningham and Klei, 1995; Sullivan et al., 1999). There is generally
high response to selection for growth traits in light breeds, resulting in more genetic progress in
these breeds (Sullivan et al., 1999). Consequently, beef cattle breeders with lighter calves at birth
tend to put a lot of selection emphasis on weaning and vearling weights than would breeders of
beef cattle breeds with heavier calves at birth. This is so because increased BW is less of a
concern for breeds that are already light. Apparently, the breeders have been cognizant of BW
and its undesirable relationship to dystocia such that their breeding decisions are based on BW,
among other factors.

The steady and positive genetic trends in ADG and WW for both the Charolais and the
Polled-Hereford indicate genetic progress (Figures 5 and 6). This could arise from intense
selection that is based on WW. There was faster genetic progress for WW in the Charolais than
the Polled-Hereford (Figure 6). The low genetic progress in ADG for both breeds indicates less
selection emphasis for this trait. Generally, low genetic progress in fertility (AFC and CI) traits

for both the Polled-Hereford and the Charolais were observed (Figures 7 and 8). Genetic trends



in CI were close to zero; this was to be expected because little effort was directed towards
fertility traits in the selection process at both farms. Despite this, favourable genetic trends in
AFC (-0.48 and -0.04days/ year) were evident for the Charolais and the Polled-Hereford,
respectively. Generally. the annual trends for CI in the Charolais breed were close zero. This
would be considered undesirable for the enterprise since the number of calves born per cow
would be reduced. This also shows that there was little selection effort to reduce on CI. Low
genetic progress in fertility traits has been reported in Zebu cattle breeds in the tropics (Haile-
Mariam and Kassa-Mersha, 1994; Wasike, 2006; Ilatsia et al., 2007).

5.4.2. Environmental trends

Fluctuations in environmental trends for BW (Figure 4) imply environmental influence
on the trait. However, considerably high and negative environmental trends observed in ADG
and WW (Figures 5 and 6) could suggest strong nutritional inadequacies influencing these traits.
The environmental trends in BW were negative for both breeds but were more pronounced in the
Charolais than in the Polled-Hereford (Figure 4). Negative environmental trends observed in pre-
weaning growth traits (Figures 4, 5 and 6) could be attributed to deteriorating management on
the farms over the period, coupled with changing climatic conditions that would lead to poor and
inadequate livestock nutrition, in addition to disease/ parasite incidences. The influence of
environmental factors on fertility traits was apparent (Figures 7 and 8). The annual difference in
these traits could be attributed to random inter-annual fluctuations in climatic conditions, which
result in variability in feed availability, both in quantity and quality. The somewhat increase in
mean AFC over the years up to 1998 for the Polled-Hereford (Figure 7), would suggest that there
might have been deliberate changes in age at first exposure for breeding in the breed. Although
there was a general understanding for heifers to be first mated at 18 months, this rule could have
been broken, especially if heifers were found underweight then. Fluctuations were observed in
the environmental trends in AFC and CI (Figures 7 and 8). The effect of the environment under
which the animals were performing was undesirable in 1968 to 1989 for the Polled-Hereford.
Due to the low additive genetic variance in fertility traits, very little genetic progress would be
expected. In this case. the management should adopt stringent management strategies such as
supplementing their animals with quality feeds during adverse seasons, employing prudent heat

detecting strategies in order to achieve favourable cow reproductive performance. Culling of
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cows that exhibit silent heat and those that do not conceive after repeated insemination could
also improve reproductive efficiency on both farms. The negative environmental trends as
observed for the Charolais reproductive performance would indicate deteriorating management

of the herd over time.

5.5. Prospects for genetic improvement of B. faurus beef cattle breeds in Kenya
5.5.1. Breeding objectives and selection strategies

Tropical environments are characterised by poor nutrition, high disease challenges and
ambient temperatures. Breeding strategies to improve beef production should, therefore, be based
on beef cattle breeds that are of high growth potential and relatively adapted to the tropical
conditions (Cunningham and Syrstad. 1987). Bos faurus beef breeds have been reared under
tropical conditions for decades and it is assumed that some of them have evolved to tolerate
some of the environmental extremes. Consequently, breeding programmes should be designed to
guarantee the continued utilisation of these breeds under such conditions.

One of the major approaches to improving the production efficiency of B. taurus beef
cattle breeds under the prevailing tropical conditions is through the design of appropriate
breeding programmes. Effective genetic improvement depends on appropriate selection and
mating decisions for particular breeding objectives based on population specific genetic and
phenotypic parameters (Hill and Mackay, 1989). In the context of the Kenya highlands,
improvement in production efficiency would seem likely to be achieved through the
improvement of exotic beef cattle breeds. Breeding objectives for Zebu cattle breeds in Kenya
have been developed (Rewe et al., 2006a); genetic and phenotypic parameters for the breed are
also in place (Wasike, 2006). Constraints and prospects for research and development in beef
cattle production in Kenya have recently been discussed (Kahi et al., 2006). With regard to beef
production in the Kenyan highlands, prospects for improved productivity have been hampered by
lack of genetic and phenotypic parameters for production and reproductive traits to aid in the
design of appropriate breed improvement strategies. Results in Chapter 4 provide useful
information on the general performance levels, population specific (co)variance components and
genetic parameter estimates which would be used in the development and evaluation of breeding
goals aimed at improved growth and reproductive performance of the Charolais and the Polled-

Hereford in Kenya. Selection processes on most farms are usually based on physical appraisal



rather than genetic merit. Selection of sires and dams based on a well-defined breeding objective
would ensure improvement in both the biological and economic efficiency in beef production
enterprises that utilise the Charolais and the Polled-Hereford genetic resources. For example, a
breeding objective for the B. faurus beef breeds should be based on increased beef production
efficiency because such a goal would represent an efficient and realistic objective for its
improvement. In addition, it might also be necessary to consider including reproductive traits in
the breeding objective. Given that tropical environments would present a greater challenge.
especially for B. taurus breeds, it would also be important to consider adaptive alongside

productive and fertility traits in the breeding goal.

5.5.2. Organisation of B. taurus beef cattle breeding schemes

There are no effective genetic improvement programmes for B. taurus beef breeds in
Kenya (Kahi et al.. 2006). Sound beef cattle improvement programmes should have clear
mechanism of timely dissemination of superior genes to the intended population so as to enjoy
the benefits accrued thereof (Smith, 1988; Bondoc and Smith., 1993: Ponzoni and Newman,
1989). Currently, the ADC and commercial ranches, e.g.. Solio Ranch Ltd. are the custodians of
majority of the purebred Charolais and Polled-Hereford beef cattle in Kenya and, therefore. they
should take centre stage in genetic improvement programmes. The ADC farms are strategically
placed because they are formed on a dispersed structure with various herds located in several
parts of the country. Such geographically dispersed herds offer an option of enjoying the full
benefits of nucleus breeding schemes. However, the challenge still remains to be inadequate
performance and pedigree recording given that such information is key in genetic evaluation,
selection and mating. For this reason, use of nucleus breeding schemes in B. taurus beef breeds
is recommended because they concentrate investment within centralised herds (Smith, 1988).
Furthermore, an open nucleus breeding scheme would be recommended owing to the small
population size of these breeds and poor performance recording as evidenced in the study.
Development of this scheme requires knowledge on the extent of variance for economically
important traits, genetic and phenotypic parameters. Results in Chapter 4 provide useful
information on these estimates. These estimates will form the basis of designing breeding
schemes that can be implemented for genetic improvement of B. faurus beef breeds in Kenya.

The estimates when used in genetic improvement programmes of B. taurus cattle breeds, will
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result in higher rate of genetic gain in the breeding objective traits and translate to high economic
returns in the entire scheme.

Logistics of operating open nucleus breeding schemes and the various migration policies
have been discussed (Smith, 1988; Bondoc and Smith, 1993; Kahi et al., 2004). Owing to the
small population of B. raurus beef cattle breeds in Kenya, a two-tier breeding structure,
comprising of a nucleus (breeding unit) and a commercial population sector, would seem
feasible. As a beginning. the ADC farms could act as nucleus centres, and because these farms
already have the exotic stock of the beef cattle breeds. they could adopt occasional importation
of semen from merited bulls to be used in the nucleus to broaden the genetic base. The beef
ranches that will source breeding bulls from the nucleus herds would represent the commercial
sector. Initially. selection would be kept simple with selection on individual or index merit for
the main economic traits (Kahi et al., 2006). As the breeding scheme develops. selection would
be designed to maximize the genetic response in economic merit subject to constraints on levels
of inbreeding (Smith, 1988). Close involvement of the ADC and the private ranchers should be
emphasised to keep the breeding schemes relevant to both stakeholders. The ADC herd would be
involved in performance recording and sire and dam selection aimed at generating desired
genetic gain. This nucleus scheme would be expected to offer wide selection base where
exceptionally good genetic material from the private ranches could be used and, therefore.
reduce levels of inbreeding. Some form of performance recording could also be practised in the
commercial herds to aid in the selection process. In this case, it would be assumed that part of the

profits derived from sale of animals would be used in running a recording scheme.

5.6. Conclusions

The demand for beef is predicted to increase and, therefore, there is need to exploit
efficient beef breeds for high beef output. General improvement in beef cattle performance will
be realised through the design of appropriate breeding programmes. T he latter requires
knowledge on genetic parameters such as trait means, heritabilities and repeatabilities, and
genetic and phenotypic correlations for traits to include in the selection index and the breeding
objective.

The genetic parameter estimates from the current study fall within the range of reports in

the temperate beef cattle breeds. Potential for selective breeding for improvement of growth



traits exists, as indicated by the magnitude of the additive genetic variances for these traits.
However., for higher response to selection to be realised, uniformity in the production
environment is mandatory. Unfavourable environmental effects tend to obscure genetically
superior animals if an evaluation procedure does not effectively adjust for these effects. Given
that the heritability estimates for AFC and CI were low, and the high and negative genetic
correlation between the two traits, improvement of these traits through selection is limited.
Improvement of fertility performance would possibly be achieved with emphasis on improving
the production environment, including better recording, timely culling of cows with long AFC
and CI. use of bulls with known semen characteristics, and high intensity of selection among the
breeding females when their numbers improve. Although the Charolais performed better in most
traits than the Polled-Hereford, the mean performance for both breeds showed their potential to
meet the ever-increasing demand for beef and beef products in Kenya. The relatively low annual
genetic progress registered in both beef breed reflects the actual lack of consistent directional
selection for clear selection goals. Genetic and phenotypic parameters were only estimated for
early growth and fertility traits; this was so because of the records available at the time. It is,
therefore, important to obtain estimates for other economically important traits such as later
growth, carcass. body condition score and survival traits when the information will be available.
This would allow for the design of effective breeding programmes that will ensure faster genetic
improvement rates within the Charolais and the Polled-Hereford breeds. However, in general and
based on results from the current study. genetic improvement of the two breeds in Kenya could
be achieved by formulation of good breeding strategies that would incorporate good herd

management and replacement policies.
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