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ABSTRACT

Evaluation of production parameters of bulls of four beef breeds in the Vrede district of
South Africa

By

Abraham Petrus Groenewald

Study promoter : Prof WA van Niekerk
Department : Animal and Wildlife Sciences
Faculty : Natural and Agricultural Sciences
Degree : MSc (Agric) Animal Nutrition

The objective of the study is to investigate the economic important performance traits of beef cattle bulls
in a production environment. Performance data was collected, from 2001 to 2012 on 1318 bulls comprising of
four breeds [Beefmaster (n = 447), Bonsmara (n = 342), Braford (n = 202) and Nguni (n=327)], from the
Eastern Free State Veld Bull Club (EFSVC). Bulls were evaluated on performance traits at the farm
Paardenplaats over a period of between 155 to 227 days. Bulls arrived in the first week of September.

The composite breeds started and finished the performance evaluation period heavier (P < 0.05) than
the Nguni (NG) bulls each year throughout the study period. While the Beefmaster (BM) bulls showed higher
(P < 0.05) initial live weight (ILW) and final live weight (FLW) than both the Braford (BF) and Bonsmara
(BO) bulls in some of the years during the study period. The BM (723 g/day + 5.4) and BF (724 g/day + 8.0)
bulls had higher (P < 0.05) average daily gain (ADG) than the BO (699 g/day * 6.1) bulls. All three composite
breeds had higher (P < 0.05) ADG than the NG (633 g/day + 6.9) bulls. However the NG (8.94 + 0.071) bulls
were more efficient (P < 0.05) in terms of Kleiber ratio (KR) compared to the BO (8.36 + 0.062), BF (8.35 +
0.082) and BM (8.22 + 0.055) bulls. The BM (33.51 cm + 0.125) bulls had larger (P < 0.05) scrotal
circumference (SC) than the BO (32.79 cm + 0.146) bulls. While the BM, BO and BF (33.19 cm £ 0.189) bulls
had larger (P < 0.05) SC than the NG (30.30 cm £ 0.170) bulls. In addition the NG (10.38 % +0.059) bulls had
larger (P < 0.05) SC as a percentage of FLW than the BO (9.09 % + 0.051), BF (8.70 % + 0.066) and BM
(8.63 % + 0.044) bulls. The NG (138.31 cm? + 1.832) bulls had a smaller (P < 0.05) pelvic score (PS) than the
BF (160.20 cm? + 1.694), BO (161.30 cm? + 1.376) and BM (164.16 cm? + 1.256) bulls. However, the NG
(49.62 % + 0.592) bulls had higher (P < 0.05) PS as a percentage of FLW than the BO (45.52 % + 0.444) bulls,
while both these breeds had higher (P < 0.05) values compared to the BM (43.43 % + 0.406) and BF (42.77 %
+ 0.547) bulls. The composite breeds had higher (P < 0.05) body condition scores (BCS) at the start of the

performance evaluation than the NG bulls, with no difference (P > 0.05) at the end of a specific year. The NG
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bulls had a lower (P < 0.05) hair coat score (HCS) than the composite breeds. Variation for both muscle score
(MS) and temperament score (TS) was observed between the breeds.

Auction prices were only available from year 6 until year 12. Over the performance evaluation period a
linear increase in the weaner price was observed as the price for yellow maize increased (P < 0.05; R? = 0.52),
and as the weaner price increased there was a linear increase in the price obtained for the BF bulls on the
auction (P < 0.05; R? = 0.73). However, no regression (P > 0.05) fitted the data between the prices received
for the BF bulls on the auction and the yellow maize price. Inyear 9 a linear (P < 0.05; R? = 0.45) and quadratic
(P < 0.05; R? = 0.57) regression fitted the data between ADG and the auction prices received for the BF bulls.
A quadratic regression (P < 0.01; R? = 0.97) fitted the data between the auction prices received for the BO
bulls and the KR values for the BO bulls in year 9. In year 11 a linear regression (P < 0.05; R? = 0.24) fitted
the data between the auction prices received for the BM bulls and their KR values in year 11. In year 6 the
auction prices received for the BO bulls increased linear (P < 0.05; RZ = 0.27) as their MS increased and in
year 9 a quadratic regression (P < 0.01; R? = 0.99) fitted the data for these two parameters. In year 7 a linear
(P < 0.01; R? = 0.50) and quadratic (P < 0.01; R? = 0.56) regression fitted the data between the auction prices
received for the BM bulls and their MS. In year 10 a linear (P < 0.01; R = 0.39) and quadratic (P < 0.01; R? =
0.44) regression fitted the data between the auction prices received for the BM bulls and their SC. The auction
prices received for the BO bulls increased linear (P < 0.05; R? = 0.35) as their SC increased in year 11.

This study is evidence that there exist variation within breed as well as between breeds. Therefore,
commercial farmers should pay attention to these production parameters when selecting a sire in order to

improve the genetic potential of their herd.

Key words: Performance testing, beef cattle bulls, performance traits, auction price regressions
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CHAPTER |

1. Introduction

1.1 Performance testing of bulls

Genetic evaluation of beef cattle dates back to the early days of the art of animal improvement. The
relative merits of performance and progeny testing as a basis for selection for improvement was studied as
early as in the 1940s (Dickerson & Hazel, 1944). In the beef cattle industry, the practice of performance testing
is aimed at providing the industry with objective performance information on individual animals in order to
improve the biological and economic efficiency of beef production. Furthermore, the main objective of
commercial farmers and stud breeders is to know how to advance the genetic ability of their herd. In order for
them to achieve this, they need to collect performance data on their herd to know which cattle to select and
which to cull.

A proper bull selection programme is the most rapid way to make genetic improvements to the cattle
herd, due to its significant contribution to the offspring in terms of the number of calves produced per bull per
breeding season. Since record keeping is a primary concern for stud breeders, collecting performance data is
not a problem for them. However, most stud breeders do not always know the latest research trends and results,
and which performance data have the most significant contribution towards their herd’s genetic advancement.
In addition, the smaller commercial farmers most often have limited resources to conduct proper trials and
make sound conclusions on the results observed in the smaller contemporary group.

Van Marle (1974) predicted that in order for breeders and producers to stay ahead of the demanding
trends and needs of the consumer, they must make better use of performance testing as a selection tool in order
to select bulls which will produce beef efficiently and ensure the genetic progress of the herd. Ever since it
was realised that beef is not only a commodity, but a luxury item breeders started to select sires for superior
growth and carcass traits. However, since the demand for beef in SA increases steadily as the population grow
and export opportunities arise, breeders need to keep improving and advancing their selection criteria’s in
order to identify sires with increasing superiority in their contribution towards genetic progress.

Performance testing allows for comparison of bulls from different herds under uniform conditions by
measuring traits that are heritable, and selection of a sire should be based on the superiority of those traits that
will be needed in the progeny to achieve maximum economic profitability (Krdusslich, 1974; Dalton & Morris,
1978). It involves the comparison of bulls that were reared from different geographic regions under similar
conditions at a testing station. Evaluation of performance traits is part of a complete bull evaluation that will
help to match the needs of the cow herd with the right herd sires. Furthermore, performance testing permits
the evaluation of bulls at an earlier age compared to progeny testing, minimising the generation interval

(Alenda et al., 1982). However, it is difficult to identify a bull’s breeding values based on phenotypic
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measurements; and performance testing results are environment and time specific (Dalton & Morris, 1978).
This highlights the important role a performance testing station plays in the genetic advancement of the herd
of the commercial farmer, since the whole concept of performance testing relies on the fact that traits under
investigation can be measured and are heritable (Krausslich, 1974).

One of these performance testing stations in South Africa (SA) is the Eastern Free State Veld Bull Club
(EFSVC), located in the Vrede district of the Free State. The EFSVC originated in 1986 as a demand developed
among commercial farmers to buy only bulls that have been tested for their performance potential. The EFSVC
is managed by a committee which includes a chairman, secretary, a representative for each breed tested at the
station, the coordinator, the manager of the farm and a representative of the organisation responsible for the
auction held at the end of the performance testing period. The committee is selected by members of the club
annually after the conclusion of the auction. The farm manager is appointed for a period of ten years, meaning
that the EFSVC currently has its third manager. The coordinator and farm manager work in proximity to ensure
that protocols are followed with precision. This guarantees accurate and precise measurements and recordings
of data. Additionally, the coordinator is responsible for analysis of all data collected on the bulls and constructs
a report at the end of the test period for each breeder that entered bulls for evaluation at the EFSVC. This report
stipulates the performance achieved for each individual bull over the study period, which can be used by the
breeder to highlight the performance potential of the bull to potential buyers at the auction.

In 2004 Veld Bull SA (VSA) was formed in order to coordinate and control the test procedures of the
different veld bull clubs across SA. The vision of VSA is that in the long term beef can only be economically
produced from natural pastures. However, in order to achieve this and to be economically feasible in
conjunction with other beef enterprises, the efficiency of performance on natural pastures needs to be
increased. In 2007 the management of VSA granted permission to evaluate bulls on the farm of the breeder
according to the guidelines of VSA if the number of animals justify the procedure and the protocols was
properly monitored by a coordinator, appointed by VSA.

1.2 Project objectives

The purpose of this study is to investigate the production parameters of four beef bull breeds, using and
analysing data collected on the economical important traits at the EFSVC over a period of 11 years. The focus
was aimed towards the variation in performance within the different breeds between different years, as well as
between the different breeds within a specific year. There was a further investigation into possible regressions
between the auction prices received by the selected bulls and the production parameters measured during the
performance evaluation period. Regressions were also measured between the auction prices received by the

bulls and other important parameters that are believed to have an influence in the beef industry.



CHAPTER II

2. Literature Review

2.1 Introduction

The Republic of South Africa (RSA) covers an area of 122.3 million hectares, of which only 13% of the
surface area is suitable for crop production. The rest of the agricultural land is mainly used for grazing. South
Africa’s climate is ideally suited for stock farming and owing to the relative low carrying capacity on natural
pastures, extensive cattle ranching is practised in large parts of the country (DAFF, 2012a). This indicates that
animal production, especially beef production, should be a major source of agricultural income.

Agriculture is an important sector contributing towards the South African economy, despite its relative
small share of the Gross Domestic Product (GDP). It is an important provider of employment, specifically in
the rural areas, and an important earner of foreign exchange. However, with the exception of the year 2002,
SA can be classified as a net importer of beef (DAFF, 2012a). The gross income from animal products for the
year that ended on 31 December 2012 was R80 841 million, which is 11.9% higher than the previous
corresponding period. Furthermore, 22.48% of this income was derived from slaughtered cattle and calves,
which was 4.2% higher than in the previous year (DAFF, 2012b).

It is evident that biological and economic efficiency of cattle production is not always positively
correlated due to two extremities in the beef cattle industry. In the first case in point calves have to be raised
efficiently from cows exposed to extensive grazing, low energy, natural pastures with a high investment per
unit business. Secondly, calves raised on these pastures must be efficient in a high energy, grain based feedlot
with a low investment per unit business. The reality is that biological traits supporting efficient use of grazed
forages in the first scenario are markedly different from biological traits supporting the efficient use of
harvested concentrates in the second scenario. The prospect to improve whole herd production efficiency
through exploitation of genetic variation is reliant not only on the existence of genetic variation in bulls, but
also on its genetic relationship with their progeny’s traits.

This review looks into the national beef cattle performance and progeny testing scheme and covers
intervention studies that have assessed the effects and contribution of functional appearance scores and weight

measurements towards a sire’s genetic ability to contribute to improved and efficient beef production.

2.2 The South African National Beef Cattle Improvement Scheme

The National Beef Cattle Improvement Scheme was implemented in the RSA in 1959 and is managed
by the Animal Improvement Institute of the Agricultural Research Council (ARC), who is responsible for the

technical support and supervision of the scheme (Bosman, 1994). The ARC is a member of the International
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Committee for Animal Recordings (ICAR) and an independent, impartial organization which ensures local
and international credibility to the data.

Data obtained from this scheme is an objective selection aid used by breeders to select against inefficient
producers; herewith increasing production of the herd through increased genetic capability (Schoeman, 1996).
This provides an additional tool towards management practices, where problems can be identified and then
rectified. Furthermore, the breeders are able to provide valuable information to potential buyers on sires, which
upon selection can guarantee their herd’s genetic improvement. The scheme consists of five phases (A, B, C,
D and E) in which the biological and economic efficiency of beef cattle are evaluated. All stud breeders and
commercial producers may participate in the scheme.

Phase A comprises out of the reproduction phase (A1) and the suckling phase (A2). In the reproduction
phase all calves born in a herd, including still born calves and abortions, should be recorded accompanied by
the date. What is more, recordings are optional on the calf’s” weight within three days of birth, cow’s weight
at the start of the mating season, cow’s weight at the end of the mating season and/or the cow’s weight within
seven days of calving. In the suckling phase the weight of calves should be recorded on a pre-weaning age of
between 51 to 150 days and repeated on a weaning age of between 151 to 250 days. In addition, the cow’s
weight should also be recorded on the weaning day.

During phase B the weight of all the heifers, steers and young bulls present on the farm should be
recorded. Recordings ought to be made on both twelve and eighteen months of age. The ages for the twelve
and eighteen month recordings should be in the spectrum of between 271 to 450 days and 451 to 634 days,
respectively.

The performance testing phase, or phase C, consist of the determination of the growth rate and feed
conversion ratio of young bulls. The performance testing phase is measured under standardised intensive
conditions at either ARC test centres (C1), private test centres (C2) or automated on-farm test centres (C3).
Since bulls arrive at these stations from different environmental conditions and management practices, the
main aim of this phase is to compare bulls under uniform conditions (Schenkel et al., 2004). On arrival the
bull calves should be between 151 to 250 days of age. The performance test is performed over a period of 84
days, after an adaptation period of 28 days (Archer & Bergh, 2000). Bull calves are individually fed, ad libitum
a standard, complete growth diet, comprising of at least 20 percent roughage over the Phase C period. The
weights of bull calves are recorded upon arrival and thereafter at weekly intervals. In addition to weight
measurements, there are also a series of body measurements (i.e. shoulder height, body length, skin thickness
and scrotal circumference) taken at the end of the test. These measurements will also be accompanied by
functional appearance scorings for a series of traits throughout the testing phase.

Phase D consists of on-farm performance tests under extensive conditions, and is divided into single
herd tests (D1) and multiple herd tests (D2). The duration of the test periods vary between 84 and 270 days
following an adaptation period of between 21 to 90 days. The adaptation and test period is longer for extensive

and multiple herd tests compared to intensive and single herd tests. During the adaptation period the bulls



receive the same diet as in the test period, and it is required that bulls gain weight before the test period can
commence. The measurements during the Phase D test are similar to those in the Phase C test.

In the slaughter phase or Phase E, the qualitative and quantitative carcass traits of the progeny of a sire
is evaluated following a growth test. These traits include carcass weight, lean to bone ratio, marbling score,
dressing percentage, meat tenderness and fat thickness.

2.3 Live Weight and Growth Rate

The precise weight measurement of bulls play a crucial role in accurately determining the bull’s growth
potential. The growth potential or growth rate is usually expressed as average daily gain (ADG) and measured
in grams per day. Despite the importance of live weight (LW), there is a distinct paucity of published data
surrounding the variation in LW measurements and weighing procedures that may be used to reduce this
variation. Furthermore, Liu & Makarechian (1993) suggested that ADG would be more appropriate than LW
when evaluating the growth potential of beef bulls.

Variation in gut fill results in weighing errors which represent a major source of experimental error in
weight gain data (Brown et al., 1993; Gionbelli et al., 2015). Coffey et al. (1997) measured un-shrunk body
weight at daybreak and at three subsequent one hour (h) intervals for steers grazing pastures. These authors
concluded that gut fill gradually increased over the 3-h time period. Cattle should therefore be weighed at the
same time on each weighing day to reduce variation due to gut fill. Weighing as early as possible could also
reduce the proportion of body weight that is gut fill. However, the use of a scale to measure weight is only an
estimate of the animal’s true LW as errors further occur as animals may move around on the weighing platform
(Galwey et al., 2013).

The animal’s body weight can either be recorded as LW, shrunk LW or empty body weight, depending
on the practicality and prevalence of the researcher. Empty body weight can be acquired only after slaughter,
and is the weight that represents the greatest correlation to carcass and animal traits (Fox et al., 1976). Shrunk
LW is the weight obtained after a period of 14 to 16 h fasting (Gionbelli et al., 2015). The Beef Cattle NRC
system (NRC, 2000) adopted suggestions for weight adjustments among LW, shrunk LW and empty body
weight.

Efficient cattle production is not merely a question of frame size, but rather the environment and
production system involved. Dickerson (1970) noted that on cultivated pastures, an efficient cowherd exhibits
early maturity, a high rate of reproduction, minimum maintenance requirements, and the ability to convert
available energy into the greatest possible kilogram of weaned calves. However, the ability to reproduce is by
far the most important contribution towards efficiency, and the ability to reproduce in a given feed environment
is related to its mature size (Cartwright, 1970). However, there is no direct relationship between size and
efficiency in beef production if each biological type of cattle is managed according to its nutrient requirement

for maximum production and growth (Arango & Van Vleck, 2002). This means that no single frame size will
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be best for all feed resources, breeding systems and market specifications. Furthermore, the overall economic
return should determine the optimum frame size for individual situations.

The expression of body size can be represented by a set of size-age points that gradually changes until
reaching a plateau at maturity (Figure 2.1). These point represent a typical longitudinal process resulting in a
set of many, highly correlated measures (Arango & Van Vleck, 2002). These data points can be used as a
manageable set of parameters with biological meaning.
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Figure 2.1 Typical growth curves for beef cattle of a small framed breed group (Adopted from

Goonewardene et al., 1981)

In general, high ADG provides an economic benefit to producers as beef cattle will acquire a marketable
weight at an earlier age, reducing feed and standing costs. Factors such as sex, breed, herd, season effects,
plane of nutrition, as well as management and environment, influenced post-weaning growth rate of beef
weaners (Taylor, 2006). In order to evaluate growth and efficiency reliably at any point or interval, a
mathematical model is required that suitably approximates to a set of growth data is required (Kreiner et al.,
1991).

Selection of animals based on growth traits can lead to changes in the growth curve (Coutinho et al.,
2015). Although the general shape of the growth curve is not different regardless of frame size, cattle of similar
age or weight will not be at similar points on the growth curve, if they differ in frame size (Hirooka & Yamada,
1990). Independent of breed effects, increased frame size results in increased rate of growth, increased time
required to reach choice quality, decreased fat thickness and marbling at equal weight, and increased weight
at equal fat thickness (Coutinho et al., 2015). This is in agreement with Bonfatti et al. (2013) that stipulated
that increased ADG exerted moderate adverse effects on meat quality traits.

Since large framed cattle are actually less mature than small framed cattle at equal weight or age, their
gains during any period is more efficient (Dhuyvetter, 1995). This is because the large framed cattle are gaining

more muscle, which contains mostly water, and less fat, containing a great deal of energy (Figure 2.2).



However, when fed to equal carcass composition, large and small framed cattle are usually similar in
efficiency.

Efficiency is a ratio of input to output, and maintenance energy is an input, but not an indicator of output.
Increased ADG result in a larger carcass with a subsequent higher maintenance cost per se (McDonald et al.,
2002). However, the biology of maintenance energy requirements dictates that while a larger bull will consume
more food than a smaller bull, its additional feed requirements, as a percentage, are less than its additional
weight, as a percentage (Dhuyvetter, 1995). It follows that, as bulls get heavier, feed intake (FI) increase, but
intake as a percentage of body weight decrease.

Feed intake plays a crucial role in ADG of bulls (Forbes, 2000). However, bulls can only eat a certain
amount of grass before intake will be limited due to rumen fill (Faverdin et al., 1995). If sufficient quantities
of high quality grass is available for grazing, then intake is controlled by other control mechanisms rather than
rumen capacity. Whenever this is achieved, the bulls will grow at much higher growth rates and the growth
will be at the highest possible efficiency, if allowed by its genetic make-up and if the other environmental

conditions are favourable.
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Figure 2.2 A schematic diagram of the average daily gain, weight and carcass composition of small, medium

and large framed cattle. Adopted from Price (1980)

Average daily gain of young bulls in a feedlot is highly correlated with mature cow size of their offspring

(Schoeman, 1996; Williams et al., 2009). This suggests that calves sired by bulls with a greater increase in



body weight gain, will likely have heavier mature weights. Feed efficiency measurements which integrate both
LW and ADG seek to capture some of the variation in feed utilization for both growth and maintenance. The
resultant progeny, from using both these traits for selection, will be efficient in a feedlot as well as mature
cows in a breeding herd where growth has virtually ceased and maintenance efficiency is of prime importance
(Arthur et al., 2001). Furthermore, Theron et al. (1994) indicated that there is a possibility that ADG for bulls
under feedlot conditions are independent of the same traits for heifers/cows under pasture conditions. This
would mean that bulls which grow rapidly under feedlot conditions, but whose heifers grow slowly under
pasture conditions, would most likely be those to select for sire lines for the production of feedlot calves,
despite the mature size of the herd. However, Buskirk et al. (1995) illustrated that as the post-weaning weight
gain of beef heifers increased, there was also an increased probability for reaching puberty before the breeding
season, calving to the first artificial insemination service and overall lifetime milk production.

Du Plessis & Hoffman (2004) recorded similar growth rates under grazing conditions between large and
small framed steers implying that growth rate was limited to a maximum threshold. This suggests that on an
all forage diet, bulk fill could have limited energy intake in all breeds leading to minor differences in ADG
between maturity types of different frame sizes.

Moderate correlations between feed conversion ratio (FCR) and ADG and between FCR and LW were
reported by Arthur et al. (2001). However, selection against FI will improve feed efficiency but will have the
undesirable consequence of reducing growth potential (LW and ADG). This stipulates the variability of
selection for any of the feed efficiency traits on the growth traits. Arthur et al. (2001) estimated genetic
correlation (rg), as well as phenotypic correlations (ry), from data on 15 month old Charolais bulls in France.
They estimated an rq of 0.69 and an ry of 0.60 between LW and ADG with moderate heritability’s (h?) of 0.37
and 0.34 for these traits, respectively. As expected, they also estimated a negative correlation between ADG
and FCR for both r, (-0.54) and rg (-0.46).

There is genetic variation in FI in young growing beef cattle beyond that which is explained by the LW
and ADG of cattle (Herd & Bishop, 2000). This variation is known as residual feed intake (RFI) and is
calculated as the difference between the actual FI and the expected FI based on its LW and ADG. Aktar et al.
(2011) reported a negative correlation between RFI and ADG, which indicates that it might be possible to
decrease surplus FI of bulls with simultaneous increase in ADG of their progeny. Therefore, selection to reduce
RFI, suggests reducing FI without compromising growth performance and thereby improving the profitability

of the beef enterprise.

2.4 The Kleiber Ratio

The average elephant weights 220,000 times as much as the average mouse, but requires only about
10,000 times as much energy in the form of food kilojoules to sustain itself. This is because of the mathematical

and geometric relationship between body surface area and volume, which in biology is articulated by Kleiber’s
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Law (Kleiber, 1932). Essentially, the bigger the animal, the more efficiently it uses energy and it will have a
lower maintenance energy requirement per kilogram (kg) of body mass.

The popular trend amongst breeders is to select for ADG which results in an increased mature size,
which alternatively increases maintenance costs (McDonald et al., 2002). Approximately 65 to 75% of total
dietary energy intake in beef cows are used solely for body maintenance (Ferrell & Jenkins, 1985; Montano-
Bermudez et al., 1990), whereas the beef cow breeding herd uses 65 to 85% of the energy required in beef
production systems (Montano-Bermudez et al., 1990). With the relative high maintenance requirements for
cattle, the efficiency of converting feed into saleable product is of increasing importance. Efficiency in a beef
enterprise is calculated by means of efficient meat production. Beef cattle produce meat efficiently when they
consume less feed to produce a specific quantity of meat (Arthur et al., 2001). In other words, the efficiency
of beef cattle is defined in FCR. Increased feed conversion efficiency (FCE) has a large effect on overall
efficiency of the production system (Bergh et al., 1990). However, in order to calculate FCR, FI also needs to
be monitored and recorded. Since Fl is not practical to calculate and difficult when cattle graze pastures, an
alternative method was developed to address grazing animals and indirectly address efficiency (Kleiber, 1932;
Cordova et al., 1978). This is known as the Kleiber ratio (KR), which is the relationship between ADG and
metabolic weight (MW), where MW is derived from LW to the power of 0.75 (Bergh et al., 1990; Arthur et
al., 2001).

The KR is highly heritable (h? = 0.52) according to Bergh et al. (1990), indicating that FCR and
efficiency can be improved through selection based on KR. Furthermore, Bradfield et al. (2000) estimated the
heritability of KR for Angus cattle to be 0.26, and 0.28 for Bonsmara cattle; while Arthur et al. (2001)
estimated heritability of 0.31 for Charolais bulls. These results indicate that heritability for KR might be lower
than that anticipated by Bergh et al. (1990). Contrasting results were recorded by these researchers in the
genetic and phenotypic correlations between KR and production traits. However, due to the great negative
correlation between KR and FCR, and not the heritability of KR, KR is implemented as a selection tool for
grazing ruminants in order to improve feed efficiency traits. Crowley et al. (2014) published genetic and
phenotypic correlations of -0.75 and -0.80, respectively, between KR and FCR. This indicates that as KR
increases, maintenance energy requirements for the animals decreases (Roshanfekr, 2014).

The only way to compare the efficiency of different sized cattle is by knowing equivalent herd sizes
based on Kleiber’s Law (Kleiber, 1932). However, a biological understanding of how maintenance energy
varies with size is not useful unless paired with an economic understanding of how herd size impacts

profitability.

2.5 Body Condition

Body condition refers to the relative amount of subcutaneous body fat or energy reserves in the cow.

Scoring of body condition was initially introduced in the dairy sector as a management tool to assist producers
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in maximizing milk production and reproduction efficiency while reducing the incidence of metabolic and
other peri-partum diseases (Wildman et al., 1982). Visual scoring is highly correlated with scores obtained
through palpation, making visual scoring the ideal method as no restraining of the animals is required (Tennant
et al., 2002). A number of scoring systems have been developed to describe body condition scores (BCS), as
cited by Wagner et al. (1988). Body condition is scored on a numerical scale, ranging from emaciated to
extremely fat (Dechow et al., 2003). Although a five point scale was introduced, the nine point scale is used
prevalently, since it will insure that scores for an individual cow will not vary by more than one point between
different evaluators (Lalman et al., 1997; Tennant et al., 2002; Dechow et al., 2003).

The relationship between BCS and reproduction is well established, but what is important to know for
the producer, is what LW adjustment is required to achieve the desired BCS before the breeding season
commences (Lalman et al., 1997; Tennant et al., 2002). Lalmal et al. (1997) reported, on a nine point BCS
scale, that each unit of BCS change required approximately 33 kg LW change (r? = 0.72; P < 0.0001). These
authors obtained these results from two trials; the first was with 29 Angus heifers while the second was with
36 Angus-sired crossbred heifers. All these heifers had a BCS of 4 at calving, and were then grouped randomly
in order to receive diets containing different energy levels to obtain groups with different BCS at the end of
the trial period. Tennant et al. (2002) analysed data collected over 14 years on Angus cows and reported LW
adjustments required for different BCS. The overall LW adjustment to achieve a BCS of 5 on a nine point BCS
scale was 68 kg from a BCS of 2, 50 kg from BCS of 3, 21 kg from BCS of 4, -24 kg from BCS of 6, -51 kg
from BCS of 7 and -73 kg from BCS of 8. Cows that were scored a BCS of either 1 or 9 were removed from

the trial and the data excluded from the analysis.

2.6 Muscling

The muscle or red meat content of a beef cattle is the most valuable part of the carcase. Muscle score
(MS) describes the shape of cattle independent of the influence of fatness. Muscling is the degree of thickness
or convexity of an animal relative to its frame size, after adjustments have been made for subcutaneous fat.
When expressed on the same basis, heifers are generally fatter than steers, and steers are fatter than bulls.
These differences are related to the commencement of fat deposition (Weglarz, 2010). Since the anatomical
distribution of muscle mass in different breeds of cattle is fairly constant, the genetic decline of fat content
probably provides the best means of selecting for an increased proportion of lean meat (Bouquet et al., 2010).

Growth per se is an allometric, rather than an isometric, process. Some organs and tissues grow
relatively slower than the animal’s overall growth rate, and so become decreasing proportions of the animal’s
body over time, while others organs and tissues grow relatively faster and become increasing proportions of
the animal’s body (Yambayamba et al., 1996). With increasing slaughter weight, the proportions of non-
carcass parts, hind quarter, bone, total muscle and higher value muscle decreased, while the proportions of

non-carcass and carcass fats, fore quarter and marbling fat all increased (Colomer-Rocher et al., 1992).
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Allometric growth is therefore the phenomena where different muscle types or groups grow at different rates
compared to the overall growth rate of the animal (Figure 2.3).

Figure 2.3 Allometric growth ratios for the various muscle groups of beef cattle (Adopted from Berg &
Butterfield, 1976)

In cattle, muscle distribution is influenced more by sex than by breed. Proximal hind limb and abdominal
muscles are heavier in heifers than in steers, and heavier in steers than in bulls. The order is reversed for
muscles of the neck and thorax. In cattle, castration causes a marked decrease in the growth of shoulder muscles
and the effect is centred on the splenius muscle at the cervical-thoracic junction (Brandstetter et al., 2000).
Individual difference in muscular development is affected by effects of several genes, excluding the myostatin
gene (Bonfatti et al., 2013).

An accurate score for muscle thickness on the live animal is inextricably linked with meat yield
(Drennan et al., 2008; Conroy et al., 2010). Muscle development in various anatomical regions showed
different degrees of association with meat quality and selection might be aimed to increase muscularity
focussing on specific body regions. However, the large and positive genetic relationships among live fleshiness
traits make such strategies inadequate (Bonfatti et al., 2013). Many carcass muscles may acquire appreciable
amounts of intramuscular fat in older animals. This cannot be removed by dissection and is, therefore, included
in the muscle weight. Fortunately, growth gradients for intramuscular fat in different muscle groups are similar
to those for the muscles (Oliveira et al., 2011).

Selection for a higher MS will have a positive effect on dressing percentage and ADG, with no effect
on meat quality. However, it is illustrated that dark cuttings can be reduced by increasing muscularity in beef
cattle since heavy carcasses are more likely to have increased muscle glycogen reserves, have a slower chilling
rate and a rapid decline in post-mortem pH (Mahmood et al., 2016). In 600 Limousin bulls, a high heritability
for a composite muscular development score (h?=0.51 + 0.14) was illustrated by Miglior et al. (1994). These

authors also observed that muscular development was genetic, positively correlated with ADG, scrotal
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circumference (SC), back fat thickness and weight at the end of the trial. Bonfatti et al. (2013) investigated
genetic relationships between beef traits of station tested young bulls and carcass as well as meat quality traits
of commercial intact males in Piemontese cattle. These authors predicted moderate heritability’s for the various
muscularity traits, which included shoulder muscularity (h? = 0.30), loin thickness (h? = 0.29) and thigh
muscularity (h?= 0.44). Furthermore, low genetic correlations between carcass conformation score and these
muscularity traits were illustrated. Bouquet et al. (2010) observed a high heritability from MS at 15 months of
age in Blonde d'Aquitaine (h?=0.64) and Limousin (h?= 0.51) breeds. These authors also reported high genetic
correlation between MS at 15 months of age and carcass conformation scores from both the Blonde d'Aquitaine
(rg=0.79) and the Limousin (rg= 0.61) breeds.

2.7 Temperament

Temperament is defined as the fear-related behaviour response of cattle to human handling (Fordyce et
al., 1988). As cattle temperament aggravates, their response to human contact or any other handling procedure
becomes more excitable. These excitable temperaments are a stress response from the animal, as it is unable
to cope with the presence of humans or the confinement (Haskell et al., 2014). Breeders and producers select
cattle for temperament primarily for safety reasons. However, recent studies demonstrate that cattle
temperament may also have productive and economic implications to beef operations.

During fear-related stress, a hormone production response follows and one of the hormones secreted is
cortisol (Cooke et al., 2010). This indicates that temperamental cattle will have higher basal levels of cortisol,
if frequent handling or exposure to humans are in the order of the day. Cortisol secretion results in poor growth
performance, carcass characteristics and immune responses (Burdick et al., 2011). Therefore, understanding
the interaction between stress and temperament can help in the development of selection and management
practices that reduce the destructive impact of temperament on growth and productivity of cattle.
Unfortunately, repeated handling may not result in a reduction of reactivity of temperamental cattle (Burdick
et al., 2011). This indicates that cattle with a higher temperament will suit an extensive production
environment, where handling is limited, better.

Temperament is moderately heritable (Voisinet et al., 1997), but varies between different breeds
(Burdick et al., 2011). Making it amenable to select for temperament, as in some cases quantitative trait loci
have been identified (Haskell et al., 2014). Haskell et al. (2014) summarized the heritability estimates for
temperament, observing various researchers over the last couple of decades. Some of these heritability
estimates are summarised in Table 2.1. Bos indicus cattle and their crosses appear to be more temperamental
than Bos Taurus cattle. Furthermore, heifers appear to be more temperamental than steers and bulls (\VVoisinet
et al., 1997; Burdick et al., 2011).
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Table 2.1 Heritability estimates for temperament in beef cattle from various researchers (Adopted from
Haskell et al., 2014)

Reference Breed (Sample size) Age attest Confinement context (score) _I;I::tablhty
Shrode & Hereford (58)
Hammack, Yearling Squeeze chute (1-5) 0.40+0.30
Angus (114)
1971
Movement in crush (1-7) 0.25+0.20
o Audible respiration in a crush (1- 0204016
Fordvee et al Bos indicus cross and 9-10 or 21— 4)
4 ”  Hereford-Shorthorn Movement in race (1-7) 0.17+0.21
1982 cross (957) 22 months Audibl iration i 1
4)u ible respiration in a race ( 0.57 +0.22
Movement in a headbail (1-7) 0.67 £0.26
Hearnshaw &  Bos taurus 0.03+0.28
. 8 th Chute (0-5
Morris, 1984 Bos indicus-sired months ute (0-5) 0.46 £ 0.37
Bos indicus crosses Weaning . ) . 0.14+0.11
Fordyce et al., (485; 312 for 12 12 months Handling/confinement in a race 0124011
1996 (1-13.5)
months) 24 months 0.08 +0.10
Burrow & Bos indicus cross 12-36 .
Corbet, 2000 (851) months Weigh crate (1-5) 0.30
Schmutz et al., 6-12 ngght scale “Habituation 0,36
Bos Taurus (130) (difference between two repeats
2001 months 0.46
of test)
Beckman et . . .
- +
al., 2007 Limousin (21 932) Weaning Chute (1-6) 0.34+0.01
. Chute score (1-5) 0.18 £ 0.07
Benhajali et . .
al.. 2009 Limousin (1 271) 8 months No. of rush movements (1-6) 0.23 +0.07
v Total no. movements (1-6) 0.29 +0.07
2358 Bos indicus 8 months 0.19+£0.02
Kadel et al., (Brahman, Santa
2006 Gertrudis, Belmont 19 months  CUte Score (1715) 0.15+0.03
Red)
German Angus (706) 0.15+0.06
Charolais (556) 0.17 £0.07
— +
Hoppe et al., H'ereford (697) 5-11 Chute score (1-5) 0.33+0.10
2010 Limousin (424) months 0.11+0.08
German Simmental 0.18 + 0.07

(667)

The context refers to the location or situation in which the confinement or restraint was recorded. Sample size is shown
in parentheses with breed. The scale used to measure the temperament trait is shown with the most excitable/nervous

score shown in bold

A number of studies have indicated that temperament scores (TS) in beef cattle are correlated to growth,
feeding efficiency and meat quality (Haskell et al., 2014). The carcasses of cattle with high TS had more dark

cuttings than those who received calm TS during handling (Voisinet et al., 1997). Furthermore, temperamental
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cattle might injure themselves when restrained, which will lead to economic losses due to carcass degrading
as a result of bruising on the carcasses (Burdick et al., 2011). Voisinet et al. (1997) observed that the tenderness
of the meat, as measured by the Warner-Bratzler shear force on day 14 of the aging period, decreased as the
TS increased. This indicates that temperament has a tremendous effect on tenderness and meat quality.
Voisinet et al. (1997) demonstrated that feedlot cattle with low TS had higher ADG than cattle with
excitable temperaments, and that selection for calmer cattle could help maximize production efficiencies and
profit in feedlots. The data obtained by Gaspers et al. (2014) illustrated limited significance in the relationship
between temperament, feeding behaviour and growth performance. Results obtained by Reeves & Derner
(2015) indicated that selection based on temperament in extensive managed rangeland is less important, since
they observed no negative effects on ADG. These data indicated that, unless an intensive feedlot is considered
where stocking densities are high and frequent handling is required, temperament has an adverse effect on

meat quality rather than ADG per se.

2.8 Scrotum Circumference

Scrotal shape and size can be used as an indication of a bull's fertility. Scrotal circumference (SC), as a
trait, is easy and inexpensive to measure, has high heritability and is favourably associated with age at puberty
and with age at first calving (Eler et al., 2006). Regardless of the breed, SC is a greater indication of onset of
puberty of bulls than the bull’s age or weight (Barth & Ominski, 2000). This indicates a quality of precocity,
meaning that young bulls with larger SC will reach sexual maturity earlier.

The American Society for Theriogenology developed minimum guidelines for a bull to pass a breeding
soundness evaluation. The evaluation includes a physical examination, measurement of SC, and evaluation of
semen quality. In order for a bull to pass this evaluation, a bull must have at least 50 percent sperm motility,

70 percent sperm morphology and a minimum SC based on the bull’s age (Table 2.2) (Chenoweth et al., 1992).

Table 2.2 The minimum scrotal circumference requirements for bulls to pass a breeding soundness evaluation
by age (Adopted from Chenoweth et al., 1992)

Age in months <15 >15-18 >18-21 >21-24 >24
SC (cm) 30 31 32 33 34

There is a high correlation between SC and sperm production and SC and semen quality in bulls,
highlighting the positive effect of SC on fertility (Rossouw, 1975). Scrotal circumference measured at weaning
and again at yearling age is highly correlated (rq = 0.99), indicating that only a single measurement would be
necessary (Van Marle-Kdster et al., 2000). However, Barth & Ominski (2000) found that SC in weaned bulls
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may not be a useful tool to cull bulls, since some of the bulls that fell short of the selected cut-off measurement
at weaning, obtained the required cut-off measurement for SC at one year of age, irrespective of breed.

Scrotal circumference is influenced more by pre-weaning weight gain than post-weaning gain under
feedlot conditions (Swanepoel & Heyns, 1987). Van Marle-Kdgster et al. (2000) concluded that pre-weaning
growth in Herefords, under South African conditions, had no detrimental effect on SC, but if selection is based
on growth-end-points, there is reason for concern.

Bradfield et al. (2000) used 31251 pedigree Bonsmara records and 25501 pedigree Angus records to
estimate covariance components on production traits measured between the phase C and phase D of the
performance testing scheme. Scrotal circumference measured for bulls that entered both phase D and phase C
of the performance testing scheme was genetically highly correlated for the Angus bulls (ry = 0.99) and the
Bonsmara bulls (ry = 0.64). Heritability for SC measured in phase C were higher, for both Angus (h? = 0.70)
and Bonsmara (h? = 0.51) bulls, than that measured in phase D (h? = 0.48 and h? = 0.37) for these bulls
respectively. Furthermore, Eler et al. (2006) observed that SC of Nellore bulls measured at 18 months of age
had a higher genetic correlation with heifer pregnancy than SC measured at 15 months of age, after heifers
were exposed to breeding at 14 months of age.

Selection for SC could lead to improved maternal performance of the daughters of such bulls as indicated
by the positive genetic correlation between SC and maternal weaning weight, as observed by Maiwashe et al.
(2002). Furthermore, these authors observed a genetic correlation of almost zero between SC and post-weaning
ADG, implying that selecting bulls for larger SC would not interfere with post-weaning growth rate of their
progeny. Favourable negative genetic correlations between SC of bulls and days to calving of their daughters
were observed by Meyer et al. (1991) for Herefords, Angus and Zebu crosses in temperate and tropical

Australia.

2.9 Pelvic Score

Calving difficulty or dystocia influences the economics of the cow herd through calf losses, increased
labour or veterinary costs, poorer subsequent reproductive efficiency of the dam and occasional cow losses
(Daly & Riese, 1992). Thus, calving ease is an important economic trait. Prevention or decreasing the incidence
of dystocia is possible, not only through the selection of lower birth weights, but also by selecting based on
pelvic height (PH), pelvic width (PW) and/or pelvic area (PA) (Coopman et al., 2003). The PA or pelvic score
(PS) is mathematically calculated by multiplying PH with PW (Figure 2.4). These measurements are obtained
with the use of specialised instruments (Daly & Riese, 1992).

Heritability for PS has been estimated to be moderate to high (Green et al., 1988; Daly & Riese, 1992).
Pelvic score tends to be positively correlated with body weight of heifers, indicating larger heifers will have a
higher PS (Daly & Riese, 1992). However, larger heifers also tend to give birth to larger calves. This indicates

that selection based on PS from the dam’s side alone as a mean of reducing dystocia may be ineffective because
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of the counteracting effect the larger calf will have on the higher PS. Most genetic progress is made through
sire selection and therefore a measurement in yearling bulls, which would predict measures in female offspring,

would be useful.

Figure 2.4 Schematic illustration of the pelvic area and an indication of measurements required to calculate

the pelvic score

Pelvic height in yearling bulls appears to be such a measure as it appears to be highly correlated with
PH, PW and PA of their female offspring on both an age or weight adjusted basis (Green et al., 1988). Selection
for increased male pelvic height should result in correlated increases in pelvic dimensions of female offspring.
If female pelvic dimensions are increased and birth weights of offspring are held constant, it seems logical to

expect improvement in maternal calving ease.

2.10 Hair Coat

Heat stress is a major concern for some beef cattle producers. Methods to select cattle that are resistant
to the negative effects of heat stress are economically important for these producers. Hair coat (HC)
characteristics of cattle affect the transfer of thermal energy from the skin to the environment and consequently
internal temperature regulation. When an animal is exposed to the sun, an extremely steep temperature gradient
is established between the HC surface and the skin (Gebremedhin et al., 1997). A short, sleek, thin coat
improves heat and water vapour conductance through the coat layer in stressful hot and humid environments.
The ability of cattle to maintain homeostasis in deep body temperature under heat stress is a valuable asset for

cattle in subtropical and tropical regions of the world (Dikmen et al., 2014). The characteristics of the HC of
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cattle could have a large effect on regulation of internal body temperatures. A lot of emphasis is placed on the
effect of HC on heat stress regulation in dairy cattle on milk production, with little research published on beef
cattle.

Olson et al. (2003) observed that Carora-Holstein F1 crossbred cows with a short HC maintained lower
rectal temperatures in a tropical environment. Superior thermoregulatory ability was observed in Holsteins that
have a short and sleek HC and they also experienced a less dramatic depreciation in milk yield during the warm
summer months (Dikmen et al., 2014). Furthermore, a thick HC is associated with a reduced conception rate
in Holstein cows under tropical environments (Olson et al., 2003).

There was no difference (P > 0.05) observed by Olson et al. (2003) between weaning weights of calves
with different hair coats. However, these calves were all weaned from dams with short and sleek hair and there
was an indication that the calves with short and sleek hair grew faster after weaning. High environmental
temperatures and the inability of the bull to cope and regulate elevated body temperatures is detrimental to
semen quality and survival in the testis of bulls (Silva & Casagrande, 1976).

Apart from the emphasis placed on the relationship between HC and heat tolerance, the appearance of
the HC is also an important indicator of the animal’s health and nutritional status. Cattle with healthy hair coats
are more likely to grow and perform to their genetic potential, while cattle with dull, off-coloured hair are
likely to be undergoing prolonged nutritional deficiencies or imbalances or to be experiencing some level of
poor health (Spears, 1995).
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CHAPTER 111

3. Materials and Methods

3.1 Introduction

During the breeding season, breeders usually add four percent of bulls to their cows, which means that
a single bull produces 25 calves a year. This highlights the importance of a bull, compared to a cow, in a beef
enterprise. There are several methods to effectively select a bull for breeding, which include pedigree
information, breeding values, visual appraisals and performance testing. Breeders trend to make use of the
results from performance tests since these results provide the breeders with important information about their
own genetic improvement program (Mashiloane et al., 2012). Furthermore, the breeders can also use the results
to compare their own genetic improvement program with that of other breeders.

The results of performance tests are obtained on important economic traits, at a testing station or on the
farm of breeders, from young bulls from different breeds after weaning. These results are then supplied to the
breeders and commercial farmers in order for them to select the bull that will best suit their production system
and will allow for genetic progress of their herd. This makes performance testing stations an important
contributor towards commercial and stud breeders’ genetic and economic advancement.

This study analysed data obtained on production parameters from the Eastern Free State Veld Bull Club
(EFSVC) in the Vrede district of the RSA. The aim was to investigate performance parameters obtained from
Beefmaster, Bonsmara, Braford and Nguni bulls that underwent performance testing over a period of 11
seasons. The study also investigated the variation in performance within breeds between different seasons, as
well as between breeds. Furthermore, there was also an analysis on the parameters studied and the prices the
bulls obtained on auction at the end of their performance tests. This study investigated the variation in
production parameters within a breed as well as between breeds, and if commercial farmers make use of these

production parameters when selecting a sire to improve the genetic potential of their herd.

3.2 Data Analysis

The EFSVC provided data collected on production parameters on various beef cattle bulls that entered
the club from 1999 to 2013. A total number of 2162 bulls entered during this period from 10 different breeds
and 98 breeders. The breeds include Angus, Beefmaster, Bonsmara, Braford, Brangus, Drakensberger, Nguni,
Sanganer, Simbra and Simmentaler. However, not all the bulls that entered completed the performance
evaluation as some of the bulls were withdrawn due to either illness or death. Furthermore, all the breeds were
not represented each year and those that failed to do so were also removed from the study. In order to prevent

reducing the breeds further, the number of seasons were also shortened in order to ensure continuous
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participation of all four breeds from season to season. Unfortunately after adjustments, data from 844 bulls
were removed and not used for the purpose of this study.

Ultimately there were eleven seasons that were used for this study. A season is defined as the duration
of a single performance evaluation from the time when the bulls entered until the evaluation of the bulls was
completed. A single season overlapped two years, with part of the season in one year and the remainder of the
season in the consecutive year. Meaning a single season was not longer than a period of a year or twelve
months. From here on the 2001-2002 season will be recorded as year 1, 2002-2003 season as year 2, 2003-
2004 season as year 3, 2004-2005 season as year 4, 2005-2006 season as year 5, 2006-2007 season as year 6,
2007-2008 season as year 7, 2008-2009 season as year 8, 2009-2010 season as year 9, 2010-2011 season as
year 10 and the 2011-2012 season as year 11.

3.3 The Experimental Site

The data used for this study was collected by the EFSVC, located on the farm Paardenplaats in the Vrede
district of the Free State, SA. The Vrede district is a major contributor to South Africa’s agricultural industry.
Farmers tend to combine agronomic practices with extensive livestock production in order to sufficiently
utilise their resources. Due to the high incidence in livestock theft in SA, particularly in small stock for the
reasons of size, easier handling, and transport, there was a decrease in the number of small stock and an increase
in the average size of cattle herds. This makes the Vrede district an important contributor towards extensive
cattle farming in SA.

The study area is approximately 1678 meters above sea level and is situated at 27°25’S and 29°10’E
(World Geodetic System, 1984). The carrying capacity for the Paardenplaats region is between 2.5 and 3
hectare per large stock unit. A large stock unit is defined as the equivalent of one head of cattle with a body
weight of 450 kg, gaining 500 gram per day (Meissner et al., 1995). The Vrede district has a seasonal rainfall
pattern, occurring between the months of September and March, and it is very variable, with occasional rainfall

in the months between April and August (Figure 3.1).

19



100,0 -
90,0 - 86,3
80,0 -
70,0 -
60,0 -
50,0 -
40,0 -
30,0 -
20,0 -
10,0 133 56

0,0 T T T T T T T T T T T 1
Jul Aug Sept Oct Nov Dec Jan Feb Mar Apr May Jun

Rainfall (mm)

Month

Figure 3.1 Monthly average rainfall distribution from July 2001 to June 2012 for the Vrede district of the
Free State, South Africa (South African Weather Bureau, 2015)

The average rainfall for the 11 seasons over which the study was conducted, was 424.6 mm per season

(Table 3.1). The highest rainfall (557.0 mm) was recorded in year 5 while in year 9 the lowest rainfall (288.4

mm) occurred.
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Table 3.1 Total monthly rainfall (mm) from July 2001 to June 2012 for the Vrede district of the Free State,
South Africa (South African Weather Bureau, 2015)
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The average seasonal minimum and maximum temperatures for the Vrede district over the study period

were 8.55 °C and 23.37 °C respectively (Table 3.2). The lowest average seasonal temperature was recorded in

year 1 (7.93 °C) with the highest average seasonal temperature recorded in year 6 (24.22 °C).
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Table 3.2 Average monthly minimum and maximum temperatures (°C) from July 2001 to June 2012 for the

Vrede district of the Free State, South Africa (South African Weather Bureau, 2015)
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On average, over the study period, the temperatures start to decline at the end of February to reach the

lowest temperatures in July (-0.10°C) and increase again to reach its highest temperatures in December

(26.67°C) (Figure 3.2).
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Figure 3.2 Average temperatures variability over the study period in the Vrede district of the Free State,
South Africa (South African Weather Bureau, 2015)

With a drop in temperatures and as the first frost sets in around May, the nutritive value of the pastures
decline and supplemental feeding has to be provided to prevent weight loss (Van Niekerk & Jacobs, 1985).
Rainfall plays an important role in the variability in herbaceous production, as well on the equilibrium between
plant-livestock relationship. High rainfall with light grazing promotes tufted perennial grasses, while heavy
grazing and low rainfall promotes annuals and weakly tufted perennial grasses (Fynn & O’Connor, 2000).

According to the Acocks (1953) classification the Vrede district is situated in sour to mixed grasslands
with a relative high rainfall and sandy soils. The experimental site is dominated by grass species such as
Brachiaria serrata, Chymbopogon plurinodis, Elionurus muticus, Eragrostis chloromelas, E. curvula, E.
racemose, Heteropogon contortus, Microchloa caffra, Setaria sphacelata, Themeda trianda and Tristachya
leucothrix (Tainton, 1999). These species are all perennials and have average to high grazing values during the

growing season, but the quality decreases drastically during the winter.

3.4 Animals and Management

Young bulls from stud and commercial breeders across SA were brought to the station shortly after
weaning for performance evaluation. In the end of year 7 the management of the EFSVC reviewed the program
and adopted a system were breeders are only allowed to enter their bulls after the completion of the auction in
the beginning of September. The auction is traditionally held on the first Thursday of September. The auction

procedure is explained under section 3.5.9. Bulls older than 14 months of age are not allowed to enter the
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EFSVC for performance evaluation. The breeders select their own bulls that they want to be tested after
weaning with no minimum requirements of pre-weaning performance, although the breeders were encourage
to select bulls that qualify, to enter the national beef cattle performance testing scheme (refer to section 2.2).
Data from 1318 bulls, representing four breeds that underwent performance evaluation at the EFSVC
was used in this study (Table 3.3). The breeds and number of each breed that were tested in the study period,
from year 1 until year 11, include 447 Beefmasters (BM), 342 Bonsmaras (BO), 202 Brafords (BF) and 327
Nguni (NG) bulls. The breeders were not the same throughout the study period, as new breeders entered while

some of the breeders stopped entering their bulls as time progressed.

Table 3.3 The number of bulls and breeders that participated at the East Free State Veldbul Club from 2001
until 2012 in the Vrede district of the Free State, South Africa

Beefmaster Bonsmara Braford Nguni Total

Year Bulls Breeders Bulls Breeders Bulls Breeders Bulls Breeders Bulls Breeders
1 46 8 24 3 12 4 13 2 95 17
2 28 6 24 2 13 4 15 2 80 14
3 28 4 24 2 16 4 17 4 85 14
4 47 6 25 2 15 4 20 4 107 16
5 25 4 22 3 13 4 23 7 83 18
6 25 4 40 4 15 4 65 12 145 24
7 51 8 29 4 16 3 43 13 139 28
8 53 8 35 3 24 4 48 13 160 28
9 54 7 45 5 25 5 48 13 172 30
10 50 8 37 3 27 5 18 6 132 22
11 40 6 37 3 26 5 17 4 120 18
Total 447 342 202 327 1318

The breeders each selected the bulls that entered the EFSVC by visual appraisal and by their own
selecting criteria, which did not correlate with the traits that were studied. Regardless of the individual
breeder’s selection criteria, the breeders knew that the bulls that entered the EFSVC went through a selection
process at the end of the performance test, and appeared for sale at an auction. This gave some insurance that
the breeders developed a striker selection criteria for nominating bulls to enter the EFSVC.

The age of the bulls on arrival ranged from 175 to 220 days. Each bull was restrained in a crush upon
arrival, for a detailed physical and visual examination. The bulls were assessed and abnormalities such as
straight hock, under- and overshot jaws were recorded. After being restrained in the crush, the bulls were

released into a small pen where they were allowed to move freely to be assessed for overall structural
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conformation. The bulls were then moved into a camp (£30 ha) for the start of an adjustment period. The aim
of the adjustment period was to overcome any stress on the bulls which would influence the bull’s performance
(i.e. transport, handling, social environment, etc.), and to make the bulls accustomed to their new surroundings
and social group.

During the performance test period the bulls were weighed once every month, with no constant time
interval between weights. On the day of weighing, all the bulls were gathered from the veld into a kraal and
weighing started at nine o’clock in the morning. Soon after weighing the bulls were moved back to the veld to
resume grazing. The bulls had free access to clean drinking water throughout the adjustment and performance
test period.

Supplementary feeding was provided in the form of a production lick from the day the bulls arrived at
the EFSVC until the end of October. During this period the bulls also received Eragrostis hay ad lib. The
composition of the production lick is summarised in Table 3.4. The daily average consumption of the bulls
was between 400 and 500 grams per day of the production lick. However, the intake of the production lick is

only an estimate since individual intake was not measured.

Table 3.4 The mixture and calculated composition of the production lick supplemented to the bulls during
the start of the performance evaluation period between 2001 and 2012 at the Vrede district of the Free State,
South Africa

Production Lick Mixture
Molatek Protein Lick 40 % 70
Maize Meal % 30

Composition*

Crude Protein (CP) g/kg 306.610
Metabolisable Energy (ME) MJ/kg 9.21
Calcium (Ca) g/kg 17.530
Phosphor (P) g/kg 7.780

*Calculated on an “as is” basis

From the beginning of November, throughout the summer of the performance evaluation period, the
bulls received a salt-phosphate lick. The composition of the salt-phosphate lick is summarised in Table 3.5.
Bulls that were treated for any illness and did not recover adequately during the performance test period, were
removed from the study. The daily average consumption for the salt-phosphate lick for the bulls was in the
region of 200 grams per day. Again, the intake of the salt-phosphate lick is only an estimate since individual

intake was not measured.
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Table 3.5 The mixture and calculated composition of the salt-phosphate lick supplemented to the bulls
during the summer of the performance evaluation period between 2001 and 2012 at the Vrede district of the
Free State, South Africa

Salt-Phosphate Lick Mixture

Kimtrafos 12 % 50
Molatek Master 20 % 10
Salt % 40

Composition*

Crude Protein g/kg 20.000
Metabolisable Energy MJ/kg 1.00
Calcium g/kg 111.000
Phosphor g/kg 60.540

*Calculated on an “as is” basis

On the completion of the performance testing period the bulls that showed exceptional performance
were selected and entered a feedlot for preparation for an auction. The rest of the bulls were culled. The bulls
entered the feedlot in order to test their growth performance in an intensive production system, which is an
indication of how their offspring would perform in a feedlot (Knapp & Nordskog, 1946). These bulls were

placed randomly in paddocks and received a feedlot diet ad libitum for 100 days.

3.5 Traits Studied

3.5.1 Live Weight and Average Daily Gain

The live weight (LW) of the bulls was obtained by using a standard cattle scale. The initial live weights
(ILW) were measured the first day at the start of the performance test period, after the adjustment period, and
thereafter once every month. Weighing was done in the morning, with the first bull being weighed at 9 o’clock.
The final live weight (FLW) was the last measured LW of the bulls at the end of the performance test period
and was done before bulls were selected to go into the feedlot in preparation of the auction. Since not all of
the bulls entered the feedlot performance phase, these weights were not used for this study. All the weight
measurements were recorded in kilograms.

The average daily gain (ADG) was measured after each weighing took place, and the cumulative ADG
was also calculated in order to keep track of the bull’s performance over the entire performance test phase.
This gave an up-to-date indication of the bull’s overall growth performance ability and not only what the effect
of the last couple of days had on the bull’s ability to grow. The following equation was used to calculate the

bull’s ADG over the entire performance test period:
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Final Live Weight — Initial Live Weight
ADG = ( 9 g

Test days )*1000

Where ADG = Average daily gain (g/day)
Final Live Weight = Weight obtained at the end of the performance test period (kg)
Initial Live Weight = Weight obtained at the start of the performance test period (kg)
Test days = Total number of days it took to complete the performance test period (d)

3.5.2 Metabolic Weight and Kleiber Ratio

With the final live weight (FLW) recorded at the end of the performance test season, the metabolic
weight (MW) and Kleiber Ratio (KR) was calculated. The following equations are used to calculate MW and
KR:

MW = Final Live Weight®7>

Where MW = Metabolic Weight
Final Live Weight = Weight obtained at the end of the performance test period (kg)

KR ADG
MW

Where KR = Kleiber Ratio
ADG = Average daily gain over the entire performance test period (g/d)
MW = Metabolic Weight (kg)

3.5.3 Pelvic Scores

From the start of year 9 pelvic scores (PS) were also recorded. The PS is recorded at the end of the test
season with the recording of the FLW, and is calculated by multiplying the pelvic height (PH) with the pelvic
width (PW). The PH and PW is measured with a Rice Pelvismeter by a veterinarian while the bulls are
restrained in a crush. Both PH and PW was recorded in centimeters (cm), while PS was recorded in square

centimeter (cm?).
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3.5.4 Scrotum Circumference

Scrotum circumference (SC) was measured using a standard scrotal measuring tape (60 cm), with the
recording of the FW at the end of the study season while the bull was restrained in the crush (Holroyd et al.,
2002). A single person did the reading, but with the help of another person to keep his sight clear from the tail.
The scrotum and testis of each bull was assessed by means of palpation, and any abnormalities were recorded.
Bulls with any abnormalities were culled and not considered for the auction. Each season the SC of all the

bulls was recorded, with the exception of year 6.

3.5.5 Body Condition Score

The body condition score (BCS) of each bull was visually scored as the bull left the crush, on a day that
the bulls were restrained for weight measurements. Scoring was done by a single person for the entire
performance test season, and scoring occurred at random intervals in each study season. The total amount of
scores taken each season also varied between the different study seasons, ranging from three BCS throughout
a particular season to seven BCS in a season. Therefore, only a BCS at the start, in the middle and at the end
of each season was used for this study.

At the start of the study period a five point scale was used to score body condition, but later the
management of the EFSVC implemented a nine point scale. The five point scale was used from year 1 until
the end of year 6, while the nine point scale was used from start of year 7 until the end of the study. As a result,
scoring conducted by different people over the study period will not agree exactly. However, scoring is not
likely to vary by more than one score between trained evaluators, if a 1 to 9 scale is being used (Morris et al.,
2002).

No adjustments between the years were made in order to have a score based on a single scale throughout
the study period. Scoring was done at random intervals between years and there was no consistency in the
number of scores for each year. On this basis it was decided not to analyse for significance between years

within a single breed. Therefore, there were no adjustments made to the scores.

The five point scale scoring criteria was as follow (Wildman et al., 1982):

e BCS 1-Poor. No external fat visible over the spinous processes of the backbone, edge of the loin,
hipbones or ribs. The tail head is prominent. Severe muscle loss in the shoulder, loin and
hindquarter.

e BCS 2 — Thin. No visible fat on the ribs, brisket or shoulder blades. Individual muscles in the
hindquarter are easily visible and spinous processes are more noticeable.

e BCS 3 - Moderate. Good overall appearance with only the 121" and 13" ribs being visible to the eye.
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BCS 4 — Good. The brisket is relatively “full”, the tail head and pin bones have protruding fat
deposits on them with the back appearing square due to fatness.

BCS 5 — Extremely fat. Very thick neck, larger indentation over the spinal cord. Back appears
square, flanks too deep due to fatness, brisket is distended with fat and the base of the tail is lost in

pones of fat.

The nine point scale was implemented as follow (Phillips, 2001):

BCS 1 — Bone structure of the shoulder, ribs, back, hocks and pins is easily visible. Very little
evidence of fat deposits or muscling.

BCS 2 — Little evidence of fat deposition but some muscling in the hindquarters. The spinous
processes are easily visible with space between them.

BCS 3 — Beginning of fat cover over the loin, back and fore-ribs. Backbone still highly visible.
Processes of the spine may still be visible with the spaces between it less pronounced.

BCS 4 — The fore-ribs are not noticeable, with exception to the 12" and 13" ribs. The transverse
spinous processes can be identified only by palpation. Full but straightness of muscling in the
hindquarters.

BCS 5 — The 12" and 13" ribs, as well as the spinous processes are not visible to the eye. Areas
around the tail head are fairly well filled but not mounded.

BCS 6 — The ribs are fully filled and not noticeable to the eye. Hindquarters plump and full.
Noticeable sponginess covering the fore-ribs and on each side of the tail head.

BCS 7 — The spaces between the spinous processes can barely be distinguished at all. Abundant fat
cover on either side of the tail head with some patchiness evident.

BCS 8 — The bull taking on a smooth, blocky appearance, with the bone structure disappearing from
sight. The fat cover is thick and spongy where patchiness is very likely.

BCS 9 — Bone structure not seen or easily felt. The tail head is buried in fat. The bull’s mobility may

actually be impaired by an excess amount of fat.

3.5.6 Muscling Score

Similarly to the evaluation for BCS, the bulls were also evaluated at close distance for muscling scores

(MS). Scoring was also done by a single person, and the scoring took place at the end of the performance
evaluation with the recording of the final weight of the bulls. This procedure was followed from year 1 until

the end of year 7.

At the start of year 8 the scoring criteria was changed to a nine point scale, and in addition to the new

scoring system the management of the EFSVC also introduced a nine point scale to evaluate the conformation
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of the bull’s back muscles (MSh). Scoring, using both scales also took place with the recording of the bull’s
final weight. This system was mainly put in place to minimize the inconsistency of the scores given by different
evaluators for a bull with relatively similar muscling conformation as bulls in different evaluation years.

No adjustments between the years were made in order to have a score based on a single scale throughout
the study period. The duration of the performance evaluation for each year varied, which could present a
statistical error as bulls that had a longer duration of performance evaluation had more time to present their
muscle tone better and to obtain a possible higher score. On this basis it was decided not to analyse for
significance between years within a single breed. Therefore, there were no adjustments made to the scores.

Muscle scoring is based on the shape of the bull, particularly when they are viewed from behind. Bulls
with a high degree of muscling are thicker through the stifle area than they are over the top, compared to a fat,
less muscled bull which is wider over the top and appears to be flat through the stifle area. The areas which
are less susceptible for fat accumulation, are used to score the bulls for muscling. These areas include the
hindquarters, stifle, back and loin (Conroy et al., 2010). The five score scale system’s scoring criteria awarded

for muscling was as follows (Drennan et al., 2008):

e MS 1-Very heavy muscling. Extremely thick through the stifle area. The muscle seams or grooves
between muscles are evident. “Apple bummed” —when viewed from the side, the hindquarters bulge
like an apple.

e MS 2 —Heavy muscling. Thick stifle with a rounded thigh when viewed from behind. There is some
convexity in the hindquarters when viewed from the side. Flat and wide over the top line — muscle
is at the same height as the backbone.

e MS 3 - Medium muscling. Flat down the thigh when viewed from behind. Flat, tending to an angular
view over top line.

e MS 4 — Moderate muscling. The bull has a narrow stance with a flat to convex view down the thigh.
Thin through the stifle area.

e MS5-Light muscling. The bull has a dairy type view from behind. Sharp and angular “tent topped”
over the top line. No thickness through the stifle area. Bull stands with its feet together. Concave
thigh.

3.5.7 Temperament Score

The temperament score (TS) was also recorded when animals were weighed. Scoring was recorded
while the bull was restrained in the crush, and a score was awarded according to visual acknowledgment of
the bull’s behaviour by the examiner. This was also done by a single person each time the bulls were weighed
and the same person did the scoring for the entire performance evaluation season. A score was awarded

according to the following five score scale (Voisinet et al., 1997):
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TS 1—The bull is unalarmed and slowly walks away from the crush when released.

TS 2 —The bull is slightly alarmed and trots away from the crush.

TS 3 - The bull is moderately alarmed, excited and ran away when released.

TS 4 — Very alarmed and excited bull, run away with its head held high when released.

TS 5 - The bull is very excited and aggressive, and requires evasive actions from the staff to avoid

contact.

At the start of year 7 a nine point scale was implemented and was applied as follow:

TS 1 — Extremely calm.

TS 2—Very calm.

TS 3-Calm.

TS 4 — Restless.

TS 5 — Extremely restless.

TS 6 — Nervous and restless.

TS 7 — Frightened, wild and doesn’t stand still.

TS 8 — Aggressive and wants to charge the evaluator.

TS 9 — Extremely aggressive and refuses to enter the crush.

No adjustments between the years were made in order to have a score based on a single scale throughout

the study period. Scoring was done at random intervals between years and there was no consistency in the

number of scores for each year. On this basis it was decided not to analyse for significance between years

within a single breed. Therefore, there were no adjustments made to the scores.

3.5.8 Hair Coat Score

Hair coat score (HCS) was allocated during weighing by a single person over a season. Scoring was

done consecutively, with a varying number of scorings over a specific year. The HCS was implemented from

year 4 and a five point scale was used. The scale was reassessed by the management of the EFSVC at the start

of year 7 and it was changed to a nine point scale. Scoring on the nine point scale was as follow (Gray et al.,

HCS 1 — Very smooth hair coat.
HCS 2 — Smooth with a very little longer hair.
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e HCS 3 - Smooth with a few long hairs.

e HCS 4 —Bullis in the process of shedding its hair coat. Parts of the coat are covered with long hair.
e HCS 5 - The bull started shedding its coat.

e HCS 6 — The bull appears to have a woolly coat.

e HCS 7 —The bull is covered by lots of hair.

e HCS 8 — Woolly coat appearance with lots of long hair.

e HCS 9 - The bull still have its complete winter coat.

No adjustments between the years were made in order to have a score based on a single scale throughout
the study period. There was no consistency in the number of scores for each year. On this basis it was decided
not to analyse for significance between years within a single breed. Therefore, there were no adjustments made

to the scores.

3.5.9 Auction Price

An auction was held at the end of the performance testing season after the bulls went through the feedlot
phase and selection. For each individual bull that appeared at the auction there was a recording as either sold
or not sold, if the bull was sold the price was also recorded. These recordings took place manually. Each bull
had a minimum reserve price and if there were no bid, on the day of the auction, the bull were not sold. The
reserve price were the same for all the bulls. These manual recording system later changed to an electronic
recording system, where all the prices were recorded on computers. Unfortunately, the EFSVC changed
between auctioneers and some of the manual recordings got lost in the transition. For these reasons, selling

prices of bulls will only be used from year 6 until year 11.

3.6 Statistical Analysis

The General Linear Model (GLM) procedure of Statistical Analysis System (SAS) was used in order to
determine the significance between breeds, years and its interactions (breed x year) for all the dependent
variables. Least square means (LSM) and standard deviations (SD) were calculated for the variables. The

following mathematical model was used:

Where Yj = parameter of the i"" breed for the j*" year
u = population of the applicable parameter
Bi = effect of the i breed
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S; = effect of the j" year

BS;; = effect of the ij™ interaction between breed and year

biA = linear regression for a specific parameter (if significant contribution)
eij = random effects

This model was used to determine significance for all dependent variables which included initial live
weight (ILW), final live weight (FLW), average daily gain (ADG), Kleiber ratio (KR), muscle score (MS),
muscle score of the back muscles (MSb), scrotal circumference (SC), SC as a percentage of FLW, pelvic height
(PH), pelvic width (PW), pelvic area (PA) and PA as a percentage of FLW. Repeated measurements were used
to determine significance for body condition score (BCS), temperament score (TS) and hair coat score (HCS)
within a year.

The ILW was also tested in the model as covariant for all the dependent variables, but it was not
significant. Both ILW and FLW were only tested within a specific year due to the inconsistent starting time
period between the years and the variation in the duration of the performance evaluation period between the
years. Significance for both MS and MSb was calculated within a specific year, due to the variation in the
duration of the performance evaluation between years.

A linear (Y = ax + b) and quadratic (Y = ax? + bx + c) regression was fitted in the model to investigate
the relationship between the auction prices obtained by the bulls and the performance parameters tested at the
East Free State Veld Bull Club (EFSVC) which include ADG, KR, MS, SC and PA. Linear and quadratic
regressions were also fitted between the auction prices of the bulls and other parameters such as rainfall, weaner
prices, yellow maize prices and white maize prices. Linear and quadratic regressions were also fitted between

weaner prices and rainfall, yellow maize prices and white maize prices.
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CHAPTER VI

4. Results and Discussions
4.1 Live Weight
4.1.1 Initial and Final Live Weight

The least square means (LSM) for initial live weight (ILW) is presented in Table 4.1.1. Data represents
the variation between breeds within a specific year. Statistical illustration of variation within a breed, between
different years was not possible to compare as there was not a constant date that the bulls entered each year,
resulting in a variation in the age of the bulls. Even though the calves were weaned at more or less the same

time each year. Only from year 8, the bulls arrived consistently in the beginning of September.

Table 4.1.1 The influence of breed on initial live weight (kilograms + standard deviation) of bulls between
2001 and 2012 in the Vrede district of the Free State, South Africa

Breed

Year BM BO BF NG

1 261! (+4.8) 207% (£6.6) 256 (£9.3) 1773 (£8.9)
2 264 (£5.8) 2143 (+6.3) 2382 (+8.6) 178* (+8.0)
3 227 (24.9) 231! (£5.3) 233! (£6.5) 1662 (+6.3)
4 263! (+4.4) 219% (+6.1) 259 (£7.8) 1952 (+6.8)
5 260 (+4.7) 261! (£5.0) 268 (£6.5) 1832 (+4.9)
6 246?% (£6.8) 263 (15.4) 2741 (+8.8) 1823 (+4.3)
7 2321 (+4.1) 2211 (£5.4) 227 (x7.3) 1612 (+4.4)
8 259! (£3.2) 2442 (+4.0) 250%2 (+4.8) 1793 (£3.4)
9 262 (+3.6) 2412 (+4.0) 2492 (£5.3) 1773 (£3.8)
10 2641 (+4.3) 2312 (£5.0) 258 (£5.8) 1802 (£7.1)
11 250! (+£3.9) 2322 (+4.1) 250! (+4.9) 1613 (+6.1)

1234 Rows with different superscripts differ (P < 0.05)

Year 1 = 2001-2002; Year 2 = 2002-2003; Year 3 = 2003-2004; Year 4 = 2004-2005; Year 5 = 2005-2006; Year 6 =
2006-2007; Year 7 = 2007-2008; Year 8 = 2008-2009; Year 9 = 2009-2010; Year 10 = 2010-2011; Year 11 = 2011-2012
BM = Beefmaster; BO = Bonsmara; BF = Braford; NG = Nguni

The Nguni (NG) bulls started the performance evaluation with a lower (P < 0.05) ILW each year
compared to the other three breeds. The highest ILW for the NG breed was recorded in year 4 (195 kg + 6.8),
while the NG bulls with the lowest ILW was delivered to the EFSVC in both year 7 (161 kg + 4.4) and year
11 (161 kg * 6.1).

With the exception of year 3, year 5 and year 6, the Beefmaster (BM) bulls were the breed that had the
highest ILW for each year. Although, their ILW was not higher (P < 0.05) for each season than the ILW of the

34



Bonsmara (BO) and Braford (BF) bulls. The BM bulls recorded their lightest ILW in year 3 (227 kg £ 4.9),
while the heaviest ILW was recorded in both year 2 (264 kg £ 5.8) and year 10 (264 kg * 4.3).

The BF bulls arrived at the EFSVC with higher (P < 0.05) ILW than the BO bulls in year 1, year 2, year
4, year 10 and year 11. For the remaining years of the performance evaluation period the BF bulls recorded
numerical higher ILW than the BO bulls, with no difference (P > 0.05) between them. Both the BF (274 kg
8.8) and BO (263 kg £ 5.4) bulls arrived in year 6 with the highest ILW. The lowest ILW for the BO bulls
(207 kg + 6.6) was recorded in year 1, while in year 7 the BF bulls arrived with the lowest ILW.

Data that represents the variation in LSM of final live weight (FLW) between the different breeds within
a year is presented in Table 4.1.2. The variation in the duration of the performance test between different
seasons resulted in the rejection of comparison of FLW within a breed between different seasons.

Similar to ILW, the NG bulls ended the performance period each year with a lower (P < 0.05) FLW than
the other breeds. The NG bulls recorded their lowest FLW (277 kg + 4.7) in year 6, while the heaviest bulls
(326 kg + 8.8) left the EFSVC in year 2.

Table 4.1.2 The influence of breed on final live weight (kilograms + standard deviation) of bulls between
2001 and 2012 in the Vrede district of the Free State, South Africa

Breed

Year BM BO BF NG

1 410! (+5.4) 3512 (£7.5) 3871 (£10.6) 3023 (£10.2)
2 435! (+6.5) 3722 (x7.0) 3882 (+9.5) 326° (+8.8)
3 392! (+6.5) 379 (x7.1) 388! (+8.7) 2872 (+8.4)
4 399! (+5.7) 3522 (+7.8) 399! (+10.0) 3062 (+8.7)
5 390! (+6.1) 382! (+6.5) 388! (+8.4) 2872 (+6.3)
6 3741 (£7.5) 380! (+5.9) 391! (+9.7) 277% (x4.7)
7 364! (+5.0) 357! (+6.6) 357 (+8.9) 2832 (+5.4)
8 385! (+4.3) 3692 (+5.3) 380%2 (+6.4) 3013 (+4.5)
9 3741 (+4.5) 3552 (+4.9) 377 (+6.6) 2813 (+4.7)
10 368! (+4.6) 3302 (+5.3) 356 (£6.2) 2813 (£7.6)
11 398! (+4.7) 389! (+4.9) 398! (5.8) 279% (£7.2)

123 Rows with different superscripts differ (P < 0.05)

Year 1 = 2001-2002; Year 2 = 2002-2003; Year 3 = 2003-2004; Year 4 = 2004-2005; Year 5 = 2005-2006; Year 6 =
2006-2007; Year 7 = 2007-2008; Year 8 = 2008-2009; Year 9 = 2009-2010; Year 10 = 2010-2011; Year 11 = 2011-2012
BM = Beefmaster; BO = Bonsmara; BF = Braford; NG = Nguni

The BM bulls were the breed that had the highest FLW for each year, with the exception of year 6 and
year 9. However, their FLW was not different (P > 0.05) from the FLW of either the BO or BF bulls. Only
their FLW for year 2 was higher (P < 0.05) than either of the other two breeds. The FLW (435 kg + 6.5) for
the BM bulls in year 2 was also the highest FLW recorded by the BM bulls over the performance evaluation
period and they recorded their lowest FLW (364 kg + 5.0) in year 7.

35



The BF bulls recorded a higher (P < 0.05) FLW than the BO bulls in year 1, year 4, year 9 and year 10.
With the exception of year 7, the BF bulls also had a numerically higher (P > 0.05) FLW than the BO bulls for
the remaining years of the performance evaluation period. The highest FLW (299 kg + 10.0) for the BF bulls
was recorded in year 4, while the BO bulls recorded their highest FLW (389 kg + 4.9) in year 11. Both the BF
(356 kg £ 6.2) and BO (330 kg £ 5.3) bulls recorded their lowest FLW in year 10.

Traditionally calves are weaned when they are between 7 and 9 months of age. However, the ideal time
should depend on the BCS of the cow, rather than the age of the calf (Lamb, 1999). Bull calves in this study
arrived at the EFSVC in some seasons earlier than the traditional weaning age, indicating that the factors that
influence weaning weight will be the primary factors influencing ILW of the bulls. These factors include the
age of the dam, dam’s capability to produce milk, creep feeding and other management practices (Butson et
al., 1980; Ochoa et al., 1981). However, since different breeders participated each season and no information
on the management practices of each individual breeder was available; these factors will not be considered for
this discussion.

By increasing the age of the calf at weaning, there will be an increased weaning weight. Thus, increasing
the nutritional and management inputs in an effort to have more calves being born early in a fixed calving
season is a prudent decision. However, there will be some point beyond which input costs will exceed extra
returns. Furthermore, older calves will grow at a faster rate than younger calves at similar weights due to
compensatory growth (Sainz et al., 1995; Santra & Pathak, 1999; Robinson et al., 2001; Fiems et al., 2002).
From year 8 to year 11, where bulls entered the performance evaluation at a constant date and the breeders had
a fixed weaning time, the variation within breed for ILW was numerically lower.

Furthermore, since variation within a breed between different seasons is not considered for discussion;
the effects that environmental factors (i.e. temperature and rainfall) had on the performance of a breed over
the study period was also ignored. This is mainly due to the fact that during a specific study season, the
bulls of a breed were exposed to the same environmental factors and it will have no significant effect on the
performance of a specific breed. However, if the bulls arrived at a constant time in the spring, rainfall could
have had an effect on the performance of the bulls. A higher rainfall in early spring could result in a faster
recovery of natural pastures from its dormant phase in the winter, producing a higher biomass of nutritious
vegetation for grazing. However, it is believed, depending on the quantity of initial rainfall, that if reqular
rainfall doesn’t occur, limited vegetation growth would arise which could have resulted in the availability of
veld to be a limiting factor in growth performance of the bulls.

The most noticeable variation in ILW, as well as FLW, within a specific year can be explained by the
breed effect. Apart from the indigenous, Sanga type NG, all the other three breeds are composite breeds. The
BM is Dbelieved to consist out of %2 Brahman, ¥ Hereford and % Shorthorn (Porter, 1991). The final
composition of the BO was % Afrikaner and % Shorthorn and Hereford (Bosman, 1994), while that of the BF
range from % to % Brahman and %z to % Hereford.
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The results of this study suggest that the weaning weights of composite breeds are higher than that of a
purebred breed. It is in agreement with Du Plessis et al. (2006) who reported lower (P < 0.05) weaning weights
and pre-weaning growth parameters for the NG breed, compared to a Simmentaler-coss, Bonsmara-cross and
the Afrikaner breed. However, the NG breed had a 15% (P < 0.05) higher weaning rate compared to the
Simmentaler-cross, with no difference (P > 0.05) between the Bonsmara-cross and the Afrikaner breed.
Composite breeds tend to outperform purebred cows due to the additive effects of breed complementarity and
non-additive effects of heterosis (Gregory & Cundiff, 1980; Skrypzeck et al., 2000; Dadi et al., 2002).
Mukuahima (2007) reported significantly higher (P < 0.05) ILW for Angus bulls compared to composite
breeds. This indicates that composite breeds only outperform indigenous purebred bulls in terms of LW, rather
than all purebreds. However, heterosis will only have a positive contribution in the F1 generation except if
retained heterosis is attained (Gregory et al., 1994). It is in agreement with Arango et al. (2002) who observed
significantly greater weights of F1 offspring from crosses including Bos indicus (Brahman) dams and Bos
taurus (Angus and Hereford) sires in contrast to the F1 from only Bos taurus (Angus x Hereford) crosses.
Furthermore, a composite breed can retain heterosis to a certain extent only when inbreeding is avoided (Liu,
2009). However, the ILW of the bulls was a direct result of the individual breeders own selection, as each
owner selected their own bulls which entered the performance evaluation.

Frame size reflects the growth pattern and potential mature size of an animal and there is a direct
relationship between frame size and LW (Grona et al., 2002). Both the BM and BF breeds have medium to
large frame sizes compared to the medium framed BO breed (Dhuyvetter, 1995). This is a further explanation
as to why the BM and BF bulls have higher ILW and FLW than the BO bulls.

In terms of LW gained as a percentage of ILW, the NG bulls outperformed the other three breeds. It is
well reported that an animal that has experienced restricted feeding prior to a growth study, is likely to undergo
compensatory growth (Kréusslich, 1974; Dalton & Morris, 1978; Owens et al., 1993). However, the length of
time from weaning to yearling age for cattle raised on natural pastures without or with minimal supplementary
feeding is not enough that compensatory growth could buffer the maternal effect existing at weaning
completely (Eler et al., 1995). This indicates that compensatory growth had no effect on the higher LW gained
as a percentage of ILW for the NG bulls, but rather it is due to the significantly lower ILW of the NG bulls.
Furthermore, the NG breed is a small framed size breed (Makina et al., 2014), explaining why the NG bulls
had lower (P < 0.05) ILW and FLW compared to the other three breeds. Explanation follows as to why the NG
bulls grow at a faster rate as a percentage of ILW in the following sections.

These results on ILW and FLW are in agreement with Mukuahima (2007) who also analysed
performance data in the Vrede district. Lower (P < 0.05) ILW and FLW for Nguni bulls compared to the other
breeds that participated were recorded. Furthermore, difference (P < 0.05) was also recorded between ILW
and FLW of BM and BO bulls, with the BM bulls being (P < 0.05) heavier.
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4.2 Average Daily Gain

Average daily gain (ADG) over the eleven years of performance evaluation is summarised in Table
4.2.1. Differences (P < 0.05) in ADG is attributed to breed, year and their interactions. The overall total ADG
for the four breeds combined, within a specific year, varied between the eleven years, with the variation being
different (P < 0.05) between most of the years. The highest ADG for the four breeds combined was observed
in year 11 (857 g/d = 10.5), which was higher (P < 0.05) than in the other 10 years. During year 4 (579 g/d
11.5), year 9 (573 g/d + 8.5) and year 10 (556 g/d £+ 10.2) lower (P < 0.05) combined ADG was observed with

no differences (P > 0.05) between them.

Table 4.2.1 The influence of season and breed on the average daily gain (grams/day + standard deviation) of
bulls in the Vrede district of the Free State, South Africa, from 2001 until 2012

Breed
Year BM BO BF NG Average
1 800%: (¥16.0)  774'% (+22.2) 704244 (£31.4) 670%: (+30.2) 737cq (2£12.9)
2 772%4 (£20.5) 7112 (£22.2) 6742 (£30.2) 6672 (+28.1) 7034 (£12.8)
3 727% (x20.5) 649% (+22.2) 68024 (£27.2) 5373 (£26.4) 648. (x12.1)
4 5882% (+15.9) 5522, (x21.7) 658% (+28.1) 518% (+24.3) 579 (£11.5)
5 836%p (£21.7)  740%q (£23.2) 748%, (£30.2) 698%, (+22.7) 756 (£12.3)
6 736% (£21.7) 675%¢ (x17.2) 672%4 (£28.1) 543% (+13.5) 656, (+10.4)
7 831%p (15.2) 858%, (+20.2) 81412, (£27.2) 765% (£16.6) 817, (£10.2)
8 755% (+14.9) 758%4 (+18.4) 779% (£22.2) 735%; (+15.7) 757 (£9.0)
9 530% (+14.8) 54424 (£16.2) 671%. (£21.7) 548% (+15.7) 573 (£8.7)
10 524% (+15.4) 5072 (£17.9) 611% (£20.9) 5812 (+25.6) 556¢ (£10.2)
11 8552, (x17.2) 920% (£17.9) 9541, (+21.3) 701%, (£26.4) 857, (£10.5)
Average 723! (5.4) 6992 (+6.1) 724 (£8.0) 6332 (+6.9)

123 Rows with different superscript differ (P < 0.05)

abedefg Columns with different subscripts differ (P < 0.05)

Year 1 = 2001-2002; Year 2 = 2002-2003; Year 3 = 2003-2004; Year 4 = 2004-2005; Year 5 = 2005-2006; Year 6 =
2006-2007; Year 7 = 2007-2008; Year 8 = 2008-2009; Year 9 = 2009-2010; Year 10 = 2010-2011; Year 11 = 2011-2012
BM = Beefmaster; BO = Bonsmara; BF = Braford; NG = Nguni

The overall total ADG for the individual breeds over the eleven seasons differ (P < 0.05), with the
exception being between the BM and BF bulls. The NG bulls had a lower (P < 0.05) total ADG (633 g/d + 6.9)
than the other three breeds. Furthermore, the BM (723 g/d + 5.4) and BF (724 g/d £ 8.0) bulls had a higher (P
< 0.05) total ADG than the BO (699 g/d + 6.1) bulls.

Before a calf is born, the maternal environment and diet affect embryonic and foetal development in
such a way that the lifetime performance of the calf to be born is impacted (Anderson, 1950). Furthermore, the
bulls were exposed to different stocking rates over the 11 years (Table 3.3). Stocking rate have a direct

influences on individual animal gain (Gutman et al., 1990). Individual animals gain more rapidly weight when
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grazing under-utilized vegetation. As stocking rate increases to the point where an animal cannot preferentially
select its diet, the individual’s weight gain declines, but gain per hectare continues to increase (Vendramini et
al., 2015). However, as stocking rate continues increasing such that vegetation dry matter becomes restricted,
gain per hectare also declines. This explains why stocking rates had a potential influence on individual ADG
for the bulls evaluated on the farm Paardenplaats in the VVrede district between different years.

The ADG is considered very high where bulls grew at a rate faster than 800 grams per day over the
performance evaluation period, while keeping in mind that these bulls only received minimal supplementation
and grazed natural veld. Supplementation was a production lick (Table 3.3; 400 to 500 grams per bull per day)

in the winter and spring and a salt-phosphate lick (Table 3.4; 200 grams per bull per day) in the summer.

4.2.1 Average Daily Gain within breed between years

The BM bulls showed highest (P < 0.05) ADG in year 11 (855 g/d + 17.2), year 5 (836 g/d + 21.7) and
year 7 (831 g/d = 15.2); with no difference (P > 0.05) between these years. Lower (P < 0.05) ADG was observed
for the BM bulls during year 10 (524 g/d + 15.4) and year 9 (530 g/d + 14.8), with no difference (P > 0.05)
between them.

During year 5 the highest rainfall (Table 3.1) was recorded for any year over the study period.
Furthermore, the overall stocking rate during this season was also one of the lowest for the study period (Table
3.3). This probably resulted in an abundance of availability of vegetation for grazing and resulted in higher
ADG’s during this year.

The BM bulls had a lower ILW (Table 4.1.1) in year 7, compared to most of the other years, which
could explain compensatory growth. However, since no data was available on the age of the bulls on arrival,
it is not possible to indicate with absolute certainty that compensatory growth took place. Furthermore, the
rainfall for this year was well above the average over the study period (Table 3.1). Therefore, the higher ADG
for year 7 could also be explained by an abundance availability of vegetation. In addition, the average
maximum ambient temperature was 22.93 °C (Table 3.2), which was the lowest compared to all the other
years. This possibly had a positive effect on the bulls’ capacity to manage the heat increment as a result of
fermenting the high fiber diet. However, this average maximum temperature was only 1.23 °C lower than the
highest average maximum temperature of 24.22 °C in year 6.

During year 11 the rainfall was the second lowest, but the ADG was the highest for any year over the
study period (Table 3.1). However, the rainfall in year 10 was well above the average for the 11 years and
most of the rain fell in the second half of the year. This indicates that there was a possible carry-over effect
from the previous year. Furthermore, rain fell at regular interval in year 10, which might have resulted in
sufficient moisture available which could have promoted sufficient vegetation growth. However, most of the
rain occurred during December and January (48.81 %), which could have contributed to an accelerated rate in

vegetation growth and the possible production of sufficient quantities of vegetation. This could have
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contributed towards compensatory growth after the bulls experienced a period of challenging growth.
Furthermore, the quality of fast growing grasses is lower due to their relative short period in the vegetative
stage before they enter the jointing stage (Lyon et al., 2011). The vegetative stage is defined as the period
where grasses develop and produce new leaves, while the jointing stage is defined as the stage during which
internodes commence elongation in order to produce a stem (Fay et al., 2002).

The lower (P < 0.05) ADG in year 9 and 10 of all the breeds was a result of low seasonal rainfall in both
years (Table 3.1) and a high stocking rate in year 9 (Table 3.3). Furthermore, 42.37 % of the rainfall for the
whole season in year 9 occurred in January 2010, and year 8 also had a below average rainfall for the study
period.

The BO bulls in year 11, showed higher (P < 0.05) ADG (920 g/d £ 17.9). Lower (P < 0.05) ADG was
recorded for the BO bulls in year 10 (507 g/d + 17.9), year 9 (544 g/d + 16.2) and year 4 (552 g/d £ 21.7); with
no difference (P > 0.05) between these years.

The average minimum temperature for July 2010 was -1.7 °C (Table 3.2) and the majority of the rainfall
occurred in the second half of year 10 (Table 3.1). Boyd & Lemos (2013) observed that a higher number of
perennial grasses germinated after a winter where the temperatures was below 0 °C for a couple of days. These
conditions possibly contributed to a higher number of perennials germinating which could have produced
sufficient quantities of foliage to possibly sustain grazing in year 11. Although the rainfall for year 11 was
below average (Table 3.1), the distribution throughout the growing season was constant.

In year 4 the rainfall was above average, but 41.57 % of the rain occurred in the months of February,
March and April 2005 (Table 3.1). November 2004 was a very dry month with high average temperatures.
This could suggest that the short term drought stress in November possibly influenced the sugar and starch
content of the grasses (Watts, 2008). The inferior growth of BO bulls in this year was a possible result of the
quality, rather than quantity of vegetation. Furthermore, the large proportion of rain that fell from February
2005 onwards was after the grasses initiated the process of seed production. However, it is possible that the
moisture during this time had a positive effect on the quantity and quality of seed produced which could have
resulted in sufficient quantities of vegetation being available in year 5 possibly supporting a high ADG of all
four breeds.

The lower (P < 0.05) ADG for BO bulls in year 9 and year 10 was a result of the same factors as
previously explained under the BM bulls. Therefore, it won’t be repeated here.

A higher (P < 0.05) ADG was recorded by BF bulls in year 11 (954 g/d £ 21.3). A lower (P < 0.05)
ADG was observed for the BF bulls in year 10 (611 g/d £ 20.9). However, there was no difference (P > 0.05)
between this year and year 4 (658 g/d + 28.1), year 9 (671 g/d £ 21.7), year 6 (672 g/d £ 28.1) and year 2 (674
g/d £ 30.2).

The reasons already mentioned for the other two breeds contributed towards the ADG observed for the

BF bulls during these seasons as well. Therefore, it won’t be repeated here again.
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The NG bulls had a higher (P < 0.05) ADG during year 7 (765 g/d £ 16.6). However, no difference (P
> 0.05) was observed between year 7 and year 8 (735 g/d = 15.7). A lower (P < 0.05) ADG was observed for
the NG bulls in year 4 (518 g/d + 24.3), year 3 (537 g/d + 26.4), year 6 (543 g/d £ 13.5), year 9 (548 + 15.7)
and year 10 (581 g/d £ 25.6); with no difference (P > 0.05) between them.

In year 7 the same factors apply as discussed under the BM bulls above for the higher (P < 0.05) ADG
of the NG bulls. Furthermore, the lower average maximum temperature (Table 3.2) might have had a greater
effect in the NG bulls. This resulted in lower energy lost to maintenance (McDonald et al., 2002) and more
energy available for growth (detailed discussion will follow under section 4.4).

During year 8 the rainfall was below average (Table 3.1). However, 76.50 % of the rain fell between
October 2008 and January 2009. During this time conditions are suitable for grasses to grow efficiently. This
could have resulted in the availability of sufficient quantities of foliage for grazing, and maintained high growth

rates for the NG bulls (discussion to follow in section 4.2.2).

4.2.2 Average Daily Gain between breeds within a year

Between the three composite breeds, there are no clear indication of a single breed that out- or
underperforms the other two breeds during the performance evaluation period. However, as mentioned earlier
on the average for the ADG over the eleven years, both the BM and BF bulls had a higher (P < 0.05) ADG
than the BO bulls, with no difference (P > 0.05) between the BM and BF bulls.

In general, the BO bulls only outperformed the other two composite breeds numerically in year 7, with
no difference (P > 0.05) between the BO bulls and either the BM or BF bulls in terms of ADG. However, the
BO bulls were numerically ranked third for ADG for the majority of the eleven seasons. The Afrikaner
bloodline in the BO breed could have had allowed for adequate adaptation to their environment and sufficient
utilization of natural vegetation which possibly sustained their relatively high growth rate (Collins-Lusweti,
2000). However, the BO breed has a medium sized frame compared to the large to medium framed BM and
BF breeds. A smaller framed breed has a lower maintenance requirement due to their lower LW (McDonald
et al., 2002; Coutinho et al., 2015). This makes the BO breed exceptional competitors as a commercial breed
amongst commercial farmers from various geographical regions (Makina et al., 2014). That said, different
environments have various effects on different breed types due to the interaction between genotype and
environment. Furthermore, the optimum proportion of Bos indicus or Bos taurus in crosses with each other
may vary with climate and the production environment involved (McCarter et al., 1991). This implies that
there is no universally “best” genotype, the “best” genotype will vary from one environment to another and it
will depend on the prevailing environmental conditions. These results are in agreement with those of Kennedy
& Chirchir (1971) who reported faster growth in Brahman-cross line compared to the Afrikaner-cross line

when conditions were favourable for growth. These authors observed that during periods of poor pasture
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conditions there was no difference (P > 0.05) in the performance of either the Brahman-cross or Afrikaner-
Cross.

The NG bulls showed a lower (P < 0.05) ADG than any of the other three breeds in year 1, year 3, year
6 and year 11. During year 9 and year 10 the NG bulls recorded numerically higher ADG than both the BM
and BO bulls. Both the BM and BO bulls recorded their lowest ADG during these two seasons, indicating the
NG’s ability to outperform composite breeds in harsh drought conditions (Tada et al., 2013). Although the NG
bulls also recorded lower ADG’s during these two seasons, it was still numerically higher than the composite
breeds, with the exception for the BF bulls. This is a further illustration that the environment and its influences
play a major role in the productivity and profitability of the beef breed involved.

The only season where there was no difference (P > 0.05) between the ADG of the four breeds, was in
year 8. This year was characterized by below average rainfall as well as a relatively high stocking rate. This
could have resulted in grazing pressure and competitive grazing amongst the bulls for available vegetation
which could have led to a relatively constant ADG between breeds. This is a clear indication that the NG breed
striving for productivity when the circumstances are not favourable for other breeds. This could be attributed
to their lower maintenance requirements because of their lower LW (McDonald et al., 2002).

Similar results were recorded by Mukuahima (2007), who observed no difference (P > 0.05) between
BM and BO bulls. In addition, this author recorded difference (P < 0.05) in ADG between BM or BO bulls
and the NG bulls.

4.3 Cumulative Average Daily Gain

The cumulative ADG is an indication of change in the animal’s growth rate as time progressed. This is
a clear indication of the obstacles the bulls countered in their quest to achieve their FLW over the timeline. As
mentioned in Chapter Ill, it was aimed that the bulls would be weighed at least once a month with no constant
number of days between weighing days. It is expected that bulls within a specific year will follow a similar
growth trend, since management practices are the same and all the bulls received the same treatment. This

discussion will only focus on cumulative ADG between breeds within a specific year.

4.3.1 Cumulative Average Daily Gain in Year 1

The cumulative ADG of bulls in year 1 is represented in Figure 4.3.1. There was no difference (P >
0.05) in ADG between the four breeds during the first 67 days of the performance evaluation. This
indicates that the bulls might have properly adapted to their surroundings, but the availability of roughage
might have been limited which restricted gut fill and ultimately growth during the initial phase of the

performance evaluation. August is usually a dry month in the East Free State (South African Weather
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Bureau, 2015) with annual grasses that starts growing in the spring. Furthermore, if insufficient roughage was
available during the spring the bulls would have used the majority of their energy to walk in search of new
grass sprouts (Galyean & Goetsch, 1993). Low intake due to the possibility of insufficient quantities would
have resulted in poor rumen fill and a possibly of an energy deficit. The low fibre content of the young
grass sprouts resulted in an accelerated passage rate through the digestive system of the bulls (Kennedy, 2005).
These could have contributed to a possible insufficient supply of energy to sustain a relative high ADG. The
sharp increase in growth between the 45" and 67" day was a possible result of the appropriate rainfall during
September and the beginning of October 2001. This might have resulted in accelerated vegetation recovery
and growth which could have supplied sufficient quantities of high quality vegetation enabling high ADG.
However, a relatively high rainfall was recorded (506.2 mm) for the Vrede district during the 2000-2001
season. This indicates that sufficient dry material might have been available for grazing if there were no veld
fires in the area and no overgrazing prior to the winter of 2001. The low digestibility of a high fiber diet
restricted feed intake primarily due to the capacity of the rumen and its ability to absorb sufficient nutrient
to sustain a high ADG (Dixon & Stockdale, 1999). It is also possible that the supplementation of only 400 to
500 grams per bull of the production lick (Table 3.4) might have been insufficient in improving rumen
efficiency (Wanapat, M., 2000).

Furthermore, the sharp increase in growth from the 45" day to the 67" day may have been attributed
to compensatory growth following the limited availability of vegetation during the winter season. It is clearly
stated in the literature that cattle show excellent compensatory growth following previous winter nutritional
restrictions (Wright et al., 1986; Van Niekerk & Kernick, 1990). According to Lewis et al. (1990)
compensatory growth is associated with an increase in vegetation intake relative to body weight during the
re-alimentation period. This indicates that bulls that were restricted due to the availability of feed during
the winter to a greater extent will increase their forage intake as a percentage of body weight once abundant
vegetation becomes available. Therefore, it is suggested that any factor that affects the availability and

quality of forage will alter the degree of compensatory growth in ruminants.
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Figure 4.3.1 Representation of cumulative average daily gain (grams/day) for the bulls between 2001 and
2002 in the Vrede district of the Free State, South Africa

The BM bulls showed a higher (P < 0.05) ADG on the 88" day of the performance evaluation
compared to the BF bulls, with no difference (P > 0.05) between the BM bulls and the BO or NG bulls. There
was also no difference (P > 0.05) between the BO, BF and NG bulls at this time. The BM bulls had a higher
(P < 0.05) ADG on the 109" and 130" day of the performance evaluation compared to the other three breeds.
No difference (P > 0.05) was observed between the BO, BF and NG bulls during this period. The higher
(P < 0.05) ADG for the BM bulls during this phase can be explained by the Bos indicus bloodline in their
origin. The Bos indicus contributes to a larger frame size of the BM bulls which could have allowed for the
higher ADG when conditions were favourable (Kennedy & Chirchir, 1971; Morsy et al., 1998). Gregory
et al. (1979) reported that in a temperate subtropical climatic region, such as the Vrede district, a
crossbreed which consists out of 50% Bos indicus and 50% Bos taurus will grow better than any other
composite breed. However, the BF and BO bulls also originate from a Bos indicus bloodline, but did not
experience similar higher (P < 0.05) ADG than the BM bulls. During this period of October to December
2001 the rainfall was relatively high and above average (Table 3.1), which could have resulted in an increase
in the availability of forage.

On the 151% day of the performance evaluation the BM and BO bulls had no difference (P > 0.05)
between their ADG’s. However, the BM bulls showed a higher (P < 0.05) ADG than both the BF and NG
bulls, with no difference (P > 0.05) between the ADG for the BO, BF and NG bulls. On the 172" day of the
performance evaluation the BM and BO bulls had a higher (P < 0.05) ADG than the BF and NG bulls.
Furthermore, no difference (P > 0.05) was observed between the BM and BO bulls or the BF and NG bulls.
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The BO breed is also a composite breed, with its main origin from the indigenous Afrikaner (Porter, 1991).
Selection over time favoured dominant genes with complimentary effects on adaptation and performance
(Miller, 2010). This resulted in the BO breed being well adapted to the surrounding environment and possibly
contributed to the BO bulls’ higher (P < 0.05) ADG than the BF and NG bulls. The poor growth
performance of the BF bulls during the performance evaluation is difficult to explain, since it is expected
that they should perform similar to the BM bulls.

On the final day of the performance evaluation the ADG for the BM bulls were higher (P < 0.05)
than the BF and NG bulls, with no difference (P > 0.05) between the BM and BO bulls. The ADG for the BO
bulls was higher (P < 0.05) than the NG bulls, with no difference (P > 0.05) between the BO and BF bulls.
There was also no difference (P > 0.05) between the ADG for the BF and NG bulls. All four breeds showed a
sharp increase in growth during the last phase of the performance evaluation. There is a possibility that the
bulls started to receive the feedlot feed before completing the performance evaluation. This could explain the
sharp peak at the end of the evaluation. Regardless of the peak achieved by all four breeds at the end of the
performance evaluation, the BM and BF bulls reached a peak ADG on the 130" day and both the BO and
NG bulls did the same on the 151% day. All four breeds showed a slight decline in ADG at the end of the
172" day of the evaluation after reaching their peaks on the respective days as mentioned. This was also
observed by Baker et al. (2002) and Mukuahima (2007). It might be, since rainfall was limited during this
phase, that the camps were over-grazed and the little rainfall was insufficient for the vegetation to recover

and produce sufficient quantities to maintain the high ADG of the bulls.

4.3.2 Cumulative Average Daily Gain in Year 2

The cumulative ADG of bulls in year 2 is represented in Figure 4.3.2. The BM bulls showed a higher
(P < 0.05) ADG than the BF bulls on the 21% day of the performance evaluation, with no difference (P > 0.05)
between the BM bulls and both the BO or NG bulls. No difference (P > 0.05) was observed in ADG on this
day between the BO, BF and NG bulls. The large variation in ADG between the breeds and the sharp decline
in growth rate by the BM hbulls is an indication that the bulls were not properly adapted before the
commencement of the performance evaluation. Evaluation only started in October and good rainfall was
recorded for August and September 2002. This indicates that sufficient vegetation should have been available
for grazing if the grasses started to grow in early spring. However, it is possible that management prior to the
commencement of the performance evaluation had an influence. Weaning shock might have resulted in a
decline in the growth rate for the BM bulls. Furthermore, it is possible for weaned calves to experience a

decline in growth rate if these calves received a creep feed and suddenly it was taken away (Tarr et al., 1994).
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Figure 4.3.2 Representation of cumulative average daily gain (grams/day) for the bulls between 2002 and
2003 in the Vrede district of the Free State, South Africa

On both the 44" and 64" day of the performance evaluation no difference (P > 0.05) in ADG was
observed between the four breeds. The BM bulls showed a higher (P < 0.05) ADG than the NG bulls on
the 85" and 119" day, with no difference (P > 0.05) between the BM, BO or BF bulls. Additionally, no
difference (P > 0.05) was observed between the BO, BF or NG bulls on these days of the performance
evaluation.

On the 140", 167" and 187" day of the performance evaluation both the BM and BO bulls showed a
higher (P < 0.05) ADG than the NG bulls, with no difference (P > 0.05) in ADG between these two breeds.
Furthermore, no difference (P > 0.05) was observed between the BM, BO and BF bulls, as well as between
the BF and NG bulls. On the 222" day of the performance evaluation the BM bulls showed a higher (P <
0.05) ADG than either the BO, BF or NG bulls. No difference (P > 0.05) was observed on this day between
the BO, BF and NG bulls.

The relatively high and constant rainfall over the spring and summer most probably resulted in
sufficient quantities of available vegetation for grazing, which supported relatively high ADG for all four
breeds. This is especially true after the 44" day when all the bulls participating were properly adapted to
their new surroundings. Similar to year 1, the BO and BF bulls showed a decline in growth rate in the last

phase of the evaluation after the 167" day.
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4.3.3 Cumulative Average Daily Gain in Year 3

The cumulative ADG of bulls in year 3 is represented in Figure 4.3.3. The BM bulls had a higher (P <
0.05) ADG than the BO bulls on the 22™ day of performance evaluation. On both the 44" and 81 day of the
performance evaluation the BM bulls showed a higher (P < 0.05) ADG than the BO and NG bulls, with no
difference (P > 0.05) between the BM bulls and BF bulls. The BF bulls had a higher (P < 0.05) ADG than the
BO bulls, with no difference (P > 0.05) between the ADG for the BF and NG bulls. Furthermore, there was
no significant difference in ADG for the NG and BO bulls during this period. Dramatic decline in growth
rate during this initial phase of the performance evaluation was possibly the result of a drought. Prior to the
81 day of the evaluation, the first rainfall was recorded in early November which would have had an impact
on vegetation growth. The total number of bulls that participated in year 3 was low (Table 3.3) and this

could have contributed to the fast recovery of the veld which sustained a faster growth rate by the bulls.
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Figure 4.3.3 Representation of cumulative average daily gain (grams/day) for the bulls between 2003 and
2004 in the Vrede district of the Free State, South Africa

The BM bulls showed a higher (P < 0.05) ADG during the 102" day, with no difference (P > 0.05) in
ADG between the BO, BF and NG bulls. On the 142™ day of the performance evaluation the BM bulls had a
higher (P < 0.05) ADG than either the BO or NG bulls. Moreover, the BF bulls had a higher (P < 0.05) ADG
than the NG bulls. The sharp increase during this period may be attributed to compensatory growth. However,
the number of days being restricted of nutrients has an effect on compensation as longer restrictions will

decrease compensatory gain (Parish, 2010). There was a reduced form of compensatory gain for calves that
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became restricted at the age of less than 7 months (Hornick et al., 2000). Although the bulls probably showed
compensatory growth in this period, they were probably likely unable to compensate for the negative effect
the drought had on their pre-weaning development.

The BM bulls showed a higher (P < 0.05) ADG than either the BO or NG bulls on the 156™ day, with
no difference (P > 0.05) in ADG between the BM and BF bulls. There was no difference (P > 0.05)
in ADG between the BF and BO bulls, while both these two breeds had a higher (P < 0.05) ADG than the
NG bulls. On the 184" day the BM bulls had a higher (P < 0.05) ADG than any of the other three breeds.
There was no difference (P > 0.05) between the BF and BO bulls. However, the NG bulls scored a lower
(P < 0.05) ADG than both these breeds. On both the 205™ and final day the BM bulls showed a higher (P <
0.05) ADG than both the BO and NG bulls, with no difference (P > 0.05) between the BM and BF bulls.
Furthermore, there was also no difference (P > 0.05) between the ADG for the BF and BO bulls, with the
ADG for both these breeds being higher (P < 0.05) than the ADG for the NG bulls.

The growth curve for the NG bulls slowed down on the 142" day and started to reach a plateau. The
curve for the BM, BO and BF bulls also started to slow down on the 142" day, but less rapidly than the
curve of the NG bulls and started to reach the plateau on the 184" day of the performance evaluation. This is
related to the difference in the rate of maturity of the breeds (Shahin & Berg, 1985; Du Plessis & Hoffman,
2004). Small framed cattle reach their maturity earlier compared to large framed cattle (Vargas et al., 1998).
Furthermore, large framed cattle grow physiologically older than the small framed cattle, given the same
chronological age (Liu & Makarechian, 1993). Therefore, the smaller framed breed will start with fat
deposition at an earlier age than large framed cattle (Laborde et al., 2001) and fat deposition is less efficient
than growth in muscle tissue (Valente et al., 2014). This is why the NG bulls reach their plateau earlier than

the composite breeds.

4.3.4 Cumulative Average Daily Gain in Year 4

The cumulative ADG of bulls in year 4 are represented in Figure 4.3.4. There was no difference (P >
0.05) in ADG between the four breeds on the 21% day of the performance evaluation. The start of the
evaluation is a strong indication that the bulls were not probably adapted to their surroundings as both the
BM and NG bulls were in a negative growth phase. The bulls recovered quickly and on the 63" day the BM
bulls showed a higher (P < 0.05) ADG than the NG bulls, with no difference (P > 0.05) between either the
BM, BO and BF bulls or the NG, BO and BF bulls. This illustrates that compensatory growth probably

occurred.
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Figure 4.3.4 Representation of cumulative average daily gain (grams/day) for the bulls between 2004 and
2005 in the Vrede district of the Free State, South Africa

The BM bulls showed a higher (P < 0.05) ADG on the 85" day of the performance evaluation
compared to the BO and NG bulls, with no difference (P > 0.05) between the BM and BF bulls. There was no
difference (P > 0.05) between the BO bulls and the BF or NG bulls during this time period. However, the
BF bulls had a higher (P < 0.05) ADG than the NG bulls during thesame time frame. Very low rainfall
during the month of November 2004 probably resulted in the dip of the growth curve as observed on the
85" day of performance evaluation. Rainfall continued frequently again in December, which could have
supported vegetation growth and the ADG of bulls for the remainder of the performance evaluation.

On the 113" day the BM bulls showed a higher (P < 0.05) ADG than both the BO and NG bulls,
with no difference (P > 0.05) between the BM and BF bulls. There was no difference (P > 0.05) in ADG
for the BO and BF bulls. However, the NG bulls showed a lower (P < 0.05) ADG than both the BO
and BF bulls. During both the 142" and 177" day of the performance evaluation there was no difference
(P > 0.05) in ADG between the BM, BO and BF bulls. During this time period the NG bulls had a lower (P <
0.05) ADG.

At the end of the performance evaluation on the 205" day the BF bulls had a higher (P < 0.05) ADG
than any of the other breeds. There were no differences (P > 0.05) between the BM and BO bulls, as well
as the BO and NG bulls. The BM bulls had a higher (P < 0.05) ADG than the NG bulls. The bulls showed a
decline in ADG from the 177" day, towards the end of the evaluation, which is difficult to explain. The decline
in ADG in both the NG and BF bulls took place less rapidly than the BM and BO bulls. Rainfall was relatively

high and occurred frequently until the end of the performance evaluation period.
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4.3.5 Cumulative Average Daily Gain in Year 5

The cumulative ADG of bulls in year 5 are represented in Figure 4.3.5. After the 30" day of the
performance evaluation there was no difference (P > 0.05) in ADG for the NG and BM bulls. Their ADG
were higher (P < 0.05) than that of the BO and BF bulls. No difference (P > 0.05) was observed between the
BO and BF bulls. On the 57" day the BM bulls had a higher (P < 0.05) ADG than the BO and BF bulls,
with no difference (P > 0.05) between them and the NG bulls. The ADG for the NG bulls was higher (P <
0.05) than the BF bulls, but there was no difference (P > 0.05) between them and the BO bulls. There was no
difference (P > 0.05) between the BO and BF bulls. On the 79" day the BM bulls had a higher (P < 0.05)
ADG than both the BO and BF bulls, with no difference (P > 0.05) between the BM and NG bulls. There
was also no difference (P > 0.05) between the NG, BO and BF bulls.
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Figure 4.3.5 Representation of cumulative average daily gain (grams/day) for the bulls between 2005 and
2006 in the Vrede district of the Free State, South Africa

The slow growth in the first phase of all the breeds is difficult to explain up to the 79" day of the
performance evaluation. All the conditions were favourable to sustain high growth rates. Rainfall occurred
frequently and high rainfall was recorded in November 2005. However, the majority of the rainfall might
have only occurred late in November, which probably resulted in slow vegetation growth and recovery of the

veld.
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The BM bulls had a higher (P < 0.05) ADG than the BO, BF or NG bulls for the remainder of the
performance evaluation. There was no difference (P > 0.05) between the BO, BF and NG bulls.

4.3.6 Cumulative Average Daily Gain in Year 6

The cumulative ADG of bulls in year 6 is represented in Figure 4.3.6. After the 32" day of the
performance evaluation the BM, BO and BF bulls had a higher (P < 0.05) ADG than the NG bulls, with no
difference (P > 0.05) between the three breeds. On the 62" day the BM bulls had a higher (P < 0.05) ADG
than the BO and NG bulls. Both the BO and BF bulls had a higher (P < 0.05) ADG than the NG bulls, with
no difference (P > 0.05) between them. The BM, BO and BF bulls showed a higher (P < 0.05) ADG than
the NG bulls on the 96" day, with no difference (P > 0.05) between them. For the remainder of the
performance evaluation the BM bulls had a higher (P < 0.05) ADG than both the BO and NG bulls. The BO
and BF bulls showed a higher (P < 0.05) ADG than the NG bulls, with no difference (P > 0.05) between
the two breeds.
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Figure 4.3.6 Representation of cumulative average daily gain (grams/day) for the bulls between 2006 and
2007 in the Vrede district of the Free State, South Africa

It was expected that for each year the cumulative ADG charts would look like the chart for year 6 (Dr.
H. Dreyer, Vrede hannesdreyer@vodamail.co.za). With the composite breeds recording significantly (P <
0.05) higher ADG than the NG bulls and the BM bulls dominate the composite breeds. The BF bulls follow

the BM bulls, with little difference between them and the BO bulls. Furthermore, it was also expected that
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the bulls would follow a steady positive growth rate towards their FLW over the performance evaluation
period with no loss of live weight (Dr. H. Dreyer, Vrede hannesdreyer@vodamail.co.za).

During this year high rainfall was recorded over the course of the performance evaluation period, which
should have sustained optimal vegetation growth. There was no period where rainfall might have had a
limiting effect on the availability of vegetation for grazing.

4.3.7 Cumulative Average Daily Gain in Year 7

The cumulative ADG of bulls in year 7 is represented in Figure 4.3.7. After the 27" day the BM bulls
had a higher (P < 0.05) ADG than the BO and NG bulls. There were also differences (P < 0.05)
between the BF and NG bulls. No difference (P > 0.05) was observed between the four breeds after the 57"
day. On the 97" day the BO and BM bulls had a higher (P < 0.05) ADG than the NG bulls, with no difference
(P > 0.05) between the two breeds and the BF bulls. There was also no difference (P > 0.05) between the BF
and NG bulls.

On the 132" day there was no difference (P > 0.05) between the four breeds. The BO and BM bulls
showed a higher (P < 0.05) ADG than the NG bulls on the final day, with no difference (P > 0.05) between
the BO or BM bulls and the BF bulls. There was also no difference (P > 0.05) between the NG and BF bulls
on this day.
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Figure 4.3.7 Representation of cumulative average daily gain (grams/day) for the bulls between 2007 and
2008 in the Vrede district of the Free State, South Africa

52



During this year grazing conditions were probably favourable to sustain a relative high ADG
as a result of the good raining season. Rainfall occurred frequently and high precipitation were recorded in
the period of vegetation growth. The indigenous NG bulls performed well in this year and it is difficult to
explain why the composite breeds did not outperform the NG bulls for the entire evaluation period.

4.3.8 Cumulative Average Daily Gain in Year 8

The cumulative ADG of bulls in year 8 is represented in Figure 4.3.8. After the 42" day the NG bulls
had a higher (P < 0.05) ADG than the BO and BF bulls, with no difference (P > 0.05) between the NG and
BM bulls. There was no difference (P > 0.05) between the BM, BO and BF bulls. On the 62" day the NG
and BM bulls had a higher (P < 0.05) ADG than the BF bulls, with no difference (P > 0.05) between these
three breeds and the BO bulls.
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Figure 4.3.8 Representation of cumulative average daily gain (grams/day) for the bulls between 2008 and
2009 in the Vrede district of the Free State, South Africa

The NG bulls showed a higher (P < 0.05) ADG compared to the other three breeds on the 91% day of
the performance evaluation. Furthermore, the BM bulls also showed a higher (P < 0.05) ADG compared
to the BO and BF bulls, with no difference (P > 0.05) between the BO and BF bulls. For the remainder of the
evaluation there were no differences (P > 0.05) between the four breeds.

High summer rainfall occurred in year 8 after a dry spring. This probably resulted in vegetation to
recover later in the performance evaluation period. During these harsh conditions in the start of the

performance evaluation period, the NG bulls had an advantage over the composite breeds and therefore
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outperform them. This can be attributed towards the NG breed’s indigenous origin (Porter, 1991). Over the
decades the NG breeds have adapted themselves better to the southern African environment through the
breeding practices that have been applied to maintain the NG breed (Matjuda et al., 2014). Only one copy of
a gene tends to be sufficient, with dominant gene action, in order for an animal to cope with a specific stress.
Moreover, the process of selection has favoured these dominant genes with a positive effect on adaptation
and performance (Scholtz et al., 2010). This adaptation advantage helps the NG breed to perform better when
the conditions are harsh and less favourable for growth of the other breeds.

4.3.9 Cumulative Average Daily Gain in Year 9

The cumulative ADG of bulls in year 9 is represented in Figure 4.3.9. The BF bulls showed a higher (P
< 0.05) ADG compared to the other three breeds for the entire duration of the performance evaluation period.
On both the 27" and 61° day of the performance evaluation the NG bulls also showed a higher (P < 0.05)
ADG than the BO and BM bulls. For the remainder of the performance evaluation period there were no
differences (P > 0.05) observed between the BM, BO and NG bulls.
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Figure 4.3.9 Representation of cumulative average daily gain (grams/day) for the bulls between 2009 and

2010 in the Vrede district of the Free State, South Africa

A drought occurred in 2009 with the first proper rainfall in January 2010. During year 8 there
was also below average rainfall for the Vrede district (Table 3.1). Throughout the adaptation period and for
the first three months of the performance evaluation the Vrede district only received 5.4 mm of rain. This

was the months of October, November and December 2009. The supply of moisture was probably insufficient
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for seed germination and the recovery of the veld. Furthermore, the below average rainfall in year 8,
probably resulted in a limited availability of standing hay for grazing in the winter. This probably
restricted grazing severely for the bulls. Therefore, a reduction in growth rate was expected by all four breeds.

The BO and BM bulls were the only breeds that showed an increase in the rate of growth from the start
of the performance evaluation period and up to the 124™ day. After this increase there was a slight decrease
towards the end of the performance evaluation period. The BF bulls started the evaluation at a very rapid
rate of growth, faster than for any breed at the start of the evaluation in any of the eleven years. It is
difficult to explain why the BF bulls had such a rapid rate of growth at the start of the performance
evaluation. The NG bulls also started the performance evaluation with a high growth rate, but both the NG and
BF bulls had a decrease in growth rate as time progressed from the start of the performance evaluation until
the end. It was expected for the NG bulls to show an increase in ADG, since their advantage over the
composite breeds made them better adapted to the harsh southern African environment and this allowed

them to perform better than the other breeds when poor circumstances prevailed.

4.3.10 Cumulative Average Daily Gain in Year 10

The cumulative ADG of bulls in year 10 are represented in Figure 4.3.10. After the 30" day of the
performance evaluation the BF bulls had a higher (P < 0.05) ADG than the other three breeds. The NG bulls
had a higher (P < 0.05) ADG than the BM and BO bulls during the same period, with no differences (P >
0.05) between the BO and BM bulls. The low growth rate of the bulls at the start of the performance
evaluation can be explained by the drought in year 9 and the first rainfall coming only at the end of October
2010 for the new season as the performance evaluation of the bulls started in the beginning of October 2010.
Furthermore, it can probably also be explained by possible weaning shock, a blunder during the adaptation
period or a lack of a proper adaptation period.

After the 70" day of the performance evaluation, all the breeds differed (P < 0.05) in ADG. The BF
bulls had the highest ADG, followed by the NG bulls, then the BO bulls and finally the BM bulls had the
lowest (P < 0.05) ADG. Vegetation probably recovered quickly after the first rainfall of the season in
October 2010, which allowed for compensatory growth of the bulls after the period of restricted feed
intake due to limited grazing. It is also possible that the bulls surpassed the negative effects of weaning shock
or poor adaptation.

For the remainder of the performance evaluation period until the last day of the performance evaluation
period, both the BF and NG bulls showed a higher (P < 0.05) ADG than the BO and BM bulls. The
decrease in growth rate for the BF bulls beyond the 70" day of the performance evaluation is difficult to
explain. Rainfall was high and occurred frequently throughout the summer of 2010 and continued in 2011,

which probably maintained vegetation growth and should have allowed for an increased growth rate. The NG
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bulls showed a steady growth rate towards the end of the evaluation, which again might be explained by the
effect of their frame size on maturity and growth rate.

The BO and BM bulls showed an increase in growth rate beyond the 70" day, with a more rapid
increase for the BM bulls. However, it was not different (P > 0.05) than the growth rate for the BO bulls. This
increase in growth rate may be explained by the positive effect of regained heterosis on the performance
of these composite breeds. However, it was not observed in the growth rate of the BF bulls.
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Figure 4.3.10 Representation of cumulative average daily gain (grams/day) for the bulls between 2010 and
2011 in the Vrede district of the Free State, South Africa

4.3.11 Cumulative Average Daily Gain in Year 11

The cumulative ADG of bulls in year 11 is represented in Figure 4.3.11. The BF bulls showed a higher
(P < 0.05) ADG than the other three breeds for the entire evaluation period, with the exception of the final
day where there were no differences (P > 0.05) in ADG between the BF and BO bulls. On the 26" day of
the performance evaluation period no differences (P > 0.05) between the BO, BM and NG bulls were
observed. Between the 63" and 102" day the NG bulls had a lower (P < 0.05) ADG than the BO bulls, with
no differences (P > 0.05) between the BO and BM bulls. On the 133" day the BO bulls recorded a higher (P
< 0.05) ADG than both the BM and NG bulls. There were no differences (P > 0.05) in ADG between the BM
and the NG bulls during this period. On the final day the ADG for the BM bulls were higher (P < 0.05) than
the ADG for the NG bulls.
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Although it was a dry year in general, rainfall occurred frequently over the evaluation period which
could have sustained vegetation growth. The sharp increase in growth rate at the end of the performance
evaluation period for all three of the composite breeds might have been a result of regained heterosis.
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Figure 4.3.11 Representation of cumulative average daily gain (grams/day) for the bulls between 2011 and
2012 in the Vrede district of the Free State, South Africa

4.4 Kleiber Ratio

The calculated Kleiber ratio (KR) values are summarised in Table 4.4.1. A difference (P < 0.05) in KR
can be attributed mainly to breed, year and their interactions with each other. The KR, defined as the growth
rate/metabolic weight, can be a useful indication of growth efficiency and it can be used as an indirect
selection criteria for feed conversion (Kleiber, 1932; Arthur et al., 2001; Abegaz et al., 2005). As the
KR-value increase the maintenance energy required decreases which implies that as ADG increases so does
metabolic weight (MW), and therefore more growth is obtained without an increase in maintenance energy
cost (Tedeschi et al., 2006; Hulbert, 2014).

Table 4.4.1 also contains the average KR values for all the bulls participated in a given year, as well as
an average KR value for each breed over the 11 years. The average KR for all bulls participating in a year
over the study period varied significantly (P < 0.05), with no difference (P > 0.05) between some of the
years. Higher (P < 0.05) values were observed during year 7 (10.36 + 0.105) and year 11 (10.27 +0.108),
with no difference (P > 0.05) between them. These results indicate that the bulls that participated during these

two years were efficient in utilizing the available vegetation for growth and had a lower requirement for
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maintenance energy per se (Crowley et al., 2014; Roshanfekr, 2014). The bulls with lower (P < 0.05) KR

values, being the least efficient over the performance evaluation period, were observed in year 4 (7.01
0.118), year 9 (7.17 £ 0.089) and year 10 (7.18 + 0.105), with no difference (P > 0.05) between them.

Table 4.4.1 The influence of season and breed on the bulls’ Kleiber ratio (+ standard deviation) between

2001 and 2012 in the Vrede district of the Free State, South Africa

Breed
Year BM BO BF NG Average
1 8.8%4 (£0.17) 9.6% (+0.23) 8.1% (£0.32) 9.2%24 (£0.31) 8.92pc (£0.132)
2 8.1'% (+0.21) 8.4124 (+0.23) 7.7% (x0.31) 8.7 (£0.29) 8.244 (£0.132)
3 8.2%¢ (+0.21) 7.5%¢ (+0.23) 7.8%4 (£0.28) 7.7%% (20.27) 7.81¢ (£0.125)
4 6.7% (x0.16) 7.0 (20.22) 7.3% (+0.29) 7.0% (+0.25) 7.01; (£0.118)
5 9.2%¢ (20.22) 8.4%4 (20.24) 8.3% (x0.31) 9.6%¢ (+0.23) 8.89. (£0.127)
6 8.6%qer (£0.22)  7.9% (+0.18) 7.7%4 (£0.29) 8.0%r (+0.14) 8.05¢¢ (£0.107)
7 10.0%, (+0.16) 10.4%, (x0.21) 9.9%, (+0.28) 11.1% (x0.17) 10.36, (£0.105)
8 8.7% (x0.15) 9.0% (+0.19) 9.1% (+0.23) 10.2%, (+0.16) 9.22y (£0.093)
9 6.2% (+0.15) 6.7% (+0.17) 7.8%e (£0.22) 8.0% (+0.16) 7.17¢ (£0.089)
10 6.2% (+0.16) 6.6% (+0.18) 7.5% (£0.22) 8.5 (£0.26) 7.18¢ (£0.105)
11 9.6% (+0.18) 10.5%, (+0.18) 10.7%, (x0.22) 10.3%, (£0.27) 10.27, (£0.108)
Average 8.222 (+0.055) 8.362 (+0.062) 8.352 (+0.082) 8.94! (+0.071)

123 Rows with different superscript differ (P < 0.05)

abedefigh Columns with different subscript differ (P < 0.05)

Year 1 = 2001-2002; Year 2 = 2002-2003; Year 3 = 2003-2004; Year 4 = 2004-2005; Year 5 = 2005-2006; Year 6 =
2006-2007; Year 7 = 2007-2008; Year 8 = 2008-2009; Year 9 = 2009-2010; Year 10 = 2010-2011; Year 11 = 2011-2012
BM = Beefmaster; BO = Bonsmara; BF = Braford; NG = Nguni

4.4.1 The Kleiber Ratio within breed between years

The BM bulls showed a higher (P < 0.05) KR value in year 7. However, there were no differences
(P > 0.05) between the KR of year 7 (10.0 = 0.16) and year 11 (9.6 + 0.18). During both these years the
BM bulls also recorded a higher (P < 0.05) growth rate over the 11 years (Table 4.2.1). Both these years
were marked with relatively high and constant rainfall over the summer. This could have contributed to
sufficient vegetation growth which sustained favourable grazing conditions. These environmental conditions
allowed the BM bulls to express a higher (P < 0.05) efficiency than for any other year. The higher growth
rates during these years resulted in a lower maintenance energy requirement per se and therefor the BM
bulls were more efficient in year 7 and year 11.

Lower (P < 0.05) KR values were observed in year 9 (6.2 £0.15) and year 10 (6.2 = 0.16), with no
difference (P > 0.05) between them. During year 9 a drought occurred, with the previous year also receiving
precipitation below average (Table 3.1). Insufficient rainfall in year 9 and a possible carry-over effect in year

10 might have resulted in defoliated veld and insufficient quantities of vegetation to sustain a high growth
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rate. In both years the growth rate decreased as time progressed in the performance evaluation. As a
consequence the maintenance energy requirement for these bulls increased as a percentage of live weight
(LW) over the period and therefor lower (P < 0.05) KR values were recorded for the BM bulls in both these
years.

Similar to the BM bulls, the BO bulls also showed higher (P < 0.05) KR values during year 7 (10.4 +
0.21) and year 11 (10.5 £ 0.18) with no difference (P > 0.05) between them. The same environmental influences
that contributed to the efficiency and high KR values in the BM bulls had a related positive effect on the BO
bulls. Lower (P < 0.05) KR values were observed for the BO bulls in year 4 (7.0 + 0.22), year 9 (6.7 £ 0.17)
and year 10 (6.6 + 0.18), with no difference (P > 0.05) between them. The unexplained decline in growth
rate at the end of the performance evaluation (Figure 4.3.4) resulted in a lower (P < 0.05) ADG for the BO
bulls in year 4. Since the ADG for the BO bulls were very low in year 4 and ADG is directly related to KR
(Nkrunah, 2004; Van der Westhuizen & Van der Westhuizen, 2009), it was expected to observe a low KR
value in year 4.

The BF bulls showed a higher (P < 0.05) KR value in year 11 (10.7 £ 0.22). The rainfall in year 11 was
relatively high and constant throughout the spring and summer compared to the other years in the study. These
conditions possibly sustained vegetation growth and sufficient quantities to support an increasing growth rate
over the performance evaluation period. The increased growth rate resulted in a reduction in maintenance
energy requirements as a percentage of LW, making the BF bulls more efficient in utilizing vegetation and
converting it to meat in year 11. The lowest KR value for the BF bulls was observed in year 4 (7.3 £ 0.29).
However, there was no difference (P > 0.05) between the KR value of year 4 and year 1 (8.1 £ 0.32), year 2
(7.7£0.31), year 3 (7.8 £0.28), year 6 (7.7 £0.29), year 9 (7.8 £ 0.22) and year 10 (7.5 £ 0.22). Poor adaptation
and a negative growth rate in the final phase of the performance evaluation period of the BF bulls in year 4
possibly contributed to the low overall ADG. Since ADG is directly correlated to KR, the BF bulls also
recorded a low KR value in this year.

The NG bulls showed a higher (P < 0.05) KR value in year 7 (11.1 + 0.17). During this year the
rainfall was high during the spring and early summer, with low rainfall in the late summer and early autumn.
These climatic conditions possibly maintained a constant, positive growth rate for the NG bulls and the NG
bulls achieved a higher (P < 0.05) ADG at the end of the performance evaluation in year 7. The higher ADG
for the NG bulls in this year contributed towards them being more efficient (P < 0.05) over the course of
year 7. The NG bulls had a lower (P < 0.05) KR value in year 4 (7.0 £ 0.25) and year 3 (7.7 £ 0.27), with no
difference (P > 0.05) between them. Due to the weight loss at the start of the performance evaluation and the
slight negative growth rate at the end of the evaluation in year 4, the NG bulls obtained a very low ADG. In
year 3 the negative growth rate at the start and the lack of compensatory growth towards the end of the
evaluation, resulted in low ADG for the NG bulls. This contributed to higher maintenance requirements as a

percentage of LW and ultimately the NG bulls’ lower (P < 0.05) efficiency in those years.
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4.4.2 Kleiber Ratio between breeds

There were no differences (P > 0.05) between the BM (8.22 £ 0.055), BO (8.36 + 0.062) and BF (8.35
+ 0.082) bulls for the average KR value over the 11 years. However, the NG (8.94 + 0.071) breed had higher
(P < 0.05) KR values. The NG bulls showed higher (P < 0.05) KR values during year 7 (11.1 = 0.17), year 8
(10.2 £ 0.16) and year 10 (8.5 + 0.26) compared to the other three breeds. Furthermore, the KR values of the
NG bulls were higher (P < 0.05) than the BF (7.7 £ 0.31) bulls in year 2 (8.7 £ 0.29); the BO (8.4 + 0.24)
and the BF (8.3 £ 0.31) bulls in year 5 (9.6 £ 0.23); and the BM (6.2 £ 0.15) and BO (6.7 + 0.17) bulls in
year 9 (8.0 £ 0.16).

These results indicate that the NG breed is more efficient in utilizing natural vegetation for growth
(Mpofu et al., 2017). Furthermore, it is an indication that more energy was available for growth, since the NG
breed has a lower requirement for maintenance energy per se. However, lower (P < 0.05) ADG was observed
for the NG bulls in this study (Table 4.2.1). This indicates that even though the NG bulls utilize vegetation
with greater efficiency, they grow at a slower rate per se but the growth as a percentage of body weight
is higher than the other breeds. Furthermore, the NG breed is better adapted to the environment than the
composite breeds due to their indigenous origin and therefore they are more efficient (Bester et al., 2003;
Webb & Casey, 2010). However, Mukuahima (2007) observed no difference (P > 0.05) in KR values between
NG bulls and either BM or BO bulls under the same environmental circumstances.

As mentioned above, there is very little separation between the composite breeds in terms of KR
values with no significant (P > 0.05) difference between the averages over the study period. Numerically the
BO bulls are more efficient. This may be explained by the indigenous Afrikaner bloodline in their origin. If
it’s being taken into account the average KR value for each of the composite breeds and compare it on a similar
weight basis of 380 kg, according to Kleiber (1932), the BM bulls will realise an ADG of 707 g/day, the BF
bulls 719 g/day and the BO bulls 720 g/day. However, since there is no significance (P > 0.05) between their
KR values, it is not possible to conclude on a superior efficiency for either of the composite breeds.

The results from this study are a strong indication that adaptation has a significant effect on efficiency.
It needs to be emphasised that the success in beef cattle production is not in any way dependent on large
cattle. Such animals may be in popular demand at livestock shows and even in stud breeding, but they

may be ineffective in livestock production for profit if the production environment doesn’t allow it.

4.5 Body Condition Score

The LSM for body condition score (BCS) is represented in Table 4.5.1. A difference (P < 0.05) in BCS
can mainly be attributed to breed, year and their interactions. Statistical illustration of significance within a
breed between years was not possible due to the lack of consistency in the duration of the trial period between

years as well as the timing of scorings between years. During each year three scores were reported, although
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in some years more than three scores were recorded. Body Condition Score 1 was recorded in the beginning
of the evaluation, BCS 2 during the middle and BCS 3 at the end of the performance evaluation period.

4.5.1 Body Condition Score between breeds within a year

The composite bull breeds showed no difference (P > 0.05) between most of the individual BCS over
the 11 years. In year 2 the BO bulls had lower (P < 0.05) BCS 1 than the BM and BF bulls, but there was no
differences (P > 0.05) between BCS 2 and BCS 3. Similar results were recorded in year 4, year 7, year 8 and
year 11. In year 6 there was no differences (P > 0.05) between the BCS 1 scores of the composite bulls.
However, the BO bulls had a higher (P < 0.05) BCS 3 than that of the BF bulls, with no difference (P > 0.05)
between the BCS 3 of the BO and BM bulls. During year 9 the BO bulls had a lower (P < 0.05) BCS than
either the BM or BF bulls for each recording throughout the year. Similar results was recorded in year 10.

The NG bulls started each year with a lower (P < 0.05) BCS than the composite bulls, with the exception
of year 3 and year 5 where there were no difference (P > 0.05) in BCS 1 for the NG bulls and either one of the
three composite bulls. However, in year 1, year 5, year 7, year 10 and year 11 there were no difference (P >
0.05) in BCS 3 for the NG bulls and either of the composite bulls. Furthermore, in year 4 the NG bulls had a
higher (P < 0.05) BCS 3 than either of the composite bulls. In year 2, year 3, year 6 and year 9 there was either
no difference (P > 0.05) in BCS 3 between the NG bulls and some of the composite bull breeds or the NG bulls
had a higher (P < 0.05) BCS 3 than the rest of the composite bull breeds during the specific year. Year 8 is the
only year where one of the composite bulls had a higher (P < 0.05) BCS 3 than the NG bulls. The BF bulls had
the highest (P < 0.05) BCS 3 with no difference (P > 0.05) between the NG bulls and either the BM or BO
bulls.

The change in body condition and the shift from a higher (P < 0.05) BCS in the composite bulls at the
start of the performance evaluation towards higher (P < 0.05) scores in the indigenous NG breed at the end of
the performance evaluation period is related to the difference in their rate of maturity. The smaller framed
NG bulls tend to reach their maturity earlier compared to the medium to large framed composite bulls
(Marshall et al., 1984; Vargas et al., 1999). As the bulls reach maturity, growth rate slows down as fat
deposition sets in. The rate of fat deposition is occurring at a more rapid rate in small framed early maturing
breeds (Griffin et al., 1992; Weglarz, 2010). This contributes to a pleasing visual appraisal of the condition of
the bulls and ultimately led to a higher score. In the trial by Laborde et al. (2001), they found that the late
maturing Simmental needed 71 more days to reach the same level of back fat thickness (10 mm) than the early
maturing Red Angus, with a lower (P < 0.05) efficiency for the Simmental breed and no difference (P > 0.05)

in the growth rate between the breeds.
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Table 4.5.1 The influence of breed on body condition scores (+ standard deviation) of bulls from 2001 until

2012 at regular intervals over their performance evaluation in the Vrede district of the Free State, South

Africa
Year Score BM BO BF NG
BCS1 3.11 (+£0.04) 3.1 (+0.06) 3.1 (+0.08) 2.82 (+0.08)
1 BCS 2 3.1t (+0.04) 3.1 (+0.05) 3.21 (+0.07) 3.21 (+0.07)
BCS 3 3.3 (+0.05) 3.1 (+0.07) 3.1 (+0.10) 3.31 (+0.10)
BCS1 2.2 (+0.06) 1.9% (£0.06) 2.1' (+0.08) 1.7% (+0.08)
2 BCS 2 3.4 (+0.06) 3.31 (+0.07) 3.22(+0.09) 3.22 (+0.09)
BCS 3 3.6% (+0.08) 3.42 (+0.09) 3.52 (+0.12) 3.9! (+0.11)
BCS1 2.3 (+0.06) 2.3 (+0.07) 2.4 (+0.08) 2.2 (+0.08)
3 BCS 2 3.4 (+0.05) 3.41 (+0.06) 3.31 (+0.07) 3.31 (+0.07)
BCS 3 3.52 (+0.05) 3.6%2 (+0.05) 3.512 (+0.07) 3.7 (+0.06)
BCS1 2.7 (+0.06) 2.32 (+0.08) 2.7' (£0.11) 2.22 (+0.09)
4 BCS 2 3.11 (+0.05) 3.0 (+0.06) 3.212 (+0.08) 3.1'2 (+0.07)
BCS 3 3.7% (+0.06) 3.52 (+0.08) 3.62 (+0.10) 3.9! (+0.09)
BCS1 2.4 (£0.07) 2.4 (£0.07) 2.5! (+0.10) 2.3 (+£0.07)
5 BCS 2 3.21 (+0.08) 3.21 (+0.08) 3.31 (x0.11) 3.21 (+0.08)
BCS 3 3.5! (+0.06) 3.7! (+0.06) 3.6t (+0.08) 3.5! (+0.06)
BCS1 1.7 (+0.06) 1.8! (+0.05) 1.7* (+0.08) 1.5% (£0.04)
6 BCS 2 1.8! (+0.06) 1.8! (+0.04) 1.7 (x0.07) 1.7* (x0.03)
BCS 3 2.912 (+0.07) 3.0t (+0.06) 2.7 (+0.09) 3.0t (+0.05)
BCS1 1.9% (x0.01) 1.5% (20.13) 1.91 (+0.18) 1.4% (£0.11)
7 BCS 2 2.91(x0.10) 2.32 (+0.13) 2.7'? (£0.18) 2.7'? (20.11)
BCS 3 5.3! (+0.10) 5.3 (+0.14) 5.4! (+0.18) 5.5 (+0.11)
BCS 1 3.4 (+0.09) 2.82 (+0.11) 3.31 (+0.13) 2.5° (+0.09)
8 BCS 2 4.2 (£0.08) 3.9 (+£0.09) 4.2 (£0.11) 4.1 (+0.08)
BCS 3 6.42 (+0.09) 6.42 (£0.12) 7.0 (£0.14) 6.3 (£0.10)
BCS1 3.7t (+0.07) 3.22 (+0.08) 3.8! (+0.11) 3.0° (+0.08)
9 BCS 2 3.9 (+0.08) 3.72 (+0.08) 4.2 (£0.11) 3.62 (+0.08)
BCS 3 5.8! (+0.08) 5.32 (+0.08) 6.1 (£0.11) 5.7! (+0.08)
BCS1 3.8 (+0.08) 3.02 (+0.09) 3.7t (£0.11) 2.6 (£0.13)
10 BCS 2 3.82 (+0.07) 3.62 (+0.09) 4.1 (+0.10) 3.91? (+0.12)
BCS 3 6.1! (+0.07) 5.82 (+0.09) 6.1! (+0.10) 6.11% (£0.12)
BCS1 3.6 (+0.09) 2.9? (£0.10) 3.7t (£0.12) 2.62 (£0.14)
11 BCS 2 3.9 (+0.08) 3.7'? (+0.08) 4.0! (£0.10) 3.42 (+0.12)
BCS 3 6.0* (£0.09) 6.2! (+0.09) 6.3! (0.11) 6.3! (+0.13)

123 Rows with different superscript differ (P < 0.05)

Year 1 = 2001-2002; Year 2 = 2002-2003; Year 3 = 2003-2004; Year 4 = 2004-2005; Year 5 = 2005-2006; Year 6 =
2006-2007; Year 7 = 2007-2008; Year 8 = 2008-2009; Year 9 = 2009-2010; Year 10 = 2010-2011; Year 11 = 2011-2012
BCS = Body condition score; BM = Beefmaster; BO = Bonsmara; BF = Braford; NG = Nguni

4.6 Muscling Score

The LSM for muscle score (MS) is presented in Table 4.6.1 and the LSM for muscle score
of the back muscles (MSb) is presented in Table 4.6.2. The variation in the duration of the performance

test between different seasons resulted in the rejection of statistical illustration of difference (P > 0.05) between
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years within a breed for both MS and MSb. Therefore, breed had the largest influence on the variation within
a year. Muscle scores are rewarded independently from BCS, as only the visual appraisal of the various muscle
groups, as stipulated in Chapter I11, were taken into consideration.

4.6.1 Muscle Scores between breed within year

Low occurrences of differences (P < 0.05) over the 11 years between the composite bulls were observed,
with the exception of a few years. During year 2 a higher (P < 0.05) MS was recorded for the BM bulls
compared to the BO bulls, with no difference (P > 0.05) between the BF bulls and either the BM or BO bulls.
In year 5 the BF bulls had a higher (P < 0.05) MS than the BM bulls, with no difference (P > 0.05) between
the BO bulls and the BM or BF bulls. During year 10 both the BM and BF bulls had a higher (P < 0.05) MS
than the BO bulls.

The NG bulls had a lower (P < 0.05) MS than any of the three composite bulls in year 3, year 5 and year
10. In year 1, year 2 and year 7 the NG bulls recorded a lower (P < 0.05) MS than the BM bulls; while in
year 4, year 9 and year 11 their MS were lower (P < 0.05) than both the BM and BF bulls. In year 6 the NG
bulls recorded a lower (P < 0.05) MS than the BO bulls, with a lower (P < 0.05) MS than the BF bulls in year
8.

Table 4.6.1 The influence of breed on muscle scores (£ standard deviation) of bulls between 2001 and 2012 in
the Vrede district of the Free State, South Africa

Year BM BO BF NG

1 3.31(x0.05) 3.212(0.07) 3.2 (20.10) 3.02(x0.10)
2 3.8 (+0.08) 3.42 (£0.09) 3.7%2 (+0.12) 3.5%2 (+0.12)
3 3.71 (+0.06) 3.6 (+0.06) 3.71 (£0.07) 3.22 (+0.07)
4 3.7 (x0.06) 3.512 (+0.08) 3.8 (x0.11) 3.52 (+0.09)
5 3.52 (+0.06) 3.6% (+0.06) 3.71 (£0.08) 3.3% (+0.06)
6 3.0%2 (+0.09) 3.1! (£0.07) 2.9%2 (+0.12) 2.9 (+0.06)
7 3.5 (x0.07) 3.412 (+0.09) 3.512 (+0.13) 3.22 (+0.08)
8 5.812 (+0.13) 5.812 (+0.16) 6.0 (x0.20) 5.52 (+0.14)
9 5.3! (+0.10) 5.012 (+0.11) 5.21 (+0.14) 5.02 (+0.10)
10 5.9 (+0.09) 5.62 (+0.10) 6.0 (+0.12) 5.13 (+0.15)
11 6.0! (+0.10) 5.812 (+0.10) 6.0 (+0.12) 5.52 (+0.15)

123 Rows with different superscript differ (P < 0.05)

Year 1 = 2001-2002; Year 2 = 2002-2003; Year 3 = 2003-2004; Year 4 = 2004-2005; Year 5 = 2005-2006; Year 6 =
2006-2007; Year 7 = 2007-2008; Year 8 = 2008-2009; Year 9 = 2009-2010; Year 10 = 2010-2011; Year 11 = 2011-2012
BM = Beefmaster; BO = Bonsmara; BF = Braford; NG = Nguni

The anatomical distribution of muscle mass in different breeds of cattle is fairly constant (Bouquet et

al., 2010), with differences attributed to their frame size and genetic origin (Fortin et al., 1981). The results

from this study indicated that the influence of the Bos taurus bloodline in the origin of the composite bulls had
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a greater effect on muscling. This is due to the fact that Bos indicus breeds are usually moderately muscled,
while the Bos taurus breeds are medium to heavily muscled (Perry et al., 1993; McKiernan, 1995).

4.6.2 Muscle Scores of the back muscles between breed within year

No differences (P > 0.05) were observed for muscle scores of the back muscles (MSb) between all four
breeds in year 11 (Table 4.6.2). During year 8 the BF bulls recorded a higher (P < 0.05) MSh than the BO
bulls. In year 9 the BO bulls had a lower (P < 0.05) MSb than the other three breeds. In year 10 the BO
bulls had a lower (P < 0.05) MSb than both the BM and BF bulls, while the BF bulls also had a higher (P <
0.05) score than the NG bulls (Table 4.6.2).

Table 4.6.2 The influence of breed on muscle scores of the back muscles (z standard deviation) of bulls
between 2008 and 2012 in the Vrede district of the Free State, South Africa

Year BM BO BF NG
8 5.9%2 (0.11) 5.62 (+0.13) 6.0! (+0.16) 5.72 (+0.11)
9 5.6 (+0.09) 5.02 (+0.10) 5.7! (+0.13) 5.41 (+0.10)
10 5.712 (+0.09) 5.2% (+0.10) 5.9 (+0.12) 5.523 (+0.14)
11 6.1! (+0.10) 5.8 (+0.11) 5.9 (+0.13) 5.8 (+0.16)

123 Rows with different superscript differ (P < 0.05)
Year 8 = 2008-2009; Year 9 = 2009-2010; Year 10 = 2010-2011; Year 11 = 2011-2012
BM = Beefmaster; BO = Bonsmara; BF = Braford; NG = Nguni

The weaker performance of the BO bulls in terms of the score for back muscle can possibly be attributed
to the Afrikaner bloodline in their origin. It is known that the Afrikaner breed is well adapted to the harsh
southern African conditions, and it is for this reason that the Afrikaner breed was used in the development of
the BO breed (Bonsma, 1949). As a consequence the BO breed also inherited moderate muscling ability from
the Afrikaner breed (Maree & Casey, 1993).

4.7 Temperament Score

The LSM for temperament score (TS) is represented in Table 4.7.1. The variation in the duration of
each evaluation period between different years prevented statistical illustration of differences (P < 0.05)
between years within a breed. Therefore, breed had the largest influence on the variation within a year. During
each year three scores were reported, although in some years more than three scores were recorded.
Temperament score 1 was recorded in the beginning of the evaluation, TS 2 during the middle and TS 3 at the

end of the performance evaluation period.

64



4.7.1 Temperament Scores between breeds within a year

The data in Table 4.7.1 shows that during year 3 no differences (P > 0.05) in TS were recorded from
the start of the performance evaluation till the end between all four breeds. During year 1, year 4, year 5 and
year 7 there was no difference (P > 0.05) between all four breeds for TS 2 and TS 3. In year 1 the NG
bulls had a lower (P < 0.05) TS 1 than either the BM or BF bulls, while the BF bulls had a higher (P <
0.05) TS 1 than the other three breeds. In year 4 and year 5 the BM bulls recorded a higher (P <0.05) TS
1 than the BO bulls. In year 7 the BM bulls recorded a higher (P < 0.05) TS 1 than both the BF and NG bulls.
During year 2 the BM bulls recorded a higher (P < 0.05) TS 1 than both the BO and BF bulls, while both the
BM and NG bulls scored higher (P < 0.05) values for TS 3 than both the BO and BF bulls. No difference (P
> 0.05) was recorded between any of the four breeds for TS 2 during year 2.

During year 9 and year 10 no differences (P > 0.05) were recorded for both TS 1 and TS 2 between all
four breeds. In year 9 the NG bulls recorded a higher P < 0.05) TS 3 than the BF bulls, while in year 10 the
NG bulls had a higher (P < 0.05) TS 3 than any of the other three breeds. During year 6 the NG bulls
recorded a higher (P < 0.05) TS 2 than both the BM and BF bulls; while the BO bulls recorded a higher (P <
0.05) TS 1 than the BM and BF bulls, and for TS 3 than the other three breeds. During year 8 there were no
differences (P > 0.05) between all four breeds for TS 1. The BO bulls recorded a higher (P < 0.05) score than
any of the other three breeds for both TS 2 and TS 3. During year 11 the BO bulls recorded a higher (P <
0.05) TS 1 than the BM bulls, with higher (P < 0.05) TS 2 values than the BF bulls. At the end of year
11 there was no difference (P > 0.05) in TS 3 between all four breeds.

Higher TS for the composite breeds may be attributed to the Bos indicus bloodline in their origin
(Porter, 1991). Distinct differences in handling ease between the relatively docile Bos taurus and relatively
flighty Bos indicus cattle are well known (Hearnshaw et al., 1979; Becker & Lobato, 1997; Voisinet et al.,
1997; Burrow, 2001). However, large differences between individual breeds of Bos taurus cattle have also
been demonstrated, although individual reports are often conflicting (Hearnshaw & Morris, 1984; Gauly et
al., 2001; Boissy et al., 2005; Hoppe et al., 2010). In many cases, these reported differences are most likely
due to differences in the way in which cattle from the different breeds were raised and their level of exposure
to humans. Furthermore, heritability estimates vary between breeds, and are generally more for Bos indicus
breeds and crosses than for Bos taurus breeds. Bos taurus breeds of British and continental European origin
have been bred for longer, in less extensive conditions, with a higher level of human contact than Bos
indicus breeds. This history may have produced animals that are genetically less predisposed to fear humans
and being restrained, and will show less variation in response to handling (Burrow & Corbet, 2008; Prayaga
& Henshall, 2005; Beckman et al., 2007; Benhajali et al., 2010). Furthermore, the NG breed is predominantly
exposed to conditions with less human interaction or being accustomed to handling (Bonsma, 1949;
Armstrong & Meyer, 1986).
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Table 4.7.1 The influence of breed on temperament scores (+ standard deviation) of bulls from 2001 until

2012 at regular intervals over their performance evaluation in the Vrede district of the Free State, South

Africa
Year Score BM BO BF NG
TS1 1.592 (+0.084) 1.21'? (+0.116) 1.67° (+0.164) 1.15% (+0.158)
1 TS?2 1.80* (+0.103) 1.541 (+0.143) 1.58! (+0.202) 1.77* (0.194)
TS 3 1.59! (+0.087) 1.38! (+0.121) 1.25! (+0.171) 1.69! (+0.164)
TS1 2.00% (£0.144) 1.38! (+0.123) 1.46' (+0.168) 1.73'2 (£0.156)
2 TS 2 1.711 (+0.116) 1.46' (+0.125) 1.541 (+0.170) 1.53! (+0.159)
TS 3 1.83% (+0.098) 1.38! (+0.105) 1.31% (+£0.143) 1.87% (+0.133)
TS1 1.50! (+0.127) 1.42' (+0.137) 1.69! (+0.168) 1.471 (+0.163)
3 TS 2 1.611 (+0.141) 1.75' (+0.152) 1.69! (+0.187) 1.821 (+0.181)
TS 3 1.61! (+0.133) 1.46' (+0.144) 1.31% (+0.176) 1.411 (+0.171)
TS1 1.78% (+0.139) 1.28! (+0.145) 1.40% (+0.187) 1.70%2 (£0.162)
4 TS2 1.811 (+0.140) 1.64* (+0.146) 1.67* (+0.188) 1.45! (+0.163)
TS 3 1.63! (+0.144) 1.64! (+0.150) 1.47* (+0.193) 1.60! (+0.168)
TS1 1.40% (+0.083) 1.14* (+0.088) 1.15% (+0.115) 1.17%2 (+0.086)
5 TS 2 1.60! (+0.133) 1.73 (+0.142) 1.54! (+0.185) 1.61% (+0.139)
TS 3 1.60! (+0.117) 1.64! (£0.124) 1.23! (+0.162) 1.61! (+0.122)
TS1 1.28'2 (+0.093) 1.452 (+0.074) 1.07* (+0.120) 1.27%2 (+0.058)
6 TS 2 1.16' (0.112) 1.43'? (+0.089) 1.07* (+0.145) 1.472 (+0.070)
TS 3 1.20! (+0.079) 1.452 (+0.062) 1.00! (+0.102) 1.03! (+0.049)
TS1 1.962 (+0.139) 1.76'? (+0.185) 1.38! (+0.249) 1.49! (+0.152)
7 TS 2 1.69! (+0.115) 1.591 (+£0.153) 1.81% (+0.205) 1.511 (+0.125)
TS 3 1.49! (+0.107) 1.59! (+0.141) 1.38! (+0.190) 1.49! (+0.116)
TS1 1.28! (+0.066) 1.37* (+0.082) 1.29' (+0.099) 1.17* (+0.070)
8 TS 2 1.211 (+0.063) 1.462 (+0.078) 1.21% (+0.094) 1.08! (+0.066)
TS 3 1.38! (+0.069) 1.60? (+0.085) 1.25! (+0.102) 1.29! (+0.072)
TS1 1.20* (+0.065) 1.31* (x0.071) 1.321 (+0.095) 1.29! (+0.068)
9 TS 2 1.31! (+0.075) 1.24* (+0.083) 1.32 (+0.111) 1.31! (+0.080)
TS 3 1.30%2 (+0.077) 1.24%2 (+0.084) 1.12% (£0.113) 1.42% (+0.082)
TS1 1.241 (+0.073) 1.27* (+0.084) 1.30! (+0.099) 1.28! (+0.121)
10 TS 2 1.28 (£0.073) 1.19% (£0.084) 1.30% (£0.099) 1.39% (£0.121)
TS 3 1.321 (+0.088) 1.19! (+0.102) 1.221 (+0.119) 1.672 (+0.146)
TS1 1.18' (+0.081) 1.41% (+0.084) 1.31%2 (+0.100) 1.35% (£0.123)
11 TS 2 1.30%2 (+0.076) 1.43% (£0.079) 1.08 (£0.094) 1.29%2 (£0.117)
TS 3 1.08! (+0.059) 1.16* (+0.062) 1.15! (+0.073) 1.241 (+0.091)

123 Rows with different superscript differ (P < 0.05)

Year 1 = 2001-2002; Year 2 = 2002-2003; Year 3 = 2003-2004; Year 4 = 2004-2005; Year 5 = 2005-2006; Year 6 =
2006-2007; Year 7 = 2007-2008; Year 8 = 2008-2009; Year 9 = 2009-2010; Year 10 = 2010-2011; Year 11 = 2011-2012
TS = Temperament score; BM = Beefmaster; BO = Bonsmara; BF = Braford; NG = Nguni
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4.8 Scrotal Circumference

Scrotal circumference (SC) over the eleven years of the performance evaluation is summarised in Table
4.8.1, while SC as a percentage of FLW is summarised in Table 4.8.2. However, as mentioned earlier no data
were recorded in year 6 on SC and therefor it is not included in Table 4.8.1 or Table 4.8.2. Differences (P <
0.05) were attributed to breed, year, its interactions and the breeders within the breed x year interaction.

The overall total SC for the four breeds combined, within a specific year, varied between the eleven
years, with the variation being significant (P < 0.05) between some of the years. The highest SC for the four
breeds combined was observed in year 1 and year 2, which was higher (P < 0.05) than the SC for year 4,
year 5, year 8 and year 11. During year 8 a lower (P < 0.05) SC was recorded. However, there were
no differences (P > 0.05) between the SC in year 8 and the SC in year 3, year 4, year 5, year 7 and year 11.

The combined overall average SC for each individual breed over the performance evaluation period is
also reported in Table 4.8.1. The BM bulls had a higher (P < 0.05) SC than both the BO and NG bulls. Both
the BF and BO bulls had a higher (P < 0.05) SC than the NG bulls.

Table 4.8.1 The influence of season and breed on the scrotal circumference (centimeters + standard
deviation) of bulls from year 1 to 5 and 7 to 11 in the Vrede district of the Free State, South Africa

Breed
Year BM BO BF NG Average
1 35.22%, (£0.364) 32.92% (£0.504) 33.08%p (£0.712)  30.77%nhc (£0.684) 33.00, (+0.292)
2 33.39%, (+0.466) 33.46% (£0.504)  33.96%; (£0.684) 31.03%, (+0.637) 32.96, (+0.290)
3 33.16%c (+0.466) 33.35% (£0.504)  33.19%, (£0.617)  30.26%nbc (£0.598)  32.49apcq (20.275)
4 33.18% (+0.360) 31.68% (+0.493)  32.43'%, (£0.637) 31.15% (+0.552)  32.11cq (+0.260)
5 33.28% (+0.493) 33.09%p (£0.526)  33.15%, (+0.684) 29.137% (+0.514)  32.16pca (+0.280)
7 33.90% (+0.345) 32.62%pc (£0.458) 32.91'%; (£0.617) 29.97%c (20.376)  32.35apcq (+0.231)
8 32.97% (£0.339) 32.04% (£0.417) 32.54% (£0.504)  29.79%c (+0.356)  31.844 (+0.205)
9 33.77% (+0.336) 33.30% (£0.368)  33.30% (£0.493)  30.33%c (+0.356) 32.68anc (+0.197)
10 34.30% (20.349) 32.92%; (£0.406) 33.26'%; (£0.475) 30.78%; (x0.582)  32.81a (+0.230)
11 31.95% (+0.390)  32.54%p (£0.406) 34.11% (+£0.484)  29.74% (£0.598) 32.09.q (+0.238)
Ave 33.51!(+0.125) 32.79% (+0.146) 33.19%2(+0.189)  30.30° (+0.170)

123 Rows with different superscript differ (P < 0.05)

abed Columns with different subscript differ (P < 0.05)

Year 1 = 2001-2002; Year 2 = 2002-2003; Year 3 = 2003-2004; Year 4 = 2004-2005; Year 5 = 2005-2006; Year 7 =
2007-2008; Year 8 = 2008-2009; Year 9 = 2009-2010; Year 10 = 2010-2011; Year 11 = 2011-2012

BM = Beefmaster; BO = Bonsmara; BF = Braford; NG = Nguni; Ave = Average

4.8.1 Scrotal Circumference within breed between years

The BM bulls recorded a SC in year 1 (35.22 cm + 0.364) which was higher (P < 0.05) than the SC
recorded in any other year over the performance evaluation period, except for year 10. In year 11 (31.95 cm
+ 0.390) the BM bulls obtained a lower (P < 0.05) SC than for any other year. The BO bulls recorded
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their highest SC in year 2 (33.46 cm + 0.504), which was higher (P < 0.05) than the SC in year 4 and year
8. The BO bulls recorded a lower (P < 0.05) SC in year 4 (31.68 cm £ 0.493), with no differences (P > 0.05)
between the SC in year 4 and year 1, year 7, year 8, year 10 and year 11.

Very low variation in SC was observed for the BF bulls over the performance evaluation period. The
only difference (P < 0.05) in SC was between year 11 (34.11 cm + 0.484), with the highest SC, and year 4
(32.43 cm £ 0.637) and year 8 with the lowest SC. There was no differences (P > 0.05) in SC for the BF bulls
between these three years and any of the other years over the performance evaluation period. The NG bulls
recorded their highest SC in year 4 (31.15 cm £ 0.552) which was higher (P < 0.05) than the SC for the NG
bulls in year 5 and year 8. Scrotal circumference in year 5 (29.13 cm £ 0.514) was the lowest (P < 0.05) for
the NG bulls compared to the SC for the NG bulls in year 2, year 4 and year 10.

The genetic contribution of a sire in a herd and sire selection on efficiency of genetic progress in a
herd is well known. Scrotum circumference is easy to measure and inexpensive, which makes it the preferred
measure of fertility in beef cattle. Furthermore, SC also has moderate (Martinez-Velazquez et al., 2003) to
high (Bradfield et al., 2000; Eler et al., 2006) heritability estimates which provides an advantage for ease
of selection. Selection based on SC presents several advantages as stipulated previously. However, this study
focused on the variation in SC within and between breeds in different years over the performance evaluation
period.

It is clear from the results of this study that there is very little variation in SC between different years
within a specific breed. This indicates that it is possible that the environment may have very little influence
on the SC of the bulls, since changes in grazing conditions over the years had little impact on the size of the
SC. This was also observed by Mukuahima (2007). However, if change in SC over a specific year was
monitored with frequent measurements over the performance evaluation period, it is expected that there would
have been a marked difference in SC as time progressed. This is mainly due to the positive correlation
between SC and live weight (Swanepoel & Heyns, 1987), which indicates SC should change in accordance to
live weight change. It is also documented in the literature that it is possible for SC to decrease as time
progresses in a specific year while the weight of the bulls remain constant or increased slightly (Coulter &
Foote, 1976; Fields et al., 1979).

The diets the bulls receive might also have a significant effect on SC (Rekwot et al., 1987; Tegegne et
al., 1992; Brown, 1994). However, after the period of rapid growth has ended, there appears to be little
response in SC to nutrition (Van Demark et al., 1964; Coulter et al., 1987). Furthermore, Chacon et al.
(2002) reported no relationship (P < 0.05) between SC and environmental temperature, rainfall or changes in
body condition of bulls.

Since breeders have a set guideline provided by their respective breeder’s societies for SC at different
ages of the bulls in order to pass a breeding soundness evaluation, there is very little variation in SC within a
breed (Chenoweth et al., 1992). The outliers below average are usually not listed by the breeders for

performance evaluation.
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4.8.2 Scrotal Circumference between breeds within a year

The three composite breeds had a higher (P < 0.05) SC than the NG bulls in all the years of the
performance evaluation period, with the exception of year 4. During this year the NG bulls recorded a lower
(P < 0.05) SC than the BM bulls.

During year 2, year 3, year 5, year 8 and year 9 there were no differences (P > 0.05) in SC between the
composite breeds. In year 1 the BM bulls recorded a higher (P < 0.05) SC than either the BO or BF bulls. In
year 4, year 7 and year 10 the BM bulls recorded a higher (P < 0.05) SC than the BO bulls, with no differences
(P > 0.05) between the SC for the BF and BO bulls. In year 11 the BF bulls recorded a higher (P < 0.05) SC
than both the BM and BO bulls, with no differences (P > 0.05) in SC between the BM and BO bulls.

As previously discussed, frame size reflects the growth pattern and potential mature size of an animal
and there is a direct relationship between frame size and LW (Grona et al., 2002). With medium to large frame
sizes for composite bulls compared to the small to medium framed NG bulls (Dhuyvetter, 1995), which
resulted in higher (P < 0.05) FLW for the composite breeds compared to the NG bulls (Table 4.1.2). Due to
the positive correlation between SC and LW (Swanepoel & Heyns, 1987), the composite breeds recorded a
higher (P < 0.05) SC than the NG bulls. This also explain the higher (P < 0.05) SC for the BM bulls compared
to the BO bulls in some of the years.

4.8.3 Scrotal Circumference as a percentage of final live weight

As illustrated in Table 4.8.2 the NG bulls had a higher (P < 0.05) SC as a percentage of FLW than
any of the composite breeds, with the exception of year 2 where there were no differences (P < 0.05)
between the NG and BO bulls. The BO bulls had a higher (P < 0.05) SC as a percentage of FLW than both
the BM and BF bulls in year 1, year 4, year 9 and year 10. Similar results were observed by Mukuahima
(2007).

Scrotal circumference expressed as a percentage of FLW presents the relationship between the
breeding capacities of the bulls relative to their body size. However, the literature to support this statement
is limited. It might give us an indication of difference in fertility between breeds. The ability of the NG breed
to reproduce under harsh environmental conditions is well researched (Barnard & Venter, 1983; Scholtz,
1988; Du Plessis et al., 2006). Increased fertility in Bos taurus x Sanga crosses is due to additive gene
action while the fertility in Bos taurus x Bos indicus crosses decline compared to the pure-breds
(Maree & Casey, 1993).
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Table 4.8.2 The influence of season and breed on scrotal circumference as a percentage of final live weight
(z standard deviation) of bulls in the Vrede district of the Free State South Africa

Breed
Year BM BO BF NG Average
1 8.65% (+0.127) 9.43%, (£0.176) 8.58%qe (+0.249)  10.31%ycq (£0.239)  9.24. (+0.102)
2 7.74%;(+0.163) 9.04%eq (0.176)  8.75%cq (£0.239)  9.59% (+0.223) 8.78:¢(x0.101)
3 8.53%, (+0.163) 8.83%4¢ (+0.176)  8.60%qe (+0.216)  10.62%45¢ (+0.209)  9.15.4 (+0.096)
4 8.66°%, (+0.126) 9.46% (+0.172) 8.09%(+0.223)  10.14%qe (¥0.193)  9.09cq (£0.091)
5 8.25% (+0.172) 8.41% (+0.184) 8.24%4 (0.239)  9.79% (+0.180) 8.67¢(x0.098)
7 9.36%(+0.121) 9.16%.(+0.160)  9.29%,(+0.216)  10.70%5(+0.131)  9.63, (+0.081)
8 8.60% (+0.118) 8.71%¢ (£0.146)  8.61%4 (+0.176)  9.98% (+0.124) 8.974¢ (0.071)
9 9.06% (£0.117) 9.45%,(+0.129) 8.88% (+0.172)  10.87%,(+0.124)  9.57,(+0.069)
10 9.36% (£0.122) 10.02% (£0.142)  9.39%(+0.166)  11.04%,(+0.203)  9.95, (+0.083)
11 8.08% (+0.136) 8.39%, (£0.142)  8.62% (+0.169) 10.73%5(+0.209)  8.964e (+0.083)
Ave  8.632(+0.044) 9.09? (+0.051) 8.70° (+0.066) 10.38 (+0.059)

1234 Rows with different superscript differ (P < 0.05)

abedet CoOlumns with different subscript differ (P < 0.05)

Year 1 = 2001-2002; Year 2 = 2002-2003; Year 3 = 2003-2004; Year 4 = 2004-2005; Year 5 = 2005-2006; Year 7 =
2007-2008; Year 8 = 2008-2009; Year 9 = 2009-2010; Year 10 = 2010-2011; Year 11 = 2011-2012

BM = Beefmaster; BO = Bonsmara; BF = Braford; NG = Nguni; Ave = Average

4.9 Pelvic Score

Dystocia is a major concern in extensive cattle production systems, since it is not always possible to
monitor cows every day during the calving period. This is a major economic concern as it could lead to calf
and occasionally cow losses (Daly & Riese, 1992). As mentioned earlier selection for a larger pelvic area
(PA) is possible, and good results can be obtained by improved selection of pelvic height (PH) in the sire
(Green et al., 1988; Coopman et al., 2003).

As mentioned before, pelvic score (PS) was only measured in year 9, year 10 and year 11. The PH,
pelvic width (PW), PA and PA as a percentage of FLW is summarised in Table 4.9.1, Table 4.9.2, Table
4.9.3 and Table 4.9.4, respectively. Differences (P < 0.05) are attributed to breed, year, their interactions and

the breeders within the breed x year interaction.

4.9.1 Pelvic Height

The LSM for PH is summarised in Table 4.9.1. All four breeds had higher (P < 0.05) PH measurements
in both year 10 and year 11 compared to year 9, with no difference (P > 0.05) between year 10 and year
11. This indicates that the environment had very little effect on the PH measurements. However, it should
be taken into consideration that three years’ data might not be sufficient to draw conclusions as the bulls

were exposed to very similar conditions during these three years.
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In both year 9 and year 11 the NG bulls had lower (P < 0.05) PH measurements than the composite
breeds. In year 10 the NG bulls only had a lower (P < 0.05) measurement than the BM bulls. With the lower
(P <0.05) FLW of the NG bulls, it is expected that they would have been ranked last between the four breeds.
This is mainly because the PH measurement is in relation to the bull’s body measurements.

Table 4.9.1 The influence of season and breed on pelvic height (centimeters + standard deviation) of bulls
between 2009 and 2012 in the Vrede district of the Free State, South Africa

Breed
Year BM BO BF NG Average
9 13.96%, (+0.106) 13.422% (+0.116)  13.52% (+0.156)  13.06% (+0.112) 13.49, (+0.062)
10 14.41% (+0.110) 14.30%% (£0.128) 14.19%% (+0.150) 13.86% (+0.184) 14.19, (+0.073)
11 14.50% (+0.123)  14.59% (£0.128)  14.60% (£0.153)  13.24% (+0.189) 14.23, (+0.075)

Average 14.29! (+0.065) 14.10' (+0.072) 14.10! (+0.088) 13.392 (+0.095)
123 Rows with different superscript differ (P < 0.05)

ab Columns with different subscript differ (P < 0.05)
Year 9 = 2009-2010; Year 10 = 2010-2011; Year 11 = 2011-2012
BM = Beefmaster; BO = Bonsmara; BF = Braford; NG = Nguni

Between the composite breeds there were no difference (P > 0.05) in PH measurements for both year
10 and year 11. In year 9 the BM bulls had a higher (P < 0.05) PH measurement than both the BF and BO
bulls.

4.9.2 Pelvic Width

The LSM for PW is summarised in Table 4.9.2. Both the NG and BO bulls had no differences (P <
0.05) in PW measurements over the three years. The BM bulls recorded higher (P < 0.05) measures for
PW in both year 9 and year 10 compared to year 11. The BF bulls recorded a higher (P < 0.05) PW
measurement in year 11 compared to year 9, with no difference (P > 0.05) in PW between either these two
years and year 10. This is further evidence than the environment has minimal effect on pelvic measurements.

The NG bulls had lower (P < 0.05) PW measurements than the composite breeds in all three years. In
year 9 and year 10 the BM bulls had a higher (P < 0.05) PW measurement than any of the other breeds. In
these two years there was no difference (P < 0.05) in PW measurements between the BF and BO bulls. In
year 11 between the composite breeds, the BF bulls recorded a higher (P < 0.05) PW measurement than the
BM bulls, with no difference (P > 0.05) between these two breeds and the BO bulls.
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Table 4.9.2 The influence of season and breed on pelvic width (centimeters + standard deviation) of bulls
between 2009 and 2012 in the Vrede district of the Free State, South Africa

Breed
Year BM BO BF NG Average
9 11.59% (£0.091) 11.32% (x0.100) 11.16% (+0.134)  10.44% (+0.095) 11.13. (+0.053)
10 11.65% (£0.095) 11.53% (+0.110) 11.30%p (+0.129) 10.31% (+0.158) 11.19. (+0.063)
11 11.19% (+0.106) 11.41'%,(+0.110) 11.58% (+0.131) 10.21% (+0.162) 11.09, (+0.065)

Average 11.48'(+0.056) 11.42!(+0.062) 11.34' (#0.076)  10.322 (+0.082)
123 Rows with different superscript differ (P < 0.05)

ab Columns with different subscript differ (P < 0.05)
Year 9 = 2009-2010; Year 10 = 2010-2011; Year 11 = 2011-2012
BM = Beefmaster; BO = Bonsmara; BF = Braford; NG = Nguni

4.9.3 Pelvic Area

The LSM for PA is summarised in Table 4.9.3. There was no difference (P > 0.05) in PA
measurements between the years for the NG bulls. Differences (P < 0.05) were recorded in PA between
each year for the BF bulls. The BM bulls had a higher (P < 0.05) PA measurement in year 10 than in year
9. The BO bulls recorded a higher (P < 0.05) PA measurement in both year 10 and year 11 than in year 9.
The NG bulls had lower (P < 0.05) PA measurements than any of the other breeds for the entire performance
evaluation period.

Between the composite breeds the BM bulls recorded a higher (P < 0.05) PA than both the BF and
BO bulls in year 9. In year 10 the BM bulls had a higher (P < 0.05) PA than the BF bulls. Year 11, the BF
bulls had a higher (P < 0.05) PA than the BM bulls. In year 10 and year 11 there was no difference (P > 0.05)
in the PA between the BO bulls and either the BM or BF bulls. Nebraska research on 915 yearling bulls
indicated only small differences in the average PA among breeds, but the researchers observed a large
variation existing among bulls within a breed (Siemens, 1991).

Selecting for a large PA in bulls should result in increased PA of their heifer offspring (Deutscher, 1991).
Selecting bulls with a large PA, rather than by body weight alone, should be advantageous and should not
increase birth weight of calves born from the heifers of selected bulls (Deutscher, 1998). But allowing size and
PA to increase together can cause birth weight and PA to increase in a parallel fashion for calves born from

heifers sired by the selected bull (Ramirez-Valverde et al., 2001).
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Table 4.9.3 The influence of season and breed on pelvic area (square centimeters * standard deviation) of
bulls between 2009 and 2012 in the Vrede district of the Free State, South Africa

Breed
Year BM BO BF NG Average
9 162.08%, (+2.034) 152.28%,(+2.229)  151.14%(+2.990) 136.473,(+2.158) 150.50, (+1.191)
10 168.04%, (+2.114)  165.01'%, (+2.458) 160.31%,(+2.877) 143.01%,(+3.524) 159.09,(+1.397)
11 162.36%,(+2.364) 166.61'%,(+2.458) 169.14%,(+2.932) 135.443%,(+3.626) 158.39,(+1.444)
Ave 164.16'(+1.256) 161.30'(+1.376) 160.20'(+1.694) 138.312(+1.832)
2 Rows with different superscript differ (P < 0.05)

abc Columns with different subscript differ (P < 0.05)
Year 9 = 2009-2010; Year 10 = 2010-2011; Year 11 =2011-2012
BM = Beefmaster; BO = Bonsmara; BF = Braford; NG = Nguni; Ave =Average

4.9.4 Pelvic Area as a Percentage of Final Live Weight

The LSM for PA as a percentage of FLW is summarised in Table 4.9.4. Between the three years there
were no differences (P < 0.05) in the PA as a percentage of FLW for the NG bulls. All three of the composite
breeds had a higher (P < 0.05) PA as a percentage of FLW in year 10 of the performance evaluation period.
Furthermore, the NG bulls had a numerically higher PA as a percentage of FLW in year 10.

A possible carry over effect from the drought in year 9 resulted in lower FLW of the composite breeds
in year 10. This had a greater contribution towards the composite breeds’ lower PA as a percentage of FLW
than the actual PA of the bulls in year 10 per se.

Table 4.9.4 The influence of breed on pelvic area as a percentage of final live weight (+ standard deviation)
of bulls between 2009 and 2012 in the Vrede district of the Free State, South Africa

Breed
Year BM BO BF NG Average
9 43.51%, (+0.657)  43.29% (+0.720)  40.24% (£0.966)  48.99%, (+0.697)  44.01, (+0.385)

10 45.82% (+0.683)  50.29% (£0.794) 45392 (+0.929)  51.15% (+1.138)  48.16, (+0.451)
11 40.96% (+0.763)  42.97% (+0.794)  42.682% (+0.947)  48.73% (+1.171)  43.84, (+0.466)

Ave 43.43* (+0.406) 45.522 (+0.444) 42.773 (+0.547) 49.62' (+0.592)
12 Rows with different superscript differ (P < 0.05)

abe Columns with different subscript differ (P < 0.05)
Year 9 = 2009-2010; Year 10 = 2010-2011; Year 11 = 2011-2012
BM = Beefmaster; BO = Bonsmara; BF = Braford; NG = Nguni; Ave =Average

4.10 Hair Coat Score

The LSM for hair coat score (HCS) is represented in Table 4.10.1. As mentioned earlier, HCS was

only scored from year 4 and therefore only the data from year 4 to the end of the performance evaluation
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in year 11 was reported. Differences (P < 0.05) between breeds in a single year were influenced mainly by
breed. Statistical illustration of significance within a breed between years was not possible due to the lack of
consistency over the duration of the trial period between years as well as the timing of scorings between years.
During each year three scores were noted, although in some years more than three scores were noted. Hair
coat score 1 was recorded in the beginning of the evaluation, HCS 2 during the middle and HCS 3 at the end
of the performance evaluation period.

Table 4.10.1 The influence of breed on hair coat scores (£ standard deviation) of bulls from 2004 until 2012

at regular intervals over their performance evaluation in the Vrede district of the Free State, South Africa

Year HCS BM BO BF NG
HCS 1 2.32 (+0.12) 2.52 (+0.17) 2.72 (£0.22) 1.7' (0.19)

4 HCS 2 2.0% (+0.11) 1.92 (+0.14) 2.32 (+0.19) 1.3 (+0.16)
HCS 3 1.52 (+0.08) 1.42 (0.11) 1.72 (x0.14) 1.0 (0.12)

HCS 1 2.22 (£0.14) 2.12 (+0.15) 2.22 (0.20) 1.4 (x0.15)

5 HCS 2 1.92 (+0.13) 1.92 (+0.14) 2.5° (+0.18) 1.3 (0.13)
HCS 3 1.72 (x0.09) 1.512 (+0.10) 1.82 (x0.13) 1.3! (0.10)

HCS 1 3.42 (£0.13) 2.9 (+0.10) 3.5° (£0.17) 2.6 (+0.08)

6 HCS 2 1.92 (+0.11) 1.712 (+0.09) 2.12 (+0.15) 1.5 (0.07)
HCS 3 1.1! (x0.06) 1.1! (+0.05) 1.3! (+0.08) 1.2! (0.04)

HCS 1 3.32 (£0.11) 3.5% (+0.14) 3.8% (+0.20) 2.41 (0.12)

7 HCS 2 2.3? (+0.10) 2.8% (£0.13) 2.6% (+0.18) 2.0 (0.11)
HCS 3 1.22 (+0.04) 1.12 (+0.05) 1.22 (+0.06) 1.0' (0.04)

HCS 1 3.72 (£0.15) 4.2% (+0.18) 3.9% (£0.22) 3.21 (+0.16)

8 HCS 2 2.22 (+0.13) 2.6° (£0.16) 2.8 (+0.19) 1.7 (£0.14)
HCS 3 1.0' (0.03) 1.0 (0.03) 1.22 (0.04) 1.0 (0.03)

HCS 1 3.9° (£0.12) 3.8% (x0.13) 3.4%2 (+0.17) 3.21 (0.13)

9 HCS 2 2.0 (+0.10) 1.82 (+0.11) 1.72 (x0.14) 1.3 (+0.10)
HCS 3 2.13 (+0.09) 1.82 (+0.10) 2.1% (+0.13) 1.41 (+0.10)

HCS 1 3.9° (£0.12) 3.42 (£0.14) 3.32 (+0.17) 2.41 (0.21)

10 HCS2 2.4 (+0.11) 2.52 (+0.13) 2.12 (+0.15) 1.3 (+0.18)
HCS 3 1.312 (+0.07) 1.212 (+0.08) 1.42 (+0.10) 1.1 (0.12)

HCS 1 4.5% (+0.11) 4.12 (+0.11) 3.92 (0.14) 3.21 (0.17)

11  HCS?2 3.1 (0.14) 3.2% (0.15) 2.62 (+0.18) 1.6 (x0.22)
HCS 3 1.41 (+0.07) 1.12 (+0.08) 1.43 (0.09) 1.1 (0.11)

123 Rows with different superscript differ (P < 0.05)

Year 4 = 2004-2005; Year 5 = 2005-2006; Year 6 = 2006-2007; Year 7 = 2007-2008; Year 8 = 2008-2009; Year 9 =
2009-2010; Year 10 = 2010-2011; Year 11 = 2011-2012

BM = Beefmaster; BO = Bonsmara; BF = Braford; NG = Nguni

Long, thick and dark hair coats improve conservation and maintenance of body heat (Gray et al.,
2011). However, during periods of high temperatures and humidity, cattle are susceptible to heat stress. If
cattle overheat, problems with decreased fertility and growth can occur (Bilby et al., 2008). Elevated

environmental temperatures could negatively affect cattle with thick, woolly coats drastically more than
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those with slick, short summer coats. There is evidence that cattle that do not shed their winter coat
efficiently after the winter exhibit signs of impaired production traits, such as reduced calf weaning weights,
most probably due to heat stress (Gray et al., 2011).

There is a general decrease in HCS as the performance evaluation progressed in a specific year for all
the breeds throughout the performance evaluation period. It is well reported in the literature that cattle shed
their winter coat from the start of spring to the start of the summer (Bilby et al., 2008; Gray et al., 2011).
This explains the decrease in HCS from the start till the end of the performance evaluation within a specific
year.

The NG bulls had a lower (P < 0.05) HCS for each scoring of each year throughout the performance
evaluation period, with a few exceptions. In year 5 for HCS 3 and in year 6 for HCS 2 where there was no
difference (P > 0.05) between the NG bulls and the BO bulls. In both year 10 and year 11 there was no
difference (P > 0.05) in HCS 3 between the NG bulls and both the BM and BO bulls. In year 9 there was no
difference (P > 0.05) in HCS 1 between the NG bulls and the BF bulls. In both year 6 and year 8 there was
no difference (P > 0.05) in HCS 3 between the NG bulls and any other breed

There was no difference (P > 0.05) in HCS between the composite breeds in year 4. The BM bulls
recorded a higher (P < 0.05) HCS 1 in year 9, year 10 and year 11; HCS 2 in year 11; and HCS 3 in year 9
compared to the BF and BO bulls. The BF bulls recorded a higher (P < 0.05) HCS 1 in year 6 and year 7;
HCS 2 in year 5; and HCS 3 in year 8 and year 11 than the BM and BO bulls. In year 8 both the BF and
BO bulls recorded a higher (P < 0.05) HCS 2 than the BM bulls. The BO bulls recorded a higher (P < 0.05)
HCS 1 in year 8; and HCS 2 in year 7 and year 11 compared to the BM and BO bulls.

4.11 Auctions of Performance Tested Bulls

Auctions associated with performance evaluation of bulls are particularly effective, as traits of the
auction commaodity can be highly variable (Tomek & Robinson, 2003). In addition to facilitating market
interaction between the seller and buyer, the combination of performance evaluation and the ensuing auction
can improve market efficiency. For example, information on a specific animal collected during the evaluation
period is published in a presale catalogue, providing important information to potential buyers. The
disseminated information can effectively reduce product uncertainty for potential buyers.

In order for performance evaluated bull auctions to operate effectively, managers must be attentive to
a variety of concerns, among these is the assurance that an adequate number of animals are available for sale
on auction. Left uncorrected, a shortage of quality animals available for sale can eventually result in long-
term failure of these auctions and ultimately their associated performance evaluation programs. While a
number of researchers have examined management elements of livestock auctions as they related to auction

mechanisms, information, and prices (Buccola, 1982; Mintert et al., 1990; Turner et al., 1991; Dhuyvetter
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et al., 1996; Chvosta et al., 2001), little applied research has been done relative to seller decisions to sell
animals, specifically bulls, at an auction.

The breeders remain anonymous at these auctions until the bulls have been sold. This ensures that the
emphasis is on the performance of the animal, instead of on the breeder. The main advantage is that the buyer
is purchasing a bull that has been selected for traits of economic importance and is adapted to the specific
environment in which it is expected to perform. The aim of this section was to determine the extent to which
the performance of the bulls in a veld bull club influences the price buyers were prepared to pay.

4.11.1 Regressions with Auction Price

The linear and quadratic relationships between both the yellow and white maize price and the auction
prices for the individual breeds are presented in Table 4.11.1. A negative, linear regression is expected
between these two variables. When maize prices are weak, the farmers will be able to finish their own calves
instead of selling them to a feedlot. This contributes towards spending more on a specific bull at the auction
that will source the desired genetic contribution to efficient growth of calves in a feedlot. However, no

differences (P > 0.05) were observed between these variables in this study.

Table 4.11.1 The influence of yellow and white maize prices on the linear and quadratic regressions with
auction prices of each individual bull breed (R-square) between 2001 and 2012 in the Vrede district of the
Free State, South Africa

Yellow Maize White Maize
B Y= 1.7493x + 24084.2776 (0.05) Y = 1.0767x + 25233.4265 (0.02)

Y =0.0122x2 - 37.3186x + 53929.9543 (0.28) Y =0.0121x2 - 36.7739x + 53261.0610 (0.29)
BO Y =9.5493x + 5656.2084 (0.64) Y =9.1149x + 6449.0542 (0.60)

Y =0.0004x2 + 8.2149x + 6675.6778 (0.64) Y =0.0028x2 + 0.3895x + 12910.0299 (0.60)
BE Y =5.0882x + 13587.7408 (0.14) Y =4.9184x + 13905.8121 (0.13)

Y =0.0202x2 - 59.7426x + 63114.9050 (0.32) Y =0.0239x2 - 69.7392x + 69188.2753 (0.44)
NG Y = 12.0527x - 2476.4007 (0.56) Y =11.0847x - 765.3506 (0.48)

Y =0.0219x2 - 58.2606x + 51239.0069 (0.72) Y =0.0154x2 - 37.1530x + 34953.7027 (0.58)
BM = Beefmaster; BO = Bonsmara; BF = Braford; NG = Nguni

Since there was no differences (P > 0.05) between the auction prices obtained for the bulls over the
performance evaluation period and the maize prices, it is expected that there will at least be differences (P <
0.05) between weaner prices and the maize prices. This is mainly because up to 70% of the total expenses of
a feedlot is contributed by feed, and in essence by maize since maize contributes more than 60 % of the total
diet for a feedlot calve (Paul & Wesson, 1967). As illustrated in Table 4.11.2 there was a difference (P <
0.05) in the linear regression between the weaner price and the price of yellow maize. The linear regression

was positive which indicated that as the price for yellow maize increased, the weaner price also increased.
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It is expected that the regression would have been negative. However, the confidence level is medium
(R? = 0.52) which indicate that not all the data would be subjected to this regression.
There were no differences (P > 0.05) in the regressions between weaner price, white maize prices and

rainfall.

Table 4.11.2 The influence of rainfall, yellow and white maize prices on the linear and quadratic regressions

with weaner prices (R-square) between 2001 and 2012 in the Vrede district of the Free State, South Africa

Weaner Prices
Y =-1.2066 + 1685.3681 (0.09)

Rainfall
Y =0.0273x2 - 23.9391x + 6213.9906 (0.34)
—_— *
Yellow Maize Y =0.5736x + 375.4997 (0.52)
Y =0.0001x2 + 0.2352x + 587.3528 (0.52)
White Maize Y =0.4585x + 518.5565 (0.36)

Y = 0.0002x2 + 0.0172x + 783.0379 (0.36)

*P<0.05

Further analysis showed that there were differences (P < 0.05) in the linear regression between weaner
prices and the auction prices of BF bulls as indicated in Table 4.11.3. The confidence level was high for this
regression (R? = 0.73). There was no significance in the regressions between the weaner prices and the

auction prices of the other breeds in this performance evaluation period.

Table 4.11.3 The influence of rainfall and weaner prices on the linear and quadratic regressions with auction
prices of each individual bull breed (R-square) between 2001 and 2012 in the Vrede district of the Free State,
South Africa

Rainfall Weaner Prices
BM Y = 4.3850x + 25283.2737 (0.03) Y =4.5383x + 20486.4061 (0.18)

Y = 0.2870x2 - 227.4374x + 69453.6078 (0.39) Y =-0.0270x2 + 89.5998 - 44648.6322 (0.41)
BO Y =19.2702x + 14088.9965 (0.22) Y =8.1364x + 10101.7045 (0.23)

Y =0.1909x2 - 134.8827x + 43460.5452 (0.28) Y =-0.0011x2 + 11.5680x + 7473.9715 (0.23)
BE Y =-15.0818x + 28330.3372 (0.10) Y =16.7580x - 2027.0061 (0.73)*

Y =0.3800x2 - 321.9765x + 86804.5781 (0.29) Y =-0.0015x2 + 21.4755x - 5639.3475 (0.73)
NG Y =29.7341x + 5978.7019 (0.28) Y =-2.1000x + 21040.8513 (0.01)

Y =0.6364x2 - 484.2483x + 103910.4509 (0.67) Y =0.0717x2 - 228.3776x + 194310.6765 (0.36)
* P <0.05

BM = Beefmaster; BO = Bonsmara; BF = Braford; NG = Nguni

Although there were no differences (P > 0.05) between rainfall and the prices received for the individual
bulls on the auction, it is possible that the previous year’s rainfall might have influenced the buyer’s price paid

for the individual bulls.
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It is expected that there will be significance regressions between the auction prices obtained by the
individual breeds and the economic important traits evaluated in the performance test period, since buyers
should have based their decision on these traits. Selecting a bull with higher index values compared to the
average for the specific trait of the group, would have had a positive genetic consequence on the progress
of their herd. This indicates that buyers should have paid more for bulls based on their performance in the
evaluation period rather than on appearance alone on the day of the auction. This is especially true for ADG,
since sire selection based on this trait results in their offspring growing at an increased rate in a feedlot. This
is desired, especially when producers finish their own calves for slaughter.

The linear and quadratic regressions between ADG and auction prices obtained by the individual
breeds are presented in Table 4.11.4. However, there was only significance in year 9 in both the linear (P
< 0.05) and quadratic (P < 0.05) regression between the auction prices obtained by the BF bulls and their
ADG in this specific year. These positive regressions indicate that as ADG for the BF bulls increase, the
auction price obtained by the BF bulls will also increase. As a matter of fact, it will increase exponentially
according to the quadratic regression. However, there is an upper limit for ADG as bulls progressed towards
maturity. Beyond this point the growth rate slows down. Both these regressions however had low confidence

levels (R? = 0.45 and 0.57, respectively).
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Table 4.11.4 The influence of average daily gain on the linear and quadratic regressions with auction prices
of each individual bull breed (R-square) between 2001 and 2012 in the Vrede district of the Free State, South

Africa
Breed
Y
e
a
r BM BO BF NG
Y = 26.47x + 4901.41 Y =11.54x + 1114461 Y =4.80x + 12356.32 Y =-0.42x +
(0.03) (0.01) (0.01) 14696.92 (0.01)
6 Y =-0.09x2 +
Y =0.35x2-491.67x+ Y =052x2-761.67x+ Y =-0.30x2+442.85x - 100.32x - 14489.87
196519.36 (0.07) 293992.52 (0.23) 143715.17 (0.51) (0.02)
Y =8.08x + 20952.68 Y =47.29x -17053.23 Y =35.30x - 8274.25 Y =42.41x - 5907.00
7 (0.01) (0.112) (0.17) (0.06)
Y =-0.49%x2+ 911.79x - Y =-0.74x2+ 1303.17x Y =-0.37x2+704.02x - Y =0.20x2-257.13x
392378.63 (0.12) - 546205.36 (0.18) 306989.23 (0.27) + 103779.91 (0.07)
Y =-10.51x + 31154.88 Y =6.76x + 12018.52 Y =11.08x + 9476.42 Y =7.90x + 9584.38
3 (0.01)) (0.04) (0.03) (0.04)
Y =0.13x2 - 242.55x + Y =-0.18x2+ 314.83x - Y =0.16x2-263.00x + Y =0.23x2-336.73x
130586.17 (0.02) 118344.92 (0.26) 122144.08 (0.22) +136117.17 (0.30)
Y =65.33x - 10156.06 Y =32.88x - 3594.74 Y =64.33x - 24892.86 Y =12.60x + 5821.90
(0.16) (0.44) (0.45)* (0.07)
9 Y =-0.42x2 +
Y =0.23x2-207.72x + Y =0.39x2-447.85x+ Y =0.43x2-568.41x+ 468.40x - 117160.17
69515.81 (0.17) 141685.26 (0.77) 204460.42 (0.57)* (0.36)
Y =26.97x + 15087.42 Y =83.13x-17728.81 Y =-3.35x +27857.14 Y =23.32x + 2617.02
1 (0.07) (0.16) (0.01) (0.09)
0 Y =-0.93x2 +
Y =0.08x2 - 48.83x + Y =-0.25x2 + 358.45x - Y =-0.21x2+ 260.32x - 1158.50x - 341095.54
31163.35 (0.09) 94406.08 (0.16) 50962.57 (0.08) (0.41)
Y = 36.76x - 5361.45 Y =-14.39x + 39490.05 Y =-12.72x + 42500.00 Y =33.30x - 8610.01
1 (0.30) (0.04) (0.01) (0.35)
1 Y =-1.35x2 +
Y =0.03x2 - 14.44x + Y =-0.21x2 + 410.27x - Y =-0.28x2+ 574.69x - 2307.39x - 966623.28
17701.98 (0.30) 176334.43 (0.12) 261174.28 (0.11) (1.00)
*P <0.05

BM = Beefmaster; BO = Bonsmara; BF = Braford; NG = Nguni

Year 6 = 2006-2007; Year 7 = 2007-2008; Year 8 = 2008-2009; Year 9 = 2009-2010; Year 10 = 2010-2011; Year 11 =
2011-2012

The linear and quadratic regressions between KR and the auction prices obtained by the individual

breeds are represented in Table 4.11.5. Selection based on KR is an effective way to increase the efficiency

of the herd. However, only in year 9 there was a difference (P < 0.01) in quadratic regressions between KR

and the auction prices of BO bulls and in year 11 a difference (P < 0.05) in the linear regressions between

KR and the auction prices was obtained by the BM bulls.
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In year 9 the prices obtained for the BO bulls at the auction increased exponentially as KR increased

for these bulls. This is a strong indication that the buyers selected strictly on KR values provided and were

willing to pay more for the bulls being superior in efficiency. Furthermore, there is a very strong level of

confidence in this regression (R* = 0.97).

Table 4.11.5 The influence of Kleiber ratio on the linear and quadratic regressions with auction prices of
each individual bull breed (R-square) between 2001 and 2012 in the Vrede district of the Free State, South

Africa

Y Breed

ea

r BM BO BF NG
Y = 3764.62X - Y =-621.92x + Y =166.14x + Y =269.95x +
8281.41 (0.06) 24711.23 (0.01) 14383.23 (0.01) 12198.43 (0.01)

6 Y =-1108.68x2+ Y =1498.86x2 - Y =-3321.74x2% + Y = 146.94x2 -
23545.73x - 95950.95 25700.52x + 52304.87x - 2172.58x + 22216.57
(0.06) 128640.83 (0.02) 187941.69 (0.41) (0.02)

Y =-2219.95x + Y =-28.69x + Y =1000.40x + Y =2630.19x - 1894.38
51478.93 (0.03) 25130.26 (0.01) 12007.31 (0.01) (0.08)

7 Y =2542.97%2- Y =-3034.48x2 + Y =-837.85x2 +
57523.65x + Y =90.40%x2 - 1862.91x 62281.70x - 21212.39x - 102965.17
350273.52 (0.08) + 34362.06 (0.01) 296011.29 (0.04) (0.10)

Y =-1138.20x + Y =667.71x + Y =-511.91x + Y =403.08x +
32974.80 (0.01) 11409.67 (0.05) 23009.80 (0.01) 11644.14 (0.02)

8 Y =2383.00x2- Y =-972.43x2 Y =1665.67x2 - Y =1162.38x2 -
8471.98x + 67776.40 +19489,36x -78790.01  30744.69x + 22493.11x + 121903.59
(0.01) (0.13) 158045.25 (0.23) (0.18)

Y = 7433.52X - Y = 2552.61x - Y = 4076.60x - Y =-76.77x + 13322.07
21276.79 (0.16) 1515.21 (0.53) 12138.37 (0.29) (0.01)

9 Y =-8832.52x2+ Y =2388.17x2 - Y =2381.11x2 - Y =-1619.02x2 +
125574.89x - 31704.95x + 35725.19x + 24827.88x - 81623.10
414134.40 (0.19) 118719.39 (0.97)** 151548.72 (0.38) (0.11)

Y =926.25x + Y =1860.87x + Y =-171.01x + Y =822.82x + 9357,45
23985.53 (0.01) 14698.18 (0.02) 26990.34 (0.01) (0.02)

10 Y =-400.06x2 + Y =-2116.58x2 + Y =-2414.89x2 + Y = -4468.08x2 +
5272.54x + 12944.44 30907.46x - 84017.81 34751.12x - 95918.07 76443.61x - 307804.88
(0.01) (0.04) (0.15) (0.33)

Y = 3850. 85x - Y =-20068.01x + Y =-2067.08x + Y = 2810.02x -
10582.86 (0.24)* 47935.14 (0.16) 52198.44 (0.04) 13859.06 (0.73)

11 Y =839.43x2 - Y =-1075.95%x2 + Y =-3836.18x2 + Y =-9335.79x2 +
13129.31x + 74248.77 21667.37x - 81559.53 83901.14x - 229556.84x -

(0.27) (0.20) 424784.79 (0.20) 1383792.35 (1.00)

*P<0.05,**P<0.01

BM = Beefmaster; BO = Bonsmara; BF = Braford; NG =Nguni

Year 6 = 2006-2007; Year 7 = 2007-2008; Year 8 = 2008-2009; Year 9 = 2009-2010; Year 10 = 2010-2011; Year 11 =
2011-2012
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The positive linear regression observed in year 11 between KR and prices obtained by the BM bulls
indicates that as KR increased for the BM bulls the prices obtained also increased. However, the confidence
level is very low (R? = 0.24).

Most buyers focus their decision on which bull to buy on the day of the auction on the physical
appearance of the bull. Therefore, it is expected that there will be significance between the MS obtained by
the individual breeds in respective years and the auction prices obtained for the individual bulls at the
auction. The linear and quadratic regressions between the MS obtained by individual breeds and auction prices
obtained for individual bulls in respective years are presented in Table 4.11.6.

In year 6 there was a difference (P < 0.05) in the linear regression between MS for BO bulls and prices
obtained at the auction. This indicates that as the MS increased for the breed the buyers were willing to pay
more for the bulls. However, the confidence level for this regression is very low (R? = 0.27).

In year 9 the quadratic regression between MS for the BO bulls and the prices they obtained at the
auction were different (P < 0.01). This indicates that the buyers paid exponentially more for individual BO
bulls as their individual MS increased. However, the confidence level for this regression is very high (R? =
0.99).

In year 7 both the linear and quadratic regressions between MS obtained for individual BM bulls and
their prices obtained at the auction were different (P < 0.01). However, the confidence level for both these
regressions were not as high as for the BO bulls in year 9 (R? = 0.50 and 0.56, respectively).
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Table 4.11.6 The influence of muscle score on the linear and quadratic regressions with auction prices of
each individual bull breed (R-square) between 2001 and 2012 in the Vrede district of the Free State, South

Africa

Y Breed

ea

r BM BO BF NG
Y =10588.24x - Y =6385.20x -436.22 Y = -6666.67x + Y =2672.13x +
7147.06 (0.11) (0.27)* 37333.33 (0.20) 6032.79 (0.21)

6 Y =232166.67x2- Y =1313.84x2 - Y =300.00x2 +
185250x + 287086.33 1621.82x + 11311.21 Y =-1025.64x2 + 850.00x +8750.00
(0.23) (0.27) 26564.10 (0.20) (0.21)

Y =19113.86x - Y =-2650x + 34550.00 Y =-3184.21x + Y =8100.00x +
42685.64 (0.50)** (0.01) 33973.68 (0.02) 726.92 (0.15)

7 Y =14885.21x2 - Y =7666.67x2 - Y = 1800.00x? - Y =8354.22x2 -
94956.95x + 173555.19 57083.33x + 130000.00 17300.00x + 61400.00 44113.90x +
(0.56)** (0.02) (0.03) 77923.16 (0.21)
Y =732.14x + Y =166.67x + Y =3214.29x - 978.02 Y =1757.14x +
17642.86 (0.01) 16833.33 (0.01) (0.20) 4914.29 (0.14)

8 Y =-1083.33x2 + Y =-493.29x2 + Y =458.33x2 -
14583.33x - 26000.00 Y =12.82x2 + 9133.75x - 18205.18 3742.86x + 20955.95
(0.01) 17371.79 (0.01) (0.20) (0.16)

Y =-205.88x + Y =-5000x + 41833.33 Y =923.91x + Y =1531.91x +
29602.94 (0.01) (0.62) 17173.91 (0.01) 4510.64 (0.24)

9 Y =-500.00x2+ Y =4750.00x2 - Y =9861.11x2 - Y =119.79x2 +
5500.00x + 13500.00 52500.00x + 159000.00 115694.44x + 244.79x + 7875.00
(0.01) (0.99)** 354166.67 (0.12) (0.25)

Y =6119.62x - 7933.01 Y =10583.33x - Y =4943.55x -
(0.14) 35416.67 (0.13) 5451.61 (0.10) Y = 16500 (0.00)

10 Y =952.73x2 - Y =5078.57x2 - Y =-3750.00x2 +
5700.63x + 28434.87 Y =962.12x2 - 6553.03 58292.86x + 37500.00x - 76000.00
(0.14) (0.13) 189500.00 (0.15) (0.19)

Y =3342.74x + Y =1875.00x + Y =-3363.64x + Y =5250.00x -
7310.48 (0.05) 13750.00 (0.03) 51227.27 (0.05) 10250.00 (0.85)

11 Y =-2866.67x2 + Y =-2708.33%x2 + Y =-7600.00x2 +
38575.00x - 99958.33 34375.00x - 82916.67 90600.00x - 235500.00 Y =477.27x2 +
(0.07) (0.08) (0.14) 4068.18 (0.85)

*P<0.05*P<0.01

BM = Beefmaster; BO = Bonsmara; BF = Braford; NG = Nguni

Year 6 = 2006-2007; Year 7 = 2007-2008; Year 8 = 2008-2009; Year 9 = 2009-2010; Year 10 = 2010-2011; Year 11 =
2011-2012

The linear and quadratic regression between SC obtained by the breeds and their prices obtained in the
auction is presented in Table 4.11.7. As mentioned earlier, SC is an effective measurement to be used to
increase the reproductive efficiency of the herd.

In year 10, adifference (P < 0.01) was observed between both the linear and quadratic regressions

between SC obtained for the BM breed and the prices obtained for the individual bulls. This is a strong
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indication that buyers were willing to pay more for BM bulls with larger SC. However, the confidence levels

are low for both these regressions (R? = 0.39 and 0.44, respectively).

There was a difference (P < 0.05) in the linear regression between SC obtained by the BO breed and

the prices received for the individual BO bulls in year 11. However, the confidence level for this regression

was very low (R? = 0.35).

Table 4.11.7 The influence of scrotal circumference on the linear and quadratic regressions with auction

prices of each individual bull breed (R-square) between 2001 and 2012 in the Vrede district of the Free State,

South Africa

Y Breed

ea

r BM BO BF NG
Y =740.59x + 2628.10 Y = 2608.70x - Y =618.54x + 879.80 Y =1071.87x -

(0.03) 63862.32 (0.22) (0.07) 3243.99 (0.04)

7 Y =341.79x2- Y =-588.15%2 + Y =-396.91x2 + Y =-294.24x2 +
22814.69x + 43293.26x% - 765546.46 27892.06x - 464283.67 19125.67x - 278398.63
406404.93 (0.12) (0.24) (0.29) (0.06)

Y =-387.69x + Y =-197.36x + Y =-492.83x + Y =56.34x + 13947.18
35258.80 (0.01) 24400.16 (0.02) 34627.85 (0.02) (0.01)

8 Y =-336.67x2+ Y =190.20x2 - Y =-257.62x2 +
22013.26x - 335640.28 12756.89x + Y =55.22x2 - 4152.62x 16462.66x - 246485.58
(0.04) 230782.04 (0.09) +95068.69 (0.02) (0.02)

Y =1385.18x - Y = 1368.42x - Y =88.24x + 19073.53 Y = 267.49x + 4362.14
18853.74 (0.08) 30035.09 (0.28) (0.01) (0.04)

9 Y =479.78x2- Y =1289.82x2 - Y = 204.90x2 - Y =-101.46%2 +
32263.10x + 86373.20x + 14176.56x + 6743.40x - 98523.39
568889.36 (0.15) 1459524.67 (0.56) 266529.86 (0.01) (0.09)

Y =2271.54x - Y =820.99x - 1086.42 Y =-1713.17x + Y =1714.29x -
49629.85 (0.39)** (0.04) 85296.24 (0.09) 36071.43 (0.28)

10 Y =293.42x2 - Y =438.25x2 - Y = 1065.88x2 - Y =833.33x2 -
18584.49x + 29613.85x + 75967.07x + 49000.00x +
319075.98 (0.44)** 525715.27 (0.06) 1375490.83 (0.18) 734166.67 (0.31)

Y =-520.25x + Y = 1954.89x - Y =1517.19x - Y =-285.71x +
46022.78 (0.02) 39360.90 (0.35)* 22491.40 (0.07) 28214.29 (0.04)

11 Y =755.97x2- Y =-76.17x2 + Y =-516.40x2 + Y =1259.26x2 -
47876.91x + 7042.16x - 124043.59  36142.64x - 600717.23 78000.00x +
782604.23 (0.16) (0.35) (0.13) 1222666.67 (1.00)

*P<0.05 **P<0.01

BM = Beefmaster; BO = Bonsmara; BF = Braford; NG = Nguni

Year 6 = 2006-2007; Year 7 = 2007-2008; Year 8 = 2008-2009; Year 9 = 2009-2010; Year 10 = 2010-2011; Year 11 =
2011-2012

The linear and quadratic regressions between PS for the individual breeds and the prices received

for the individual bulls are presented in Table 4.11.8. There was no difference (P > 0.05) observed between
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these regressions. It is possible that since it is a relatively new trait measured at the EFSVC, buyers do

not direct their decision using this trait or they do not have a problem with dystocia in their herds.

Table 4.11.8 The influence of pelvic area on the linear and quadratic regressions with auction prices of each
individual bull breed (R-square) between 2001 and 2012 in the Vrede district of the Free State, South Africa

Breed

BM BO BF NG

Y =-194.94x + Y =-97.81x + Y =191.29x - 6526.75 Y =-71.96x +

60526.85 (0.07) 33.098,57 (0.08) (0.25) 22932.12 (0.13)

Y =12.24x%2 -

4088.75x + 367757.27 Y =152x2-621.96x+ Y =0.39x2+71.49x+ Y =7.65x2-2203.77x
9 (0.12) 78175.95 (0.08) 2485.71 (0.25) +170079.40 (0.38)

Y =18.50x + 26821.31 Y =-195.52x + Y =175.43x - 2681.50 Y =324.81x -

(0.01) 61094.93 (0.09) (0.07) 29190.23 (0.47)

Y =28.20%2 -

Y =-0.82x2 + 300.68x  10019.79x + 912543.17 Y =4.80x2-1389.34x Y =23.65x2 - 6253.42x
10 +2821.64 (0.01) (0.31) +123747.03 (0.08) + 426500.05 (0.78)

Y =239.01x - Y =-9.66x + 26615.02 Y =233.79x - Y = 93.75x + 6593.75

12309.15 (0.13) (0.01) 10979.58 (0.09) (0.02)

Y = 16.48x%2 - Y = 13.54x2 -

5212.95x + 435697.53 Y =10.33x2-3583.40x 4462.34x +393827.26 Y =0.34x2+13103.98
11 (0.20) +333491.95 (0.15) (0.14) (0.02)

BM = Beefmaster; BO = Bonsmara; BF = Braford; NG = Nguni

Year 9 = 2009-2010; Year 10 = 2010-2011; Year 11 = 2011-2012
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CHAPTER V

5.1 Conclusion

The practice of performance testing is aimed to predict the performance of the future’s progeny and to
provide the industry with objective performance information on individual animals in order to improve the
biological and economic efficiency of beef production. The principal aim of a veld bull performance test is
that beef can be produced sustainably from the veld, to be cost-effective and to remain competitive with other
meat industries; and ultimately the efficiency of production from natural pastures must be increased. Due
to the existence of genotype x environment interactions for numerous performance traits as expressed in
various production systems (Harris & Newman, 1994), more emphasis in this study was placed on the
quantification of the variation within a breeds instead of comparison between breeds. Significant difference
was found between breeds and within breed in a number of performance traits evaluated in this study. However,
it should be kept in mind that each breeder selected their own bulls to be evaluated and a small number of
breeders participated each year. Therefore, the results obtained in this study can’t be assumed to be the norm
for the specific breed involved.

Selection based on the growth rate will contribute towards higher weights at a similar age for the
bulls’ offspring, as well as higher growth rates. This is a desired trait when calves are finished in a feedlot
and efficiency is dependent on converting a high grain diet into saleable meat. In contrast, for an extensive
production system where calves are marketed from the dams at a slaughter weight, it is desired to produce a
calf that is efficient in converting natural pastures to meat. For this situation a sire is desired with a high KR
value, which is the indication of efficiency in converting natural pastures into saleable meat. However, there
should be a balance between optimal growth rate and KR, since it should be remembered that cattle are
ruminants and grass will remain a major part of their diet. By shifting the selection focus from the one trait
to the other could have an economic and production consequence towards the operating system if selection
was not based on the specific environment involved.

In order to improve the reproduction efficiency of the herd, selection should shift focus towards SC of
the sire. Furthermore, dystocia can be minimized in a herd if the PS of the sire is also included in the selection
criteria. Performance traits such as HCS should be kept in mind in order for cattle to cope with high
temperatures and high relatively humidity, a short and slick hair coat is desired in order for the breed to be
efficient under these prevailing conditions. Therefore, a bull that shed its winter coat in early spring is
desired. Temperamental bulls are undesired in a herd. Not only does it represent a threat to humans, but it
also has a negative effects on carcass quality and efficiency of production. Muscling and BCS is often
confused in the selection criteria, as selection should be focus on MS as it represents the most important part
of sealable product, i.e. meat. As meat has an important economic consequence towards the economics

of a beef cattle enterprise. However, genetic variation exists between breed types for muscling and should
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be dealt with accordingly. Body condition represents the relative fatness of the bulls, and will increase with
age and under favourable nutritional conditions.

There is a clear indication that most of the production traits analysed in this study are dependent on
the environment and its interactions. This indicates that there is not a best breed per se, but the decision of
which breed to select would rather depend on the environment which the selected breed will be exposed to.
Furthermore, the success in a given beef cattle production system, is not in any way dependent on the size of
the beef breed, as large cattle may be popular in demand at livestock shows and even in stud breeding, but

they may be inefficient in livestock production for productivity and profit.
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5.2 Critical Review and Recommendations

A research project such as this one which should have an immediate impact on the decision making
process of farmers, is worthy of critical analysis as to recommend possible improvements towards the
methodology applied in collecting such data for future projects. It should further contribute to lower the
variation in methods applied between adjacent recordings and efficient recordkeeping.

Bulls should enter the EFSVC in the beginning of spring on a consistent day and not a constant date,
i.e. the first Thursday in September, in order to improve accurate record keeping and ease management. The
bulls should be subjected to a constant adaptation period of a set number of days for each year, and the
study period should also be a set number of days. This will result in the bulls entering at a constant period
each year which will allow for evaluation of significance within breed between different years.

The age of the bulls should also be known and recorded when they enter the EFSVC. This should allow
for accurate analysis of growth data.

The breeder’s society for each breed should encourage their breeders to enter their respective
breeds each year. This will allow analysis of data on different breeds and comparison in their performance
between other breeds as well as within the same breed between different breeders. These results can then be
used by the respective breeders and can be incorporated in their selection programs in order to improve the
efficiency of their own breed and the results can be monitored as time progresses on a year to year basis.

There should be a constant number of days between each weighing day in order to reduce variation in
results between years, as well as within the year. Performance traits such as BCS, TS and HCS should be
monitored as the performance evaluation progresses, with a constant number of recordings in a specific year.
It is recommended that recordings take place at the start, middle and end of the performance evaluation
in order to monitor the progress throughout the evaluation period and to allow for comparison of the
performance traits between years.

In terms of the auction held at the end of the performance evaluation; although it is a huge challenge,
producers and potential buyers should be better informed about the benefits in terms of improving their own
herd’s genetic ability through selection based on the performance traits evaluated. There is a clear
indication that the decision is still being made on the day of the auction, based on the condition and visual

appraisal of the individual bulls, rather than the potential production of their offspring.
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