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A STUDY OF THE GROWTH AND MATERNAL FPERFORMANCE
OF NGUNI AND CROSSBRED BRAHMAN AND

SIMMENTAL CATTLE IN SWAZILAND



CHAFTER ONE

INTRODUCTION

Beef cattle development in Swaziland is based on the
improvement of the environment in which beef cattle are
produced gnd on the improvement of the genetic merit of
the national herd. It has long been established that beef
production is influenced by environmental (climate,
diseases, nutrition and management) and genetic (breed,
within breed genetic differences) factors. It is also
abundantly clear that in most parts of the tropics and
sub-trorics, environmental changes in feeding and health
could increase the output of beef much more rapidly than
genetic improvement (Williamson and TPayne, 1978). 1In
general, however, environmental modifications are costly,
relatively temporary and their implementation is largely
a function of the prevailing economic climate. While
genetic gains maylbe more modest and slow, genetic
improvement for a particular environment is relatively
cheap, long lasting and cost saving (Frisch and Vercoe,
1978). lMoreover, since lack of genetic improvement of
stock is émong the primary factors contributing to the low
level of returns from cattle in Swaziland (see Butterworth
and Iresswood, 1978), improvement of -the genetic potential
of the cattle will ensure that as the environment improves,
more productive animals are available to exploit it.

Growth rate in beef cattle is one of the objectives

of the National Breeding Programme in Swaziland



(Butterworth and Presswood, 1978). Improving Swazi cattle
through recording growth rate and other traits was
officially initiated in 1975 on three Governmeﬂt ranches

and a computerised data processing unit at the Ministry

of Agriculture in Mbabane was established. The breeding
programme is currently based on one indigenous breed,

the Nguni, and two exotic breeds, the Brahman and Simmental.
Its main aim is to provide superior performance tested

bulls for distribution to the Rural Development Areas (RDAS).
However, there are presently not sufficient straightbred
Brahman and/or Simmental females to produce the anticipated
bull requirements; hence some Nguni females are upgraded
towards these two breeds. At the same time the potential
of the recommended breeds and crosses is evaluated to find
out which type of animal is most suited to the country's
various climatic zones.

Genetic improvement of a population results from
underlying changes'in gene frequency and/or changes in the
way in which the mating system in the population permits
the genes to unite as the zygotes are produced (Lush,

1945, Falconer, 1960, Turner and Young, 1969).
Selection;l_i.e. the method of choosing the parents of
future generations, is the most commonly used method of
changing gene frequencies. It is based on the accurate
evaluation of.differences between animals so that those
with better genotypes are allowed to reproduce and poor
genotypes are culled. The effectiveness of selection is

dependent on the genetic superiority of the selected



animals in relation to the mean of the population from
which they come (i.e., the selection differential), this
superiority being reflected in improved performance of
their progeny.

An initial requirement in any genetic improvement
rlan is to determine the traits of economic importance.
In beef cattle, economic traits are those that contribute
to productive efficiency and quality or desirability of
product and they include fertility, mothering ability,
growth rate, efficiency of feed use, carcass merit, and
longevity (Gregory, 1965, 1971, Rae and Barton, 1970,
Willham, 1976).

Growth rate in slaughter animals appears to be most
important from an economig point of view. Firstly, it
has been established that growth rate is highly correlated
with efficiency of feed conversion under feedlot conditions
Gregory, 1965, 1971). Secondly, liveweight is a good
index of carcass weight, there being little variation
between animals in killing-out percentage. Thifdly, fast
growth means that an animal has to be kept through fewer
difficult and expensive winters before reaching a killable
weight. it has been observed that high weight gains are
positively correlated to lean growth and that the genes
for rapid growth are not antagonistic to those for the
production of desirable carcasses (Seifert and Rudder, 1976).
Heritability estimates for postweaning growth have been
found to be moderately high and responses to selection

significant (Preston and Willis, 1974, Seifert, 1975 b).



Against these advantages, rate of guin has been
found to be genetically and phenotypically positively
correlated with birth weight and mature size (Freston and
Willis, 1974, Seifert, 1975b). Hence, selection for
fast growth could lead to herds of large cows with high
maintenance reruirements and increased dystocia due to

heavy birth weights.

Mcthering ability of a cow, which is commonly
assessed by the weight of its calf at weaning, is another
important trait in beef production. Although this measure
of mothering ability includes the combined effect of u
calf's potential for growth and its dam's ability to
care for it, it also reflects to a large extent, the milk
production of the dum. Under pastoral conditions where
calves are reared singly on their dams, a cow's ability
to produce calves resularly and to rcar them-satisfactory
can be as economicully important as the growth rates

obtained by individual culves.

The basic renuirement in genetic improvement of all
traits of economic vulue is the measurement or evaluation
of differences among animals. The purpose of the
measuremeﬁts is to provide an accurate estimate of the
breeding value of an animal relative to others in a herd.
However, genetic effects may be concealed by natural or
induced factors which could confuse the breeder and reduce
the accuracy of selecting animals having the greatest
breeding value. To better estimate genetic differences

between animals, environmental differences between records
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testing is, therefore, the major selection method in
breeding plans to improve traits like growth rate and
feed conversion.

Genetic correlations are important in selection
because they give an indication of the change which will
occur in one trait when selection is applied to the other.
They are useful in planning selection against undesirable
correlated responses, and, although a particular trait
may not be of direct economic value, it can be used as a
basis for selection if it is genetically related to a
criterion that is of direct economic value. Other
important parameters in beef cattle are phenotypic
correlations between traits and repeatability of cow
performance with respect to growth rate of calves to
weaning. All these parameters are discussed in detail
in the next chapter.

In beef cattle, genetic improvement can be achieved
through selection within existing breeds, choosing among
breeds and crossbreeding designed either to exploit hybrid
vigour or to combine the merits of different breeds
(Ireston and wWillis, 1974, Bishop et al, 1975, Cundiff,
1980). However, effective selecticn is of fundamental
importance whatever other improvement method is adopted.

Differences between breeds of catfle represent a
valuable source of genetic variation which beef rroducers
can exploit either by changing from one breed to another

or by crossbreeding. The decision on choice of breed



derends in part on the breeding objective, particularly

on the relative importance attached to growth rate and cow
performance; and in part on the suitability of different
breeds under the particular farming environment.
Crossbreeding on the other hand, allows for utilisation

of heterosis and combining of desired characteristics in
commercial cattle that would not be present in any parent
breed alone. The genetic consequences of crossbreeding
and the superiority of crossbred over straightbred animals
have been well documented (Mason, 1966, Dickerson, 1969,
1973, Cundiff, 1970, 1980, Ireston and Willis, 1974).

The major objective of the present study was to
evaluate the growth and maternal performance of Nguni and
Nguni crossbred cattle in Swaziland. The growth traits
chosen for investigation were birth weight, weaning
(210 days) weight and 18-month (540 days) weight. The
weaning weights of calves were also used as a basis for
evaluating the maternal performance of the cow "breeds".

The nature of the available data also made it possible
to calculate estimates of heritability and genetic and
phenotypic correlations of the growth traits, and to make
estimatesléf the repeatability of weaning weight. The
feasibility of lowering the age at which cattle are
selected for breeding in the Swazi Govérnment ranches
from the current 540 days (18 months) to 14 months

(420 days) was also evaluated.



CHAITER T w O

REVIEW OF LITERATURE

2.1 Factors Influencing the Growth Ferformance of

Beef Cattle

Growth is widely accepted as a most important
characteristic in beef cattle. The growth cycle may be
separated into two phases, namely, pre-natal and post-
natal; the latter being further subdivided into a pre-
weaning and a post-weaning phase (Hafez, 1963, Freston
and VWillis, 1974). The pre-natal growth phase involves
changes in size between conception and birth and is usually
measured as the birth weight or calves. Fre-weaning growth
is a measure of post-natal growth while the animal is
still under maternal influences, and post-weaning growth
is a meusure of independéant growth. Most studies have
dealt with the last two rhases of growth and have
measured growth as weight (and weight change) at various

stages of the animal's life between birth and maturity.

The factors influencing any trait may be associated
with a genetic and an envirommental origin (Falconer, 1960,
Treston and Willis, 1974). Variation in measures of growth
are caused not only by breed or within breed genetic
differences, but also by non-genetic’factors such as
climate, nutrition and management. The various factors
influencing the growth traits of beef cattle are thus

classified into genetic and non-genetic factors in this
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review and only those factors influencing the pre- and

post-weaning traits are discussed under each category.

Literature on factors influencing the growth
performance of cattle is extensive (Preston and Willis,
1974). Ilowever, in the main, such work has been confined
to temperate climates and most studies have dealt with
cattle maintained under feedlot conditions. There appears
to be a relative dearth of information not only from the
tropics and sub-tropics, but also from breeds other than

the "European" and British beef breeds.

This review is confined to some of the available
literature on factors influencing the growth traits of
cattle in tropical and subftropical areas. It focuses
on reports from studies carried out with cattle raised

under grazing conditions.

20 K| Factqrs influencing pre-=weaningz srowth

traits

The pre-weaning performance of beef calves is
commonly measured by birth weight, weaning weight,
weaning weight per day of age, and gain or average daily
gain from birth to weaning. Birth weight is an essential
component of livestock production economics. It is an
indicator of size and vigour of the calf at the beginning
of post-natal development. Birth weight is also directly
important through its influence on calving difficulty and
is useful in determining the average daily gain of calves

from birth to weaning and age-corrected weaning weight.
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Calf weaning liveweight, adjusted for non-genetic
factors, is used to measure the maternal performance of
the dam. «eaning weight may also be used as a criterion
for early screening or culling of bulls and heifers before
their first winter feed shortuge (see Carter, 1971).
However, in cow-calf operations, weaning weight of the
calf exerts a great influence on net income because it is

directly related to the value of the calf at weaning.

IFre-weaning growth rerformunce in cattle is a complex
trait since it reflects not only the growth ability of
the calf but 2l1so the maternal environment created for
the calf by its daw. Calf growth rate prior to weaning
is largely a reflection of its dum's mothering ability,
esjecially her milk yield; the calf's own growth capacity
rlays a minor role at this stage. lowever, the various
factors influencing the jre-weuning growth traits may be
generally categorised into genctic and non-genetic

influences.

(1) Genetic Pactors

The..effects of genetic factors on pre-weaniag
growth traits are well known. Differences in birth
welght, pre-weaning daily gain and weaning weight due to
breed of sire, breed of dam, sire lines or individual
sire groups are all consequences of genetic influences.
Heterotic as well as inbreeding effects on growth are

also due to genetic sources of variation.

The existence of breed differences in pre-weaning
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growth is well established in the literature. Freston and
willis (1974) summarised the general ranking of the common
beef breeds and concluded that some breeds were considerably
larger at birth and weaning than others. In Table 2.1

are some birth weights of the indigenous breeds of
Southern Africa, as well as other breeds commonly used in
tropical areas. It is apparent from this table that there
are breed differences in birth weight. However, there

are very few reports in which the breeds are compared in
the came cuvironment. Some of the comparisons reported
have been mude using survey type data in which the various
breeds were examined at different sites so that other

factors confounded to come extent the comparison oI breeds.

Maule (1973) reviewéd some published comparative
studies on the growth performance of indigenous and exotic
breeds of cattle in ZJouthern Africa and suggested apparent
breed type differences in pre-weaning growth traits. He
observed that most of the exotic breeds were superior in
growth to the indigenous ones, with breeds like the
Charolais weighing up to 106Kk& heavier than the indigenous
Africander and Neguni at weaning (205 days). The review
also revealed significant breed differences among the
exotic, as well as between the indigenous breeds of

cattle in growth rate to weaning and weaning weight.

In Botswana, Trail et _al (1977) evaluated the
productivity of the three locally available Sanga type

breeds (Tswana, Tuli, Africander), using records collected



TABLE 2.1

13

The Birth weight of some Beef Cattle Breeds

Breed Birth Weight Reference
(Kg)
Africander 3243 Maule (1973)
30.6 Preston and Jillis
(1974)
29.9 Trail et_21 (1977)
Angoni 20. 0 Ireston and Willis
(1974)
21.1 Thorpe et .1 (1379)
Barotse 26.0 Maule (1973)
24.0 Thorpe et 21 (1979)
Bonsmara 34,0 Maule (1973)
Boran 22.3 Ireston and ./illis
(1974)
25.7 Thorpe et =1 (1979)
Brahman 27.8 Freston znd «willis
(1974)
28.1 DIU (1979)
Mashons 23.5 Maule (1973)
Neuni 26.0 laule %1973;
28.7 DPU 1979
Santa Gertrudis 32.2 Ireston and Villis
(1974)
Simmental 42.7 Freston and Willis
(1974)
3744 Joubert et 21 (1977)
39,2 DPU (1979)
Tswana 30.7 Trail et 2l (1977)
Tuli 32.7  Maule (1 973)
28.8 Trail et .1 (1977)
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over a 4-year period and reported significant differences
in pre-weanin; crowth. They found that at birthk, the
Pswana (50.7kg) and africander (29.9kg) calves vere
significuntly heavier thaa the Tulil (28.8kg). The Tswana
calves vore alse significantly beiter in weaning weight
(174.6kg) than the Tuli (169.6kg) and the Africander
(16€.1kg) calves. Jimilar findings in Zambia have been
reported by Thorpe et al (1979, 1980b), using different

breeds o:r cattle (Barctse, Angoni and Boran).

A study of the efficiency of various breeds of cattle
in a gsub-tropicul environment was undertaken by Venter
et 21 (1980) in South Africa. The results of this study
coafirmed that breeds differed significantly in pre-
weaning growth, with Simméntal and Bonsmara calves having
heavier weights at birth and weaning than Africander and
Hereford calves. These reports are just a few examples of
the many studies which confirm that breed differences in

growth exist even within similur typres of cattle.

The genetic factors that influence pre-weaning growth
are of two sorts: direct genetic effects of the
individuai}s own genotype, and maternal genetic effects
controlled by the dam's genotype (Willham, 1963, 1972).

The genotype of the dam apart from other influences, also
affects the level of milk yield and consequently, the
growth rate of the calf. Thus, although the genotype of
the dam is to some extent confounded with the genotyre

of the offspring, it has the most important influence on
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pre-weaning rerformance.

Several studies have reported the importance of the
dam in expressing breed differences in pre-weaning growth
traits. Vorster (1954) reported on a long-term comparative
study of beef producing abilities of different breeds of
bulls when mated to "zuropean" cross and "Native'" cows in
Zimbsabwe. He found that, independent of breed of sire,
the progeny of thie Luropean cross cows were significantly
(I<0.01) heavier at birth and weaning than the offspring
of the relatively small Native cows. In this study, the
rrogzeny of the Zuropean type cows were 14 kg hecavier 2
weaning. Ellis et 1 (1969), wvorking with straightbred
and crogssbred Bralinan-Hereford cattle in the tropical areas
of Texas cobserved that the genotype of the dam exerted
counsiderably more influence on birth weight than did the
genotype of the sire. Comparing the pre-weaning growth of
the Simmentul, Africander and EHereford breeds, Jcoubert et =1
(1977) found that Simmental calves were 40.6kg und 42.1kg
heavier =t weaning thnan the Africuander and lereford calves,

respectively. They attributed this superiority to the

differences in mothering ability of the three breeds.

Reporfs from the crossbreeding studies undertaken in
Western Uganda by Trail et sl (1971b) and Sacker et ul
(1971b, c) illustrated that breed of dam, breed of sire
and breed of calf all have an important influence on pre-
weaning body weights. These studies involved three

introduced breeds; Angus, Red Toll and Boran; and two
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indigenous breeds: Ankole and %ast African Zebu. The
reports have indicated that the birth weights of calves

by Boran and /nkole dams were significantly heavier than
those by Zebu doms. I'rom 3 to 9 months (weaning), calves
by Boran dnme were 21s30 siguificuntly heavier than those
by inkole and Zebu duws. Sire-breed influences in these
studies indicated that the Boran and hed Toll sired
significantly heavier calvezs a2t birth than the angus sires.
However, during the period 3 to 9 months, progeny of the
iangus sires were in turn significantly heuvier than those

of Boran cires.

Trail et =1 (1977) compured four sire breeds, ~11
mated to Tswanrn. cows and rcported sire breed differences
in\pre—wcaning grovtii. They found that the progeny of
Simmentzl and Brahman sires were significantly heavier at
birtn and weaning than progeny of Bonsmara and Tuli sires.
Yorking with Lfricander dams as a basis, lientz et -1 (1979a)
2lso reported breed of sire differences in pre-weaning
growth traits. The sire breeds compared in this study
were Charolais, Simmental, Brahman and Hereford. Other
workers who reported breed of sire and/or breed of dam
differences in pre-weaning traits are Horak et :.1 (1964),
Harricharan et 21 (1976), Crockett et al (1979), and

Paterson et =1 (1980a).

Crossbreeding brings about a favourable response
in birth weight, pre-weaning gain and weaning weight, due

no doubt to the superior viability and growth rate potential



of the Fy calf, and the superiority in maternal

performance of the Fy cow in the case of three-breed

crosses or back-crosses. Uo far as the Fy calf is concerned,
the degree of heterosis munifest in these truits derends very
much on the matcernal jperformance of the straightbred cow.
Different responses of reciprrocal crosses for pre-weuning
gain and weaning veight usually stem from veriations in

milk jroduction and mothering nbility.

The effect of crossbrecding cn pre-weaning
rerformance of calves has been confirmed by many reports.
The crossing oif different breeds hus been found to result
in increased birtih weights znd subsequent gnin to weuning
due to increzscd heterosis levels. Bllis et 1 (1585,
repoirting on the cffects of heterosis on birti weirht of
Brahman-Herceford crosses found heterosis levels of 10,85
for first-cross calves, 5.55% for back-cross calves from
first-crcss cows, 8.2, for back-cross calves from straightbred
cows and 2.0,. for I calves. The rejports of Trail et 2l
(1971b) and BSacker et sl (1971b, c) indicated significant
hybrid vigour effects on }re-weaning body weights of
crossbred calves. In these studies, crossbred culves were
heavier at birth, and at 3, 6 and 9 months than straightbred
calves, and heterosis levels for thesg'respective ages werc
8%, 165, 19% and 165. The results from these reports also
suggested that the effect of hybrid vigour on the mothering
ability of F{ dams was at least as great as on early growth

of the F1 crossbreds themselves.
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In the sub-tropical areas of New South Wales,
Barlow and 0'Neill (1978, 1980) evaluated the growth
performance of Hereford and crossbred Hereford calves
to weaning. They found that crossbred calves grew
faster than Hereford culves. The advantages in liveweight
at weaning were 12.0kg for Brahman x Hereford, 15.1kg for
Simmental x Hereford, and 16.3 kg for Friesian x Hereford.
These authors suggested that about half the superiority
of the Bos taurus crosses would be attributed to
heterosis and that most of the increases in birth weight
and average daily gain among Brahman crosses could also
be explained by the same rhenomenon. Mentz et al (1979a)
also found that crossbreds performed 11.1% to 11.8% better

than Africander controls in weaning weight.

The Animal Iroduction Kesearch Unit (APRU) (1978)
in Bdtswana reported on the comparative performance of
crossbred Simmental, Bonsmara, Brahman and Tuli Fy cows
when mated to a third sire breed and noted significant
differences in birth weight and daily gain to weaning
of the three-breed cross calves. The calves by the
Simmental cross cows were significantly heavier at birth
and grew significantly faster than all the other breed
crosses and the Tswana controls. The‘milk yield results
revealed that the crossbred Simmental cows produced
significantly more milk than all the other crosses during
the pre-weaning period, providing further evidence that
breed of dam differences in pre-weaning daily gain and

weaning weight of calves are largely due to milk yield



19

differences (Freston and Willis, 1974).

The effect of the sire on birth weight and weaning
weight is to be anticipated in view of the moderate
heritability estimates of these traits (Freston and Willis,
1974). The sire contributes a sample half of his genes
towards the genetic make-up of the calf and therefore its
genetic influence on measured calf performance is to be
expected despite the very high influence of the maternal

environment provided by the dam.

Most workers who have studied the effect of the
sire on the pre-weaning performance of the calf have
confirmed measurable sire effects. Significant differences
between sires within breeds were reported by Bosman and
Harwin (1966) who noted that sire differences were even
more marked in the case of weaning weight than at birth.
These authors reported a magnitude of differences among
sires of up to 29kg at weaning. In Sudanese cattle,
Osman and Rizgalla (1968) found highly significant (P<0.01)
sire effects on birth weight but non-significant effects
on both pre-weaning average daily gain and weaning weight.
They reported differences of up to 5kg and 20kg,
respectively, for birth weight and weaning weight between
the best and poorest sires. ©Similar findings were reported
by Barlow and 0'Neill (1978), who nofed highly significant
sire influences on birth weight, but non-significant
effects on daily gain. These authors also illustrated
that sires had a significant effect on the gestation

length of their calves. Venkateshwarlu et al (1972)
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reported significant sire effects on birth weights of

183 Ongole calves by 20 sires.

There appears to be breed differences in the
magnitude of sire effects on pre-weaning growth traits
of calves. Faterson et .1 (1980a), working with several
breeds of cattle observed that the influence of sires
within the Simmental breed was greater than sire
influences within the Charolais and Hereford breeds for
birth weight, pre-weaning average daily gain, and weaning
weight., They noted an apparent large variation among
the progeny of sires of the Simmental breed and less
variation in Hereford and Charolais sires' progeny at
birth and weaning. ©Similar results were obtained by
Harricharan et 1 (1976) who observed that sires had a
significant influence on birth weight in the Santa Gertrudis
herd, but appeared to be less important in the Sahiwal and
Brahman herds. However, these workers attributed the
herd differences in sire effects to the different nutritional
levels between herds and pointed out that the full potential
effect of a sire on birth weight may not be manifested
under poor nutritional conditions. They also observed
that the effect of the sire on weaning weight became

greater with increasing age at weaning.

In general, the evidence that vériation in pre-weaning
growth of calves due to sires exists, imply that selection
of superior sires in terms of increased calf growth to
weaning or reduced birth weight is rossible. The

measurable sire effects on gestation length and birth weight
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of calves are further evidence of the phenomenon that the
calf controls its gestation period and plays a determining

role in the initiation of parturition.

Inbreeding is also expected to have some influence
on birth weight and subsecuent growth of calves. The
influence of the sire on pre-weaning growth is not only
due to the relative genetic merit of a sire for growth,
but also depends upon the degree of genetic differences
between the sire and dum, which may give rise to either
heterosis (between lines within a breed) or inbreeding
depression. Alim (1964) working with Kenana cattle in
Sudan reported that the degree of inbreeding of calves
had a highly significant effect on birth weight. He
found a regression coefficient which indicated that the
inbreeding of the dam is unimportant in its influence on
birth weight, but that the inbreeding of the calf is

associated with depressed birth weights.

(ii) ©Non-Gernetic iuctors

The environmental factors affecting pre-weaning
growth may either have a direct effect or act indirectly
through fheir influence on the dam's milk yield. These
include age of dam, weight and size of dam, the maternal
environment and feeding, or the nutritional regime imposed
on the dam. The sex of the calf as well as year and
month of birth also play an important role in influencing

pre-weaning growth.
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The importance of the age of the dam in influencing
birth weight, daily gain and weaning weight of calves is
well established. A recent study by Jones and Hopkins‘
(1980) on the effect of correction factors on response to
selection have revealed that when the environmental effects
of age of dam are not zllowed for in selection for growth
rate, the selection differentials and genetic responses
to selection are reduced. Yorking with cows aged 2 to 8
years, these authors found that neglecting the dam-age
effects reduced genetic gains by 15% when selection was

for weaning weight.

Age of dam effects on jre-weaning performance are a
measure of differences in the maternal environment of the
dam ages. Irogeny of young dams are usually lighter at
birth and weaning and they tend to grow more slowly than
those of older dams. lost studies have indicated an
increase in production up to 5 to 8 years of age, followed
by a gradual decline, though the peak period seems to
vary between different breeds and types of cattle, most
probably due to differences in age at maturity. The
lighter birth weights of rrogeny of young dams may be
partly due to the fact that in pregnant cows which are not
yet mature, the growing foetus has to compete for resources '
with growth and development of the dém herself. Limitations
due to the skeletal size of the dam in immature cows may
also constrain the calf's growth during gestation and
thus result in smaller calves at birth. The gradual

decrease in calf birth weight and weaning weight as the
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cow age increases further is presumably due to a decline

in maternal ability associated with old age.

There has been consistent reports on the reduction
in performance of young cows compared with mature cows.
Alexander et =21 (1960), working with 244 Herefords in a
sub-tropical environment in Australia found that first calf
heifers produced calves which were 1.8 times lighter at
birth than those of mature cows. Bosman and Harwin (1966),
dealing with several herds of cattle, reported highly
significant age of dam effects on birth and weaning weights.
Calves from 3-year-old dams averaged 10.5kg lighter at
weaning than calves frow mature dums (5 to 8 years) in
their study. Those authors also noted that peak
production appeared to be reached between 5 to 8 years of
age in most herds, with the exception of the Africander

herd which appeared to reach peak production at 10+ years.

In Western Uganda, Sacker et 1l (1971a) studied the
effects of various environmental factors on body weights
of crossbred cattle and reported significant age of
dam effects. They found that 5-, 6-, and 7-year-old -dams
weaned tﬂé.heaviest calves, older cows produced the
lightest and the youngest cows varied greatly between yearss
Harricharan et_al (1976) reported a 3.6kgand 5.9kg
increase in birth weight as age of dam increased from
2.5 to 9 years in a Santa Gertrudis and Brahman herd,

respectively.
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Winks et al (1978) found that mature and aged cows
(5 to 8 years and 9+ years) produced calves that were
heavier at birth, grew faster and had heavier weaning
weights than young cows (3 to 4 years). They, however,
found no significant differences between calves from
mature and aged cows. Similar results were obtained by
Heyns (1960), working with cows aged 4 to 9 years.
That author attributed the dam-age differences in pre-
weaning growth to differences in milk production. Other
workers who reported significant age of duom effects on
pre-weaning performance are Alim (1964); Venkateshwarlu

et 21 (1972) and Paterson et 2l (1980b).

On the contrary, Vilakati (1977), working with Nguni
and Brahman crossbred cal&es, found a non-snigificant
age of dam effect on weaning weight, presumably because
the study involved only mature and aged cows (4 to 10+
years). Other workers who failed to find significant age
of dam effects on some pre-weaning traits are Bosman and

Harwin (1966), Rudder et al (1975) and Crockett et al (1979).

The parity of the dam and the previous parous state
of the cow .are also believed to have some influence on the

pre-weaning growth of the calf. Ghosh et al (1978) found

that birth weight increased from secohd, to fourth parity
in femalé Holstein x Haryana calves and noted that parity
effects were highly significant (P<0.01). A similar
tendency of increasing birth weight with the advancement
of parity was reported by Ray et _al (1978). However, the
effect of parity is partly dependent on the age of the
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dam at first calving and the interval between calves.
With respect to previous rarous state, calves raised by
dams parous the previous year are generally lighter at
birth and have a lower pre-weaning growth rate than
calves from dams which were previously non-parous and
thus rested the previous year. This trend has been
confirmed by several reports (Koch and Clark, 1955a;
Sacker et 21, 1971a, Seifert and Rudder, 1976, Vilakati,
1977, DFU, 1979, Mentz et al 1979a, Thorpe et =l 1980a),
though in most cases the :authors failed to find a
significant and consistent effect of the dam's previous
parous state. Besides, the previcus parous state of the

dam tends to be partially confounded with the age of the

dam,.

The weight of the dam has been found to be positively
associated with the birth weight of the calf as indicated
in Table 2.2. Although the correlation coefficients are
not very high, they indicate that heavier cows tend to
produce heavier calves at birth. The relationship between
weight of dam and weaning weight is also not very strong,
buf is generally positive (Preston and Willis, i974),
indicating fhat the advantage established at birth

continues to weaning.

Several reports have indicated that the weight and
size of the dam affects the pre-weaning performance of the
calf. Vorster (1954) observed that weights of calves at
birth were closely related (P<0.01) to the size of their
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TABLE 2.2 The Correlation between Weight of

Dam and Birth weight of Calf

Breed Correlation Reference
Coefficient
Ankole 0.28 Trail Ei_il (1971a)
Angoni 0.19 Thorpe et a1 (1980a)
Boran 0.18 Prail et al (1971a§
0.21 Thorpe gt 1l (1980a
Barotse 0.26 Thorpe et 211 (1980a)
Holstein x Haryana 0.3%9 Ghosh et 31 (1978 )
Hereford 0.26 Alexander et il
(1960)
Hereford 0.40 Tudor (1972)
"European" 0.23 Vorster (1954)
"Native" 0.29

Vorster (1954)
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dams and concluded that within comparable groups of

cows, the heavier animals produced the larger calves.
Alexander get_ul1 (1960) found that the weight of the dam

was significuntly related to birth weight and was associated
with about 6% of the variation in birth weight of the

calf. They found that the regression of birth weight on

cow weight was 0.019, indicating that for every 100kg
increase in cow weight, calf birth(weight was expected to

be 1.9kg heavier. Singh and Tyagi (1970) reported that
3.28% of the variance in birth weight was attributable to

dam weight.

Trail et 11 (1971a) found a correlation of 0.23
between the birth weights of all calves and the weights
of their dums immediately after calving and a regression
coefficient of 0.02kg. Reporting on the performance of
Ankole, Boran, and Zebu cows, these authors found no
evidence of differing relationships between calf birth
weight and weight of cow at parturition among either cow
age groups Or cow breeds. 4 highly significant
correlation of 0.24 between calf vieaning weight and a
regression of 0.127kg were also obtained. Thorpe gt al
(1980a) rerported a regression of calf weaning weighti on
dam weight of O.12kg, indicating that dams which were
50Kg lighter than average weaned calves which were bkg
lighter than average. A significant influence of pre-
calving weight of the dam on calf performance was reported
by Winks et al (1978), who also found correlation

coefficients ranging from 0.31 to 0.39 between weight of
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cow pre-calving and growth rate (birth to weaning) and

weaning weight (180 days) of calf.

The importance of maternal influence on the growth
of young mammals has long been recognised (Koch and Clark,
1955a, Falconer, 1960, Koch, 1972). \While the sire
influences his offspring only through the sperm cell, the
dam may influence her offspring thrpugh the environment
provided as well as through the ovum. Although maternal
effects are environmental in so far as their influence
on offspring is concerned, they are also determined by
genetic and environmental factors. The genetic maternal

effects have already been discussed.

Maternal effects on birth weight refer to the
differences in birth weigﬁt caused by differences in
maternal environment provided by cows during gestation
(pre-natal maternal influence). Brown and Galvez (1969)
evaluated maternal and non-maternal influences on birth
weight and reported that the effect of differences among
individual cows on the birth weight of their calves
accounted for 17.6% of the total variation in birth weight
in Herefofd_and 9.3% in Angus. A review of the influence
of maternal environment in beef cattle by Koch (1972)
revealed that maternally-related variation accounted for

14 to 18% of the phenotypic variance in birth weight.

Since there is no direct measure of the influences
included in the maternal environment, an estimate of total

maternally-related variation and covariation is derived
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by comparing maternal half-sib with paternal half-sib
correlations. Koch (1972) found an average correlation

of 0.11 among paternal half-sibs for birth weight; whilst
the maternal half-sib correlations among all calves was
0.25, and of adjacent calves, 0.29. The difference in
relationship among the maternal and paternal half-sibs

is due to the additional influence through the maternal
environments provided during the pre-natal period. These
correlations indicate that the maternal environment has

a considerable influence on the birth weight of the calves.

However, there appears to be a fairly high negutive
genetic correlation between genetic ability and matermal
ability for birth weight and gestation length. Koch
(1972), after collation of data from several reports,
found an average genetic correlation of -0.44 between
individual and maternal effects on birth weight. The
negative genetic correlation indicates an antagonism
between genes for pre-natal growth and the genes
conditioning the intra-uterine environment for heavier
foetal weights (direct and maternal effects). Such an
antagonism would be a balanced mechanism with the
tendency to maintain birth weights in intermediate ranges

(Brown and Galvez, 1969).

Evidence for the existence and extent of maternal
environment from birth to weaning comes from experiments
which measure known components such as milk production,

by reciprocal crossing or cross-fostering among breeds or
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types and by the comparison of observed correlations with
theoretical expectations for various kinds of relatives

(Koch, 1972).

Milk yield has an overriding effect on calf growth
rate from birth to weaning. Freston and Willis (1974)
reported that milk yield can account for between 16 and
62% of the variation in weaning weight. Milk yield of
dam has been shown by Richardson et al (1979) to account
for 72 and 63% of the variation in calf growth during the
first 98 and 150 days of life, respectively. A study of
the weight gains of calves over the suckling period carried
out by Walker (1964 ) showed that 70% of the weight
differences at weaning are attributable to the differences
at 12 weeks, indicating that differences in milk yield

are particularly responsible.

Table 2.3 shows some published correlations of
weaning weight and pre-weaning daily gain with the milk

yield of the dam.

' The various reports have indicated that the
correlatiqn between monthly lactational yield and monthly
growth rates tends to decline as lactation progresses, as
a result of the increasing dependence of the calf on
pasture. Heyns (1960), working with 24 Africander cows,
observed that up to the third and fourth months of
lactation, the calf was highly dependent on the milk

production of the dam, but that thereafter, the gain in
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TABLE 2.3 Correlation of Calf Average Daily Gain

and Weaning weight with Dam's Milk Yield
Breed Average Weaning Reference

Daily Gain Weight
Angus 0.54 Reynolds et al (1978)
Africander 0.64 Heyns (1960)
Africander x

Angus 0.58 Reynolds gt _al (1978)

Brahman 0.51 Reynolds et al (1978)
Brahman cross 0.55 Holroyd et al (1978)
Brangus 0.60 Reynolds et 1 (1978)
N'Dama 0.93 Montsma (1960)
Sokoto 0.96 g
West African 0.98 "
Shorthorn
Zebu 0.61 0.60 Lampkin and

Lamgkin (1960)
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weight of calf did nct seem to be affected to a great
extent by the relatively low level of milk produced by
its dam; suggesting thuat grazing ability makes the calf
less dependent on the milk of its dam. In Ghana, Montsma
(1960), working with three types of cattle, found high
positive correlations between dam's milk yield and the
calf's rate of gain and also noted a gradual decline in
the importance of milk to the calf as it became more
dependent on grass. He attributed the very high average
correlation (0.96) between milk yield of dam and weight
increase of calf at 8 weeks to the absence of pasture

suitable for the calf.

The milk producticn in suckling cows is in turn
influenced by plane of nutrition of the dam, calf birth
weight and month of birth (Heyns, 1960, Montsma, 1960,
Holroyd et al, 1979). A close relation between total
lactation yield of  suckling cows and the body weight of
their calves at birth (r=0.75) has been reported by Heyns
(1960) and this has been found to be at least partially

independent of plane of nutrition of the cow (Wwalker,

1964, Richardson, 1979b).

However, a negative correlation between cow pre-
weaning weight, and her calf's perfoymance at weaning has
been reported in several studies. Estimates of genetic
correlations ranging from -0.28 to -0.70 have been reported
by Koch (1972). This negative genetic correlation involving

maternal ability has special concern with regard to the
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performance of the female offspring of high-producing
dams. Selecting heifers superior in weaning weight would
result in increased genetic value for growth response, but

decrease milk production.

The nutritional environment provided for breeding
cows throughout the year is of utmost importance because
of the large influence of the dam on the prre-weaning
performance of the calf. In general, low plane of
nutrition prior to calving depresses birth weight and
several reports confirm that the pre-calving nutritional
effect of the dum is of arrroximately equal importance to
post-calving nutrition, in so far as pre-weaning

performance is concerned (Freston and Willis, 1974).

The importance of rre-calving levels of nutrition
with respect to mothering ability and subsequent calf
pre-weaning performance have been suggested by most
workers in the trobics. In Zimbabwe, wWard (1968) carried
out a study on the effect of supplementation of Mashona
beéf cows grazing on veld and reported that calves born to
cows which had been surrlemented with groundnut cake
before cai&ing were heavier at birth than those born to
unsupplemented cows (F<0.001). He also noted an increase
in weaning weight of 32% due to supplementation. Tudor
(1972) investigated the influence of low and high plane of
nutrition during pregnancy on calf birth weight in Hereford
cows and found that the low plane of nutrition significantly

(P<0.01) reduced calf birth weight. In that study, the
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calf birth weights of the low plane cows were reduced by

6.8kg or 21.9% compared with the high plane cows.

Richardson et 21 (1979) reported that an improvement
in plane of nutrition led to an increase in weight of cow
at the end of winter and after calving, and that this was
associated with an increase in calf birth weight. In that
study, cows given most concentrates produced significantly
(P<0.01) heavier calves than those on veld alone. With
respect to calf growth from birth to 150 or 240 days,
the study indicated an increase in daily gain with an
improvement in plane of nutrition of the dam, this being a
reflection of the increase in milk production with
improvement in plane of nutrition. Richardson et _al (1979)
also reported that cow weight change in winter h:d a
significant and positive effect on calf birth weight, thus
providing further evidence that cow weight change during
pregnancy exerted an important effect on calf birth weight,
apart from its action through increasing pre-partum cow
weight. These results also support the hypothesis that
plane of nutrition in late-pregnancy affects foetal growth.
Generally,--cows which tend to lose weight before calving
will producé lighter calves than those which are fed in

such a way that they gain weight (Preston and Willis, 1974).

The change in weight of the dam during lactation is
also of major importance to pre-weaning growth. Most
reports have indicated an inverse relationship between
rate of cow weight gain and calf daily gain. Cows gaining

the most under grazing conditions have been found to
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produce slower-gaining calves. Cows which gain a lot
of weight during the suckling period do so at the expense

of milk production and consequently wean lighter calves.

Lampkin and Lampkin (1960) observed that animals with
higher milk yields lost more weight, or gained less weight
during the lactation period than their lower-yielding
contemporaries. They found a significant correlation of
-0.28 between weight change and milk yield over the total
suckling period. The regression coefficients obtained in
their study indicated that for every extra kilogram of milk
produced in the different 12-week periods of lactation,
an additional loss in body weight of between 0.013 and
0.029kg was involved.

Trail et al (1971a) found a highly significant
correlation ¢f -0.15 and regression of -0.104kg per kg
between calf weaning weight and gain (or loss) of dam's
weight during lactation. Their results suggested that cows
that came into milk in good condition tended to yield more,
and heavier milkers made smaller gains as more of their
nutrients were going into the production of milk than to
building up.body tissues. Similar results were obtained
under Zambian conditions by Thorpe et al (1980a) who
reported negative correlations betweeﬁ calf weaning weight
and dam liveweight change measured over the major part of
the lactation period, suggesting that the hegviest weaners
were produced by the dams which lost most weight during

lactation.
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The sex of the calf is one of the important non-genetic
factors influencing its pre-weaning performance. In almost
all studies reviewed, the birth weights of male calves were
reported to be significantly greater than those of female
calves. Because of their advantage at birth, male calves
also tend to grow faster to weaning and thus have heavier
weaning weights than females. Since male calves are
generally carried in utero for a longer period than females
(Freston and Willis, 1974), part of the superiority of the
male sex might be a reflection of a greater gestation
length. For instance, Barlow and 0'Neill (1978), evaluating
the pre-weaning performance of first-cross calves found that
gestation was 1.4 days longer for males than females and
that males were in turn E.ékg heavier at birth and they grew
0.06kg/day faster than females from birth to weaning.
However, it is also contended that the differences in growth

rate between the two sexes may be partly hormonal.

The analysis of birth weight records of 130 Haryana
calves in 10 sire groups by Singh and Tyagi (1970) revealed
that 9.3%8% of the total variance in birth was attributable
to sex of éélf. Alim (1964) reported that differences due
to sex accounted for 6.9% of the total variance in birth
weight. Males averaged 1.7kg heavier than females in this
study, the difference being highly significant (P<0.01).
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Bosman and Harwin (1966) reported a highly significant
influence of sex on both birth and weaning weight. They
found differences of 2.3 to 2.7kg for birth weight and by
weaning the differences between the 2 sexes were up to
12.7 in favour of the males. In a later study, Bosman
and Harwin (1967) reported an average difference of 12.3kg
in weaning weight between bull and heifer calves. Harricharan
et 2l (1976) found mean herd differences in favour of males
of 0.9, 2.3 and 3.2 kg for culves of Santa Gertrudis,
Sahiwal and Brahman breeding, respectively, these differences
being significant. In Simmentals, Joubert et =1 (1977)
reported that the average tirth weight of bull calves
exceeded that of heifers by some 11%. The long-term
difference between the bifth weight of male and female
calves in their study was 4kg, while the weaning weight
difference was 22.5kg. Others who have reported that males
were superior to females in birth weight, average daily gain
or weaning weight are ilexander et ul (1960), Horak et al
(1964), Osman and Rizgalla (1968), Kennedy and Chirchir (1971),
Holroyd et al (1979), Mentz et 1 (1979a).

In maét reports where castrated males were involved,
steer performance have been placed above that of heifers and-
below that of bull calves. Sacker 93;3; (1971a) found that
male castrates were significantly heavier than femagles
by up to 14.5kgat weaning. Thorpe gt 21 (1980a) reported

significant differences between entire and castrated males
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in weaning weight, with bull culves having heavier weights

than the castrated males.

Yezr and scason (or month) of birth influences on the
pre-weaning yerformance of calves have been well established.
Year differences in pre-weaning growth of calves reflect
the variation in general environmental conditions from
year-to-year in a herd and are a normal expectation. When
cattle live on the veld, the milk production of the cow
depends to a large extent on the amount of grass available
and thus gain from birth to weaning and weaning weight
under such conditions is largely a reflection of rainfall in
the current and previous season. Years of exceptionally
high rainfall are usually accomjpanied by heavy birth and
weaning weights of calves as a result of abundant grazing.
However, abnormally large yearly fluctuations may also be a
reflection of poor management or poor adaptability of

cattle in a herd.

Differences between years for pre-weaning growth traits
have been reported in many studies. Alim (1964) found that
year effects accounted for 9.29% of the total variation in
birth weiéht. Significant year effects on calf birth
weight have been reported by Alexander et al (1960), Bosman
and Harwin (1966), Kennedy and Chirchir (1971), Harricharan
et al (1976), Joubert et al (1977), Paterson et al (1980a)
and Thorpe et al (1980a). The major influencing factor in
the study of Alexander gt al (1960) appeared to be a drought

'year accompanied by an extremely low plane of nutrition
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imposed as a treatment. Joubert et al (1977) noted a close
correlation between rainfall and resultant pasture conditions
on the one hand and mean birth weight on the other. Their
results revealed a decided tendency for improved nutrition
to cause an increase in birth weight. However, most reports
have conceded that birth weight seems to be little affected

by environmental conditions unless they are extremely severe.

Significant yearly variations in pre-weaning daily
gain and weaning weight have also been reported by several
workers. Bosman and Harwin (1967) found differences of up
to 34.5kg in weaning weight between the best and poorest
years. Sacker et al (1971a) attributed the highly
significant year of birth effects on body weight from three
to nine months (weaning) to the very marked differences
between years in pasture availability. Willis et al (1972)
observed that weaning weight (90 days) tended to decline
over the years of study due either to climatic conditions
or to a general decline in the level of supplementation given
to cows or calves. Faterson et al (1980a) found that
although pastures were irrigated, rainfall of the previous
year was rélated to the year effects on daily gain and
weaning weight (210 days). Others who reported significant
year effects on daily gain and weaning weight are Kennedy
and Chirchir (1971), Joubert et al (1977), Mentz et al
(1979a) and Thorpe et al (1980a).

The season of birth influences the birth weight of the

calf indirectly through the pre-calving nutritional plane
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of the dam, and it can affect the weaning weight and gain
in weight of the calf indirectly through its effect on

milk production in addition to the direct effects of season.
In Ghana, Montsma (1960) observed that calves born in the
dry season and therefore developed in utero during the
wetter part of the year, were 9% heavier at birth than
calves born in the rainy season. Singh and Tyagi (1970)
reported that 4.75% of the variance in birth weight was
attributable to season of birth and that this effect was

significant.

Bosman and Harwin (1967) found that spring-born
calves had a superior growth rate to late summer calves and
attributed this to the idea that early season calves and
their dams have full advaﬁtage of the peak summer grazing
period. These authors also found that in herds producing
summer and winter calves, the latter calves were somewhat
lighter at weaning than the early summer calves. In Cuba,
Willis et al (1972) reported that seasonal effects showed
a pronounced trend in both birth and weaning weight.
They found that calves born at the beginning and end of the
year tendéd to be lighter at 90 days (weahing) than those
born in late spring and summer. They indicated that this
was a reflection of the availability of grass which would
begin to become plentiful in April or May with the onset

of the rainy season and scarce towards the end of Octobere.
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Several authors have discussed the effect of time
or date of birth, on birth weight as it operates during
the culving season and have come to the conclusion that
birth weight can be expected to increase as the season
rrogresses. Alexander et al (1960) found that on average,
birth weight increased by 0O.43kg for each 10 days during
the calving season resulting in a total average increase
of 3.C0kg for the 10-week culving period. Bosman and
Harwin (1966) found thi.t early-season culves were
sifgnificantly (5 to 7kg) lighter in birth weight than

calves born at the end of the culving seuson.

With respect to daily gain and weaning weight, cualves
born early ian the season appear to grow faster and are
heavier at weaning than iate season calves. A study by
Winks et al (1978) in the dry tropics of North Jueensland
revealed that although the birta weight orf calves born
late in the calving period were significantly heavier than
those of earlier ones, early-born calves grew faster
(P<0.01) and were heavier at weaning (180 duys). Reports
from Swaziland have also indiczted that late-born culves
(Decemver) were generally heuvy at birth, but that early
born calves (Septewber to Hovember) were in turn
sigrfificantly heavier at weaning (210 days) than late calves

(Vilakati, 1977, DFU, 1979).

Richardson et al (1979) found that calf birth weight
increased as the calving season advanced, but that the

advantage of being born late was lost by the time the



calves were 150-days old. They observed that calf weight
gain from birth to 150 days declined as calves were born
later in the season, even after correcting for the effects
of milk yield and calf birth weight. These authors
suggested that the negative relutionship between growth

to 150 days and date of birth was prcbably a reflection of
the auantity and quality of grass available to suckling
calves from 90 days of age onwards, when grass forms a

substantial part of their diet. Ientz et al (1979a)

found that calves born early in the calving season were
significantly heuvier at weaning than those born in the
middle of the calving season and that these were in turn

he.vier tnzn those born late.

The weaning weight of the calf is to some extent
derendent on the age ol the cull at weaning. The weaning
age in beef cattle usually ranges from 1E0 to 250 duys.

The wost frenuently used uges being 1686, 200, 205, and

210 duys. Tre usual prazctise oi weaning calves at a fixed
tie leads to age differences among culves which needs

ad justing in order to nwke vulid conparisons of wecning
weights. The importance ¢f correcting for call age in
selecticn experimentis have been confirmed by Jones and
Hopkins (1S680) who indicated that if calves born within

a period of 33 days were compared and calf age was neglected,
the resronse to selection for weaning weight would be reduced

by about €%.



2.1.2 Factors influencing post-weaning growth traits.

Fost-weaning growth in beef cattle cun be measured by
weight 2t suitably chosen ages, the weight gain over a
specific period or the rate of gain in weight per unit
time. Research has however indicated that post-weaning
growth under grazing conditions is better measured by
liveweight at specific ages about normal slaughter-age
rather than by gain per day recorded over any shorter period
(Carter, 1971, Seifert, 1975b). In cases where early
mating is advocated, the yearling weight (12 to 14 months)
of the animzl is normally used as a measure of growth.
ILiveweight at 18, 20, and 24 months of age is said to be
the main determinant of carcass weight and economic returns
and is thus the xost aprropriute mezcsure of response to

selection.

The economic importance of post-weaning growth in
beef production as already indicated in the intrcductory
chapter, needs no further emrhasis. The growtlk phase
after weaning ccvers the larger proportion of the animal's
life and is relatively free of maternal influences.
Although post-weaning growth depends solely on the animal's
genetic ability to grow, it is also subject to more
environmentzl stress and consequently more variable than
the pre-weaning phase. The various factors that influence -
post-weaning growth traits are also conveniently

categorised into genetic and non-genetic factors. Knowledge
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of both the genetic and envircnmental influences on this
period of the animal's life is of vital importance
particularly under tropicecl conditions where most cattle

have to cope with a wide range of environmental constraintse.

(1) Genetic ractors

The importance of genetic factors in causing
variation in post-weaning growth traits is apparent in
view of the medium to higk heritability estimates of such
traits (Preston and Willis, 1974, Barlow, 1978). Breed
and strain differences in post-weaning growth rate are
well known, and genetic differences between sires witnin a
breed and between individuals within a group, all

contribute to the variation in post-weaning growth

performance.

Most studies carried out under tropical and sub-tropical
conditions have indicated significant growth prerformance
differences between the dirferent types of cattle (§.
indicus Vs B. taurus) and within each type, breed
differences are also well established. Cross breeding has
also been.widely reported to have a marked influence on
post=weaning growth traits, particularly in cases where

Zebu and European or British breeds are involved.

Several reports on the breed evaluation programme in
Botswana have indicated significant differences in post-
weaning growth among various breed groups and have also

suggested an advantage in post-weaning growth to 18 months
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of age through crcssbreeding (Trail et al, 1977, AFRU, 1978).
Trail et al (1977) found that straightbred Tswana and Tuli
calves were significantly heavier at 18 months than
straightbred Africanders. A comparison of the crossbred
progeny of Tswana cows by Simmental, Brahman, Bonsmara
and Tuli sires revealed that all the crossbreds were
significantly heavier thuan the Tswana controls. The
Simmental and Brahmen sired crossbreds were significantly
heavier at 18 months than the other crossbreds. Similar
studies in Zambia (Thorpe et al, 1979, 1980b) based on
different breeds also indicated significant breed
differences in 12, 18, 24 and 36 month weight and have
suggested some advantage in post-weaning growth
performance due to crossbreeding, esrecially where B.
taurus x B. indicus crossbreds were involved. Working
with Brahman and Charolais cattle, Rudder et al (1375)
showed that crossing Zebu with B. taurus in a trcpical
environment had a significant influence on post-weaning
growth performance. They found that Charolais x Brahman
cattle were O.17x¢ heavier (F<0.005) per day of age than
the straightbred Brahman and gained O.13kg per day more

during the rost-weaning period.

Significant differences in growth performance due to
breed of sire and breed of dam were illustrated by Trail
et al (1971b), who found that from weaning to 24 months,
progeny of Red Foll and Angus sires were significantly

heavier than the progeny of Boran sires. At 24 months of
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age, progeny of the B. taurus sires were 9y heavier than
progeny of Boran sires and calves by Boran dams were in
turn 15% and 8% heavier at that age than progeny of East
African Zebu and Ainkole dams, respectively. However, these
authors also reported significant genotype x year
interactions, indicating the necessity of evaluating breed
tyres over several years. A later report by Sacker et al
(1971¢c) indicated significent hybrid vigour effects in
crosses between Red 10ll and Boran breeds. The average
yearling weights of crossbreds were 26.4% superior to

those of purebreds in this report.

A five-year evaluation study of F, and F3 Africander,
Brahman and British (Shorthorn x Hereford) crossbred
cattle by Kennedy and Chirchir (1971) indicated that the
Zebu crossbreds grew faster and were significantly heavier
at 18 months than the British crosses. The average
18-month weights were 294.3kg, 282.8kg und 244.2kg for
the Brahman, Africander, «nd British crossbreds,
respectively. A similar study later undertaken by
Seifert (1975b) has also suggested that Zebu crossbreds
are superior to British crossbreds in the tropical areas
of Australia. The latter study also revealed that among
the Zebus, Brahman crossbreds were heavier (F<0.01) than
the Africander crosses throughout the post-weaning period

(up to 18 months).
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4 comparative study of the post-weaning growth
performance of Zebu-sired crosses by Winks et al (1978b)
has indicated that Sahiwal x Shorthorn crosses tended to
have higher growth rates than Brahman x Shorthorn from
weaning to 18 months and that the latter crosses have
faster growth rates from 18 to 30 months. The authors
suggested that the differences in growth rates during the
various post-weaning periods could be a function of
differences in rate of maturity in the two genotypes. 1In
Guyana, Mohadevan et al (1972) also found that progeny
of native cows by Sahiwal bulls were heavier as yearlings

than those by Brahman bulls.

Other studies have indicated that genotype x
environment interactions for post-weaning growth traits,
as discussed in the reviews by Warwick (1972), and Preston
and Willis (1974), exist. For instance, Mentz gt al (1979b),
evaluating the post-weaning growth performance of 342
steers out of Africander cows and by various sire-breeds
under two systems of management reported a significant
sire-breed x treatment interaction. They found that
progeny by B. taurus sires (Charolais, Hereford and Simmental)
performed strikingly better in a system of intensive
fattening than those by B. indicus sires (Africander and
Brahman). However, under the extensive production system,
B. indicus progeny performed relatively better. Among

the B. indicus sire-breeds, that study showed that the
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Brahman crossbfeds held no advantage over the straightbred

Africander unaer intensive rroduction system, buil that the

Brahman crosses outweighed the Africander control by 13.1%

under the extensive production system. Among the B. taurus
sire-breeds, the Simmental crossbreds performed relatively

better than both the Charolais uand Hereford crossbreds

under extensive conditions.

The influence of the sire on post-weaning growth
has also been established though most studies have been
confined to evaluating breed of sire differences rather than
individuual sires witnin brecds., VWorking with Sudunese
cattle, OUsman and Rizgalls (1908) reyported significant
(F<0.01) sire effects on yenrling welght and post-weaning
averanre daily gnin. They found dirferences of u; to 4Ukg
in average adjusted yeurling weight between the best and
roorest sires. An investiguntion of the geunetic and
eavironrmental factors influencing growth traits of
Holstein - Friesian x 3Sahiwal cuttle by Naidu and Desail
(1965) also indicated that differences among sire groups
for yenrling weight were highly significant. Significant
sire effects on post-weaning daily gain of Africander
cattle have been rerorted by Von La Chevallerie and Buys

(1965).



(ii) Non-Genetic lactors

The importance of the eanvironmental factors influencing
beef cattle production is well known. While genetic
improvement depends on the heritability of traits, the
environment plays an important part in the expression
of an animal's productive ability. Knowledge of the non-
genetic factors influencing growth post-weaning is essential
to make accurate assessment of the breeding values of

animals for these characters.

The major non-genetic factors influencing post-
weaning growth in cattle are ciimate, nutrition, management,
the sex of the =znimal, the use of growth stimulants and
disease and parasites (Freston and VWillis, 1974, Williamson

and Tayne, 1978).

Climate may influence post-weaning growth directly
through the animal's physiology in terms of its body
temperzture and fespiration rate wnich in turn affect
feed and/or water intake; or indirectly through its effect
on the feed surply and health of the animal. The indirect
effects of climate are of particular importance in areas
where cattle are derendent on grazed pasture or crops for
their food surply. In such areas, climatic factors,
notably rainfall, temperature and solar radiation exert
important influences on pasture production and hence the

animals that graze that pasture.

Although the direct effects of climate on post-

weaning growth have been studied extensively (Preston and
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Willis, 1974, Holumes, 1979), this review gives a brief
outline of the effects of high ambient temperature

because they are of special importance to tropical and
sub-tropical regions. In these areas, heat stress affects
production of exotic, highly-productive breeds of cattle
and, although the indigenous breeds are well adapted in
terms of survival, they have low inherent growth potentials,

by temperate standards (Frisch and Vercoe, 1978).

Research has indicated that very high temperatures
depress growth in cattle through their effect on feed
intake, water intake, and nitrogen metabolism. Keviews by
Freston and Willis, 1974, Frisch and Vercoe, 1978 and
Williamson and Tayne, 1978) have indicated that daily gain
decreases with increase iﬁ temperature from 235 to 33°C
and that food intake also decreases at high temperatures.
Kellaway and Colditz (1975), reporting on the effect of
heat stress on growth and nitrogen metabolism showed that
food intake and growth rate of cattle decreased at 38°C
compared with 20°C and that cattle at 38°C showed evidence
of disturbances in their metabolism. Ieed efficiency is
also affected adversely at high temperatures because the
animal attempts to lower its heat load by reducing feed
intake and this results in a decreased growth rate and

hence poorer feed efficiency (Freston and Willis, 1974).

Nutrition is considered the most important single
factor influencing beef cattle production. In most tropical

and sub-tropical countries, beef production is based
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almost entirely on natural pasture. The major nutritional
limitation to production in such places is thus a combined
deficiency of energy and protein which normally arise from
the poor quality herbage or roughage, which is the only
food available to beef cattle during a long dry season.
Reduced quantities of such food may be an additional
limiting factor in particularly adverse drought situations
(Topps, 1976). The low digestibility and protein content
of the diet presented to cattle post-weaning imposes a
severe physical restriction on the amount of food an
animal is able to eat and this in turn reduces the growth

rate.

Reports on the influence of nutrition on beef cattle
growth in tropical and sub-tropical countries indicate that
lack of protein in natural pasture is the major limiting

factor. Pratchett et al (1977), investigating the factors

limiting 1iveweighf gain (post-weaning) of beef cattle on
rangeland in Botswana, obtained results which indicated
that liveweight change is influenced primarily by the

crude protein content of the herbage selected. They found
that crude protein content of fistula samples accounted for
54% of the variation in liveweight gain, while digestibility
of the same samples accounted for 32%. Other workers who
reported similar findings are Sutherland (1959), Topps
(1962) and Van Niekerk (1974). The latter author stated
that feeding of energy-rich, but protein deficient food

gives poor responses in animal production and depresses
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forage intake. He concluded that energy is not the first
limiting factor in the dry sub-tropical conditions of
South Africa. On the contrary, reports from studies in
temperate climates indicate that energy is the major
limiting factor of post-weaning growth rate (Hodgson, 1968,

Freston and willis, 1974).

Seasonal influences on post-weaning growth are also
well established. In a system of beef production based
predominately on pasture, post-weaning growth changes with
the seasons of the year, this being mainly due to the
seasonal patterns of pasture production and avuailability.
In a review of the factors affecting the performance of
beef cattle on unimproved_pastures in tropical Queensland,
Sutherland (1959) concluded that the main problems of beef
production in such azn area were related to inadequate plane
of nutrition provided at certain seasons of the year by
unimproved pasturés and its effect on the performance of
cattle. The problem of periodic nutritional depressions
caused by occassional drought conditions or by winter
conditions in most parts of Southern Africa have also
been long recognised (Naude, 1965, Ward, 1968, Butterworth
and Presswood, 1978). Reviews by TFayne (1970) and
Williamson and Yayne (1978) have ezch indicated severe
post-weaning growth restrictions during the winter (or dry)
period and faster growth rates during Spring and summer

(or wet season).
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lost-weaning growth is also influenced by year and
month of birth. Vorster (1954) noted that the advantage
which animels born early within the calving season haud at
weaning was still apparent even at 3.5 amd 4.5 years cof
age. Thorpe ¢t al (1S80z) reported thut calves bern 30 duys
luter than average were lighter by 15 <o 18kg 2t 12 niontuns
and hy 18 to 2Ckg =2t 18 months. Sucker et al (1971a)
enplhasised tle cignificance of tuzxing period of birth into
consideration in wnalyses of weight-for-age data in an
environment where¢ range conditions cun chunge greatly from
month-to-month. These authors also reported significant
year effects on poct-weuning growth; they found body weight
differences of 26.tkg at 18 months and 1S.1kg at 24 months
between the best and werst years. Fennedy «nd Chirchir (1971)
found significant differernces of 43kg and 528kg feor 13-
and 16-month weights, respectively, between the best and
poorest year. JSignificurt year effects on post-weaning
daily gain and yearling weight were reported by Straw and
Jones (1977) and they also emphasised the importance of
couparing post-weaning growth records of animals within

year especially in areas where the environment is harsh.

Munagement has an important influence on growth
ané is a scurce of variation that the producer can attempt
to control with some success. for instance, a comwparison
of two systems of management in Botswana by Rennie et al .

(1977) revealed that the productivity of indigenous cattle

raised under a ranching within a fenced paddock system
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was surerior to that of cattle raised under the
traditional system of management on unenclosed communal
grazing (Cattle losts). These authors found productivity
estimates of 1&88kg cf 18-mcnth old calf per cow per year
for the ranch-raised animals while that for the cattle
post-raised animals was Ctkg. The animals maintained

in the ranch for the wihole period of study had a superior
post-weaning gain (7 to 18 months) of 17.3kg or 20% over

the cattle post-maintained animals.

The management asyects that influence growth jpost-
weaning include feedirng, supplementation, watering,
modification of the environment (shade, shelter) and
disease control. A detailed review of published work on
these management factors has been made by Ireston and

Willis (1974).

Feeding as discussed here refers to the provision of
dry matter or energy when total grazing is not sufficient to
support the herd. This normally occurs in winter and/or
during drought years, although the severity of nutritional
stresses depends on stocking rate and regional restrictions
of pasture production by climatic conditions. In general,
the main idea behind feeding grazing animals is to equate
the highly seasonal pattern of pasture production with the
steadily increasing feed requirements of growing animals.
Most reports from studies investigating the influence of
feeding on post-weaning growth have indicated that grazing

cattle fed with silage, hay or foggage during winter and/or
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the dry season, grew faster than non-fed animals
(Sutherland, 1959, Naude, 1965, Topps, 1976, Williamson
and Fuyne, 1978).

Closely associated with the effects of feeding
grazing cattle is the frequency of grazing. This has
an important influence on growth particularly in
management systems where night kraaling is practised. It
has been observed that during hot days cattle normally
show a decrease in their grazing during the day, but a
compensatory increase during the night when temperatures
are ccoler. Thus, if the management system is such that
cattle have no access to grazing at night time, the effect
of hot days on total food intake could be severe and thus

growth rate would be reduced.

The provision of a nutritional additive to remedy
deficiencies (in quality rather than guantity) in the
diet of animals, i.e., suprlementation, is another
management factor with a marked influence on post-weaning
growth. There i1s abundant evidence from the tropics and
sub-troprics which indicate that the use of protein
supplemrents to cattle grazing unimproved pastures during
the dry seascn when the pasture available is of low feed
value results in increased growth rates (Sutherland, 1959,
Naude, 1965, Topps, 1976, Fratchett et al, 1977). The
supplementation of minerals and vitamins to the diet of
growing animals also increases their growth rates.

For instance, the beneficial effects of phosphorus
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supplementation on live weight gain have been reported
in most areas of Southern Africa where natural rangeluands
are deficient in this mineral (see Ward, 1968, Capper et al,

1977, ATRU, 1978, Butterworth and Fresswood, 1978).

In cattle, sex has a very strong influence on the
growth rate of the young. DMales maintain superiority
from birth throughout life as have been shown by several
studies that invclved bulls and heifers or steers and
heifers (Vorster, 1954, Osman and Rizgalla, 1968, Sacker
et al, 1971a, Treston and Willis, 1974, Rudder et al,
1975, iinks et al, 1978, Thorpe et zl, 1980a). Vorster
(1954) observed that differences in weight between
steers and heifers tended to widen during the growing
season and that at 3.5 years of age, the steers were 11%
heavier than the heifers. (sman and Rizgalla (1968)
found that mzles were Y9kg heavier than females at 12
months while Sacker et al (1971a) reported differences of
upr to 2Ckg a2t 18-months and 17kg @t 24-months in favour of
males. Winks et al (1978) found that steers outperformed
heifers in liveweight pains, final liveweight and weight

rer day of age and were up to 31kg heavier at 800 days.

Cbviously, any environmental penalties experienced
by the animals up to weaning will carry-over to some
extent. Some non-genetic factors influencing pre-weaning
growth traits may thus be responsible for variation in

post-weaning growth traits. Also, the fact that birth
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weight and weaning weight are positively correlated (see
next section) with post-weaning weights would imply that
the later weights depend, to some extent, on the level

of weaning weight.

Correction factors are usually needed to remove
handicaps against progeny of young cows. Jones and
Hopkins (1980) found that neglecting the age of dam
effects, reduced genetic gains by 11 to 7% when selection
was at an age of 12 to 20 months. Straw and Jones (1977)
found that age of dam had a significant effect on yearling
weight and post-weaning daily gain, but that it was non-
significant on corrected yearling weight. They noted
that the adjustments mude to weaning weight successfully
removed the effect of age of dam on yeuarling weight,
suggesting that yearling weight differences due td age of
dam were reflections of the differences at weaning and
that no significént compensatory growth occurred between
weaning and yearling. Similar findings were reported
by Sacker et al (1971a). Several other studies have
shown that age of dam effecls on post-weaning growth traits
are generally unimportant (Rudder et al, 1975, Vilakati,
1977, Winks gt al, 1978 and Thorpe et al, 1980a).
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2.2 Genetic and gsnvironmental Relationships Among

Some Beef Cattle Growth Traits

Improving the performance of economic characters in
beef cattle through breeding depends on effective use of
genetic variation. Pertinent to the effective use of
genetic variability is a knowledge of the genetic and
environmental relationships among the traits, as already
indicated in the introductory chapter. These relationships
include the heritability and repeatability of characters,
as well as the genetic, environmental and phenotypic
correlations among thein. Estimates of such parameters for
traits of economic importance are needed to formulate

effective breeding plans.

Numerous estimates of the important genetic and non-
genetic parameters for beef production have been published
(Freston and Willis, 1974, Barlow, 1978). This present
review is however, restricted to the estimates of genetic
and phenotypic parameters for growth traits. The foregoing
sections will focus on the available estimates from
tropical and sub-tropical sources, especially those based

on cattle populations raised under range conditions.

2.2.1 The heritability of growth traits.

Heritability is arguably the most important single
concept in the application of genetics to animal breeding
(Hill, 1974). The heritability of a trait has a predictive

role in the measurement of the degree of correspondence



59

between rhenotypic values, which are directly measured,
and breeding values, waich influence the phenotypic values
of the next generation (Falconer, 1960). Heritabilities
are essential for planning breeding systems and predicting
response to selection as well as for genetic evaluation

rrograumes (Turner and Young, 1969, Dalton, 1979, 1980).

Various genetics and animal breeding textbooks have
defined the two concepts of heritability and have also
outlined the varicus ways in which the heritability of
a character can be determined (Lush, 1945, Falconer, 1960,
Turner and Young, 1969, Warwick et al, 1979, Daltcn, 1980).
The heritability concept referred to in this section is
heritability in the narrow sense, i.e., the proportion of
the observed differences émong animals that is transmitted
to their offspring. It is more useful in most aspects of
animal improvement. The most widely used procedures for
computing heritability in farw animals are the paternal
half-sib correlation and the offspring-parent regression
(Turner znd Young, 1969, Ireston and Willis, 1974, Warwick

et al, 1979).

By definition heritabilities are applicable only to the
data from which they were derived and it is thus strictly
not accurate to take estimates made in one population for
general application in another. However, characters can be
generally classified as having high (=0.50), medium
(0.25 to 0.50) or low (<0.25) heritability (Freston and
Willis, 1974, Warwick et al, 1979). It must also be
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pointed out that heritability, being a function of genetic
variance, could change its value with any change in gene
frequency as a consequence of selection. The usefulness

of periodic re-estimation of heritability for traits of
economic importance particularly for herds under artificial
selection have been stressed by Turner and Young (1969)

and Dalton (1980). However, Hill (1974) indicated that
gene effects have to be very large in relation to the
phenotyric standard deviation before genetic variances are
likely to change markedly in the first few generations. He
stated that the gencrzl impressicn is thut prediction

based on present estimates are useful for up to five

generations.

Numerous determinations of heritability have been made
for economically important traits in cattle. The review of
several reports on the estimation of heritability of a
number of traits by Ireston and Willis (1974 ) have
indicated values ranging from below zero to over one, and
yet the theoretical limits for estimates of heritability
are zcru and one (Lush, 1945, Faliconer, 1960). This
indicates the large scupling errors involved in the
calculation of heritability estimates. Heritability estimates
vary according to methods of estimation, sources of
environmental effects and genetic variability of the
population studied (Falconer, 1960, Preston and Willis,

1974, Warwick et al, 1979, Dalton, 1980). Some estimates
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of the heritability of certain rre- and post-weaning

growth traits are summarised in the following sections.

(i) The Heritability of Fre-Veaning Growth Traits

Fre-weaning growth traits have been reported to have
a mediun level of heritability by various authors (see
Warwick, 1968, Freston and Willis, 1974, Barlow, 1978).
Fedian values of C.38, 0.27 and 0.30 for the heritzbility
estimutes of birth weight, pre-weaning gain and weaning
weight, respectively, were given by Ireston and Willis
(1974) after collation of & large number of heritability
estimates. Table 2.4, 2.5 and 2.6 present scme estimates
of the neritability cf birth weight, pre-weaning daily
gain und weaning weight reported for cattle in the tropics
and sub-tropics. The breed, methcd of estimation, and

standura errors of the estimates are also indicated.

The heritability estimutes in most studies are
generclly medium for all the growth traits. This indicates
the score of genetic iwmprovement c¢f rre-weaning growth
traits through selection. The moderate to high
heritavility estimute of birth weight in relation to the
other traits is an indication of the strength of the
relationship which may be expected between the recorded
birth weight of a sire and the birth weight of his progeny.
Selection for sires with high birth weight would result in
increased birth weight of calves and this could be
undesirable since selecting for birth weight towards the

extreme may increase the incidence of dystocia (Freston
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and Willis, 1974). The heritability estimate of pre-weaning
daily gair is generally lower then that of weaning weight,
indicating that pre-weaning gain is less reliable in mass
selection than weaning weight and could profitably be
excluded from a selection programme (Lombard, 1963,
Berruecos and kobison, 1968, I'reston and Willis, 1974,

Barlow and O'Neill, 1980bj.

Tubles 2.4 and 2.5 also show ccnsiderable variation
in heritability estimates reported in the literature. The
large variations among reports may in rart be due to the
enalyses of the data or the effectiveness of removing
environmentzl variation (Barlow, 1978, Seifert, 1975b).
Fattie ¢t @l (1970) found that the heritability estimate
of birth weight was lower (0.17) when using unadjusted
data than when the datz were adjusted (0.37) for
variations due to year of birth. Seifert (1975b) also
recported consistently smaller estimates of heritability on
uncorrected data than among corrected data. He obtained
heritability estimates ranging from 0.53 to 0.74 for
birth weight, 0.05 to 0.64 for weaning weight for age and
0.06 to 0.60 for pre-weaning average daily gain, depending
on the effects adjusted for in the data. Variation in the
heritability estimates of some pre-weaning growth traits
due to other factors such as sex (Fahnish et al, 1964,
Francoise et al, 1973), strain/breed. (willis et al, 1972,
Baharin and Beilharz, 1975) and pre-weaning environment

(Barlow, 1978), have also been reported.



63

TABLE 2.4 Some Istimates of the Heritability of
Birth Weight
Breed Heritability Source and Method of
Estimate* Estimation

Kenana 0.18 + 0.21 Alim (1964 )-Paternal
half-sib correlation

Unspecified 0.34 Baharin and Beilharz
(1975 )-Faternal half-
sib correlation

Hereford and 0.56 + 0.15 Barlow and O'Neill

Crosses (1980b)-Taternal half-
sib correlation

Brahman 0.41 + 0.16 Berruecos and Robison

Holstein x
Haryana

Haryana

Santa

Gertrudis

Sahiwal

Brahman

Africander

Hereford

0.26 + 0.07

0.55 + 0.16

0.35 + 0.25

0.18 + 0.07

0.35

(1968 )-Faternal half-
sib correlation

Ghosh et al. (1978)-
Faternal half-sib
correlation

Govindaiah and Singh
(1980)-Faternal half-
sib correlation

Harricharan et al. (1976)
-Paternal half-sib
correlation

Harricharan et al. (1976)
-Faternal half-sib
correlation

Harricharan et al. (1976)
-Paternal half-sib
correlation

Heyns (1977)-Faternal
half-sib correlation

Koch and Clark (1955a)
-Faternal half-sib
correlation
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Table 2.4 continued
Breed Heritability Source and Method of
Lstimate* Estimation

Hereford 0.35 Koch and Clark (1955b)
-Regression of off-
spring on sire

Hereford 0.44 Koch and Clark (1955b)
-Regression of off-
spring on dam

Crosses 0.30 Lombard (1963 )-Faternal
half-sib correlation

Ngada 0.33 4 0.17 Mahadevan and Marples
(1961 )=Intrasire
regression of offspring
on dam

Shorthorn x 0.23 + 0.18 Marples (1964 )-

Zebu

Red Dane

Holstein x

Sahiwal

Sudanese

Ilereford

Jersey Xx

Haryana

Hereford

0049

0.20

0.16 + 0.11

0.72

Intra-sire regression
of offspring on dam

VMehta et al. (1976)-
Faternal half-sib
correlation

Naidu and Desai (1965)-
Paternal half-sib
correlation

Osman and Rizgalla
(1968)-Paternal half-
sib correlation

Tahnish et al (1964)-
Taternal half-sib
correlation

Ray et al (1978)-
Paternal half-sib
correlation

Shelby et al (1955)-
Paternal half-sib
correlation
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Table 2.4 continued

Breed Heritability Source and liethod of
Estimates* Estimation

Bast African 0.36 + 0.13 Stobbs (1966) -Intra-

Zebu sire regression of
offspring on dam

Crosses 0.21 + 0.09 Trail et al (1971b) -
Faternal half-sib
correlation

Ongole 0.33 + 0.15 Venkateshwarlu gt al
(1972) -Intra-sire
regression of offspring
on dam

Ongole 0.%56 + 0.29 Venkateshwarlu et al
(1972) -Paternal half-
sib correlation

Charolais 0.25 + 0.60 willis et al (1972) -
Paternal half-sib

' correlation

Santa 0.%9 + 0.30 Willis et al (1972) -

Gertrudis Paternal half-sib
correlation

Brown Swiss x 0.62 + G.40 willis et al (1972) -

Zebu Paternal half-sib
correlation

Holstein x 0.09 + 0,10 Willis et al (1972) -

Zebu I'aternal half-sib
correlation

Range = 0.09 to 0.75

* with standard error
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Some_Dstimutes of the Heritabilitv of

Pre-wesning Growth Rate (90 to 270 days)

Breed Heritability Source and Method of
Estimate# Estimation

Angus 0.21 + 0.38 Barlow and Dettmann
(1978) -Paternal half-
sib correlation

Hereford and 0.47 + 0.15 Barlow and O'Neill

Crosses (1980b) -Iaternal half-
sib correlation

Brahman 0.43 + 0.17 Berruecos and Robison
(1968) -Iaternal half-
sib correlation

Haryana 0.65 + 0.16 Govindaiah and Singh
(1980) -Paternal half-
sib correlation

Brahman 0.63 + 0.38 Harricharan et al (1976)
-Taternal half-sib
correlation

Santa 0.70 + 0.19 Harricharan et al (1976)

Gertrudis -Paternal half-sib
correlation

Sahiwal 0.86 + 0.39 Harricharan et al (1976)-
Taternal half-sib
correlation

Africander 0.19 + 0.07 Heyns (1977) -Faternal
half-sib correlation;
90-day weight

Africander 0.09 + 0.05 Heyns (1977) -Faternal
half-sib correlation;
gain from birth to
90 days

Africander -0.05 + 0.03 Heyns (1977) -Faternal

half-sib correlation;
gain from birth to
weaning
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Breed

Heritability
Estimate*

Source and lethod of
Estimation

Hereford

Hereford

Hereford

Crosses

Unspecified

Unspecified

Unspecified

Holstein x
Sahiwal

Hereford

Zebu

Zebu

0. 21

0.22

0.1 0.20

I+

0.05 + 0.23

0.22

1+
(©)
.
PO
no

0.44

0.05

0.38 + 0.42

0.28 + 0.38

Koch and Clark (1955a) -
Faternal half-sib
correlation

Koch and Clark (1955b) -
Regression of offspring
on sire

Koch and Clark (1955b) -
Regression of offspring
on dam

Lombard (1963) -Taternal
half-sib correlation

Mason et al (1970) -
Regression of offspring
on dam

Mason et al (1970) -
Intra-sire regression
of offspring on dum

Mason et al (1970) -
Faternal half-sib
correlation

Naidu and Deszi (1965) -
Paternal half-sib
correlation; 19-week
weight

Fahnish et al (1964) -
Taternal half-sib
correlation

Torres (1962) -laternal
half-sib correlation;
90-day weight

Torres (1962) -Faternal
half-sib correlation;
Average daily gain-
birth to 90 days
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Breed

Heritability
Estimate *

Source and Method of
Estimation

Zebu

Zebu

Crosses

0.37 + 0.41

0.33 to 0.40

0.14 1 0.07

Torres (1962) -I'aternal
half-sib correlation;

Average daily gain-
birth to 210 days

Torres (1962) -Faternal
half-sib correlation;
Average daily gain -
90 days to 210 days

Trail et al (1971b)
Paternal half-sib
correlation; 3 month
weight.

Range = 0.05 to 0.86.

< ’

with standard error



TABLE 2.6

69

Some fZstimates of the Heritability of

WYeaning VWeight (6 to 9 months).

Breed Heritability Source and Method of
Estimate* Estimation

Angus 0.21 1 0.38 Barlow and Dettmann
(1978) -Faternal half-
sib correlation

Hereford and 0.54 + 0.15 Barlow and O'Neill

Crosses (1980b) -Paternal half-
sib correlaticn

Brahman 0.47 + 0.18 Berruecos and Robison
(1968) -raternal half-
sib correlation

Hereford C.17 Blackwell et al (1962)
-Paternal half-sib
correlation

Angus, 0.67; 0.18 Dunn et al (1970) -

Hereford and Taternal half-sib

Shorthorn correlation

Crosses 0.29; 0.34 Dunn et al (1970) -
Faternal half-sib
correlation

Angus G.72 + G.33 Francoise et al (197%) -
Faternal hzlf-sib
correclation

Hereforad 0.82 + C.12 Francoise et ol (1673%) -
Paternal half-gsib
ccrrelation

Haryana C.07 + 0.17 Govindaiah and 3ingh
(1980) -FPaternul half- -
sib correlation

Brahman 0.52 + 0.34 "Harricharan et al (1976)

-Paternal half-sib
correlation
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Breed Heritebility Source and Method cf
botioiate* sstimztion
Sahiwal .35 + C.50 larricherun et 21 (1576)
-Futernzl half-sib
correlation
vanta 0.80 + G.21 Hlarricheran et @1 (1976)
Gertrudis -Taternal half-sib

LIricandes

llereford

Hereford

lHereford

Crosses

oudanese

Hereford

Herefora

East African

Zebu

Zebu

0.05 + 0.05

0124

0. 11

.25

0.27

0.10 0.14

-
&

0.24

0.28 to 0.38

correlation

Eeyne (1977) -Taternal
walf-s5ib correlation

Ecch and Clark (1955a) -
Faternzl half-sib
correlation

Koch and Clurk (1955b) -
Regression of offspring
on dam

Koch and Clark (1955b) -
Regression or offspring
cn sire

Lombard (1963, -laternal
half-sib correlation

Coman and Lizgalla (1968)
-Faternal half-sib
correlation

Tahnish et al (1964) -
Faternal half-sib
correlation

Shelby et &l (1355) -
TFaternal half-sib
correlation

Stobbs (1966) -Intra-
sire regression of
offspring on dam

Torres (1962) -Paternal
half-sib correlation



Table 2.6 continued

=

Brecd

Heritability

Latimater

source and llethod cof
mstimaticn

F o, SRR
(WA IO ST

Cherolais

Santa

Gertrudis

Zebu

Brown Swiss

X Zebu

{olstein x
Zebu

(@)
L ]
()]
(@)
1
0

Ue1% 4 0.0

0.21 1 0.20
0.11 5 0.10
0.05 = C.10
C.16 + 0.2C

il et ol (1971b) -

voternsl helf-sib
correlation; 6 month
welght
Bradl &b X (IG5 ®;
Tuternal halil-sib
cerrelationy § mcktl
welght

willis et =1 (1972, -
Taternal half-sib
correlation; 90 day
weight

VallEs el il I 9e) -

ITaternal half-sib
cecrrelation; 90 day
weight

Willis et ul (1672) -

Taternal half-sib
correlation; S0 day
weight

Willis et =21 (1972 -
Taternal half-sib
correl=ztion; 90 day
welght

Jillis et 21 (1G672) -
Taternal half-sib
correlntion; 90 day
welght

Range

* with standard erroxr

0.C5 to 1.33



(ii) The Heritability of lost-weaning Crowth Traits -

Several reports on the heritnbility of post-weaning
crowth traits nave been reviewed by lresten and Willis
(1974,. They gave rreferred values of 0.52 and 0.70 for
duily gain on test wnd final liveweight on test, resypectively.
However, most of tne estimutes reviewed by these authors
were obtained Irou american scurces and were based on data
collected on cattle {(wainly bulls and steers) tested on
high-energy rationg in confined areas for periods oi 150
tc 250 duys. The average heritabilities for weights and
gains of pasture-fed animals up to 24 months of age dre
generally lower than those under feed-lot conditions

(Carter, 1971, Barlow, 1978, Hinojosa and Segura, 1980).

Table 2.7 presentis a suummary of sowme of the
heritability estimates for certain post-weaning growth traits
reported for cattle in the tropics and sub-tropics. Ilost
of these estimates were extracted from reports on studies
involving cattle generally grown on pasture with little

or no supplementation.

Cstimates of the heritavility of post-weaning weight
and/or gain are necessary to predict genetic gains and to
formulate breeding rlans, which are aimed at selecting
animals on their own performance. The heritability estimates
reported in most studies are generally medivm to high for

all the growth traits, indicating that selection for growth



wouvld result in progress at an agrreciable rate (Warwicle,
1968, lreston and Willis, 1974, Barlow, 1978). The
heritability o1 actunal weight for age is generally higher
than that of post-weaniag duily gain (Table 2.7), implying
that it would be mcre approrriate in a genetic improvement
rrogremme to select animals on post-weaning final liveweight
rather than the mearn daily gzin in the saxe preriod. For
ingtance, a study of the effectiveness of selection for
growth rate in Zebu x BEritish crossbred cattle by Seifert
(1975b, indicited that the heritability of post-wecaning
daily goin wae the lowest of all estimates and ranged from
0.09 to 0.37. IMctimutes of the heritability of adjucstied
finul weight per day of age (18-monthe) in that study were

in turn larger than unity (i1.42) aad

o

realised heritability

of 0.52 for this trait was cbltained. After consideration
of severnl cther genetic and pnenctypic parameter estinates
for various growth traits, Seifert (1975b) remarked that
weight per day of age at 18-months azppeared to be the mosti
efficient single trait to select beef cattle for increased
crowth rate. Hinojosa zad Segura (1980, working with
Brahmsn cattle fed only on pasture, zlso found thut the
heritability cf fiual liveweignt at 414 deys was higher
(0.51) than that of rost-weaning daily gain (0.08). These
two examples confirm the findings of several other reports

which have indicated that under range conditions, actual

weight is a more wvalid practical measure of growth than
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gain (see Carter, 1971 and Barlow, 1978). The relatively
high Leritavility estimwutes of zwctual weight uzlso imply
that selecticn on individuazal performance i.e., performarce
testing, would bte an adejuute selection method in breeding

¥lans tc improve this truit.

The limited findiungs hithertc published on the
comparison of heritavility estiuwtes of straightbred and
crossbred populutions al.pear to indicate that there are no
significant differences between such estimates for post-
weaning growth traits. Miguel and Cartwright (1963%),

Dunn gt 21 (1970) and Koger et 21 (1S75) have all reported
that where sires of the same breed are mated to different
breed groups of dams, halﬁ—sib heritability estimates
obtained from within different grcups are generally of the
same order of nmagnitude. These findings suggest th#t
selection for growth should be roughly as effective in

crossbreds as in straightbreds.

The reported heritability estimates of post-weaning
growth traits alsc show a wide variation between studies
(see Table 2.7). This may be partly due to differences in
the period over which post-weaning gain and/or the age at
which post-weaning weights are recorded. The time of
weaning and the nutritional regime over this period also
vary considerably between studies and could thus be
responsible for the variation in heritability estimates

(Freston and Willis, 1974, Barlow, 1978).
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TABLE 2.7 The Heritability Estimates of some Tost-
Weaning Growth Traits

Trait Breed Heritability Source, Method and

Estimate* Notes

(a)

Yearlin

weight (12

to 15 months)
Haryana 0.81 + 0.21 Govindaiah and Singh

(1980) -Yaternal half-
sib correlation -
12-month weight

Brahman 0.93 1+ 0.49 Harricharan et al
(1976) -Faternal half-
sib correlation -
12-month weight

Sahiwal 1.67 + 0.54 Harricharan et al
(1976) -Paternal half-
sib correlation -
12-month weight

Santa 0.74 £+ 0.20 Harricharan et al
Gertrudis (1976) -Paternal half-

sib correlation -
12-month weight

Brahman 0.51 + 0.31 Hinojosa and Segura
(1980) -Faternal half-

sib correlation -

414 days

Hereford 0.47 Koch and Clark (1955a)
-Paternal half-sib
correlation

Hereford 0.43 Koch and Clark (1955a)
Regression of offspring
on dam

0.26 Mahadevan and Marples
(1961) =Intra-sire
regression of offspring
on dam. 12-month weight

Ngada 0.27

I+

Holstein 0.79 + 0.31 Naidu and Desai (1965) -
x Sahiwal Faternal half-sib
correlation - 365-days
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Table 2.7 continued

Trait Breed Heritability Source, Method and
Estimate* Notes
Sudanese 0.26 + 0.26 Osman and Rizgalla

(1968) -Taternal half-
sib correlation - 365
days

Crosses 0.08 1 0.06 Trail et al (1971b) -
Paternal half-sib
correlation - 1Z2-months

Crosses 0.31 + 0.14 Trail et al (1971b) -
Faternal half-sib
correlation - 15-months

(b)
18 to 24
months weight

Hereford 0.34 Blackwell et al (1962) -
Paternal half-sib
correlation - 18-months

Hereford 0.70 Blackwell et al (1962) -
Final weight

Angus, 0.71 S Dunn et al (1970) -

Hereford Taternal half-sib

and correlation. 550-day

Shorthorn weight

Angus, 0.51 H Dunn et al (1970) -

Hereford Paternal half-sib

and correlation. 550-days

Shorthorn

Crosses 0.56 S Dunn et al (1970) -

Paternal half-sib
correlation. 550~days

Crosses 1.00 H Dunn et al (1970) -
Faternal half-sib
correlation. 550-days



7

Table 2.7 continued

Trait Breed Heritability Source, Method and
Estimate* Notes

Angus 0.18 + 0.32 Francoise et al (1973) -
Taternal half-sib
correlation. 18-month
weight/day of age

Hereford 0.73

l-L-
(@)
.
N

Francoise et al (1973) -
Faternal half-sib
correlation. 18-month
weight/day of age

Haryana 1.02H+ 0.35 Govindaiah and Singh
(1980) -Paternal half-
sib correlation. 18-
months

Haryana 0.93H+ 0.33 "

Ngada 0.34 + 0.28 hahadevan and larples
(1961) -Intra-sire
regression of offspring
on dam-18-months

Bast 0.31 + 0.21 Stobbs (1966) -Intra-
African sire regression of
Zebu offspring on dam-
1 to 2 years average
weight
East 0.57 + 0.17 Stobbs (1966) - 2 to
African 3 years average weight
Zebu
Crosses 0.11 + 0.08 Trail et al (1971b) -
Taternal half-sib
correlation - 18-months
Crosses 0.06 + 0.07 Trail et al (1971b) -
21 - months
Crosses 0.19 + 0.11 Trail et al (1971b) -

24-months

Range (12 to 24 months) = 0.06 to 1.67
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Table 2.7 continued
Trait Breed Heritability Source, Method and
Estimate~ Notes
(c)
Post-
weaning
gain
Unspecified 0.36 Baharin and Beilharz
(1975) -Faternal half-
sib correlation
Hereford 0.32 Blackwell et al (1962)
- Taternal half-sib
correlation
Angus 0.60 + 0.39 Francoise et al (1973) -
Paternal half-sib
correlation
Hereford 0.41 + O.11 "
Brahman 0.08 + 0.14 Hinojosa and Segural
(1980) -l'aternal half-
sib correlation
Hereford 0.39 Koch and Clark (1955a) -
laternal half-sib
correlation
Hereford C.18 Koch and Clark (1955b) -
Intra-sire regression of
offspring on dam
Sudanese 0.28 + 0.20 Osman and Rizgalla (1968)
- Faternal half-sib
correlation
Crosses 0.03 + 0.06 Trail et al (1971b) -
FTaternal half-sib
correlation (9 to 18
months)
Crosses 0.34 + 0.15 Trail et al (1971b) -
9 to 24 months.
Range = 0.03 to 0.60
¥ with standard error
S = steers H = heifers
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2.2.2 The genetic and phenotypic relationships between

beef cattle growth traits.

The relationship of growth made by cattle during
different periods of development is of general significance
to the beef cattle industry. Breeding animals must often
be selected at a young age, and the success of selection
depends largely on the cattle retaining the characteristic
for which they were selected. The importance of being
able to predict future gains from early growth in the
production of animals for meat is obvious (Preston and

willis, 1974, Barlow, 1978).

Relationships between traits may be classified into
genetic, environmental, and rhenotypic correlations.
However, it is not usually possible to measure all three
types of relationship unless there is a large volume of

data.

The genetic correlation is the correlation between the
additive breeding values for two traits or between the
sum of additive effects of the genes influencing these
traits (Warwick et al, 1979). CGenetic correlations are
mainly an outcome of pleiotroric effects of genes, i.e.,
the capacity of a gene (or genes) to affect two characters .
simultaneously, and to a minor degree, of linkage or
selection with varying emprhasis on the different characters

in many interbreeding groups of a population (Falconer, 1960,

Turner and Young, 1969, I'reston and Willis, 1974, Dalton,
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1980). These correlaticns are of greatest interest to
breeders because they are used in development of breeding
plans to:

(1) Indicate what other characteristics are likely to
change in future generations besides those under selection;
(2) decide what counter-selection might be needed to
prevent such change, and (3) decide whether an easily-
measured character cun be used as a selection criterion to
obtain genetic gains in a trait which is more difficult

(or expernsive) to measure (Dalton, 1980).

Genetic relationships among beef cattle growth traits
have not been studied nearly as extensively as heritability
and estimates of genetic correlations are subject to
larger sampling errors than are heritability estimates
based on the same number of animals (Warwick, 1968, Ireston
and Willis et _al, 1979). Like heritability, genetic
correlations may change under selection, not only in degree
(size), but also in direction (sign), as indicated by
Turner and Young (1969). Cenetic correlation coefficients
are also specific to the population and environment in

which they were obtained.

Fhenotypic correlaticns, like the pﬂenotype itself,
arise from a combination of genetic and environmental
effects. The phenotypic correlations between characters
are not as important as the genetic correlations because
they do not give a definite indication gbout expected

changes in future generations in the course of selection.
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They are useful indicators of the overall phenotypic
relationships among traits, but offer little information

on the magnitude of the genetic and environmental
correlations. It is possible to have two traits which have
a positive phenotypic correlaticn even though the genetic
correlation between them is negative. There is therefore
an obvious need to be cautious in interpreting and using
rhenctypic correlutions until the size and direction of

the corresponding genetic ccrrelations are known.

Utherwise, phenotyric correlaticns are easy to obtain
and the square of the correlation coefficient (i.e., the
coefficient of determinatiun) is used to measure the
amount o©f variation in one trait that is accounted ror

by variation in a correlated tiait.

The phenotypic and genetic relationships existing
between various traits used as criteria for selection in
beef cattle must be known in order to maximise the rate of
progress in a selection prograume and to devise the most

efficient breeding plans.

This section summarises some of tne prublished genetic
and phenotypic correlation coefficients for growth traits
of cattle raised under tropical and sub-tropical conditions.
The rerorted correlation coefficients, especially the
genetic correlations, show a wide range of variation,
reflecting not only large sampling errors, but presumably

also real genetic differences between the populations
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studied in terms oi genetic zund environmental components
(Falconer, 1960). Lost of the reported correlations among
growth traits are, however, positive and they range {rom

medium to high.

(i) The Genetic and Thenotypic Relationships

between 1 re-weanine Growth Traits

Table 2.8 and 2.10 presents a summary of some genetic
and phenotypic correlation coefficients between pre-weaning
growth traits. Variations in estimates of these correlations
between studies exist, but generally medium to high levels
of associution have been reported. Tart-whole genctic and
phenotypic correlations (e.g., pre-weaning gain, and
weaning weight) are the highest (sece Table 2.10), as would
be expected. Some of the genetic correlation coefficients

are above +1 due to sampling error.

The magnitude of the phenotyric correlations between
birth weight and weaning weight would suggest that hcavier
calves at birth are able to maintain their weight
advantage through to weaning. The genetic correlations
between birth weight and the otner rre-weaning traits are
positive, implying that many of the genes responsible for
variation in pre-natal growth are also responsible for

post-natal growth to weaning.
]
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ABLE 2.8 Some Estimates of Genetic and FPhenotypic
Correlation of Birth Weight with Fre-
weaning Growth and Jeaning Weight
Correlated Correlation Estimate Source and
Trait Genetic Thenotypic Comments
(a) Ire- 0.25 0.11 Barlow and 0'Neill
weaning (1980b) -Hereford
growth (gain and crossbreds;
or average Ire-weaning ADG.
daily gain
(ADG
0.82 0] 502 Berruecos and
Robison (1968) -
Brahmrans Tre-
weaning ADG
0.6& -0.09 Heyns (1977) -
Africander; gaiun
to 90 days
0.46 0.21 Koch and Clark
(1955a) - llereford
0.30 0.20 Tahnish et al (19€4)
Hereford-ieifer
data only; daily
gain to 230 days
0.17 0.12 Seifert (1975b) -
Zebu x British;
Ire-weaning iDG.
- 0.26 Von La Chevallerie
and Buys (1965) -
Africander; daily
gain to weaning
(b) Weuning
welght 0.49 0.31 Barlow and O'Neill
(1980b) -Hereford
and crosses
0.84 0.42 Berruecos and

Robison (1968) -
Brahmans
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Correlated Correlation
Trait Genetic

Eetimate
Trenotypic

Source and
Cowments

0.82

0.36

0.40

0057

0.25

G.21

Ve st

0.27

0.26

Govindaiah and
Singh (1980) -
Haryana; 4 month
weight

Govindaiah and
Singh (1980) -
Haryana; 8 month
weight

lleyns (1977) -
Africander; 90-day
welgnt

Heyns (1977) -
Africender; 210-days

itocn and Clark
(1555a) -llereford

Naude (19€5) -
Mguni

Iahnish et al
(1964) - EHereford;
H=heifer data
B=bull data

Trail et al (1971t)
Crosses; 6-month
veizht

B /nl,‘,lbi‘k;,
Crosseeg; Y-month
weight

el S L \

Seifert (1975b) -
Zebu x British

Willis et al (1972)
- Charolais; 90-
day weight

Willis et al (1972)
- Santa Gertrudis;
90-day weight
Willis et al (1972)
- Zebu; 90-day
weight
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TABLE 2.9 Some iigtimates of Genetic and Fhenotypic

Correlation of Birth Weight with Tost-

weaninz Growth Traits

Correlation Estimate Source and
Genetic Fhenotypic Comment*
-0.16 0.18 Govindaiah and Jingh

(1980) - Haryana; with
12-month weight

0.12 0.05 Govindaiah and &Zingh
(1980) -Haryana; with
18-month weight;
Heifers only.

0.67 0.07 Covindaiah and Singh
(1980) =-Hzryana; with
24-month weight;
Heifers only.

0.06 0.04 Koch and Clark (1955a) -
Eereford; with rost-
weaning ADG

0.40 0.34 Koch and Clark (1955%a) -
Hereford; with yearling
weight

0.82 0.21 Seifert (1975b) - Zebu x
British, Tost-weuning
a"’lDGo

0.59 0.34 Seifert (1975b) - Zebu x
British, with 18-month
weight.

N, e 0.36 Trail et al (1971b) -
crosses; with 12-month
weight

0.79 0.36 Trail et al (1971b) -
crosses; with 15-month
weight

0.81 0.36 Trail et al (1971b) -
with 18-month weight

0.58 0.35 Trail et al (1971b) -
Crosses; with 21-month
weight
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Table 2.9 continued

Correlation Lstimate Source and
Genetic Phenotypic Comment™
0.64 0.35 Trail et al (1971b) -
Crosses; with 24-month
weight
- 0.29 Vorster (1954) -

European; with slaughter
weight at 3.5 to 4.5
years.

- 0.18 Vorster (1954) - Native;
with slaughter weight at
3.5 to 4.5 years.

~ 4ADG = Average daily gain.
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Some_DLstimates of the (enetic and

Thenotypic Correlation of Weaning Weigrht

with ITre- and lTost-weaning Growth

Correlated Correlation Estimate Source and
Trait Genetic Phenotypic Comment
(a) Fre-
weaning gain 0.96 0.97 Barlow and Dettmann
or average (1978) -Angus; ADG;
daily gain female data
(ADG).
0.93 0.95 Barlow and O'Neill
(1980b) -Hereford
and crosses; ADG.
G.Ye G.99 Berrueccs and
Robison (1968) -
Brahmans; ADG.
1.C4 0.86 Heyns (1977) -
Africander; gain to
90 days.
0.98 0.9& Keeh and Clark (1955a)
- Hereford; ~DaG.
0. 90H 1.08H lahnish et al (1964)
1.70B 0.G4B -Hereford; gain to
230 days;
H=heifer; B=bull
G.97 0.98 Seifert (1975b) -Zebu
x British; ADG.
(b) Fost-
weaning gain .
or ADG 0.61 -0.10 Dluckwell et &1 (15662)
- Hereford; gain to
18-months; heifer
data
O 12 -0.07 Francoise et al

(1973) - Angus and
Hereford; ADG.
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Table 2.10 continued
Correlated Correlation Estimate Source and
Trait Genetic Phenotypic Comment

-0.03 -0.33
0.71 0.09
-0.18 -
-0.23% -

Koch and Clark (1955a)
-Hereford; ADG.

Seifert (1975b) -
4ebu x British; ADG.

Trail et al (1971b)
- Crosses; gain to
18 months

Trail et al (1971b)
- Crosses; gain to
24 months.
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There are indications that genetic correlations
between pre-wveaning growth traits arec generally higher
than the corresponding rhenctygpic correlations. Selection
for any of these traits would thus be expected to result
in change in the others. Treston and Willis (1974)
observed that the genetic correlations between birth weight
and pre-weaning growth are mostly higher than the observed
rhenotypic correlations, indicating that selection for
birth weight should increase subsequent gain. Trail et al
(1971b) obtained genetic and phenotypic correlations of
0.86 and 0.35, resrectively, between birth weight and
G-montrn  weight; the respective estimates for birth weight
2nd weoning weight (9 months) were 1.04 and 0.34. CLeifert
(1975b) alsc found that the genetic correlation between
birth weight and weaning weight was higher than the

rhienotyric correlation.

(ii) Tue Scne*ic and Thenotypic iizlationships

betwveen 're-veonino 2nd lost-weaning Grewth Traits

The relutionship bhetwween pre-weaning growth traits and
veight or growth at luter stagec in cuttle have been studied
by several wvorkers (Preston and Willis, 1974, Barlow, 1978).
The genetic correlations between birth weight and post-
weaning weights and gains are generally high (Table 2.9)
and the prhenotypic correlutions between these traits are
all positive and relatively low. For instance, Trail et al

(1971b) found a genetic correlation of 0.81 between birth
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weight and 18-month weight, while Govindaiah and Singh
(19€0) reported a r~cnetic correlation of 0.67 between

birth weight and 24-month weight.

A study by Seifert (1975b) indiczted that birth
weight was more genetically correlated to post-weaning gains
than to weights. The genetic correlation between birth
weight and rost-weaning average duily gain was 0.82 in his
study, while that between birth weight and 18 month weight
was 0.59. A high positive genetic correlation between birth
weight and total gain to final weight was also reported,
indicating. that the same genes control pre- and ypost-natal
ogrowth., After citing many other workers who have found
rositive genetic correl:itions between birth weight and post-
weaning guins, Seifert (1975b) stated that birtah weight may be
a useful indicator of an animal's genetic potential for

growth.

lModerate to ﬁigh genetic and phenotypic correlations
between weaning weight and later weights have been reported
in several studies. The reviews by Preston and Willis (1974)
and Barlow (1978) have indicated that the genetic
correlation between weaning weight and post-weaning weight
is of the order of 0.6 to 0.7, although values outside this
range are not rare (see Table 2.11). DPre-weaning gain is
also positively correlated to post-weaning weights.
Seifert (1975b) obtained a genetic and phenotypic
correlation of 0.84 and 0.60, respecitvely, between pre-

weaning average daily gain and final weight at 18 months
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of age. The genetic and yhenotyric correlations between
pre-weaning average daily gain and yearling weight reported

by Koch and Clark (1955a) were 0.51 and 0.44, respectively.

Since pre-weaning growth is an integral comrponent
of post-weaning weight, it is not surprising that these
traits should be highly and positively correlated. However,
some authors (Koch and Clark, 1955a. Trail et al, 1971b)
have observed that the genetic correlations between birth
weight and jpost-weaning weights were as high as those
involving weaning weight, even though birth weights were a

smaller portion of the part-wnole relationship.

The moderately high genetic correlations amongst pre-
and post-weaning growth traits clearly indicate that the
genes which are responsible for early body weight are also
responsible for body weight at subsequent ages. A review
by Barlow (1978) of the genetic parameters of several
economic traits of beef cattle with a view of determining
the likely consequences of selection for pre-weaning growth
on the total herd or farm unit indicated that seleétion
for either weaning weight or average daily gain to weaning
will increase liveweight at all ages from birth to
maturity. Howéver, average daily gain to weaning was less
highly correlated with weights at other ages than weaning
weight and appeared negatively correlated with later gains,
indicating that weaning weight would be a more efficient

selection criterion than pre-weaning gain.
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The relationship between weaning weight and post-
weaning gain is in most cases low, and negative correlations
are not uncommon (Table 2.10). This is expglained by the
fact that there are effects of compensatory growth in the
rost-weaning period. Trail et 1l (1971b) found negative
genetic correlations between weaning weight and increase
in weight to 16 months of age (-0.18) and between
weaning weight and increase in weight to 24 months (-0.23).
Francoise et a2l (1573) obtained low positive genetic
correlations (0.12) and negative phenotypic correlations
(-0.07) between weaning weight per day of age and average
daily gain from weaning to yearling. They attributed the
negative rhenotyric correluations to compensatory gain

effects.

Seifert (13975b) observed that even though the
surerficial relationship between pre- and post-weaning
growth was small,.there was a strong positive genetic
relationsnip between the two stages of growth. The genatic
correlation between pre- and post-weaning average daily
cain was 0.66 in that study, while the phenotypic
correlation was 0.C8. This author noted that the low
rhenotyric correlation was as a result of the existence of
a fairly strong negative environmental correlation (-0.40)
between pre- and post-weaning average daily gain. Calves
that are nutritionally or environmentally deprived during

the pre-weaning growth period can often compensate during
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post-weaning growth with gains greater than they might

otherwise have achieved.

(iii) The Genetic and Ihenotypic Relationships

between lost-weaning Growtn Traits.

A summary of the relationship between post-weaning
growth traits will give an indication of what should be
expected of changes in one trait when selection is based
on another during the post-weaning period. This is
particularly important because breeders need to be able to
predict trends in later traits when selecting earlier,
so as to reduce the generation interval by assessing
animals for inclusion in a breeding programme as early as
rossible. Table 2.12 summarises the genetic and phenotypic
correlation estimates of some post-weaning growth traits
arrived at in various studies. This table indicates a
strong positive genetic and phenotypic relationship among
post-weaning growth traits. The correlation between
post-weaning gain and post-weaning weight is very high
as expected since post-weaning gain is an integral

component of post-weaning weights.
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TABLE 2.11 Some Fstimates or the Genetig¢ and FPhepotvrpic

Correlation between Weaning Weight with later

T;f el é’h‘t S

Correlation Estimate

. N ) C
Genetic Phenotypic Jource and Comment

0.10 @570 Blackwell et al (1962) -
Hereford; 7 month weight and
18 month weight; steer data

0.18 0.57 Blackwell et al (1962) ~
Hereford; 7 month weight and
18 month weight; heifer data

C. &1 0.48 Francoise et al (1973) -
angus and Herefcra; 240 day
weight and 18 month weight

G. 66 0.61 Govindaiah and Singza (1980)
- Haryana; 8 month weight
and 12 mornth weight

C.22 0.61 Govindaiah and Cingh (1980
- llaryana; & month weight
and 18 month weight; heifer
datz only

0.29 - 0.58 Govindaiah and Singh (1980)
- Haryana; 8 month weignt
and 24 month weight; heifer
data only

0.54 C.47 Koch and Clark (1955a) -
Hereford; weaning weight and
yearling weight

— 0.28 Naude (1965) - aAfricander;
weaning weight and yearling
weight

0.89 0.56 Seifert (1975b) - Zebu x
British; weaning weight and
18 month weight

0.51 0.87 Trail et al (1971b) - Crosses;
6 month weight aznd 12 month ‘
weight
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continued
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Correlation Estimate

Source and Comment

Genetic IThenotypic

0.42 0.76 Trail et a1l (1971b) - Crosses
6 month weight and 15 month
weight

0.55 0.80 Trail et al (1971b) - Crosses
6 month weight and 18 month
weight

0.04 0.70 Trail et =l (1971b) - Crosses
6 month weight and 24 month
weight

0.87 0.91 Trzil et a2l (1971b) - Crosses
9 month weight and 12 month
welght

0.87 0.86 Truil et al (1971bj; 9 month
and 15 month weight

0.95 0.84 Trail et al (197ib); 9 and
1€ month weights

0.89 0.79 Trail et al (1971b); 9 and
21 month weights

0.44 0.72 Trail et a1l (1971b); 9 and

24 nonth weights.
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Some istimates of the Genetic and

Phenotypic Correlation between some

Post-weaning Growth Traits

Correlated Correlation LEstimate
Trait Genetic I'henotypic Source and Comment*
(a) Fost-
weaning gain
and post-
weaning
weight.
0.74 0.58 Blackwell et al (1962)-
Hereford; gain and 18
month weight; steer
data
0.97 0.58 Blackwell et al (1962)-
Hereford; gain and 18
month weight; heifer
data
0.66 0.73 Francoise et al (1973)-
Angus and Hereford;
gain and 18 month weight
0.83 0.67 Koch and Clark (1955a)-
Hereford; ADG and
yearling
1.05 0.76 Seifert (1975b) - Zebu x
British; ADG and 18
month weight
(b) Tost-
weaning
weights at
various
ages 0.67 0.65 Govindaiah and Singh
(1980) -Haryana; 12 and
18 month weights;
Heifer data
0.48 0.52. Govindaiah and Singh

(1980)~ Haryana;
12 and 24 month weights;
Heifer data only
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Table 2.12 continued

Correlated Correlation Estimate =
Trait Genetic Phenotyrpric wgurce amd Commgdt
0.96 0.64 Govindaiah and Singh

(1980)- Haryana; 18
and 24 month weights;
heifer data only

0.91 0.87 Trail et al (1971b) -
Crosses; 12 and 15 month
weights

0.89 0.90 Trail et al (1971b) -

12 and 18 month weights

0.76 0.86 Trail et al (1971b) -
12 and 21 month weights

Qs B 0.79 Trail et a1l (1971b) -
12 and 24 month weights

0.79 0.89 Trail et al (1971b) -
15 and 18 month weights

0.88 0.84 Trail et al (1971b) -
15 and 21 month weights

0.46 0.84 Trail et a1 (1971b) -
15 and 24 month weights

0.87 0. 91 Trail et al (1971b) -
18 and 21 month weights

0.40 0.87 Trail et al (1971b) -
18 and 24 month weights

.42 0.88 Trail et al (1971Db)
21 and 24 month weights

* ADG = average daily gain.
L 3
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The relationships between the post-weaning weights at
various ages are high and positive (Table 2.12), indicating
that selection for weight at any age should result in
correlated improvenent in weight at other ages. Trail et al
(1971b) obtained a genetic and phenotypic correlation of
0.89 und 0.90, resrectively between 12 and 18 montin weights.
The respective correlations between 15 and 18 month weights
in their study were 0.79 and 0.89. Govindaiah and uingh
(196¢ ) found that the genetic correlation between 12 and 18
month weights was 0.67 and that between 18 and 24 monta
weights was 0.96. The corresponding phenotypic correlations
for these traits were 0.65 and 0.64. The estimates obtained
in these two studies imply that selection for weight at
12 to 15 months of age would be generally as effective as
selection for weight at 18 to 24 months of age, since the
heritability of these weights is also relatively high
(Section 2.2.1).

2.2.3 The repeatability of pre-weaning performance.

Rereatability is a concept closely allied to
heritability and is useful for those traits which are
expressed several times during an animal's lifetime such as
lactation milk yield for dairy cows and weight of calf
weaned for beef cows. It measures the extent to which
differences between individuals depend on genetic and
permanent environmental effects (Falconer, 1960, Turner

and Young, 1969).
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The various statistical tecnniyues for estimating the
repeatability of production traits have been outlined by
Taylor et al (1960) and Turner and Young (1969). Repeatability
can be computed as the regression of future performance on
Past performance and may also be derived from an analysis
of variance as an intra-class correlation among successive
records or observations on the same individual. Lkepeatability
estimates muy differ according to the genetic prorerties of
the porulation and the environmental conditions under which

the individuals are kert.

The repeatability of pre-weaning traits reviewed in
this section is essentially a measure of performance of the
dam, rather than of the calf. Clearly, traits such as
birth weight and weaning weight occur only once in an
animal's lifetime and are repeatable only when considered as
a characteristic of the cow. The principal use of the
repeatability estimate cf pre-weaning truits in cattle is
as a rredictor of the future production of the cow. It is
also necessary to know the repeatability of such traits in
order to measure the effectiveness of selecticn for cow
production. However, since the repeatability also contains
non-hereditary differences between cows, it tends to over-
estimate what can be gained in future generations by

selection.

Several authors have estimated the repeatability of
pre-weaning traits in cattle (Alexander et al, 1960, Alim,

1964, Cunningham and Henderson, 1965, Minyard and Dinkel,
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1965, Trail et al, 1971b, Boston et al, 1975). The
repeatability of weaning weight as a trait of the dam has
been estimated as being generally greater than that for
birth weight. For instance, Trail et al (1971b) obtained
a combined (dam-breeds) estimate of 0.21 for the
repeatability of birth weight compared with 0.42 for the
repeatability of 6 and 9 month weight. Several other
reports which have indicated that the repeatability
estimate of birth weight was much lower than that of
weaning weight were also cited by these authors. The
review by :inderson (1977) indicated a range of reported
repeatability values of -0.03 to 0.29 for birth weignt.
Reported estimates of the rcpeatability of weaning weight
have been of the order of 0.3 to 0.5, with many values
averaging 0.4 (see also Table 2.13). The influence of
the milk-producing ability of the dam is probably an
important factor in the repeatability of pre-weaning gain

and weaning weight.

Culling of females on the basis of early performance
under the assumption that maternal performance is a
highly repeatable characteristic has become a common
practice in most commercial beef herds. A survey of
weaning weight repeatability estimates by several authors
indicates that genetic and permanent environmental effects
are important contributors to variation in maternal ability

although the relative magnitude of components has varied
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in different studies (Table 2.13%). Minyard and Dinkel
(1965) considered rereatability estimates reliable enough
to allow selection early in a cow's life. They stated that
very low producers can be culled on the basis of the first
records with little risk of culling good cows, since COws
at both extremes (i.e., very high and very low producers)
contribute much more to the repeatability of weaning
weight than those near the average. Other authors wno
obtained results which have indicated thut culling of cows
on the basis of the yerformance of thneir first calves
would be effective for increasing the average productivity
of beef cattle are Cunningham and Henderson (1965),
Sellers et =l (1970), Trail et _al (1971b), Bailey «nd Koh

(1974), Boston et al (1975), Vanmiddlesworth et al (1977).

The regeatability estimutes of pre-weaning traits
are influenced by various factors. Breed differerices in
weaning weight rcpeatability estimates have been reported
by Sellers et al (1970), Boston et al (1975) and
Vanmiddlesworth et al (1977). These authors have all
obtained lower repeatability values for Angus ccompared
with Hereford cows. For instance, XRoston et al (1975)
obtained a repeatability value of 0.29 for Angus cows
compared with 0.59 for that of Hereford cows. They
suggested that the weaning records of a Hereford cow's
early calves are a more accurate indicator of her future

productivity than those of an Angus cow. They also
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Some Repeatability bstimates of

Veaning Yeight

preed u2§§iit Repgztigiiéty Jource
(days
Angus - 0.27 Boston et al (1975)
Hereford - 0. 50 Boston et al (1975)
S e e
ANgUS
Eereford 182 0.3%4 Koch and Clark (1S55a)
Angus 190 0.52 Minyard and Dinkel
(1965)
Hereford 190 C.42 Minyard and Dinkel
(1965)
Angus 165 C.26 liohenboken and Brinks
.25 (1969)
Angus 205 0.19 Sellers et al (1970)
llereford 205 0.27 Sellers et =1 (1970)
Zebu 210 0.13 Torres (1962)
inkole 270 0.40 Trail et al (1971b)
Boran 27C C.5C Treil et a1l {(1971b)
Zebu 270 0.39 Trail et al (1971b)
Angoni 210 0.63 Thorpe et al (1980a)
Barotse 210 0.47 Thorpe et al (1980a)
Boran 210 0.46 Thorpe et al (1980a)
Angus 205 0.24 Vanmiddlesworth
et al (1977)
"Hereford 205 0.34 Vanmiddleswcrth

et al (1977)
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outlined the rossible causes of the differences in

rereatability estimutes between these two breeds.

Degree of adjacency of records may also influence
intra-dam relationships. Cunningham and Henderson (1G€5)
have documented the tendency for repeatability based on
likeness of adjacent records to be higher than
repeatability based on likeness of non-adjacent or
random chosen records. These authors remarked that the
rredictive value of early records for production in later
life was noct as great as is often assumed. They suggested
that little emphasis should be given to repeatability
estimates made on records more than two years apart.
Studies by Sellers gt al (1970), Boston et al (1975) and
Vanmiddlesworth et 21 (1977) have also confirmed that
early records may be a poor basis for prediction of
rerformance more than two years removed. The results
cbtaired by Boston et al (1975) indicated that progeny
weaning weights were good indicators of a cow's
subsequent productivity through 5 years, and that they

were of limited predictive value beyond that tine.

utritional conditions might also influence the
repeatability of calf weight since progeny that are raised
in areas of restricted feed supplies are more derendent:
on their dams than are those which are produced in a

more optimal environment. Bailey and Koh (1974) found
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that the repeatability of weaning weight tended to be
lower under more favourable feeding conditions (0.33)
than under poor conditions (0.44) although the difference
was non-significant. Similar results were obtained by
Rollins and Wagnon (1956) in range herds operated under

optimum and sub-optimum nutritional regimes.
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CHAFTER THREZSE

MATERIALS AND METHGDS

3.1 DMaterials

3.1.1 The breeding stations

The data was collected at Government-owned breeding
stations situated in the three main ecological zones of
Swaziland. The Npisi breeding ranch (Station 1) is
located in the Middleveld region near Manzini whilst
Station 2 is in the Lowveld (Big Bend) and Station 3 is
in the Highveld region (Mahlangatsha). These stations
are reasonable representative of the ecological conditions
of the country. Table 3.1 presents some physical features

of the three zones in which the ranches are located.

TABLE 3.1 Some Ythysical Features of the Three Main

Ecological Regions of Swaziland *

Lowveld Middleveld Highveld
Altitude (m) 150 - 500 350 - 1100 1000-2000
Annual rainfall (mm, 50C - 900 750 - 1150 1000-2300
Mean temperature®C 22 19.5 18.5
Grazing Sweetveld Mainly tall Generally
with decid- grassland poor
uous bush sourveld

and Acacia

* pAfter Butterworth and Fresswood (1978).
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In view of the important correlation between rainfall,
pasture growth, and livestock producitivity, the monthly
and annual precipitation during the years 1975 to 1978

for each station is given in aprendix I.

The Government breeding stations breed the bulls
needed for the genetic improvement of the national herd.
The 2im is to suprly bulls that are genetically superior
for the important performance traits (mainly growth) of
beef cattle to the Rural Development Areas (RDA's) of
Swaziland. A selection programme is maintained for each
of the currently recommended breed types so that above
average bulls can be distributed. In addition, the
potentizl of these breeds and crosses is evaluated by

performance recording.

On the Government ranches, performance tests are
automatically carried out on all stock of both sexes.
Evaluations of young stock are made at weaning (7 months)
and at 18 months of age, when decisions on future use are

made.

Husbandry and management procedures employed on all
Government ranches have been standardised so as to minimise
envircnmental differences between stations and also
between herds within stations. In all ranches, calves
remain with their dams from birth to weaning at 210 t 15

days. There is no milking of beef cows. All calves are
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weaned by separation from their dams at the monthly
weighing during the month when the calf is 7 months of age.
Male and female weaners are serarcted as soon as convenient
after weaning. 411 young stock of similar age and sex

are run together irrespective of herd/breed. Jeuned

calves receive no speciul feeding being dependent on
wnimpreved veld pastures. hsninals sulfer a severe check
in grovith at all stations during the dry winter months,
achieving their gauins in weight during the spring and
summer seasons. However, some limited supplementary
feeding is occassionally used during severe years,
particularly in the Highveld (Station 3) where gruzing

ccnditions are generally poor.

411 males are left entirely until the completion of the
growth rate performance test at 18 months of age. After
ranking, and field inspection, the bulls not selected for

breeding are castrated and sent to the feedlot for finishing.

Breeding cows of all breeds and ages are run in one
group except during the 90 duy service period. There is
only cne brecding season each year and more than 90y
of the cows are mated through natural service. The breeding
season for natural service in Stations 1 and 2 is between
November and February whilst that for Station 3 is from
October to January. Artificial breeding and maiden heifer

mating are normally commenced three weeks earlier.
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Tregnancy diagnosis is carried out on all cows when their
calves are veaned and cows which fail to conceive in two
consecutive breeding seasons are usually culled. ideifers
join the breeding herds each yeur, home-bred heifers being
selected on their 18 wonth growth rate rznking and field

inspecticns,.

The cows also graze veld rastures and receive no
special feeding excepl for a phosphate supplement in the

form of bone meal and salt provided ad libitum.

3.1.2 Source of datz - The data processing unit

systemne.

The data were cbtained from the Data Irocessing Unit
(DIT) of the animal Troduction Division (.ID) in the
IMinistry of Agriculture and Co-operatives - libabane. This
unit is invclved in processing data from the National Reef
Cattle Breeding Trogramme. The DI'U system comprises
a set of procedures for assembling, validating, ana.ysing,
and storing data. The processed data are made available
by specially designed reports aprropriate for eacn of the
various levels of management. A detailed outline of the
DIU inform:tion system is given by Butterworth and

Iresswood (1678).

The DIU collects data from the participating ranches
by using three typres of record books; the birtn, weight
and treatment record books. =ntries in each book are

made in triplicate by the rancn persocnnel. The main copy
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is sent to the DiU, the second to an officer in charge of
the raunches, and tne last copy remains crn the ranch for its

own rccorda.

The birth record bock is ccmpleted immediately after
each birth at the station, wihether the culf is born alive
or is 2 stillbirth. The calfl birth record contains:
name of station, herd, calf igentification number, date of
birtn, cex, breed, dai nwuber 2ad breed, sire nurber wnd
breed, culf birth vweighti and dute welghed, dam purturition
weight arnd dnte weight, and description oi the culf. A
newborn calf and its dew wre normally weighed witliin

4

nmlleted culf birth record sheets are sent to

)
S5
<
&5
~
t

.
(]
o)

The weignt record book contains 211 weignts collected
cn the station. .ll cauattle at each station are weighed
at a similar time and/or dave cnch montk. The ca
are usually kraaled the night beflore veighing. Animal
identification number:. 2and their weights are recorded in

weighing order and a test vucignt is used to eliminate bius

in the zscales. This test weight is weighed before the first
animal sad after every 20 =2uaimals. The label of this

weight and its weignt are included in fhe weignt record
sheets. The DlU uses the actual weight of each test

weight to adajust the weight records automatically if
necessary. The weight record sheets are sent to the DPU

after each weighing.
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The treatwent record book is used to report all
other types of relevant inforiation such as abortions,

deaths, diseases, and pregnancy diagnosis.

When the record sheets reach the DPU, they are

checked for comrleteness before being copied onto computer

coding sheets. The cross-checkings are supported by enquiry

questionnaires to the field and ultimately by validation
prograzmmes on the computer. The data from 2ll the stations
is processed on an ICL 2903 computer and records are stored

on mugretic tare files.

There are three tyjpes of record files created and/or
urdated by the DIU each year; a calf record file, a cow
reproductive performance file and an otherstock file
(for bulls and castrates). This study is concerned with
the first two files - the calf record file which covers
the history of each culf from birth to 18 months of age
and inciludes the basic information of identificution number,
date of birth, and sire and dam information; and the cow
reproductive performance file which covers the comrlete
calving history of each cow incliuding the weaning weights

end ratings of all its calves.

el D The data.

(1) Data sxtracted from the Zalf Record :*iles

Records of yre- and post-weaning growth were selected
from record files of the three stations. While a few

records were available from calves born before 1975, it



was decided to limit the study tc calves born in the
period 1975 to 1978 (4 culif-crops) in Stations 1 and 2,

and 1976 tc 1978 (3 zalf-crops) in Statien 3.

QDue calves with birt., weaning, and 18 month

(
=
I~

<
o

weight records were includea. The weaning (210 days) and
16 menilh  (54C duys, weights in taese records were already
adjusted Tor age by liasear interpolation between their

two closest montnly weignt reccrds. The following
information was also available on each calf: year of

birth, date of birth, sex, breed, dum age, dam breed,

sire identification number, and sire breed.

Data for 1,832 animals were obtained. The total number
of records extracted from each station and the distribution

of data among the calf breeds are snown in Table 3.2.
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TABLE 3.2 Mumber or Calf Records obhtained from

e

the Stations

Breed/Cross Station 1 Station 2 Station 3
Neuni 108 158 155
Bramuan 121 - -
4+ Brahman-% Nguni - 423 46
< Brohmun-+ Nguni 114 308 -
ranman-, Nouni 101 47 -
Simmental - - 182
4+ Simmental-1 Nguni - - a
% Jimmentzl-{ Nguni - - 4
%+ Simmental-{ Nzuni - - 27
Total 444 916 472

(ii) Data .xtracted from ti.e Jow Record Files.

Cow records were extracted focr oniy two stations,
namely, stations 1 and 2. The study only considered the
weaning weight records of culves born during the period
1975 to 1978. Cnly cows which had weaned at least one
calf during the period covered were included. The
following information was available for each cow:
identification number, breed, age, identification numbers
of its calves, year of birth of each calf, sex and sire

breed of each calf.



flecords of a total number
The numver of cows included in
distribution of weaning weight

breeds are shown in Table 3.3,

TABLE 3.3 The Distribution

13

of 463 cows were obtained.
each station and the

records among the cow

of Data obtained

from the Cow Record Files

Cows llo. of Cows No. of
Records Records
Nguni 50 (15 153 554
Brahman 68 125 - =
4+ Brahman-} Nguni 42 115 93 324
+ Brahman-% Nguni il 102 - _
217 455 246 878

3.2 2Statistical Methcds

3.2.1 Analysis of growth

records

(i) Introduction

The growth trzits chosen for the major part of this

study were birth weight, weaning (210 days) weight and

18 month (540 days) weight. However, some 14 montkh

(420 days) weights were available and were used to study

the feasibility of lowering the rerformance testing age in

the Swazi Government ranches from the current 540 days to

420 days.
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Ireliminary analyses were carried out to check the
records for connectedness (see Searle, 1971). The '"breeds"
were not rerresented in all the stations and all analyses
were tnus carried out within stations. The analyses
were performed in three stages. The first stage comrared
the growth (birth, weaning, and 18 wonth weights)
perforuwance of the various breed groups and estimuted the
rhenotyric correlations among the traits in each station.
The second stage considered the influence of sires and dam
breeds on the birtn, weaning, and 18 meonth: weight and
estimation oi scme genetic parameters of these growth
traits. Estimution of the neritabilities of and genetic
and phenctypic correlations between the 14 month und
18 month weights were carried out in the third stage of
the amalyses in an attewpt to evaluate the association
between these two post-weaning growth traits. Since the
Hguni sires were toov few in numbers (<3) and were only
nated to Nguni coweg ir 4ll tlree staticns, it wus decided

to exclude them frow the two latter stuges of the analysis.

(ii) 2The Mathemotical Models znd Solutions to the

Least Scuares Equations.

(o]
—_—

The szme general model was used for the analysis of
all the weights considered in each stage of the analysis.
The mathematicul model fitted for the first stage of

the analysis was:



115

Yijklmn = Mttitbje(tb)jj+ep+dg+Ty+
eijklmn, - * (3.1)

vhere;

Yisvimn =  the weight recorded on the
nth individusl within the mth
sex category, 1th dam age group
and jth breed group; born
during the kth month and ith year;

M = a generazl mean;

ti = the cffect of the ith years;

b =  the effect of the jth breed
group;

(tb)ij = the effect cf the interaction
between the ith year and the jth
breed grouyr;

Ck = the effect of the kth montn orf
birth;

dy = the effect of the 1th qunm age
groug;

o = the effect of the mth sex category;

eijklmn = tne effect of the random error

peculiar vo ¥jjklmn. Residual
effects were_assuned to have
mean = O and a constant

variance, 65.



The subscripts
model are shcecwn in Table 3.4.

211 ¢ffects
thc srror termi).

(P Bl ise,
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TABLE 5.4 Pactor ard Subs

crirt Descriptions
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and description of the factors in this

in the model were regarded as fixed

Facter and Level

Lescription of Factor ievel

(@ PN vy = <4
Subscriypt , .
e 1 Station 1

Ctation 2

Staition B

Year & 1 1675
2 1976
3 1977
& 1978
Breed j i Nouni
2 Brahman
3 + Brahmun
4 §+Brahnen
5] S
6 S
Month of k 1 september
birth 2 Cctober
3 November
4 Deceumler
Dam age 1 1 2-% years
2 4-6 years
3 7+ years
4
oex 1 i Female
2 jale

1975
1976
1977
1978

il
-

rahman
rahmun
ranman

c-\a:\|..l\[—- L=
U
wwwé

Sertember
Octoter
Novenmber
December

2 years
3 years
4-6 years
T+ years

Female
Male

1976
1577
1978

Nouni
Simmental
Simmental
Simmental
vroirmental
+ Brahman

1
[#]
3

Jugust
September
October
November+

2-3 years
4-6 years
T+ years

Ferale
Male

The mathematical model applied for the second and

third stages of the anlysis was:

Yijklmnp =

dm+fn+eijklmnp .

u+ti+3j+bk+(tb)ik+(jb)jk+cl+

(3.2)
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where the terms are as described in the previous model

except the following:

Yi jk1lmnp

bk

(tb)ik

(sb)jx

the weight recorded on the

pth individual within the nth
sex category, born during the
1th month and ith year by a dam
in the mth age group and kth
breed group, and was sired by
the jth sire;

the effect of the jth sire,

j =1,2,0ee, 6 in Station 1

i =1,2,...,10 1@ Station 2;

the effect of the kth breed of

dam,
k =1,2,0e¢, 4 in Station 1
K= 152 in Station 2;

the effect of the interaction
between the ith year and the kth
breed of dam;

the effect of the interaction
between the jth sire and the kth

breed of dam.

411 effects were regarded as fixed (except error).

However, the sj term was later regarded as randow for the

purpose of computing the genetic estimates (see Section

3.2.1 (IV)). Data from Station 3 were excluded from this

part of the analysis due to incomplete sets of data.
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These models (3.1 and 3.2) may be written in matrix

notation as fcllows':

P = ZXb + e ses (3.3)
where:

3 = a known Nx1 vector of observations;

2& = an Nxp incidence matrix of known
values (p is the number of factors
in the model);

je) = a px! vector of unknown fixed
effects comprising the general
nean, factor level and interaction
effects;

e = an Nx1 vector of random error effects,

assumed to have E(&) = C and

— = | Q
£ (¢¢') = 621y where I is an

NxIN identity matrix.

The method of least sguares was used to estimate
the b's. The principles of least sguares analysis and
the detailed steps used in the estimation process have
been discussed by Kempthorne (1952) wnd Ilarvey (1S75).
Derivation of the least squares estimator of b follows
minimisation of the sums of squares of the observations
from their expected values.

Assuming that
J = Xh+eg

0)
~



S

then
B (Y) = Xb
and
e = (¥ - @' (y-zy)
= (I - X)) ' (¥ - Xh)
= 'g,ly = °b'2£f,¥+b'2(/'§b\,‘
A
b

Choosing as the estimator, B that value of b which
minimises ¢'g invclves differentiating g'g with respect to
elements of b (Searle, 19¢6 and 1971). Lsguating the

differential to zero and expressing the resulting equations

A
in terms of b , the normul esuaticns are oblained:

Xl

[lep

= L'y

Q

ITrovided (7'X) is of full runk, they have the unique

solution fcr b of
) = (XD xry

~
If (X'X) is nov of full rank, it kas no inverse and no
unigue solution. However, if (X'X)~! does not exist,

a solution can be obtained by using a generalised inverse
of (i'%) (Seurle, 1971). sin alternative method of
obtaining o soluticn is by imposing restrictions on the
egquations. The various types of restrictions which may
be imyposed on the estimates of paraméters to obtain

a solution have been discussed by Harvey (1975).

In this present study, the equations were not of
full rank. In order to obtain a solution, the restriction

that for each factor in a modael the sum of the constant



estimates ecuals zero was =yrlied. Inversicn of the
reduvced ratrix gave 2 generalised inverse from which
SULS of'5quares for each fzactor (2nd interzcticr) were
comyuted. 4 generalised linear rodels rrocramnme - ZEG,

wes availizable for invertiing vhe ratrices =znd calculating

the reducticn in szums of sjuzres due o fitting the
factors in the mecdel. The anz2lysis of variznce =2nd the
analyses for estimating the genetic parameters were zll

5 iy TR e . P .
ried out by use of tnis rrogramme.

ne procedures used for censiruciing analysis cf

in sums of siusres princirle have been cutlined by Lecrle

. -~ = 4.7 [ A RS SRV ~ - ~
JUares mCCCnpanyiwyg voae.-Irvielinyg C €

K 5 P S o] Q POED & o &3 bIo o - A
Urom iShla exde®R of Nictiflg. Babks Saci

o = ;-4 B 1= = o - LI _
mustv be valksn iznto account in the =2ralyses cf variance

invelving non-orthogonzl datza. .n “he rresent study,

4 Ead < 5 o3 = o o P -~ -1

tests of szignificance were bused Cn mecn Sliores waere

e Y o R TN ORI . .- B b S e < L L | el = T e R | o

the term being tested wocs Zitted gfver 1) Cihsr ternms
(=]

(I=<0.05) in the first stzge cf the analysis (see model
3¢1)e Duncan's rmultiple rznge test was used to nake
h¢ g

reirwise comparisons among the least syuzares mearns
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In all stages of the analysis, factors (and
interactions) which were found to be non-significant
were subsequently deleted from the model before any further

analyses were carried out.

(iii) Lstimation of Phenotypic Correlations.

Estimates of rhernotypic correl:ations between the
weignts taken at the various ages were obtained within
stations. Tne correlation coeificients were estimated
by utilising the variance-covariance matrix derived from
the residual (error) sums of sguuares and sums-of-cross
products from the aforementicned anzlyses using the

definition formula between random variables:
Cov. yl.ye

y1,y2 =

| var.yi.var.y2

where,

y1 and y2 are the randcwm variables (weights)
and

Y1.y2 is the correlation coefficient between

y1 and y2.

The correlation coerficients estimated from tke
threc¢ stutions were later averaged by the Z-transformation
method. The standard errors oi the pooled correlation
coefficients were also estimated (see Snedecor and

Cochran, 1980).
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(iv) Estimaticn of Geneiic Correlaticns =znd
Heritabilities.

The raternal half-sib correlation techniiue was
adorted to estimate the genetic parameters (Falconer, 1S6C;.
- u o i . ~ oy 5
Istimates of heritabilities (he) and genetic correlaticns
\ Y5) were cbtained for Lirth weight, veaning weight,

14 ronth weight and '8 menth weight within ezch station.
Trecse estimates were luter pcolsd over stiations.
The heritazbilities were estimated as:
~ 631
hey = - >
651 + 68
2nd the senetic correl-tions =zs:
Y SsisZ
312 = —
- .
Hhere,
h21 = the heriznobilily estimate for trzit t,
Yg1 5 =  tie genetic ccrrelztion between
traitv 1 and trzit 2,
6;; = Bz zive warisnce compcnent for
Eradis 1,
6 .
So = tie ¢ire variance comronent for
s»aidt 2,
2 43 ( i 1Y aro v
o1 = the error (residual) vsriance

componant

and

for tr=2it 1,
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61182 = the sire covariance component between

g ~
‘3 u._}e ~

[}

east

ki

3 o " b s p B -+ - = o]
STusres rrocecures with une~u=zl subclass Irenuencles Icr

Fy ) cloytar = > —~ 3 =g 4+ NSl
the estimaticn ¢ wvarisnce =2nd ceovariance comicnents with

- -y ~ . P - 1 - o~ -z -
ovariance compenenws in trhe rresent work
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]
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jAb)
ct
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(@]
9]
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(&
ct+
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urcn whether or rot the terms incliuded ZIn the mcasi =2re

S e e s Y -~ 4 { -, I SRS 18 d
statisticelily significent; factors (2nd interactions)
e e £~ 2 * oo Y iz T g By
vhich were found non-significant irn the rreviously

Rloes . SR £ K - = - - =LY 4
mentioned nznzlysis of vari=ance were deleved from the

rcdel before the =znalyses for estimuting the ganetic
rerameters were carrisd out. After the exclusion of the
non-significant year x dam breed and sire x dam btreed
interacticns, the following general mcdel for estimating

the genetic parameters was arrlied:



vhere,

yijklmnp

Yijklmng

B j

bl

c1

dm

fn

€ijklmnp

M+ ti + 5] + by + ce + dnm

+5- fn + eljklmnp eo e e (3.4)

the weight recorded on the pth
individual within the nth sex
category, born during the 1th
month and ith year by a dam in
the mth ace croup and kth breed
group, and was sired by the jth
sire;

a gencral mean,

the fixed effect of the ith year;
the random effect of the jth
sire. J2ire effects are assumed
tc have meun = O and variance =
s ;

wd

the fixed effect of thne kth

(@]

breed of daw;

the fixed effect of the 1th
rmonth of birtia;

the fixed effect of the mth
age of dam group;

the fixed effect of the nth sex;

the random residual effect
peculiar to yjjklmnp. Residual
effects are assumed to have

. ”
mean = 0 and variance = 0g.



All the subscripts are as previcusly described.

This linear model (3.4) cun be represented in matrix

notation as:

j: o _gk - .g:-.) + g e e (3‘5)

r = a unown vector of observations;

A
I

and 2 o ¥nown incildence mutrices;

an unknown vector of fixed

o3
It

effects;

5}
I

r
s
|

an unknocwn vector of random

{

effects, with mean zero and
NEEaTe 62 T-
variance a 3
[ = an unknown vector of random
residual effects, with mean
. 9l
zero and variance 65 I.

Cov (a , ) is assumed to be zero.

4 set c¢f normal equations which, when solved,
produce least-squares solutions of the unknown vectors

/ T O e T
'\b andie;, Sre;

- v

X% Xz b Ly
Z'%  2'Z a | L 2y

The L. prograumme was used for the computation of the
variance and covariance components according to Henderson's
Method 3. 1In the analysis, the factor for sires was fitted

last in the model to enable the calculation of the



reduction in sums-of-snauares and sums-of-cross products
due to this random (sire) effect, after adjusting for the

fixed effects.

The error variance and ccvariunce components were
estimated by eauating the error mean squares (kSe) and
error mean-cross-products (MClg) to their expectation:

Error sums orf sguares
E(HS =

ded
(<]

zrror degrees of freedom

)
= Gé.

The sire variance and covariance components were
estimated by equating the sire mean squares (}MSs) and

sire mean-cross-products (MCIs) to their expectation:

2(M3s) = k 63 + 63

62 _ MSs - USe

i k
where the k coefficient was computed using the equation:

( - _ )

k = 5 trace (,Z‘,',%) - trace [(g{v';) “{gg'éj g/s-1;
where

(L'%)- is a generalised inverse of (X'Xj
and

s 1is the total number of sires.

This procedure is the "indirect method" of computing k

coefficients as described by Harvey (1975).



Istimates of the standard errors for the
heritability estimutes were ascertained by the method

discussed by Swiger et _al (1964). The following formula

was used:
32 (N-1) (1-t)2 (1+ (k-1) t )2
V(h2) - .
ke (N-s) (s=-1)
where,
V(h2) -~  the variance of the heritability
estimute,
S = the number of sires,
N = the total number of observations,
t = 62/ (62 + 63) ,
)
k - n- 2
1
S-1
n4 = the numver of observations in the

ith girve group.
The standard errors were then estimated =2s the square
root of the variance of the heritability estimates.
The limitation with this approach, however, is that a
simple one-way random model is assumed.
The heritability estimctes were pooled over stations
by weighing the within station estimate by the inverse of

its variance (w) thus:

on 2
-'.2 = IWlhl ee o (306)
h IWi
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where,

FE = the poolced heritability estimate,
L

o o o s 2. = ~ . 'tl“
h5 - the heriitavility estimate for the ith

stotion, i1 = 1,2;

P the weighing factor for the ith siation,

= R
1,’1-'?:1'(1121/ 3

The standard error of the poo0led estimuie was calculated

2 ve 25
_ xwg var(hey)
12 N 585 (3.7)
) 5]
( Zwi)<

2

[-1/ var (h9;) ] "o Equation (3.7)

was derived by eruating the varli:uice of the pooled

=,
[dh®)
I

5 3 5 3 S8 5 =
heritability estimate (var (h¢) (see ejuaticn 3.6)) to
its exjpectad vulue (Rae, lers. Comm., 1981). It was

assumed that cov (h21,h22) = 0.

The standard error of the genretic correlictions was
estimated by using the method of Tallis (1959):
V(r,) = [(1 + rg)(l + )1 4 (k=13t1 (14 (k=10
- Ergrb(t1t2(1+(k—1)t1)(14(k—1)t2))%
(M +(k=1)t1/t1) + (1+Q=1)t2/tp))
+ (rB(t1-tp)2/2%1tp) ]/dsk2t1t2
. [(1+rg)(1+r5)(1-t1)(n-t2>
- zrpry(trt2(1-t1) {(1-t2))2
(((1=t1)/t1) + ((1=t2),t2))
(sg(t1=t2)%/20112) ] faPuate,

+



where,

V(rg)

rp
rw
Vi2

V11

V12

Thae stundara

of V(rs;.

il

the variance of the estimate of tue
genetic correlation,
the sire degrees of freedom,

the errgr degrees of freedom,
N - 301

. ’
3-1

: - 5
651/(651 + 6240,

2 o -
650/ (65 + Gep),
Vio/ V114V22
vi2/viT+vez  ,

the between sire covariance for
traits 1 znd 2,

tne between sire mean square for
trait 2,

the error covariunce between
traits | and 2,

the error mcan sguare for trait 1,

the error meéazn square for trait 2.

egrroy was then ecstimated as the sjquare
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rcot

lcoling of the estimates of the genetic correlaticrs

and calculation of the standard errors of the pooled

estimates were carried out as for heritsbilities.



2.2.2 Aralysis cof the cow Trecords

The cow record analycsis was restricted to evaluating
the maternal rerforranc f the cow breeds tased on the
weaning weight records of their celves. Thke rexeztabllity

cf weaning weight was alsc estimeved.

(i) Zhe Mathemzticzl Model =nd Analvsis Procedures

. =+ [

Within each station the following fixed effects

rodsl wzs =zprlied:
E 3 y i ol Wi Y 4 o
Yisklm =  Rrtgtastbp=(talij+(tb)ip+(eb)sp+{tablijk
+S1+€3ijklm  eee (3.8)
where,
2 o] = "‘l" g 93 o~ < ~h4 c"‘ t}l ‘th nv;l-P
Yijkim = tke weaning weight ocf the & calf

. \ 43
in the 1%& sex categecry, born by a

I . =3 0 L4
dar within the k¥& breed grcup and jvi
1 . . ol
age group during the il year;
p = a generz2l rmeon;
£ = the effect of the itk ye=zr;
. _ th B nnt G the UL oprer o Domn SR
8,1 = ne elrecuv Gi 7re J SRR Cl dam ST0oUl

b1 = the effect of +ie k'8 breed of cow;
(tajis = the effect of the interaction between
the ith yezr and jth age of dam grouy;
(tb)ix =  the effect of ithe interaction between
the ith year and the kth breed of cow;
(ab)jk = the effect of the interaction between
the j'h 2ge of dam group and the kth

breed of cow;
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(tab)i jx = the effect of the three-way
interaction of the ith year, jth

age of dam group and kB preed

OL COW,
s]1 - the effect of the 1'B sex;
€1 3ilklm = the random residual effect

associnted with yjijlklm. Residuul
cffects are assumed tu have mean = O

4

. p)
and variaunce = 63.
The subgscriptec are as previocusly described.

The analysis of variance rrocedures used were as
already described in the previous sections. all factors
and interactions which were found non-significant were
subsequently deleted from the model. least squares means
were computed for all significunt factors and inteructions.
Duncan's multiple range test was used to make pairwise

comparisons among the least sjquares means.

(ii) &Estimation of Repeatabilit

bstimates of the repeatability (t) of weaning weight
were computed within station and breed. Two techniques of
estimating repeatability were adopted:

(a) The Variance Component Technique

In station 1, the repeatability of weaning weight

was estimated by the variance component method (Falconer,

1960, Becker, 1967). In terms of the variance components,
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repeatability is the intraclass correlation among records
of the samre cow. The intruaclass correlation repeatabilities

were calculated from the variance components as the ratio:

t = St
65 + 63
where,
t = the repeatability estimate,
dg = the estimated variance components
among average calf weaning weight
records of different cows (between
cows variance comgonent);
dé = the estimated vsriance components among

calf weaning weight records within the
same cow (within cow or error variance
component .
Records of all cows including those with only a single
weaning record were all included in the intraclass
correlations.
Within each breed of cow, the following

mathematical model was applied:

Yijklm = P+tjtaj+sg+dlieijklm oo (3.9)
where,
yijklm =  the weaning weight record of the nth

individual in the kth sex category born

by the 1th cow within the jth age

th

group during the i year;



u = a gereral mean;
-
t4 = the fixed effect of the i“% year;
aj = the fixed effect of the j“h age of
COW ZSrOoup;
. <th
S = the fixed effect orn the k™" sex;
dy = the rardom effect of the 1% cou.
Ccw effecuvs are assumed tc kave
-~
zmean = (U and vaoriance = og.
€143 = e raendem residual effect pfeculiar
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years, sex, ard 2ge. The mcdel Icr a second cnaiysis
included yezre, sex, age, znd cows zbsorbed into the

L

uztions. The cow sums cf sjucres were then

[ %)

ccmyuted 25 the differerce in error sums cf sajuar

()

5 C
tne two o~nzliyses.

The between cow ccLpcrnent ¢i vo.riunce \GC) wWas
deduced by equszting the mezr sgusre for cows te its

theoreticzl exypectzticn:

E (MScows) 65 + k 0%

oo 6% = Mean sguare between cows-Irror rean ssuare
£
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where,
k = the coefficient of exypected mean sauares
- {trace (Z'z) -trace [(;«;'g)‘_}gg;'ﬂ}ﬁq
and
a-1 = cow degrees cf freedon.

The standard errors of the rereatability estimates

were calculated using the method of Swiger et al (1964):

2(N-1)(1-t)2 1+(k=1)t 2

Sebegy)  Ta K2(w-4)(a-1) ’
where,
S.E.(t) = the standard error of rereatzbility
estimate,
I = total number of oktservations,
d = the number of cows.

(b) The Regression lethod

In station 2, the repeatability estimates for
weaning weight were computed by the regression method as
described by Cunningham and Henderson (1965). Only
cows with at least two weaning weight records were
included in the analysis. Within each breed of cow, the
regression repeatabilities were obtained using pairs of
maternal half-sib weaning records made by cows aged 10+

years and less.



i

The 210 Guys weanirng weignts were firct corrected

for sex, Yyeur, znd age ol dam using least squares constaats

[t PN

e Lo e ek ey iy s 2 A s
froe provicus nglysis (see Cectiom BZoRs2{i)j. Jirce

¢}
=

some 04 tue Iguril cows were nmated to different sirc

ol

reeds, the records from thece cows were also adjusted for

oy

breed c¢f sire. The repeatubility wus computed from

the correccted rocerds us:

t = Coviyayr)

Var (y1)

¥1 is the earlier recora of 2 pair ond

¥» is the later record oI the same jair.
Serarate estimutes were ccmputed for all jyossible
pair combingtiocns within & cow of each later, on euach
earlicr culi record classified by uge of duw in yewurs,
thiet is, for ¢ll puirs of wemning records made by tae
same cow =t ages 2 amd 3, 2 and 4, ..., 9 and 10+ yesrs.
whiereus tre intracluss correlation repeatabilities

concidered =ll weaning records of a cow at once, ecach

m

n coegificient examined only the relationship

O

regrassi
between a specific pair of weaning records of the same
COW.

All repeatability estimztes were later pooled
within and across breeds by weighing the estimates by
the inverse of their variance as previously described for

heritability estimates. The staandard errors of the

rooled estimates were also calculated in the same manners
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CHAPTER r OUR

4.1 Znvironmentzl Influerces on Birth Weicht, Weaning

Teirnt 2nd 18 Month Weight

The results ci the analysis of varience Lor birth
weight, wezaning weight and 18 month weight are summerised
in Table 4.1. Table 4.2 presents the eZlects of the
varicus nen-genetic fagtors on ezch trzit for each
staticn. These effectis are discussed szrarately for ezch

trait.

irth had a higkly

signit , 2né was
: I i s £me s

non=significant in stetion ! {T=3le 4.1 2,b,c). The

effects of years (Tatle 4.2 b,c) indicate significant

Qi oLy

differences (T«<0.01) between =211 the rears, with differences

of zbout €kg 2nd 9kg beiween *the best and weorst years

4 4+~ 4= il Z ~ 43I y-n " <~
in station 2 2nd %, resiectively.

+3

*onth of birth 2ffects on birth weight were highly
significunt at all stations (Teble 4.1). In staticn 1,

the effects (Table 4.2a) irndicated 2 gradual increase in
birth weight from Sertemter to Decerber of about 1kg rer
month. The differences in birth weight between the months
at this station were 2ll highly significant (F£0.01).

In station 2, there were no significant differences

between the birth weight of calves born in September and



137

TABLE 4.1 Analysis of variance for Birth Weight,

Weaning weirsht and 18 month Weight.

(2) Station 1

Source of Degrees of lean Jquares
vidrigicten fresden Birth Weaning 18 lionth
Weisht ieigsht vWeight

Year 3 Ged2 W (6467.35% (21311 ;0%
Breed 3 2 e 1450, TV BES8inet ™
Naph joh 3 75.2%%  4354.6%%%  5021,54*
ige ol dam 1 171, 1%%%  3678,9%% 507.8N3
Sex 1 664 , 974 35231 ,5%4%: 21683, fFe%
Breed x year 9 11.0 NS 435.0 N3 1625.7NS

Residual 423 15.7 530.4 990.1




Table 4.1 continued

(b) Station 2

138

Source of

Degrees of

Mean Square

variation freedom Birth Weaning 18 month
weight weisht wveight
Year 3 2712.2%%%  3202,5%* 54097.C=~%
Breed 3 181.7% 7764 .5%%%  16256,4~**
KoL of 3 699,54~ 294B7.4%#%  38635.3 %%
Age of dam 2 274.0%%  14524.4%%%  59628,3%+*
Sex 1 BZCERT=T". SN | e {[g235, B
Breed x year 9 80.9+* 2N . B 4383, 6x%*
Residual 894 Bil.5 657.4 946.4
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Table 4.1 continued

(c) 9tation 3

Mean Saouare

Source of Degrees of
variation freedom Birth Weaning 18 month
veight weight weight
Year 2 24 o2rsT \S3u6r %% {6056 et
Breed 5 1 2GHMOETES | GiN pmeeaes: RS2 80P
o of 3 816.5%4% 9065.2%%~  6564,2%x*
Age of dam 1 762.0%%% 11263,3**%  7119,9%*
Sex 1 402.,67%%  T480.6%% 2141.2 NS
Breed x year 8 78.2% 1311,22 1730.4*
Residual 451 34.9 779.1 837.4

& 0.05>P>0.10

£ — P< 0. 01
£ % % = P< 0.001

NS = non-significant.
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October (Table 4.2 b), and November born calves were the
highest. Calves born in December were the heaviest, being
about 4kg heavier (P<0.01) than November calves. Effects
for month of birth in station 3 (Table 4.2 c¢) show a similar
trend to that of station 2 in that calves born during the
third month of the calving season (Uctolber) were the
lightest; the heaviest calves were those born in November.
However, there were no significant differences between late-
born (November) and early-born (iugust) calves at this

station.

sge of dam effects on calf birth weight were highly
significant at all stations. Calves from 2- and 3- year-old
heifers were significantly lighter (1 to 4kg) than calves from
older dams in stations 1 and 3. In station 2, where it was
possible to classify calves from 2- year-old and those
from 3- year-old heifers into different sroups (Table 4.2 b),
it was found that calves from 2- year-o0ld heifers were
significantly lighter (27.8 kg) than those from 3- year-olds
(29.1kg). Three- year-olds produced significantly lighter
calves than older cows (30.8 kg). In all the stations,
calves from 4-, 5- and 6~ year-old dams were not significantly

different in birth weight to calves from older dams.

The sex of the calf had a highly significant influence
on birth weight (Table 4.1). The effects for sex (Table 4.2)
indicate that males were about 2 kg (6 to 9%) heavier than

females at birth in all stations.



TABLl 4,2 Iiffects
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of lon-genetic Factors on Birth

weizsht,

Weanings weight and 18 month

weight.

(deviation from Station Means)

(a) Station 1

Birth Weanin 18 Month
weight (kg) weight %kg) weight (kg)

General mean 2T+5+1.5%* 165.111.5 253.7+1.5

Factors

Year

1975 0.32 6.07¢ 4.49¢€

1976 20.33 -9.822 =0l , 242

1977 0.04 9.53d - 1.96P

1978 -0.03 -5.79P 18.694

Month of birth

September -1.362 7.57¢ 1.03b

October -0.32P 5. 59C 8.62C

November 0.3%2C _2.72P 2.59P

Decenber 1.364 -10.462 -12.242

Dam age

2- and 3- year olds -0.62% -3.61 46

1 to £ enrs and n ok : 74 b :
7'r :’L'ALI‘S e Tl Se i l.:lC

Sex

Female B2 -9.178 ~7.332

Male 1,220 9.17P 7.33b
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Table 4.2 continued

Birth veaning 18 Month
weight (kg) veight %kg) weight (kg)

General mean 29.341.7% 170.3x1.7 261 .3+1.7
Factors

ear
1975 3.47¢ =5 . 83D 17.25C
1976 ~C. 730 3,73C 19.11¢
1577 -2.104 5, 65C -5.49P
1978 ~0.64° _6.17a ~30. 6862

Month of birth

September -G. 27" 4.19¢ -3.99b
Getober -0.32" 10.90% 13,214
November -1.74% 1.28P 7.35¢
Decewber 2.34¢ -16.37% -16.57¢

Agze of dom

2- year-olds -1 £ -8.54% -6.18%
3 year-olds -0.16P -3.88" -2.24P
4 to 6~ and 7+ years 1.48° 12.42°¢ 8.42¢
Sex

Female -1.16% 17 525 -14.,24%
Male 1.16° 7.62P 14,240
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Tgble 4.2 continued

(c) Staticn 3

Birth Weaning 18 Monzth
weight (kg) weight (kg) weight (kg)

General mean 32.0+1.7* 161.5x1.7 2156417

Faetors

Year

1976 1.36° 14.62° 13.56C

1977 -5.38% -11.988 —4.42P

1978 4.02C -2.63P -9.148

Nonth ¢f birth

August 2.71¢ 6.78¢ 0.00b

September -1.740 6.19C 4.78°

Octoter -5.10% 1.95P 6.75C

November + 2.13¢C -14.,92a -11,53%

Apge 0f dam

2- and %- year-olds -1.76% -6.752 ~5.%58%

4 to 6 and 7+ year b ; b b
olds 1.76 6575 5.38

Sex

Female -0.94a -4.062 2,77

Hale 0.94b 4.06b -2.17

* standard error

a,b,c,d Effects within the same column with different

superscripts differ significantly (P< 0.01).
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4>.

1.2 weaning weight

n 211 stations, ye=r, and month of birth hod a
highly significantv effect on the weaning weight of calves
(Table 4.1). 1In stations 1,2 znd 3 respectively,

¢iffererces between the best and worst years were abvout
J

N

1%kg, 1Ckg and 2Tkg (Table 4.2). The effecis for zonta

of birth indiczte thzt caclives born eariy in the czlving

sezson were significantiy (F<C.01) heavier zt weaning

thzn those born later. In svaticn 1, czlves hern in
Sertember and Cectocoer were significantly neavier in weaning

weight than thoese vern in Nevermber (162.4kg) which were in
turn signifie=ntly heavier than Lecerber calves {154.Tkg).
There vere, however, nc csignificunt diflfcrences tetween the

I (ard : " - AY -~
Septexter (172.Tkg) and Cctober (170.2:g) czlves. Or the

— T, S L, TR (ST, SO Vi e T e T SR T # 1 - e
heavier thzn ~EPuvenopy \1. (T 2Kg,;) DO gcaives 8T % ewl;_u& in

4 < - T - o - Al W - 7
ssetion 2. Iate-becrn cz2lves \wOVelber ana ‘Jece.uuer) were
o i <+ e ]~ e P Tl o T
18 to 27kg lighter thun easrlier-born cuives ot this siction
Ma 3] A 2-h\ arlaoahmrne A are s Fadt Ay B Grerradt and
itapie .2, . LAY _FJ=OCYY Cw=iaVes In sST2Ticnhr ) \(aug8Usv ana
Tar+tarnna Voo 1T 4 g S I == ey (2% \, T o T
.-er ..e_b...I‘; welre "12’ e [ =) ..e N L \;4\)0\) 7 will=li o v
= JC R ~ [ ~
celves at weaning (Table 4.2c).

weaning than zat birth (Tztle 4.2). In generzl, 2- and

—_

5= year—-cld dzums wecned the lighiest (I<C.C1) calves znd

aifference tetween the wezaning weights of caives frcxm 2-

end 2- yezr-olds znd those from clder dams in station 1
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and 3 were about 7 kg and 11 kg, respectively. In

station 2, calves from 2- year-old dams were about 13 kg
lighter (P<. 0.01) than those from 3- year-old dams which
were in turn 8 kg lighter (P<<0.01) than calves from older
dams (=4 years). The difference in weaning weight between
the 2- year age group and the 4-, 5- and 6- year group was

about 21 kg.

Sex had a highly significant influence on weaning
weight, male calves being 18 kg, 15 kg and 8 kg heavier

(P<0.01) than females in station 1, 2 and 3, respectively.

4.1.3 18- month weight

Year and month of birth differences in 18-month weight
were significant at all stations (P<0.01) and were larger
than tliose of the rre-weaning traits. Differences in
18-month weight between the best and worst years in
station 1, 2 and 3, respectively were about 40 kg, 50 kg
and 23 kg. (Table 4.2). The effects for month of birth
(Table 4.2) show that October-born calves performed
significantly better than the calves born during the
otherlmonths in all stations. late-born calves were at
the greatest disadvantage, being about 21 kg, 30 kg and
18 kg lighter than calves borﬁ during the best month

(October) in stations 1, 2 and 3, respectively.

Age of dam had no significant effect on 18- month
weight in station 1, but had a highly significant effect
on this trait in station 2 and 3 (Table 4.1). At the

latter stations, trends with respect to age of dam were
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similar to weaning (Table 4.2 b,c). In station 2, calves
from 2- year-old dems were 10kg and 15kg lighter than

calves from 3- year and those from older dams, respeétively;
calves from 3- year-olds were in turn 4kg lighter (P<0.01)
than calves born to older dams (4,5 and 6 years and 7+ years).
In station 3, the difference in 18-month weight between
progeny of 2- and 3- year-old dams and those of older

(Z 4 years) dams was similar to that for weaning weight

(11 kg).

Cex had a highly significunt effect on 18- month weight
in stations 1 and 2 (Table 4.1), with differences of 15 kg
and 18 kg, respectively, in favour of males. In station 3,
sex had a non-signiiicant effect on weight at 18- months
of age, and the females (217.8 kg) were even slightly
heavier than the males (213.4 kg).

4.1.4 Discussion

The results of this study have indicated thut yeuar
of birtn effects were highly significant for birth weight,
weaning weight and 18-month weight in all the stations
\with the exception oI birth weight in station 1),
suggesting the importance of taking year of birth into
consideration in analyses of weight reqords collected over
several years. The variaticn between years in weight at
birth, weaning and 18- months of age at these stations caun
be largely attributed to the range in quality and quantity
of availablie pastures during the different years, since

the cattle were raised entirely on natural pasture. The
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differeaces of 6 to 9 kg for birth weight, 10 to 27 kg

for weaning weight, and 23 to 5C kg for 18- month wveight
between the best awud worst years obtaired here agree closcly
with tnose reported in the literature. ¥Yennedy and Chirchir
(1971), working with Zebu x British crossbred cattle
reported a significant effect of year of birth on growth,
wvith differences of up tc 5 kg, 34 kg aud 53 kg for birth
weight, weaning weight and 18- month weight, respectively
between the best and worst yezrs. In Western Uganda, Sacler
et al (1971a) reported highly significunt year of birth
effects on body weight of crossbred cattle from birth to

24 months of age. Lkesults by Harricharan et 2l (1976),
Joubert at a1l (1977) and Straw and Jones (1977) all confirm
the significunce of year of birtu on growth traits.

The wide variation in birth weignt due to month of
birth is, presumably, a reflection of differeat pasture
conditiuns during the last third of the gestation jeriod
when the foetus makes its greatest iiicrease in weight.

The results have indicuted trhat late-born calves are
enerally heavier at birth than are calves born early in
the caiving secason. This moy be a funiction of better
nutriticnal conditions during the last trimester of
rregnancy for the late-calvers, as ypre-calving nutrition
has a significant effect on birth weight of calves

(Tudor, 1972). Vorster (1954), Bosman and Harwin (1966)
and Richardson et al (1979) reported that calf birth weight

increased as the calving season advanced. A similar trend



was obtained for the birth weight of cwuives in station 1.
Winks et al (1978) also showed thut birth weight feveoured

late-bom calves.

Month of birth effects on weaning weight suprort the
widely held belief that early culves are heavier at weaning
than late-born culves. Bosman nnd Harwin (1966), Vinks
et al (1978) and Richardscn ¢t 21 (1979) 211 fouad that
early-born culves grew faster and were significuantly heavier
than late-born calves at weaning. Seifert et a3l (1974)
and Seifert (1975a) alsc recorded similar findings and
suggested that older and, thereforz, heavier calves could
use the flush of milk which coincides with the break in
the season and rapid rasture growth. In the present study,
early-born culves were 18 to 27 kg heavier than late-born
calves at weaning. Such variutions in weaning weight due
to month of birth may also be attributed to the fact that
calves born early in the season have the full advantage of
the grovwing season and would nuturally tend to grow more
rapidly than calves born later. The results of lMentz
et al (1979a) are similar to those obtained here in that
early-born calves were significuntly heavier than those born
in mid-season, wiaich were in turn significantly heavier

than those born later in the caulving season.

According to the results, weight at 18- months of
age favoured calves born in October at all stations;
calves born very late in the calving season (December

(station 1 and 2), November (station 3)), being at the
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greatest disadvantage. The fact that at each station,
calves born during the last month of the season were
strikingly ligchter (18 to 30kg) at 18- months than earlier
calves has important practical implications in so far as the
curreat 4- months breeding season is concerned. These
findings tend to suggest regulation of the breeding season
to prevent cows from calving down after November, in order
to zvoid the unfavourable consequences of seasonal

varistiion on the calves born after that time. In Zimbabwe,
a study by Vorster (1954) invclving a 4- months breeding
seasorn indicated that late-born culves (March) were still
significantly lighter than culves born early in the scason
(December to February) even at 3.5 and 4.5 years of age.

The significant effect of month of birth on 18- month weight,
however, generally highlights the importance of month of
birth in making breed and crossbred comparisons as already
pointed out by several authors (Sacker et 21,1971a; Straw

and Jones, 1977 and Thorpe et al, 1980b).

The highly significant influence of age oI dum on
birth and weaning weights, emphasise the importance of
taking dam age into consideration in evaluating pre-vweaning
growth rccords. Jones and Hopkins (1980) found that when
weaning weight records were not corrected for age of dam
effects, the chance that progeny of 2- year-o0ld dams
were selected for this trait was only about one~fifth that
of progeny of 5- year-old dams (0.015 and 0.080,

respectively). The results from the present exercise
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indicated that calves born to heifers (2- and 3- year-olds)
were up to 10 percent lighter at birth than those born to
older cows. This is in agreement with most reports in the
literature (see Chapter 2). Hafez (1963) attributed the
lighter weights at birth of calves from young dams to the
severe competition for the available nutrients between the
growing dam and its foetus. The difference of 13 kg in
weaning weight between calves from 2- year and 3- year-old
dams obtained in station 2 suggest large differences in
mcthering ability (especially milk producticn) between
these age grours. The weaning weight difference of 8 kg
between cnalves from 3- year-old daums and those of older
dams in station 2 agree closely with Bosman and Harwin
(1967) who found that 3- year-old dams weaned culves which
were on average 10.5 kg lighter than culves from mature
dams (5 to 8 years). The non-siimificant differences in
birth and weaning weights between caulves from mature

(4, 5 and 6 years), and those of aged (7 to 10+ years)
dams indicated here is in agreement with findings from
other reports in the literature. Winks et al (1978) found
non-significant differences in rre-wceaning growth between
calves of muture (5 to 8 years) and those of aged (9+ years)

dams. Heyns (1960) also reported similar findings.

Age of dam effects were non-significant on 18-
month weight in station 1. Non-significant age of dam
effects on some rost-weaning weights were also reported

by Francoise et al (1973), Rudder et al (1975),
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Vilakati (1977), Winks et 21 (1978) and Thorpe et al (1980b).

The significant age of dam effects for 18-month weight in
station 2 and 3 suggest that correction factors are needed
to remove handicups against progeny of young cows during the
poct-weaning pericd. Similar findings were reported by

DIU (1978) for these two stations. Sacker et al (1971a)
and Straw and Jones (1977) obtained results which sugsgested
thot yearling weight differcences due to age cor dam were
refiecctions of the differcnces at weaning. In general,
hecwever, it has been observed that the effect of age of

dam on growth after weaning is small (Straw and Jones,
1977) so thuat smaller correction factors are needed as age

at sclection increases (Jones and Straw, 19€0).

F.ale czalves averaged consistently higher thun females
for =il troiis with the exception of 18- month weight in
stotion 3. The weight differences between the sexes
increased witn age from abvout 2 kg at birth to 15 te 28 kg
at 13- months of age in station 1 and 2. The 9 to 11 percent
and € to 10 percent advantage of mules in weaning weight
and 1S6- month weignht, respectively, are of the same order
15 thwse reported by Bosman and Harwia (196€, 1967),

Csman and Rizgalla (1968), Joubert et 2l (1977) and
Holyroyd ot =1 (1979). The non-significant sex e¢ffect on
welight at 18- months of age indicated in station 3 is
irexplicable since bull and heifer calves at each station
were raised under similar nmanagement systems during the

rost-weaning period.
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and 18- Ioxnth Weight.

Results of the analysis of variance /{Teble 4.1, have
irdicated that the effectv ci Lreed c¢f calf cxn =211 thre
traits was highly sigrnificant. The lezst szuzres mezns for
the effect of The breeds and crossbreds on tirith, weznling

and 18- meocnth veightis are rresented by stazticn in Tobles

,.
-3
£
o’
[ =)
(0]
I~
~
)
[

4
cl
(o)
A
'@
(@)
ct
k!
O
o]
(=5
.1
UJ
ck
M
C
[N
0
9]
no
"
1S3
[N
\

-
ot
[
[¢v]
U’
H
[}
()
3
[¢9)
]
w
'
Ui

- D AR ~ £ etebres /' m, K
are shown within yezrs for theze stztions (Tutle 4.5 axnd

4.6). Analysis of varisnce resulis vhich comprise sire

eand en ocutline of The effec*ts of these factors on weignt

Breed x yeor interactiicns were ncn-significant for
21l traits in station 1 (Table 4.12). The least sauares
reans in Table 4.5 indicate that there were significant
(F<0.01) differences between the breeds and crossbreds in
birth, weaning =2nd 18- month weights. It is apparernt
from this table that the Brahmans a2nd Brahman x Nguni
crossbreds were all significaently heavier than the

straightbred Ngunis at 211 stages. Table 4.4 shows the
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&g Least Sjyuares Meang and Standard Errors for

the Lffect cf Breed* on Birth weight,

Weaning weight and 18- month weight —

Station 1.

Birth
weight (kg)

Weaning
weight (kg)

18-Month
weight (kg)

General mean 27.5 + 1.5 165.1 + 1.5 253.7 + 1.5

Breed

Neuni 26.2 1+ 0.42 154.1 + 2.5% 240.3 1 3.42

Brahmen 27.8 &+ 0.4°  169.2 & 2.4P 261.4 1 2.9P

2 -Brahman 29.7 + 0.49  183.2 1 2.2¢ 272.8 4 3.0

s=Brzhman 28.7 4 0.3C 176.2 + 1.5¢ 267.1 + 2.0C
~ llote: The term "breed" his been used for

a,b,c,d

convenience, as a criterion for comparison.
This usage dces not imply that a 4-Brahman-
3-Nguni crossbred, for instance, is considered

a breed in &

Means within

superscripts

genetic sense.

the same column with different

differ significazntly (1< 0.01).



TABLE 4.4

154

The Superiority in Birth weight,

Weaning weight and 18-Month weight

shown by the Brahman and Brahman

Crossbreds over the Ilpuni - Station 1.

Breed/Cross

Weight above Nguni (kg)

Birsh

wejght

Weaning

weight

18-bMonth
weirht

Brahman
+=-Brahman

F=Brahman

1.6 (64)*
348 1.205)
2-5 (9YU)

15.1 (9%)
29.1 (16%)
22.1 (13%)

21.1 (8%)
32,5 (12%)
26.8 (105)

¢ Percentage superiority

in parentheses.
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magnitude of the weight differences between these breeds.
It is of interest to note that the differences in weight
between the straightbred Brahmans and the Ngunis (1.6 to
21.1 kg) were not as large as those between the Ngunis and

the crossbreds (2.5 to 32.5 kg).

According to Table 4.3, the Brahman crosses were
significantly heavier thaon the straightbred Drahmans at
all stzges. Tne 4-Brahmans were 1.9 kg, 14 kg and 11.5 kg
heavier than the purebred Brahmans at birth, weaning and
18-months, respectively. Differences in weight between
the §-Brahmans and the straightbred Brahmans were 0.9 kg,
7 kg and 5.7 kg for birth, weaning and 18-months,
respectively. These differences were all highly
significant (< 0.01).

Thne analysis of variance results in Table 4.7a
indicate that sires had a non-significant effect on birth
and weaning weights, and a highly significant (P<0.C01)
effect on 18-month weight. The lecast sjuares constants
(Table 4.8a) show that the effects due to sires increased
from birth to 18-months. TFor instaance, the effects
associuted with sire 6 were ubout +0.69 kg, +5.4 kg and
+17.4 kg on birth, weaning, and 18-month weights,
resyectively. Frogeny by sire 3 at fhis station were

1.2 kg, 1.6 kg and 27.1 kg below the general mean at birth,

weaning and 18-months, respectively.

Breed of dom effects were significant for birth

weight (P< 0.05), highly significant for weaning weight
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(F< 0.01) and non-significant for 18-month weight

(Table 4.7a). DBreed of dam x year and Breed of dam x
sire interactions were all non-significant. The least
squares constants for breed cf dum (Table 4.8a) indicate
that the heaviest calves at birth were those by 4-Brahman
dams (29.5 kg), followed by +-Brahman dams (28.7 kg) and
then pure Brahman dums (27.9 kg). The differences in
birth weight between calves by these dam breeds were all
significant (F< 0.05). The heaviest calves at weaning
were those by 4-Brahan dams (3.18 kg above average),
folloved by -Brahman dams (1.01 kg above average),
rurebred Brahman dams produced calves which had the

lowest weight at weaning (4.19 kg below average).



157

4.,2.2 Discussion

The results have indicated that breed x year intersasctions
were not important at station 1. This is in agreement with
Kennedy and Chirchir (1971) who reported that such interactions
were nol significant on weaning and 18-month weights of
Zebu x British cattle. However, a highly significant (F< 0.C1)
brecd x year interaction on birth weight was obtained in

this laiter study.

Straightbred DBrahmans were 6 to 10 percent better than
the Ngunis in weight at all stages. This agrees closely
with the review of Mzule (1973) which indicated that the
growth performance of the INguni breed was generally lower
than that of the Brahwran breed. One of the studies
indicated that Nguni calves were about 50 kg lighter than
Brahmans at weaning (205 days). In Botswana, the AI'RU (1978)
also found that straightbred Brahmans were significantly
heavier (305.0 kg) at 18-months of age than the local
Tswana (300.6 kg), another Sanga type breed (lMason and Maule,
1960). However, weaning weight (210 days) differences
between the Tswana and Erapwman were non-significent and at
birth, the Tswana calves were significantly heavier.

The most important results of this jresent study are
those indicating the superiority of the Brahman crossbreds
(10 to 19 %) over the Ngunis. These findings suggest an
increase in growth performance due to crossbreeding the

Ngunis with the Brahmans. Similar results have been
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obtained in Botswana (Trail et a2l, 1977, AFRU, 1978) where
Brahman sires were crossed with the local Tswana cows and
in South Africa (lientz gt al, 1979a,b) where the exotic
Branmuns were crcssed with the local africanders. 1t is
apparent from the results that the crossbreds were also
superior in growth to the stiruightbred Branmans. Tae
advantage of the crossbreds over the straightbreds (Nzuni
and Braoman) may be due to additive und non-additive gene
effects (heterosis). Unfortunutely, it was not posscible to
measure any heterotic effects here. However, sizeable
heterotic effects would be expected in Nguni/Brahmsn crosses
in view of the fact that the greatest heterosis in beef
production traits occurs in crosses involving parent breeds
of widely divergent sources (Cundiff, 1970, I'reston and

Willis, 1974).

imong the crossbreds, the {¢-Brahman grades had
significantly lower weights than the 4-Brahmans probably
beczuse of reduced heterotic effects associated with
upgrzding (Ellis et al, 1965, Dickerson, 1973). The -
Brahman crossbreds, which contain about 88 percent of the
Brahmun breed genes, were 3 to 4 percent heavier than the
prurebred Brahmans. The supreriority of these high grade
Brahmans may be partly due tc improved adaptability

associated with genes derived from the Nguni.

The non-significant sire effects on birth and weaning
weilghts suggest that the sire genetic influences on these
pre-weaning traits were masked by the high influence of the

maternal environment provided by the three breeds of dams.
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It is of interest to note, hewever, that 21though sire
cffects were non-significant for weaning weight, there

were differences of up to 18 kg between the best and

pooresl sires for this trait (Table 4.8a). These results
are in agreement with Csman and Rizgalla (1968) who

obtained differences of up to 20 kg between sires for
weaning weight, but found non-significunt sire effects on
that trait. In Australia, Barlow and O'Ieill (1978) ulso
found that the influence of the sire wa2s not significunt

for rre-vweaning guin and weaning weight. ion-significunt
sire efifects on birth weight were reyrorted by Hurricharan

et 21 (1976, in Suhiwael and Brahmun herds, who aiso remarked

that the full potential effect of ¢ sire on birth weight

may not be munifested under pcor nutriticnal conditions.
Ghosh ¢t a1 {(1978) found non-significant sire effects on

the Lirth weight of Holstein x Huryana calvese.

nesults relating to the effects of the sire on 18-
wonth weight indicate that variation in post-weaning growth
of calves dvue to sires exist, suggecting that it weuld be
fossiblice to celect superior Sireg in terms of increased
rrogeny growtn to 18-months of age. The differences of up
to 44 kz in 18-month weight between progeny of the best
(284.9 kg) and worst (240.4 kg) sires cbtained here agree
closely with results by Naidu and Desai (1965) in India,
Osman and Rizgalla (1968) in Sudan and many other reports
in the literature. The non-significant breed of dam x

sire interactions indicate that the influence of the
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individual sires on the weights did not vary with breed
of dwa, suggesting that progeny testing of these sires
within crossbred populations would be as effective as
evaluating sires on the basis of straightbred progeny.
3imiluar results werc obtained by Dunn et al (1970) and

Koger et al (1975).

The influence of breed of dean on birth and weaning
weights 1s to be expected in view of the large maternal
influence during the pre-weaning phase. The results have
indiccted that calves by crossbred dsms had an advantage in
birth und weaning weights over those by straightbred dans.
These findings can be coupared with those of Lllis et al
(1965) who observed that the genotype of tine dam exerted
a sigunificant influence on the birth weight of crossbred
calves, and of Harricharan gt al (1976) who found that in
the Jazhiwal and Branman herds, the calves out of crossbred
dams hzd an advantage in their birtin weight over the
pﬁrebred calves. The significance in birth weight
betweer culves by +- znd Z-Brahmun dams in favour of the
Z=Bruluean daws i1s in agreeneanl with Vorster (1954) wuo
reported that the birth weights of calves out of crossbred
cows increased from the first to the seccnd generation of
grading ur. The heavier weaning weight of calves by the
half-bred dams compared to the straightbred and 4-Brahman
dams indicates tiie superiority of I ccws in maternal

ability and suggests the possibility of materrnal heterosise.



4e2¢3 Station 2

The breed x year interaction was significant for all
the truits at station 2 (Table 4.1b). Figure 1
illustrates the interaction between breed and year for
birtn weight, wveuning weight, and 18-month weight. The
lezst squares meuns for the breeds and crossbreds are
showe within years in Table 1.5.

-

Laust sovures means for birth weight {(Tuble 4.5a)
indicute that Nguni calves were the lightest in a2ll but

one year (Year 1) during which the {-Brahmans had the least
birth weighb. The y-Brahmias were, however, the heaviest
in cil the other years and were up tc 7kg, 2kg and

A

3kg heavier than tiue Nguni, - and 4-Brahman, respcctively.

There were inconsisteat chunges in rank betwcen the -

ANk

and the F-Bralonun crosses (Fig.la)e Tne half-breds were

C

Y

signiricantly heavier than the z-Iralmans during year 2
ané > (1976 and 1977) and the 3-Bralmans ranked higher

(F< C.Ci) than the 4#-Branmuns during year 1 and 4 (1975

Phe weaning weight weans (Table 4.5b; show that the
Nguni calves were the lightest (F< G.01) at weaning
thrcugnout the four yeurs. IHaif-bred Bralmans were
significantly lighter thon the 2-Bralmans at all times
(Fiz. 1b) and had lower weaning weights (P< 0.01) than
Z-Braimans in years 3 and 4. In year 1, the half-breds

were significantly heavier than the ¢-Brahmans and,

year 2 indicated no significant differences in weight
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TABLL 4.5 Least S-uares Means and Standard Errors

for the Effect of Breed x Year Interaction

on _weights at Birth, Weaning, and 18-month

— Station 2.

(a) Birth Veight (kg)

General Mean = 29.3 4+ 1.7 kg.
Year
Breed 1 2 3 4 Mean
Neuni 30.4+2.8P 24.2+41.0% 23.6+0.9% 26.9+0.8% 26.3+0.8

$-Brahman  35.310.6C 30.410.6C 28.4+0.6C 28.4+0.8° 30.64+0.4
2_Brabmen  36.040.7¢ 29.540.7P 27.3+0.7° 29.040.7¢ 30.540.4
I_Brahmun  29.242.62 31.1:2.99 30.541.649 30.841.1% 30.441.1

(b) Veaning Weight (kg)

General Mean' = 170.3 + 1.7 kg.
Year
Breed 1 2 3 4 NMean
Nguni 142.2413.0% 159.524.4% 145.9:4.1% 143.443.7% 147.84+3.8

3-Brahman 183.9:2.9 175.322.8° 172.9:2.7° 168.5+3.7° 175.122.0

a

~Brahman 201.1+3.3% 186.643.2% 189.6+3.1C 171.443.1° 187.241.8
Z-Brahman 150.3x11.7° 177.2413.0°194.3+7.1% 178.245.2% 175.044.9




TLBLE 4,5 cecntinued
(¢) 18-Month Weight (kg)

General Mean = 261.3 + 1.7 ke.
Year
Breed ' 2 3 4 Mean
Nguni 233,5415.5%  252.0:5.3%  227.645.0%  208.2:4.4%  230.344.6
$-Brahman 312.043.5¢  204.9:3.3C  262.8+3.2°  236.0+4.4°  276.412.4
2_Brahman 303.424.05  281.313.8°  267.5:3.7°  238.1:3.8°  280.112.2
1_Brahman 247.1+14.0°  288.6415.6° 271.448.63  244.5:6.3°  262.915.9

a,b,c,d

Means within the same column with different suyerscrirts differ

significantly (F< 0.01).

991
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between these crossbreds. Within year means for the 2-
and #- Brahmun crosses indicate that the Z-Brahmans were
significantly heavier in ycars 1 and 2 and the F-Brahmans

were heavier (P< 0.01) in years 3 and 4.

Fgtimated least squares meuns for 1&-month weight
(Table 4.5c) indicate thut the Ngunis were the lightest
throughout the years (P< 0.01). The crossbreds changed in
rank from year t¢ year for this jost-weaning trait as
depicted clearly in Fig. 1c. The half-breds were lighter
(P< 0.01) than the 2-Brahmans in years 1 and 3; heavier
(P< C.01) in yeur 2 and there were no significant
differences in 1&8-month weight between these crossbreds
during year 4. The *+-Brahmans were in turn heavier (P< 0.01)
than the {-Branmans in years 1 and 2, but lighter than
these crosses during years 3 and 4. Three-quarter-Brahmans
were significantly heavier than the §-Brahmans in one
year only (Year 1),.there were no significant differences
in 18-month weight between these crosses in year 2 and
during year 3 and 4, the %-Brahmans were 3.9 kg and 6.4 kg

heavier (F< 0.01), respectively.

Table 4.7b indicates highly significant sire effects
on birth weight, weaning weight and 18—month weight.
The interactions of breed of dam x year and breed of dam
x sire were all non-significant. The least snuares
constants in Table 4.8b show that effects associated with

sires ranged from -2.5 to 3.1 kg for birth weight,
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-10.9 to 9.8 kg for weaning weight and -7.7 to 15.9 kg
for 18-month weight. Breed of dam was non-significunt on
birth and 18-month weights and highly significant for
weaning weight at this station (Table 4.7b). Table 4.8b
indicate that calves by Nguni dams were about 6 kg below
the porulation mean at weaning, while those by %—Brahman

dums were about 6 kg above average.

4.2.,4 Discussion

The significant breed x year interaction indicates
that ye-r of birth was an important influence on the
magnitude of the croussbred differences for birth weight,
weaning weight, and 18-month weight. This interaction
suggests that breed comparisons for liveweight should be
conducted over a number of years at fhis station.
Significant genotype x year interactions for liveweights
have also been reported by Trail et al (1971b) in Uganda,
Mentz et al (1979 a,b) and Faterson et al (1980) in
South Africa and Thorpe gt al (1979, 1980b) in Zambia.

The results have indicated that the Nguni calves
were consistently lighter (X< C.01) than any of the Brahman
crosses in weight at birth, weaning, and 18-months oi age
during the four ycars (with the exception of birth weight
in year 1). It is most striking that increases of 10 to
29 percent in weaning weight and 13 to 34 percent in
18-month weight were obtained by crossing the Nguni cows
with the Brahman sires. The advantage of the Brahman

crosses when compared with the Ngunis agrees with reports
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from Bctswana (Trail et =21, 1977, AIRU, 1978) whic

indicated that Brahkman crossbreds were generally surerior

tc the loczl breeds in growth rerfcrmance. In Soutn ifrice,
(1979 2,b) also fcund that under extensive

coriitions, Bramman crcsses cui-weighed thie indigenous

sfricaunders in rre- and josi-wesning growth.

Tne intercction between breed and ysar as Zllustirctied

elgtive oo =ichn of the voricus oreosses. ssvenizlly tk
relatlive OELCGACGH @I Tile VEYLAilUWE CTressez, &s8Tellzidly ve

$-Brehmen in 1975 axnd C76. Thls was prcbzbly due to the

£

the 4-Brzhrmens were civicusly zupericr <o the zn=ll-Treds

2 = o e S P
in .'!9{:‘-.-.12";‘:_., '-‘rTE.'_'.b--u.

- = . -~ & . — 1

ssbreds charxged in renk Zrom year tc year with
—~— L + ) P - i IR SH ~

resyect to !8-month weight. The breed means (disrsgzrding

e b o X = [, W | o j e im T —— -

the irvteraciion) ir Table 4.0c, however, suggest thzat

the 4-Brehmans were the hezvies: at this =zge, followed

the lowest weight. Thke results of staticn 1 indicated
that the z-Brzinmans were heavier than the F-Brahmans
at 18-meonths; wunfertunately tkhat station did not have
half-bred BSrehmans for comparison with the high grade

Brahmans.

Sire effects were highly significant on birth weight,

weaning weight, and 18-month weight, indicating the
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importunce of additive genetic variation on thesc traits.
The weight differences between the best and worst sires
increased from 6 kg at birth to 21 kg at weaning. This
may be coupared with the report of Ecsman and Harwin (1966)
which noted highly significunt sire effects on birth

and weaning weight and indicated that weaning weight
differences among gires of the same breed were even more
marked than birth weight differences. Osman and kizgalla
(196€) reported significunt differences of up to 5 ig
between sires for vcirth weight. The 24 kg differeace in
18-month weight between progeny of the best znd those of
the wcrst sire at this station is almest half that
indicated for sires in station 1 (44 kg), suggesting twice
as much variation among station 1 sires with respect to
the 18-month weight of their progeny. &£s in station 1,
the sire x breed of dam interaction was non-significunt
here. This has important practical implications in
progeny testing where the breeding herd consist of

stroigi:tbred and crossbred covs.

#.2.5 Station ¥

The intcracitions between breed and year were
significant for all the traits at this station (Tatle 4.1c).
These interactions are illustrated in.Fig. 2 and Table 4.6
presents the estimated least squares means within years.
The means for birth weight in Table 4.6a indicate

significant differences between the breeds / crossbreds
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throughout the years. DNguni calves were the lightest
(P<0.01) in years 1 and 3 and in year 2 they were only
1.1 kg heuvier (P< 0.01) than the +-Brahmans. The
heaviest calves at birth were the Simmentals and %-
Simmentals which ranked Lighest throughout the three
vears (Fig. 2a). The 3-Simmentals were heavier (I< 0.01)
than the half-bred Simmentals in years 1 and 2, and

there were no significant differences between these
crosses in year 3. Illalf-bred Simmentals were, in turn,
heavier (F< 0.01) than half-bred Brahmans during the

first two years and the differences in birth weight were

non-significant during the last year.

Least sguares means for weaning weight presented in
Table 4.6k indicate that the Nguni calves had the lowest
weights in all the years. The #~Brahmans were also not
very different from the Nguni in weaning weight during
the first two years, but were up to 17kg heavier (F< 0.01)
than the Nguni in year 3 (Fig. 2b). The heaviest calves
at weaning were the 5 - and §-Simmentals which were
sigrnificantly superior to all calves throughout the years
(except Simmentals in year 3). This is depicted clearly
in Fig. 2b. The straightbred Simmentals were significantly
heavier than the ¥-Simmentals (7.2 - 15.5 kg) in years 1
and 3, but the half-breds were, in turn, 8.3 kg heavier
than these straightbreds in year 2. Half-bred Simmentals
were heavier (P< 0.01) than half-bred Brahmans in years

1 and 2; in year 3, half-bred Brahmans were heavier
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(a)

1%5

least Sauares Means and Standard Errors

for the Effect of Breed x Year Interaction

on Birth weight, Weaning weight and

18-month weight — Station 3.

Birth Weight (kg)

General Mean = 32.0 + 1.7 kg.
Year
cen 1 2 3 Mean
Nguni 28.0+0.9% 23.2:1.0° 32.410.9% 27.940.6
Simmental 41.441.0° 33,350.8°0 40.840.6° 36.5:0.5
$-Simwental  32.0£1.6% 24.141.3° 38.341.9° 31.541.0
3-Simmental  39.9:3.4% 29.5:1.8% 37.9:2.0° 35.841.6

+=Simmental

+=Brahman

o

42.344.0%  32.041.5° 40.421.5% 38.241.7
30.941.6° 22.111.2% 37.8+3.5° 30.341.4




Table 4,6 continued

(b)

General Mean =

weaning Weight (kg)

161.5+1.7 kg.

176

Year
Lo zed 1 2 3 Mean
Nguni 159.044.3%  134.844.6%  145.644.4% 146.5+2.8
Simgental — 194.4+4.6°  156.9+3.8°  175.5:3.0% 175.612.3
f-Simmental 187.3+7.8° 165.246.4°  160.0+8.9° 170.8+4.6
j-Simmental 211.0416.2% 192.448.6%  177.349.2° 193.647.5
I-Sinmental 208.7+18.7% 190.1:7.19  175.147.3% 191.3.8.1
F=Bruhmen  160.9+7.5%  136.2:5.6% 162.6416.3% 153.946.4

(c)

18-Month VWeight (kg)

General Mean =

215.6+1.7 kg.

Year
Breed 1 2 3 e
Nguni 206.2£4.5%  190.2+44.7%  193.3:+4.6* 196.5+2.9
Simmental — 243.414.8%  228.743.9°  255.6+3.2° 232.612.3
$-Simmental 252.448.0%  227.246.6° 208.8:9.3% 229.5+4.8
I-gimmental 280.0:16.8% 252.848.99  220.3:9.59 251.1.7.8
I-3immental 281.4219.4% 254.1+7.4%  221.647.5¢ 252.448.4
$-Brahman  229.5:7.7°  208.45.8°  203.9416.9° 213.946.6

a,b,c,d,e,f

»

different superscripts differ

significantly (F< 0.01).

Means within the same column with
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(2.3 kg) than the #+-Simmentals.

The Ngunis had the lowest weight at 18-months of age
in all yeuars (Table 4.6c) and half-bred Brahmans ranked
second from the bottom (Fig. 2c). The 3- and 4-Simmentals
were the heaviest in all but one year (year 3) during
which only the straightbred Simumentals were significantly
heavier than these grades. The similarity in weight at
t8-months between the - and §-Simmentals is depicted
clearly in I'ig. 2c. The Simmentals were significantly
lighter (S kg) than the half-bred Simmentals in year 1
and there were no significant differences between these
breeds in year 2. Hulf-bred Simmentals were 22.9 kg,
18.8 kg and 4.9 kg heavier (F<0.01) than the half-bred

Brommarss during years1, 2 and 3 resgectively.

4.2.6 _Discussiocn

The significant breed x year interaction at this

staution might be asscciated with changes in the

composition of the breeding herd since the number of

the fuundation cows (especially Simmentals) were
increased from year to year through additional purchases.
The interaction can also be explained by the fact that a
new set of Simmental sires was used each year. Siwilar
interactions have been reporied by Vorster (1954) and

Mentz et al (1979 a,b).
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It is apparent from the results that the straightbred
Simmentals performed significuntly better than the Nguni
in growth rate tnrcughout the years of study. At birth,
the Simmentals outweighed the Ngunis by 8.3 to 135.4 kg
and the weight differences in favour of the Simmentals
at weuning and at 16-montlis of age, respectively were
22.1 to 35.4 kg and 36.0 to 38.5 kg. The advuntage of the
Simmental breed, in growth performance, compared with
other Zanga tyre breeds have been reported by Maule (1973)
and Joubert et al (1977). Cne of the reports reviewed
by Muule (1973) indicated that under intensive conditions
the simmentuls were on  average 57 kg and 200 kg lLeavier
than the Nguni at weuning (205 duys) and 479 days,
resyectively. Ilowever, the differences obtained here are
mucu lower in magnitude, suggesting that the growth rute
differe:ces between thesc breeds ure relatively souller

undezr extensive conditions.

Tae sujeriority of the Cimmental x Nguni (F-siuwwcatuls)
crosses over the straightbred Nguni in weight at birth,
wearniig and 16-ponths indicote the advantage of
crosshbreeding on the growih performance of the indigenous
cattle. 4An increzse of 10 to 23 percent (14 to 3C kg) in
weauing weight and 8 to 22 jercent (16 to 46 kg) in 18-montﬂ
weight was obtained by crossing the Nguni with the
Simmental at this station. IMost of the increase in weight
among the crossbreds may be attributed to heterosis since

the Nguni and the Simmental are widely dissimilar breeds
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(Sanga and B.tsurus). The performance of the half-bred
Bralimans compared to the purebred Noguni at bhirth and
weaning was not as distinct a2s in station 2. lowever,

the Brahman hali-breds were obvicusly better than the
Nguni and 18-months of age (see Fig. 2c¢) throughout the
years of study. The advantage to the Prahmun and Simmental
crosscs when compared with Sanga tyre cattle agrees with
regorts from neighbouring countries (Joubert gt =21, 1977,
Trail gt ni, 1977, ATRU, 197€, Mentz et 2l, 1979 a,b).
Similur findings were also obtained in Uganda (Trail et 2l
1971b) and Zawbia (Thorpe et al, 1979, 1980b) whern local
breeds of cuttle were compared with crcsses between such

breeds and European breeds.

Half-bred Simmentals were generally heuvier than
Brammun hzif-breds at all stages (Table 4.6 and Fig. 2).
At 18-months, the 3-Simmentuls were, on average, 16 kg
(7¢%) heavier than the half-bred Bruzhmans. The ATRU (1978)
also found that Simmental-sired calves performed
significantly better in growth to 18-months than Bralman-
sired culves when these sire breeds were mated to Tswana
cows. MNentz et 2l (1979 a,b) obtained similar results

when using Africander cows as a basis for comparisonse

Table 4.6a have indicated that the straightbred
Simmentals were 8.3 to 13.4 kg (26 to 48%) heavier at
birth than the Ngunis. The relatively high birth weight
of the Simmentals has important practical implications

with respect to crossbreeding (especially with the small
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Nguni) in view of the association between high birth
weight and dystocia (Laster 2t zl, 1973, Smith gt al, 1976).
The {-Simmcntals were also, on average, 7 kg (21%) and
2.4 kg (7¢) heavier than the #- and 2-Simmentals,
resyectively, indicating an increase in birth weight with
upgrading.

The fact that 3- and %-Simmentals were significantly
heavizr then the half-bred Simrentals at weaning indicate
the superiority of the crossbred Simmental cows in
mothering ability (especially milk production) compared
to the purebred Nguni cows. Unfortunately, it was not
possible to evaluate the influence of breed of dam
on growth a2t this station. The better performance of the
2~ and {-Jimmentals at 18-mcnths compared to the +-
Simmentals muy be largely attributed to additive gene
effects since the influence of heterotic effects on
gcrowth is expected to decrease with upgrading (Dickerson,
1973). These high grade Simmentals were also generally
heavier at 18-months of age than the purebred Simmentals,
probavly because of improved adaptability associated with

genes derived from the irndigenous Nguni.
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TABLE 4.7 Analysis of voriance for Birth weight,

Weaning weight and 18-month weight from

MOdel 20

() Ytation 1

Source of Degreesof IMlean Sauare
variation freedom Birth Weaning 18-Month
weight weigut weight
Year 5 72.9 * 4600.8 *~#% 165853,4#«%
Breed cf daw 2 86.1 * 283T7.4 ~* 2377.3 NS
yn R 3 82.1 **  4482.2 #**% 3963 5%
Age of duawm 2 29.0 NS 342.6 NS 1722.7TNS
Sex 1 461.2 *%x 24435,5 **%& 112Q7,9%x*%
Sire 5 Sl 2 NS 1034.6 NS 6254 .8*«%*
Residual 247 19.5 540.0 919.8
Breed of - -
dam x year 6 8.4 NS 431.1 KS 921.8NS
Eaced) of im0 19.5 NS 769.5 NS 1261.2NS

X sire

Residual 231 19.8 532.9 905.0




182

TABLE 4.7 Continued
(b) Station 2
Source of Degrees of Mean Square
variation freedom Birth Weaning 18-Month
weight weight weight
Year 3 1841 .,3%%% 10176.8%%*% 160019,5%#**
Breed of dam 1 T«7 NS 18970,5%** 1518.2 NS
o o 3 498.2%%% 21911,4%%%  27754,9%%+
Age of dam 2 63.8 NS 9466.8**%% 3509.4 =*
oex 1 1200,6%%%  47T7405,3%%«*x 1732093, 3%=%*
Sire 9 - 161,5+%% 1756.6%* 3463,2%%%
Breed of =
dam X year 3 16.8 N3 997.0 NS 607.6 NS
e 9 35.6 NS 371.1 NS 728.4 NS
Residual 584 28.9 628.7 942.1
* P< 0.05
e P<0.01
kg P< 0.001
NS Non-significant.
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TABLE 4.8 Tffects of Sire and Breed of Dam on Birth

weight, Weanings wejeht a2gd 18-month weiosht

(deviation from Station means in kg)*

(a) Staztion 1

= Birth Weaning 18—month
weight weight veight
General Mean 264 28.7+1.9 175.6+1.9 267.6+1.9
Jire
1 05 O.11 -0.78 -3.60
2 54 -1.18 1.16 3.69
3 26 -1.16 -11.62 =27.14
4 29 0.94 6.22 il oz
5! 45 C.61 -0.29 2.1¢
G 47 0.69 5.41 7. 55
Breed of danm
Brahman 96 -0.78 -4.19 -2.35
+-Braluaan 102 -0.02 3.18 3.42
+=Brahron cE .80 1. 01 -1.07
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TABLE 4.8 continued

4N

(b} Station 2

L Birth weaning 18-lonth
weight weight weight
Genciral leun 617 2C.5+2.C 181.8:2.0 278.1:2.0
Sira
[ 61 -0.59 -0.56 -0.73
® 61 -0.54 -1.02 1.00
i 60 1.24 -1.94 -0.23
4 52 -1e32 ~5.15 -6.87
2 44 -2450 -10.88 =T7.75
6 od 0. 21 3625 2.78
7 31 -i.39 -0.31 -5.02
& 63 O0.42 -0.83 =7.04
9 68 .32 545 5.96
10 83 3.14 9.80 15.87
Breed of dam
Nguni 360 0. 21 -5.57 -0.60
+=Brahman 257 -0.21 5«57 0.60

* Based on Least sguares constants derived from
Model 2 (see section 3.2.1(ii)).

n =Number of records.
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4.3 Maternal Ferformance of Neuni, Brahmar and

Crossbred Covse

v Station 1

The mean sjuares precented in Table 4.9a indicate that
sex, yeor ol birth of culf, cow age, and breed of cuw all
had 2 hignly cignificent effect on the weight ci calf
weaned., ITreliminary analyces siowed thut the iunteractions
of year x breed, year x age, breed x age and year ¥ age X

breed were all non-significant.

Table 4.10 prresents the estimated least squares means
for the effect of breed of cow on weight of calf weuned.
This table indicates significunt (P< 0.01) differences
between the purebred and crossbred cows in this trait. The
weight of czlf weaned by the half-bred cows was 20.5 kg and
12.0 kg heavier (P< 0.01) than that of the Nguni and Brahman
cows, respectively indicating advantages for F; cows of
17 and 7 percent in weight of czlf weaned. The Z-bred cows
were 15 and 6 percent superior to the Nguni and Bruhmen
cows respectively, in weight ol calf weuned. There were no
significant dirferences between the +-Brahman (183.1 kg)
and the Z-Bramman (180.5 kg) cows. Among the straightbreds, .
the weight of calf weaned by the Nguni (156.58 kg) was
significantly lighter than that of the Brahman (171.1 kg) cows.

Milk yield is the main component of the maternal ability
of the breeding cow (Preston and willis, 1974, Bishop et a2l

1975). The differences in maternal performance between the
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straightbred and crossbred cows indicated by these results
are expected to be largely duc to milk yield differences.
These differences huave been found to be associuated with
maternal heterosis (Mason, 1966, Ireston and Willis, 1974).
Bishop et al (1975) stated thut an increase in weaning
weight of 3 to 6 percent due to heterosis can be expected
from the time Fy females enter a breeding herd, and that
increases of 20 to 30 percent can be expected if the
crossing breed is a dairy or dual-purrose type with higher
milk yroduction. The results obtaiaed here alsc show
marked increases in weaning weight due to using crossbred

COWSe.

The results indicated that the straightbred Branmans
had a 9 percent advantage over tane pure Ngunis in weight
of calf weaned, suggesting that Brahmans are superior to
Ngunis in mothering ability. Less encouraging though are
the indications that the Branman breed has a lower
calving rate than most indigenous breeds of Southern
Africa (APRU, 1978). The review by Ireston and Willis
(1974) alsc indicated that Brazanmans have a poorer
reproductive performance than most breeds. Unfortunately
there is no published infurmaetion on the reproductive
rerforumance of the Brahman compared to the Nguni in
Swaziland, but, reports by lahadevan (1964) and
Butterworth and Fresswood (1978) have indicated that the
calving rate of the Nguni is high, especially under gopd

managenent.



TABLE 4.9

Analysis of Variance

for Yeight of

Calf Weaned.

(a) Station 1

187

Source of

Degrees of

Mean Squares

year X age

. breed

non-significant.

(b)

S en 52

variation freedom
Sex 1 33974.6 *x*
Year 3 6203.1 #n+*
Cow-age 2 2671.5 ##%k
Cow-breed 3 15403.9 *=*
Residuul 448 699.3

Note Year x breed, year x age, breed X age and

interactions were all

Source of

Degrees of

Mean Snuare

were non-significant.

I<0.001.

variation freedom

Dex 1 48854,5 k*%

Year 3 2312G,7 K%k*
Cow-uos 2 11787.% #%%
Cow-breed 2 6C196.5 ~a#

Year x uge 6 .1597.6 wx«

Tear x breed 6 2621,2 #%=%
Residuadl 861 758.3
Note: Breed x age and year x age x breed interactions
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=

TAPIE 4.10 Least Sauares Meacs end Standgrd Lrrors

C

for the iffect of Breed of Cow on

weight of Calf Weaned — Staticn 1

deight of Calf Wezned (kg)

Cencral Kean 172.8 x 1.4
Preed
Neuni 156.6 & 2.5 ¢

Brauman 171.1 1+ 2.4 b

s=-Brauman 183.1 1 2.7 ©
X - Rl kond c

w—DBraaman 180.5 = 3.0
b Je [ Means within the same column with

different suyerscrijpts differ

significantly (< 0.01).
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A =2

4.3.2 Station 2.

The analysis of variuance results (Table 4.9b)
indicute that sex, year, cow-age, breed of cow, and the
interactions of year x age and yeur x breed @ll had a
highly siprificant effect on weight of calf weaned.
Treliminary analyses showed thait breed x age und yecar x
age x breed interactions were non-significant. The
estimated least syuares menns for the effect of breed x
year interacticn on weight of calf weaned are presented
in Table 4.11,

It is apparent from Table 4.11 that the differences
in weight ol culf wecned between the Nguni and 4-Bralman
cows were significant (F< 0.01) in =211 but one year
(year 4), during which the weight of calf weaned by the

Nguni cows mated to Brahman sires (178.11kg) was not

0

ignificantly different from that of the $-Brahmun cows
(176.10kg). Otherwise, the half-breds performed
significantly better than the Nguni cows and the weight
of culf weaned by tie Mguni cows nursing struightbred
calves was lower (P<0.01) than that of the Nguni cows
nursing crocssbred calves in all years.

The weight of calf weaned by the ¥-Brahman cows was,

on average, 13.8 kg higher than that of the Nguni cows
bred to the same breed of sire (Brahman), indicating an
average advantage of 8 percent for the crossbred cows.

An average advantage of 25 percent (39.9 kg) for the
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i = s TA
v Sausires edpn

s
Rreed X

ans ard 3tandard Zrrors for the Sffect
T22r Interzcticn cn Weight of Calf /eaned

tion 2

deight of

179.1 + 1.5

gJereral Mean =

Calf lieaned (kg)

Ilean

Breed i
Yguni | 148.7:14.1
o 2 =
INauni 192.913.2
Y-Branman 21C.544.2

157.724.2%
181.3£2.67

201.5+3.1°

157.1+4.0
183.2+1.6
197.0+1.7

Tguni cows mated

Moains ~gCs ey A
Ligun>. ecws cated

.
L}.,J,C EL S G IRV t'l
eang wiTlnin e

significantly

to Nguni sires.

ct

_ A

B s -
Rranmen

sires.

sare column with different superscripts differ

(D< C.C1).
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crossbred cows compared to the Nguni cows bred to liguni
bulls is indicated by the results of this study. Iliason
(1966) noted that the full benefit of crossbreeding

was not reached until the F; cow was used for breeding,
when she appeared superior to a straightbred by 10 to
15 percent in weaning weight of calf. Cundiff (1970)
indicated advantages for crossbred cows of 5.6% in

calf weaning weight.

It is important to note that the weight of calf
wearned by the Nguni cows bred to produce crossbred calves
wvas significantly higher than that of the Nguni cows
bred to rroduce straightbred calves in all years. Tlie
differences in weight of calf wecaned between these Ilguni
cows are reflections of breed of sire effects rather
than maternal genetic effects. These results indicate
that crossing liguni ccws to Brahmun sires increaced the

weaning weight of culves by about 17 percent.
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4.4 leritability, Genetic and Thenotypic Correlations

and Repeatability Estimates.

4.4.,1 Heritability estimates.

Lstimates of the heritability of birth, weaning,
and 18-month weight for each staticn are presented in
Table 4.12. Estimates of each trait, pooled across
stations, are also indicated in the same table. These
estimates lie generally towards the lower end of the
range of values reported by many workers in the

literature (see Table 2.4 to 2.7).

The heritability estimates of birth weight have
varied from 0.09 (Willis et al, 1972) to C.75 (liehta
et al, 1972) in the reports of cattle raised under
tropical and sub-tropical conditions. The estimate of
0.06 obtained in station 1 falls outside this range.
However, the value of 0.29 obtained in station 2 is
arproximately in line with other estimates reported
by Lombard (1963), Trail et 21 (1971b), Baharin and
Beilharz (1979), Harricharan gt al (1976) and Ghosh et al
(1978) in other Zebu and crossbred cattle. It is
also comparable to the median value of 0.34 obtained
by Treston and ¥illis (1974). This estimate (0.29)
suggests that birth weight has a medium heritability,
indicating the scope of genetic change for this trait.
However, selection for high birth weight is not

desirable because of its close association with dystocia
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TABLE 4.12 pstimates and Standard Errors for

Heritability of Birth Weight, \lezning

Weight, and i8-lonth Weight.

Heritability LIstimate

el Station 1 Station 2 Pooled
Birth weight 0.0640.10  0.29+0.15 0.1310,08
Weaning weight 0.05+0.12 0.12+0.08 0.1140.07

18-month weight 0.5310.34 0.18+0.11 0.21+0.10
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(Preston and Willis, 1974).

Estimates of the heritability of weaning weight were
very low in both stations (0.09 and 0.12). Comparable
estimutes were obtained by Csmun and Rizgalla (1968) in
Sudan and Trail et al (1971b) in Western Uganda. Ctherwise,
most of the reported heritability estimates of weaning

weight are medium in magnitude (Table 2.6).

In station 1, the heritability estimate of 18-month
weight was high (0.53), indicating that selection for this
trait would be moderately effective in improving it.

The estimate of 0.53 for the heritability of 18-month
weilght is comparable with most vulues in the literature.
For instance, Dumn et al (1970) found a value of 0.56 for
the heritability of 550-day weight in crossbred cattle
and Hinojosa and Segura (1980) obtained an estimate of
0.51 for the heritability of 414-day weight in Brahman
cattle raised only on natural pastures. Mahadevan and
Marples (1961) and Stobbs (1966) also found relatively
high estimates for the heritability of post-weaning
weights in Zebu cattle. A relatively low estimate of

the heritability of 18-month weight was obtained in
station 2 (0.18). In Western Uganda, Trail et al (1971b)
found a value of 0O.11 for the heritability of this

trait in crossbred cattle.

The generally low heritability estimates obtained
in this study may be attributed to various factors.

According to Robertson (1959), the accuracy of the
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raternal half-sib method is dejendent on:
(a) The number of degrees cf freedom for

Sir

(¢}

S,

(b) the absence of environmental correlations
between hulf-sibs relutive to ncn-recluted
individuals,

(¢) the absence of celection between sires
and

{(d) the number of progeny per sire (the least
irportant).

The degrees ol freedom for cires were very snall at

both staticns (S and 9) and the sires used represented

a rather scliect grour. The use ol uncorrected duata

mignt have alsc contributed to the lower estimates since
it has been found that wnadjusted data give lower estimates
than deta wiich have been corrected for the mzjor non-
genetic factors (Tattie et al, 1970, Seifert, 1975b,
Barlow, 1578). TFurthermore, heritability estimates based
upon half-sib correlations are subject to considerable
errcr becuause an error in the coefficient is rultiplied
four-fold in the estimates (Carter and Kincaid, 1959).
The relutively large standard errors of the heritability
estimates obtained in this exercise are also due to

large sampling errcrs because of the small numver of

animals involved.

Heritability estimates of birth and weaning weight

obtained in station 1 were lower than those calculated
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from station 2 data. ZLower heritability estimates at
early ages suggest that the expression of genes might

be musked by maternal environment coupled with other
non-zgenetic factors. It will be noted that in station 2,
where tne effect of breed of dzu on birth weight was non-
significant (Table 4.7b), a reasonable estimate of 0.29
was obtained for this trsit. 1In station 1, the effects
of breed cf dum on birth and weaning weight were highly
significant and sires had a non-significant effect on
these pre-weaning traits. Trail et 2l (1971b) noted that
growth tov weaning, especially under fairly harsh range
conditions, is very subject to maternal influences, and
that calf genotype effects may be masked to a great

degree.

The magnitude of the heritability estimate of
18-month weight was lower in station 2 (0.18) than in
station 1 (0.53), suggesting that the general enviromental
conditions may have been more severe in the former station.
However, since half-sib estimates are greatly influenced
by the genetic differences among the sires involved,
the vast difference between these vulues may be due to
the fact that variation in 18-month weight due to sires
was larger in station 1 than in station 2 (see Table 4.8).
The variance components (see Appendix III) also indicated
relatively larger components for sires in station 1

(140.39) than station 2 (43.33) for 18-month weight.



197

4.4.2 QGenetic and phenotypic correlations.

e

Istimates of tkhe genetic and rhenotypic correlation
coefficients between the tranits are presented in Table 4.13.

It wos not ogsible to estimule genetic correlations

from gstation 3 data.

J

In stotion 1, the genetic ccorrclations between birth
weight and wee2nilag velignt, birth weisht and 18-month
weight, and wenning and 18-wonth weigut, vere 0.69 i 0.59,
0.75 i 0.51 and 1.21 zx 0.25, respectiveliy. Sstimutes for
the gcnetic correlation betweerr the respective traits were
1.11 & 0.12, 1.05 4+ 0.10 and 1.02 + 0.08 in gstation 2.
These values indicate a very high positive associntion
between the weights, suggestinzg thuet genes which are
resypcrsible for early body weight are also responsible for
body weight 2t subse~uent ages. However, most ol the
estirnutes were grenter than 1 and have large standard
errors, maixing them of 1little value. For instance, the
standard error vdlues cf C.25 to 0.59 ascociated with
the estimutes from station 1 would indicate caution in
rutting complete trust in these estimutes. It has been
observed that estimates or genetic correlations are
subject to larger sampling error than are heritability

estimutes based on the same number of animals (Barlow,

1978, Varwick et al, 1979),



TABLL 4.13

Estimates of the Genetic and Fhenotypic

Correlation between Weigh

Birtl

Veanines, and 1E-month.

(a) Stetion 1

Maegliht

Correlatior

Geneivic:
I'henotygic:

Birti weight

weaning weight Genetic:
Thenctypic:

vb, Station 2

Genetic:
IThenotypic:

Birth weight

weaning weizbht Genelic:
Tnenotyyric:

\e) ztotion 3
Birth weight Thenotypic:

Weaning weight Thenotypic:
(d) looled Estimates

Birth weight Genetic:

Fhenotypic:

wWeaning weight Cenetic:

Thenctypric:

Woesning
weizght
.6940.59

0.49

0.08

) 8-month
veisht
0.37

1.2140.25
C.68

0.21

1.02+0.08
0.65
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Otherwise, the fact thut the genetic correlction
coefficients cbtained in both stutions were &ll positive
shouwld sufrice in indicating that selecticn for wuny of
tiese troits shouwld result in correluted inmprovement in
the cthers. Iiigh positive genetic correlations between
body weights in cattle have been reported by varicus
sutlicrs (Irecton znd Willis, 1974, Baflow, 1972). GeEnctic
correlaticn vaulues ranging irom 0.82 to 1.04 between tirvh
and wewaing weight have been repsrted by Berruecos and
Robivon (1968), Truil et &l (1971b,, Heyns (1977) and
Govirduiuh and Singh (1980). Trail et 21 (1971b) and
Seilcrt (1975b) obtained high values of the genetic
ccrrelation between birth and 13-month weight (C.81 and
0.59, recpectively). The results of these latter authors
and thcse of Irancoise et _al (1973) also indicated a very
hizh genetic correlaution between weaning weight wnd

18-ncnth weight (0.61 to 0.95).

Tlie phenotlypic correlction between birth and weaning
weight pere 0.49 and 0.22 in stations 1 and 2, respectively
and esvimates cf CG.37 and C.21 between birth undv18-month
veiglit were obtained ror the respective stations. These
correlaticns indicate that variation in birth weight
accounted for 24 and 14 percent of the variation in weaning
and 18-month weight, respectively in station 1. In
station 2, the variation in birth weight accounted for
only 5 and 4 percent respectively, of the variation in

weaning and 18-month weight.
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The correlation coefficients obtained in these
two stations are more or less similar to those reported
in the literature. Naude (1965) found a rhenotypic
correlgtion coefficient of 0.42 between birth and weaning
weight in Nguni cattle. Values of 0.34 (Trail et al,
1971b), C.27 (Seifert, 1975b), 0.21 (Heyns, 1977) and
0.25 (Govindaiah and Singh, 1980) for the phenotypic
correlation between birti: and weaning weight huve been
obtained in studies involving other tropical and
subtropical cattle. The correlution coefficient for
birth and 18-mcnth weight appear to be generally lower
than those for birth and weazning weight, indicating a
closer association between the rre-weaning growth traits
due to common environmental influences (mainly maternal).
Govindaiah and Singh (1980) ncted that the magnitude
of the phenotypic association between birth weight
and rpost-weaning weights were not significantly different
from zero. They found a rhenotypic correlation

coefficient of 0.05 between birth and 18-month weight.

In svation 3, the rhenotypic correluations between
birth weight and veaning weight (0.08) and birth weight
and 18-month weight (0.00) were essentially zero,
indicating that there was no association between birth
weight and later weights. Since genes responsible for
pre-natal growth are also responsible for post-natal
growth (Chapter 2), the low coefficients obtained here

might be reflections of a strong negative environmental
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correlation between pre- and rost-natal growth at this
station. Iost of the cows transferred from the other ranches
to station 3 and those jpurchased frow various sources were
in calf when they joined the breeding herd. Thus, the dams
of the majority of calves born in station 3 were in the

main exposed to different environmental conditions during

the gestation period and afterwards. This may have
contributed to a strong negative environmental correlation
between birth weight, which is a measure of pre-natal growth,

and later weight.

The phenotypic correlatiocn coefficients between weaning
and 18-month weight were fairly high and positive, suggesting
a close association between the weaning (210 days) weight
and 18-wonth weight of calves. The values of 0.68, 0.65 and
O.74 obtained for the rhenotypic correlaticn between weaning
aend 18-month weignt in stations 1, 2 and 3, respectively,
indicate that variation in weaning weight accounted for
46, 42 and 55 percent of the variation in 18-month weight

at the respective stations.

bili

4.4.3 Repeatability estimates.

The intra-class correlation repeatability estimates
of weuning weight of calf as a trait of the dam are
presented in Table 4.14 for each breed of dam.
Repeatability estimates were 0.241+0.12, 0.27+0.13,
0.25+0.11 and 0.39+0.13 for the Nguni, Brahman, %-Brzhman

and §-Brahman dams, respectively. These estimates fall



TABLE 4.14 Intra-class Correiation Repeatability

mstimates of Weight of Calf Weaned -

Ereed To. of Cows [lereatavility estimate
Neuni 50 0.24 £ 0.12 (114~
Brahmun 68 0.27 i GC.13  (124)
z=Bromun gl 2 0.25 + 0,11  (115)
+=Dranman 57 0.%9 + 0.13 (102)

* PFipures in parentheses indicate total
O

nusber of records.
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within the range of values reported in the literature
(Table 2.13). They are, however, lower than the estimates
obtained in Ugunda (0.39 - 0.47) by Trail et zl (1971D)
and Z.usbia (G.4€ - 0.62) by Thorpe gt 2l (1980a), using
the sumne metnod of estimation. INevertheless, they do
indicate that the weight oi cualf wezned is a moderately
rereatable character, suggesting that a cow weaning a

heavy calf is likely to du sc throushout its lifetine.

In station 2 the rereaitability estimates were cowmputed
by the regressicn technijue. Table 4.15 presents these
estimates for each breed of dam. Yhe regfession
coefficients on the diagonal refer to records which are
serarated by one year. The off diagonal estimates are

seperated by two or more years.

It is apparent from Table 4.15 that there were no
consistent differences between the estimates obtained at
the diifferent degrees of adjacencies. The trend for

repeatavility estimates to decrease as the degree of

adjacency increased noted by Cunningham and Henderson
(1965), Dosvon et al (1970) and Vanmiddlesworth et al
(1977) was not indiczted by these results, possibly
becuuse of the small number of pairs involved. Also
some oI the estimates were negative, presumably because

of the relatively small number of pairs involved.
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TAZLE .15 Rersression Repeatability Bstimates of Jeiznt of Cnlf Jeaned
conmputed from Tairs of Necords of Different Degrezss of
Adjacency and from Zows of Differeant iges.
(a) Nguni covws.
AQE of ftge of dam (second record)
dam (first :
record ) 3 e 5 6 7 8 9 10+
-r
2 dereatability 0.31 -0.18 - - = = - -
Tairs of records 13 [
3 Rereatability (0] o L 23O | 2 B (0) 7/ = - - =
Tairs of records 20 13 12
A Gepeatability 0.21 0,45 -=C.01 - - -
FPairs of raccrds 31 74 12
5 Rereatebility 0.320 Ja25 - - -
Tairs of records 54 15
€ Repeatability .52 0.38 =C.20 -
F-lrs of records 30 10 5
7 Repeatability 0.78 =0.12 -
Tairs oi records 14 9
8 Regeatability 2.3728 0.40
Fairs of records 15 9
9 ?e;eatqbi_;tj 0.33

Tairs of records
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TABLE 4.15 Continued

1

- — Brahman cows.

Age of Age of dam (second record)
dam (first
record) 3 4 5 6 7 8 9
2 Repeatability 0.24 0.08 1.36 - -~ - -
Fairs of records 9 & 5
3 Repeatability 0.40 0.19 =0.0C5 - - -
Tairs of records 38 40 15
4 Repeatability 0.C9 -0.13 0.51 - -
Fairs of records 34 18 5
5 Rerpeatability 0.10 -0.20 - -
Fairs of records 22 4
6 Repeatability - -0.22 =0.t2 0.556
Fairs of reccrds 9 5 4
7 Rereatability 0.49 0.44
Fairs of records 4 3
8 Repeatability 0.18

Pairs of records
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TABLE 4.16 Tocoled Regression Repeatability

Estimates of Weight of Calf Wesapned -

Sip@ta.om 2

Breed o, rairs Repeatability
Nguni 504 0.29 i 0417

=Brahman

N
N
L
(@)
L]
o}
L
(@)
L]
n
(02]

Both breedc

U1
1
(@}
L ]
n
~
(@]
*
(02}
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Because there were no differeiices in estimates among
the levels of separation (see Table 4.15), all estimates
were then pooled within and across breeds. The resulting
rooled estimates (Table 4.16) show values of 0.29 and 0.19
for the rereatability of weight of calf weaned for the
Nguni and }-Brahman dams, respectively. The pooled estimate
for the two breeds was 0.24. These estimutes are in close
agreenient with those obtained in station 1 using the
intra-class correlation technigue and they also fall
within the range of values reported in the literature.

The regression estimutes of repeatability are said to be
unbiased and not affected by selection based on earlier
records (Curnow, 1961). However, bias due to selection
of dams for surerior mothering ability should be minimal
even in the intra-class correlation estimates because
virtusally all culling carried out at each station was
for poor fertility, disease, or old age. The magnitude
of the repeatability estimates obtained in this study is
medium, indicating that selection for high-producing

cows cun be practiced early in their productive life.

4.5 The Association Between 14- and 18-month weight.

Investigation of the feasibility of changing the
performance test age of breeding stock from 18-months
to 14-months warranted the estimation of the heritability
of these post-weaning weights and the genetic and

phenotypic correlations between them. The results are



rresented in Table 4.17. It is important to note that
these estimates are based on fewer observations than those
obtained in the prrevious sections. However, the degrees

of freedom for sires were the same in all analyses.

The heritability of 14- and 18-month weight,
respectively, were 0.19 + 0.17 and 0.56 + 0.30 in
station 1. Estimates of 0.07 # 0.09 and 0.19 + 0.15
were obtained for the respective traits in station 2.
These values indicate that 18-month weight is more

heritable than 14-month weight.

Istimates of the genetic correlations were atove unity
and had large stanaard errors at both stations, due to
large sampling error because of the small number of
observations. Iowever, the rositive estimates are
indications that, desrite large sampling e rrors,
cgrowth at both ages was contrclled by many of the same
genes. High positive genetic correlations between
various post-weaning weights have been reported in the

literature (see Table 2.12).

The rneuwotypic correlation covefficients between
14- and 18-month weight were C.59 and 0.51 in stations 1
and 2, resypectively, indicating that 14-month weight
accounted for 35 and 26 percent of the variation in
18-month weight at the respective stations. These
correlations suggest that animals ranking high in
14-month weight are likely to rank high in 18-month

weight.
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TABLE 4.17 Estimates of the Heritability and the

Genetic ard Phenotypic Correlations

between 14— and 18-month weights.

Heritability Correlation
1 4~-mmonth 18-month Genetic Thenotyric
weight weight

Station 1 0.19+£0.17  0.56:0.30 1.15+0.74  0.59
Staticn 2 0.07+0.09  0.19+0.15 1.30+0.43 0.51

Tocled 0.1040.08 0.2740.13 1.1940.37 0.55+0.05
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The feasibility of using 14-month weight as an
alternative selection criterion for 18-month weight
(indirect selecticn) in this study may be assessed by
considering the genetic correlation between 14- and 18-
month weights and the heritabtilities of these truits
(Falcuner, 1960, Searle, 196%, Firchner, 1969). A
high genetic correlation irdicates that, on averuge,
cn enimel selected ac having high genetic merit fer the
aiternutive trait will be high in genetic merit for
the busic trzit. The relative efficiency of the direct
and irdirect method of selection in terms of genetic
gain, cun be compared by calculating the ratio of the

ey, ] oo
t - s e e e B @

Ao _  Yg _D440-day
a GD - N540-day

where,

AGI aiid AGD is the gain by indirect and direct
selection, respectively,

ry 1s the genetic correlation between 14- and 16-
monta weights, and

ha40-day and h540—day is the sguare root of the
heritability of the alternative (14-month weight) and
busic (16-month weight) trait, respectively.
Indirect selection (disregarding husbandry and economic
cocnsiderations), will only be more effective than direct
selection if r, is high and h440-day > h540-day (Searle,

1865, Turner and Young, 1969). It is arparent from
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CHAITER FIVE

CCXCLUDIEG DISCUSSICH

This study wes undertzken pricerily to compzre ihe

growsh and naternzl rerfcrmsnce ¢ the Iiguni znd crosstred
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< eding stvaticns.
ficcording te reviews of research cn growih cf cattle in
Soutkhern ifrica (Lizude, 1965, Maule, 1673}, it is well
establiched that the grovwth ability of the straightbred
Ngani is relztively low. It is thus reasoncble to exrect
an increased grcwih roterntizl in the progexny of Iguni
crossed T0 ctnrer breeds with high growsh rctes. The
rrecens work has snown rexzarizable izyroverent in

I perfernuznce due to cressbreeding the Igunis wish
the exciic Brzamans and Simmentzls. The superioriiy cof

the Braghmen crosstreds cver the Tgunis ranged fronm

S-montizs. 1incre=sses of 10 Tc 2% percent in veaning
weight and 8 tc 22 rercent in 15-mexnth weizht were
cbtained ty crossing the I'guni cows wiith the CJimrentzl
sires. It was also found that the strzightbred RPrahkmzans
and Simmentels cre surerior in liveweight to the
straightbred Xgunis. The advantage cf the crossbreds
may be due vo additive gene effects as well as

heterotic effects.
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here is no evidence from oweziland on the volue of
crossbreeding for incrcasing tine productivity of beef
cattle, but several exreriments carried out in soue
other Southerrn african States have shown substantial
improvement in a nuwber of productive truits (Trail

et 21 1977, AIRU, 1978, Thorpe et al, 1979, 1980 a,b).
Since early sexuval maturity, which in turn depends to
a lerge extent cr. body weight, is useful in female
progeny rctained as herd replacements, crossbreceding
should hely to improve rceproductiive efficiency by
reducing tae time for the females to reach puberty.

In the case of males, the wdvantzge of surperior growth
to 1C-months means that the animals will rewch
accertuble weight for slaughter ut a younger age when
the canrcass has a4 grexzter proporticn of the desired
leun meat relative to fat (Freston and willis, 1974).
The liveweight advantages for ZIruliman and Simmental
crocses with the Nguni «lso suggest that carcass
weight advantuges will occur with crosses sired by

these exotic breeds. In Zawxbia, Thorpe et 21 (1579)

found that the use of exotic breeds for crossbreeding
wus ciearly advantageous in growth and carcass
prcductior. The crossbred progeny were superior to the
Angoni, Barotse, and Boran straightbreds in their study,
giving on average +19, +16, and +14 percent more

carcass, resrectively.
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It has been estublished that crossbreeding offers a
rapid means of imprroving maternal ability and that this
i1l =2pply even to treeds whichh differ little in this
trait (Cundiff,197C, lreston andg .illis, 1974, Bishog,
1675). The sresent study hus found that crossbred cous
have « sujerior maternal pecforicnce to struightbreds.
salf-bred cows were 8 to 25 percewnt better thun
straigrnitbred Jguni ccws in weignt of calf weaned in the
present study. Studies in Botswanw (AIRU, 1978),
Ugande {Saclicr ¢t al, 1971L,c) and Zambia (Thorpe et al,
1660 w,u) huve all clearly indicated the superiority
of crossbred dams to straightbreds in reproductive

rerforiiance and maternal ability.

Investigations on the potential role of the currently
recowmrenaed breeds and the resultunt crossbreds in beef
cattle proauction improvenerntl in Swaziland are still
continuing, and fihdings fresented here ure definitely

provisicnal. Further comparisons are needed to

substuntiate the results of the present study. There

are indications that a criss-cross system involving
Brahman 2nd Nguni cattle might be valuable. Investigations
cn a three-way cross system whereby Simmental tulls are
mated to Brakhman x Nguni Fy cows are uhderway in

station 2 and it is hoped that preliminary results on

the growth performance of the three-breed progeny will

soon be available. The use of first-cross, small-sized



dams mated to large sire breeds could increase cow
slaughter productivity and efficiency, through heterocsis
for daw reproductive and maternal abilities, and for
calf survival and growth (Dickerson, 1973, Cundiff,

1980).

IV way be pointed out, however, that growth prerforwirce
of nminmals is by no means the only criterion by which the
potentinl of variouvs breeds for crossbreeding with the
Mguri, us well us their ultimute usage in crossbreeding
systews, cwi be evaluated. Jnile the results of this
study Lave shown large advantoges in growtii performunce
resulting fruw crossbreeding, final recommendations on
inter-breed selection and croscsbreeding must consider
211l phoses of the prcduction cycle. itennie et al (1977)
have shoun that low reproductive performance and maternal
ability wre the main factors that depress productivity
of cuttle in PRotswana. 7The relatively superior materrnal
reriormance c¢f tne crossbtred cows to the straightbred
Hguni, Pranman, and Simmental, indicated by the rresent
findinge should be verified in subseguent studies.
comparative mortality rates, rclative reproductive
efficiencies, and lifetvime jproductivities of straightbred

and crossbred progeny must all be considered.

There are indications that Simmental-sired fprogeny

are better than Brahman-sired progeny in growth to



216

18-months of age. Similar findings were reported by the
ATRU (1978) in Botswana. Less encouraging though is the
fact that large sire breeds tend to cuuse more calving
dirfficulties than swzller breeds, mainly beczus: the
calves are heavier at birth (freston and willis, 1974,
Smitih et 21, 1976). In the jresent study, Simmental-
sired cualves were on averuge 27 and 38 percent heavier
at birth than those sired by the Bralmun and Nguni,
respectively. It may thus be necessary to investigate
the incidence of dystocia especiully in station 3 where
the relutively small lguni cows are mated to the large

vilmmental sires. The Tfertility of cows is detrimentally

-

affected by dystocia and the production of heavy calves

\N

(Laster et 21, 1973, Smith et al, 1976, Barlow, 15978).

In South africa, however, Joubert gt al (1977) observed
that the incidence of dystocia was not very high wken
cimmentals were mated to the indigenous africander maeinly

becuuse africander ccws are easy calvers.
It has been found in the present study that the

interacticn between breed and year was important in
stations 2 and 3, suggesting that comparison of the
breeds and crosses for growtn would be more dependable

if based on data collected over many &ears. Lome reasons
for the differential responses cf the breeds and crosses
to year effects in station 3 were discussed in

Chapter 4. However, there is a need for more detailed

investigations as to the cause of the interactions at
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both stations.

The present investigatiovn has also revealed that
sire x breed c¢f dam interactions were non-significant,
suggesting that progeny testing of sires within

crossbored populaticus would be wus effective as evaluating

)

2]
6]

31X

L

on tiie basis of ctraighitbred progeay. These

ings have dwmrortant practical implications in progeny

[o]
’.1

in

H,

[

esting of cires where the breeding herd involves

straightvred zad crossbred cows.

The results on the influence of environmental
factors on the growth traits showed that weight records
need to be corrected for effects due to year, sex,
montli of birth, and age of duw, tO ensure an accurate
corierison between and within breeds. The most important
factor which emerged and muy be controlled to a certain
extent by nanagement wos the influence of month of birth
on calf growih from birth tc 18 months of age. Calves
born duriug the last month of the 4-month calving
season were 12 to 18 percent and 8 to 12 percent lighter
thun earlier-born calves =t weaning and 18-months,
respectively. The heaviest animals at 18-months of
age were those born in October and November in stations
1 and 2, and September and COctober in station 3. A
need to have a more compact calving season is indicated
by these results, and, regulation of the breeding

season to prevent cows from calving after November
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would avoid the unfavourable conseguencies cf seasonal

varisztion ocn calves born after that time.

An importent objective of beef catile brecding
regsearch is the estimation cf genetic interrelaticznshixs
3 4

of imycrtant traits in crder that selecticn indices

rerzisvting maximum rrogress may be constructed.

Heritability, in =ddition to being an impcriznt foctor

in thie ypredicticn of genevic rrcgress, deverr.ines tie

the individual's trecding vaiue (Folconer, 1S50,. wLince
& ’

22 has recently besn lavnched

Cn & naticnal basis in 2waziland, a deiinite need exists

Tor estirates cf genetic jarzmeters cprlicable ©to local
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station 1 is, however, comparable wita most repcried
values and it cuggests that considerabvle rrogress can
be made for this economiczlly imperiant trait through

mass selec*ion. There are indications that the
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heritability of weaning weight is much lower than that
of 18-montn wecight, suggesting that in order to achieve a
reasonable zmount of genetic rrcgress, the selection
rrogruume snould give more emrhasis on 18-month weight.
Murthermore, desired improverent in weaning weight is to be
exrected when selecting for 1&-month weight because of the
high genetic correlations between these traits. The
rhenotyyric correlation estimutes between weaning and 18-month
weight obtained in this study indicate that weaning weight
accounted for 42 to 55 percent of the variation in 18-month
weizht. DMore work is renulred to determine whether weaning
weight may be a useful criterion for jreliminary culling
during cevere years.

It is weil kacwn that the economic worth of a beef

cow 1s determined by her ability to consistently wean
heavy calvecs. Severzl important practicel cuestions
are involved in considering the repeatability of cow
rerforrunce with respect to growth rate of calves to
weaning. Among these are the extent to which the
growth rate of the first calf is a rermanent characteristic
of the cew, and the awmount of culling that can safely
be dine on the basis of the first cuzlf produced. The
present study indicates that cows weaning heavy culves are

lilely to do s¢ in future crops and vice versa, suggsesting

that selection for high-producing cows can be practiced
early‘in thieir productive life. The repeatability
estimates of weight of calf weaned obtained in this

investigation are medium in magnitude (0.24 to 0.39).
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The present study also investigated the feasibility
0o changing the current age at which animals are
rerformance tested for growth in the Government
breeding ctations (540 duys,; to 14 months of age (440 days).
Jelecting bulls and heifers on their adjusted 540-day
wveigcht hus presented scme mnangerial problems in thet it
hus not tecen feasible for thie DiU to generate and distribute
the selection listings (see Section 3.1.1) to the
breeding stations eurly enough to enable the rcncn managers
to cull undesiravle animals before the dry winter season.
Selection for 14-month weight, on the other hand, would
maxe it possible for selection decisions to be mude
beforc the beginning of autumn each year instead of in
July or suzust and below average animals would, thereforc,
be disposed of beiore the vinter feed shortage. The
firndings presented nere, indicate that animals superior
for 14-month weight are likely to be superior for 18-

nonth weight and vice versa, suggesting that there would

be negligible differences in the rating of animals at

those two ages. Selection for 14-month weight would also
be expected to result in correluted improvement in

18-month weight beczuse of the positive genetic correlution
between these weights. The Leritability of 14-month weigh#
(0.1C) aprears to be much lower than that of 18-month
weignt (0.27). However, it was not possible to assess

the relative efficiency of indirect selection for 14-month
weight to direct selection for 18-month weight because

the genetic rarameter estimates were unreliable.
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Additional investigations are needed to substantiate

the results obtained before any decicions may be made.
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Fonthly =2nd anruz

datz (mm) fcor the
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Year Fonth Mpisi Lowveld Eighveld
Cctcber 34.4 24.3 53.5
ov. 122.9 23.5 153.5
Dece 251.5 138.0 179.0
Jan. 181.0 116.0 94.0
Fet. 231.0 €2.4 2 5%5
lar. 167.5 7.6 4.5

1974/75  Lr. 56. 5 gl > 87.5
¥ay 55.5 12.86 45.5
cune 2.0 il L Sall
culy il Wil 5. 5]
LUE. .0 3.0 Nal
Sert. ¥il 2.4 Iril
Tctald 1117.3 47€.2 G28.5
Cet. 62.5 89.0 10C.0
TOV . 1 BEnS 121.5 83.5
Dec. 3.5 =ne 58.5
Jan. 52.5 €2.9 72.0
Feb. 155.0 170.3 161.5

1975/76 MHar. 75.5 78.1 98.0
APT. 9.0 13.6 30.5
May 2.0 15.5 4.0
June Nil 4.5 ITil
July Nil Nil il
Aug. 12.0 6.5 Nil
Sept. 34.0 56.9 107.5
Toval 659.5 T14.3 T715.5
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Arpendix I (continued)

Tear lonth Fpisi Lowveld Highveld
Cct. 1.5 Mil 11.0
Nov. 7.5 3€.0 168.5
Dec. 159.5 26.4 41.5
Jan. 7.4 99. 9 2755
Feb. 39.2 60.0 124.5
Mzr. 115l @ 1%5.7 96.5

976/ ApmAl 31.0 i 84,
Vey 54.9 26.7 17.5
June i § 1.5 il
July 21.0 20.6 22.5
AUEg. €.5 G0 | 14.0
Sept. 24.5 22.5 6C.5
Totzl 64€6.5 511.8 914.0
G=)e . 11€.C €srn @ 107.5
Lov. 32.5 14403 183.5
Dec &0, €. 1 56.C
Jon. 2.0 T4.3 124.0
e, 2.0 2 M TS.C

iSTT/18  ppn, 7.0 - 103.0
drr. - - -
Kay - - 16.0
June - - -~
July - = -
AUg. 65.0 — 16.0
Sept. 34.0 36.0 4760

Total 392.6 411.4 733.0




Tatle 1:

The distributicn

in each subclass

AFPENDIX II

for Ctetion 1.

of numbers of cbservaticns
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ears

BEreed 1 2 3 4 Ol E: o
Maunil 16 31 26 5] 108
BRsinnesin 18 5 18 0] 121
< Brehman 24 3 2S 5C [
%+ EBrzhman 13 28 10 50 1C1
T.0% &4 71 125 &3 165 444
cnth bern
Ur to Sert. S 58 29 4 1CO
Cctodber 24 205 21 o4 e
November 29 i3 z 67 135
Decexber + 9 8 7 30 54
Dam aAge
2-3 year-clds 27 >4 23 58 142
4=6 yezr-o0lds 27 66 42 o7 2c2
T+ years 17 25 i8S 4 100
SoeX
recsis 32 [y 38 8 222
ale 55 61 45 17 222
Total 71 125 83 165 444
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Toble 2: The distribution of numbers of observations
in each subclass for 3Station 2.
' Years
Breed 7 > 3 ) T oal
Neuni 4 34 42 56 138
+ DBrahman 131 iniet 119 59 423
2 Brazhman 68 77 85 78 38
<+ Brahman 5 4 1% 25 47
Total 208 231 259 218 G516
Month RBcrn
Up to Sept. 5 2% 68 18 115
Cctober 46 88 64 64 262
November 1C7 55 79 76 317
Teconiber + 50 £ 45 60 222
Mozl 2002 251 259 218 C16
Dam Aze
2 year-clds 13 22 37 42 114
3 year-clds BiE 85 51 30 174
L-6 years 106 i e 85 367
T+ years 51 L 4 72 61 2061
Total 208 231 20 218 g16
Sex
FPexmale 109 118 127 104 458
Male 9 13 132 14 458
Total 2C8 231 259 218 916




Table 3:

in each subclass for Station 3.

The distribution of numbers cof observaticns
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Years

Breed 1 2 3 Totel
iferemaki 58 50 47 155
Simmenta2l 38 55 89 182
1 Simmen<al 14 21 10 45
2 Cimmenital 3 8 5 17
<+ Simmental ® 14 13 2
1  Branrman 15 28 3 46
Tctal 128 176 168 472
Month. Baxn
Urx to August 70 =7 16 143
Serterber 2% 16 25 ch
Cetchber 12 48 52 122
Noverber + 21 2 5] 101
Teota 128 176 1£8 A72
Dom Age
2 & 3 ear-clis zC 26 20 Qs
4 = 6 veors 68 143 106 289
7 + years zC By <2 €9
Tatal 128 176 168 472
Sex
Femzle 54 85 €4 233
Yale 64 o1 €4 239
Tcta 128 176 168 A72
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