CHAPTER 3

INTERRELATIONSHIP AMONG LIFETIME COW FERTILITY, COW SIZE,
PRE-WEANING AND POST-WEANING CALF GROWTH IN SANTA
GERTRUDIS CATTLE
(Article published in the Asian – Aus. J. Anim. Sci. 13: 353 – 355, July 2000, References
updated to 2006)
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3.1

ABSTRACT

The study was conducted to determine the associations between lifetime cow
fertility and cow frame size, also between lifetime cow fertility and preweaning as well as post-weaning calf growth in tropically adapted Santa
Gertrudis cattle.

A total of 2 506 Santa Gertrudis cows were divided

according to their average lifetime calving interval (CI) into short calving
interval (SCI, < 400 days, n = 914 cows) and long calving interval (LCI, > 400
days, n = 1 592 cows) groups.

Calves were weighed at weaning at

approximately 7 months of age. Hip height of cows and pre-weaning gain of
calves of the SCI cows (135 cm and 1.01 kg/day) were significantly (p < 0.05)
lower than those of the LCI cows (141 cm and 1.25 kg/day). Calves from SCI
cows were born significantly earlier in the calving season than calves from LCI
cows as measured by age at weaning (221 vs 189 days). As a result of
compensatory growth there was no significant difference for yearling weight
between progeny of SCI and LCI cows (348 vs 349 kg). It is concluded that
SCI cows are smaller in size, with significantly lighter calves at weaning. A
negative correlation exists between fertility and pre-weaning calf growth.
Post-weaning calf growth is compatible with high cow fertility.
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3.2

INTRODUCTION

Improvement of fertility and growth through selection in beef cattle are
becoming increasingly important, as beef production is determined by the
reproductive rate, growth rate of calves and weight of culled cows.

It is

generally accepted that smaller cows are more fertile under extensive grazing
conditions because small body size is an adaptive attribute, but that larger
cows produce more milk and, therefore wean heavier calves (Olson, 1994
Mercadante et al., 2000, Minick et al., 2001). However, success of the real
practice in different breeds and under different production systems needs to
be demonstrated and the effect of lifetime cow fertility on traits such as mature
size, weaning weight and post-weaning growth rate need to be evaluated.
Calving interval (CI) was used as a measure of reproductive efficiency in this
study. The objective of this paper was to study the associations between
lifetime cow fertility and cow frame size, and between lifetime cow fertility and
pre-weaning as well as post-weaning calf growth in tropically adapted Santa
Gertrudis cattle.

3.3

MATERIAL AND METHODS

Data was obtained from the Santa Gertrudis Cattle Breeders Society of South
Africa.

Calving and growth records were analysed from three production

systems in the southern African Region over a 12-year period.
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These

production systems were managed extensively and the animals had to survive
on natural pastures with a summer and winter lick. The breeding seasons
were limited to 90 days for heifers and 60 days for the cows. The calves were
weaned between 7 and 8 months of age. The bulls were all fertility tested
before the breeding season commenced and they were put in with the cows at
a 4% ratio. Only cows, which had calved twice, or more were used in this
study. Cows were divided into 2 groups according to their average lifetime CI:
Those with a CI < 400 days (SCI); and, those cows with a CI > 400 days
(LCI). Calving date, weaning weight, 12 month and 18-month weights were
recorded. Hip height was also recorded as a measure of cow frame size.
Data were analysed using the General Linear Models procedure of Statistical
Analysis Systems (SAS 1995).

Traits were analysed by the least squares

means of variance and the model of analysis included affect due to CI (SCI
and LCI), age of dam, previous lactation status, sex of calf, weaning weight,
12 month weight, 18 month weight, hip height of the cows and a regression
effect of day of birth.

3.4

RESULTS

The least squares mean for weaning-, 12 month- and 18 month weight of
calves, as well as hip height of the cows, for the SCI and LCI groups are
presented in Table 2.1.

Cows with higher lifetime fertility (SCI) were significantly smaller and also
weaned significantly lighter calves. These cows dropped 78% of their calves
during the first half of the calving season, while only 52% of the LCI cows
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dropped their calves during the same period, resulting in calves of the SCI
group being significantly older (221 days compared to 189 days) at weaning.

Post-weaning growth rate for the progeny from the SCI group of cows was
significantly (p < 0.05) greater than those progeny from the LCI group,
resulting in the actual weight for the two groups not differing significantly (p <
0.05) at 12 months of age. Additional compensating growth was evident in
the progeny of the SCI cows resulting in significantly (p < 0.05) higher 18
month weights in favour of the SCI group.

Table 3.1 : Least squares means and standard errors (±SEM) for weights
at weaning, 12 month and 18 month of calves, pre-weaning,
weaning – 12 months gain and 12 months – 18 months gain,
as well as hip height of the cows, for short (SCI) and long
(LCI) calving interval
SCI
Trait

Mean

LCI

±SEM

Mean

±SEM

Test of
Significance

1592

Number of cows (n)

914

Hip height (cm)

135

2.01

141

2.0

*

Weaning weight of calves (kg)

222

39.8

239

44.38

*

Pre-weaning gain (kg/day)

1.01

0.14

1.25

0.16

*

Age at weaning (days)

221

3.1

189

4.0

*

Yearling weight of calves (kg)

348

72.38

349

77.48

n/s

Weaning – 12 months gain (kg/day)

1.15

0.12

0.92

0.14

*

18 month weight of calves (kg)

385

44.33

354

46.84

*

12-18 months gain (kg/day)

0.21

0.01

0.03

0.01

*

* p < 0.05
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3.5

DISCUSSION

Since the SCI cows were significantly smaller in size than the LCI group, it is
likely that early and regular reproduction restrict mature size. Under extensive
conditions, small size is a desirable adaptive attribute, generally associated
with early and regular reproduction. This may be ascribed to high inherent
fertility of the tropically adapted, synthetic Santa Gertrudis breed, which offers
more flexibility under stressful conditions to increase productivity, without
sacrificing expressed fertility (Swanepoel and Lubout 1992, Taylor and
Swanepoel, 1999).

Seifert and Rudder (1975), Lalman et al. (2000) and MacNeil (2005), stated
that cows with less than average live weight, tended to have lighter progeny at
weaning due to reduced milk production.

Reduced lactational performance

may be partly responsible for the higher fertility of the smaller cows. The
present study suggests that there may be a close relationship between cow
fertility and progeny growth from birth to weaning age. LCI cows produced
calves with the highest pre-weaning growth and the heaviest weaning weight.
The least fertile cows were generally the heaviest (McMorris and Wilton 1986,
Nesamvuni, 1995, Heuer et al., 1999) and larger (Olson, 1994, Haile-Mariam
et al., 2004, Chase et al., 2005), with better udders (Taylor, 1995), with which
they produced more milk (Van Raden et al., 2004, Windig et al., 2006). They
were mostly those that missed at least one calving season. Perhaps they
were able to recover more rapidly from the stress of reproduction and nursing
a calf and build up better body reserves for a subsequent calving.
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Reduced lactational performance as such has been suggested as a
contributing factor to the improved fertility in cattle (Hetzel et al., 1989, Davis
et al., 1992, Borman et al., 2004). If this is the case, it can be explained by
the physiological interaction between lactation and depression of ovarian
function that is related to pituitary dysfunction, which is associated with
lactation (Short et al., 1994, Opsomer et al., 2000, Hooijer et al., 2001).
During intense lactation, prolactin function is maximal, limiting the secretion of
FSH and LH releasing factor. The duration of anoestrus is closely related to
length and intensity of lactation (Hafez, 1980, Lopez-Gatius et al., 2001).
Bulls were usually put with the cows two months after calving and milk
production usually peaked at this stage. An attempt could be made to
substantiate this by the fact that larger cows usually produce more milk
(Seifert and Rudder, 1975, Bourdon and Brinks, 1983, Doren et al., 1986),
therefore they calved later in the season.

These results do suggest a

negative endo-environmental interaction between fertility and pre-weaning
growth. Other authors (McMorris and Wilton, 1986, Swanepoel et al., 1992,
Savagea et al., 2004) agree that positive correlations between cow weight
and either milk production or calf weaning weight exist. Bourdon and Brinks
(1983) and Doren et al. (1986) reported a positive influence of weaning weight
on cow fertility.

Small cow frame size, reduced milk production and

correspondingly lighter weaning weights are actually adaptive characteristics
found in tropically adapted beef cattle (Rege, 1993, Tomo et al., 2000).

Davis et al. (1992) found compensatory growth in both the wet and dry
seasons for a SCI and LCI group, with the largest proportionate difference
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between the two fertility groups being in the dry season. This suggests that
there may have been a correlated improvement in efficiency when feed was
limited. This possibility is supported by this study, as the main compensatory
growth occurred between weaning and 12 months of age, corresponding with
the dry (winter) season. Compensatory growth still continued to take place in
the wet season (12 - 18 months), but the difference between the growth-rate
of the progeny from the two CI groups in the wet period was not as big as
between the weaning and 12 month period.

Calves from the SCI group may have been better adapted to grazing at
weaning due to the likely lower milk production of the cows as indicated by the
lower weaning weight of the progeny. These calves were therefore better
adapted to the available grazing and could express the compensatory growth
after weaning. The calves from more fertile groups may have had better
developed rumens, as they were older and may have had to survive on less
milk and more of the natural grazing than the progeny from the less fertile
group. However, no work has been done to substantiate this and it should be
investigated further.

Tomo et al. (1999) and Corbet et al. (2006) have maintained that there is no
genetic antagonism between high cow fertility and post-weaning growth of
their progeny, provided that strict selection is practiced for both traits.
Selecting for growth rate alone may lead to reduced fertility (Olson, 1994,
Archer et al., 1998).

Meyer et al. (1991) reported a favourable genetic

correlation between reproduction and growth traits in cattle, and Wolfe et al.
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(1990) also concluded that selection for weaning weight, final weight and
muscling score had no detrimental effects on age at puberty in heifers.
MacNeil (1988) also reported that male progeny with a relatively high growth
rate were produced by cows which tended to be more fertile. This was also
supported by Moyo et al. (1996).

Hetzel and Mackinnon (1989) concluded that high lifetime cow fertility
measured in terms of the estimated breeding value for pregnancy rate, was
not incompatible with the post-weaning growth rates of their progeny.
Compensatory growth took place in the progeny of the high fertility group to
such an extent that at 12 months of age there was no significant difference in
the weights of the progeny between the high and low line fertility groups.

3.6

CONCLUSIONS

Cows of higher lifetime fertility (SCI) are smaller in size, have significantly
lighter calves at weaning. Early and regular reproduction may restrict mature
size. A negative endo-environmental correlation exists between fertility and
pre-weaning calf growth.

Compensatory growth occurs after weaning especially in progeny from more
fertile cows. The high post-weaning growth rates of the progeny of higher
fertile cows therefore minimise the weight advantage of the calves from the
less fertile cows even though the latter weaned calves with higher weights.
The result is that at 12 months of age there is no significant difference in
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weight between the two groups.

Post-weaning growth rate is therefore

compatible with high cow fertility.
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CHAPTER 4

EFFECT

OF

HEIFER

REPRODUCTIVE

FRAME

SIZE

PERFORMANCE

AND

ON
ON

THEIR

SUBSEQUENT

THE

PRE-WEANING

PERFORMANCE OF THEIR CALVES
4
4.1

ABSTRACT

The effects of heifer frame size (FS) on their subsequent performance and the
pre-weaning growth of their calves were evaluated using records collected
from 1989 to 1998 from the Waterburg Estates at Otjiwarongo, Namibia.
Based on hip height at 18 months of age, heifers were assigned to three
different frame size (FS) groups: small (< 124 cm), medium (125 to 135 cm),
or large (>136 cm). Calving rate (CR), calving date (CD), calf survival rate
(CSR), reproductive efficiency (SANDEX), weaning rate (WR), birth weight
(BW), weaning weight (WWT), pre-weaning ADG (P-ADG), and kilograms of
calf produced per cow bred (KCB) were collected from first (n = 830), second
(n = 623) and third and greater-parity (n = 571) cows. Frame size of heifers
significantly influenced (p < 0.001) their calving rate as second-parity cows. In
spite of heavy culling of cows that had large FS as heifers, calving rates of
second parity cows in this category were 41% less than that of second parity
cows that had small and medium FS as heifers. In third or greater-parity cows,
CR was greater (p < 0.05) for small FS than for medium and large FS. CSR
was similar for heifers with a small, medium and large FS for the first, second
and third and greater parity groups. Weaning rates of large FS (34.2 ± 11.27),
second-parity cows were less (p < 0.001) than those of small (82.9 ± 5.58)
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and medium (79.0 ± 4.67) FS animals. Among all parity groups, BW of calves
born to large FS were significantly higher (p < 0.05) than those of small and
medium FS cows. Calves weaned by small FS animals as first parity cows,
had lower (p < 0.05) WWT than those weaned by medium and larger FS, but
large FS females weaned heavier calves (p < 0.05) than small and medium
FS females in the third and greater-parity group. In first parity cows, calves of
large FS had greater P-ADG (p < 0.05) than those from small FS, but in
second parity cows the calves from medium FS (p < 0.05) out performed
those of small and large FS, while calves from third and greater parity cows of
medium and larger FS had greater (p < 0.05) P-ADG than cows with a small
FS. Male calves were heavier (p < 0.05) at birth, at weaning and grew faster
(P-ADG) than their female counterparts. KCB was similar among small and
medium FS cows, but both tended to be greater (p < 0.05) than KCB of large
FS cows and as second parity cows the small and medium FS cows had an
even greater (p < 0.001) advantage over the large FS animals. Small and
medium FS females calved earlier, and had greater calving rates and weaning
rates, as well as greater kilogram of calf produced per cow exposed than the
large FS females. The performance (fertility and the growth performance of
their calves to weaning) traits of the large FS were generally similar to those
of smaller cows in the third and greater parity. Due to the later calving dates
the reproductive efficiency (SANDEX) of large FS at first, second, third and
greater parity were lower (p < 0.001) compared to the small and medium FS.
Therefore, selecting cattle for the hot and dry climatic regions of Southern
Africa,

under

extensive

management

conditions

and

with

limited

supplementary feeding, the recommended cow frame size should be a
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medium frame. These animals have similar levels of fertility compared to
small framed cows, but with similar or even better growth performances than
large framed cows.

4.2

INTRODUCTION

In the late seventies and early eighties, there was a general trend in cattle
farming to select large framed animals. The preference for increased frame
size in cattle may have been justified, due to the favourable correlation that
exists between frame size and growth rate in beef cattle (Olson 1994, Du
Plessis et al., 2005). Large frame sizes favour high input systems of beef
cattle production. However, beef cattle production in Southern Africa is
predominately practised extensively in areas with limited cropping potential.
Environmental factors such as low and unpredictable rainfall, low soil fertility
and high ambient temperatures not only limit crop production but also place
limits on pasture production. Reduced levels of nutrient production from the
natural pastures regularly limit cattle performance under extensive conditions.
Furthermore, Long et al. (1975), Jenkins and Ferrell (2003), Llewellyn (2003)
and Du Plessis et al., (2005) reported that genetic differences among herds
and cattle breeds for mature size affect efficiency of cattle, due to differences
in nutrient requirements for growth and maintenance of heifers and of cows.
The requirements for lactation and the finishing of calves also follow this
principle. Although the general shape of the growth curve is not different,
regardless of frame size, cattle of similar age or weight will not be at similar
points on the growth curve, if they differ in frame size. Anderson (1990),
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stated that independent of breed effects, increased frame size results in
increased rate of growth, increased time required to reach a specific carcase
grade, decreased fat thickness and marbling at equal weight, and increased
weight at equal fat thickness. Since large framed cattle are actually less
mature than small framed cattle at equal weight or age, their gains during the
growth period are more efficient. This is because at that age the large framed
cattle are gaining more muscle, which contains more water, and less fat. The
latter obviously contains a great deal of energy. However, when fed to equal
carcass composition, large and small framed cattle are usually similar in
efficiency. The effect of cow frame size on various measures of efficiency
have been experimentally evaluated by Carpenter et al. (1972a,b) Klosterman
et al. (1968b), Kress et al. (1969), Brown et al. (1972a,b), Long et al. (1975),
Morris and Wilton (1976), Morris and Wilton (1977), and Buttram and Williams
(1989). These authors studied the effect of frame size in crossbred
populations, which makes it difficult to determine whether the differences in
performance of the cattle were attributable to differences in frame size or
breed composition (Olson, 1993). Furthermore, the results presented to date
are mostly generated under intensive feedlot conditions. Therefore, under
extensive management conditions with limited inputs, the effect of frame size
on female fertility traits and breeding efficiency may be negative. Vargus et al.
(1999) attempted to explain the influence of frame size on production traits in
Brahman cattle in the hot and humid conditions of Florida, while Du Plessis et
al. (2005) aimed at quantifying herd efficiency between breeds based on the
average mature weight of the different breeds. It was assumed that variation
within breeds evaluated would be similar and were not taken into account
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fully. Information on herd efficiency within a breed, differing in frame size is
limited under extensive management conditions. The aim of this research was
to study the effect of frame size on the reproductive and pre-weaning growth
performance of pure bred Santa Gertrudis cattle under the arid sub-tropical
(hot and dry) conditions of Southern Africa.

4.3

MATERIAL AND METHODS

The data were collected from first parity (n = 830), second parity (n = 623) and
third or greater parity (n = 571) Santa Gertrudis females born between 1988
and 1998 on the Waterburg Estates at Otjiwarongo, Namibia and collated with
registration records maintained by the Santa Gertrudis Cattle Breeders
Society in Bloemfontein, South Africa. The geographical coordinates of the
Waterburg Estates are 17° east, 20.5° south and 1 500 m above sea level.
The ranch comprises an area of 55 000 ha in size, of which 42 000 ha was
used for commercial cattle ranching. The herd was kept on extensive natural
pasture from which the heifers and calves had to acquire their nutritional
needs supplemented only by a salt-phosphate lick. The natural pasture can
be classified as "thorn bush savannah". The vegetation in the area includes
woody species such as Acacia tortilis, Commiphora pyracanthoides, Boscia
albitrunca and grass species, Eragrostis rigidior, Panicum maximum and
Digitaria eriantha. A short duration grazing (less than 3 weeks) and long rest
(5 – 8 month) rotational grazing system was practiced.

Average annual rainfall for the specific area since 1872 - 1979 was 485 mm,
but from 1979 - 1998 the average was only 403 mm (drought). The frequency
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of rainfall is denoted by approximately 45 days of rain per annum mostly
falling in summer, with a 35% average deviation from the annual rainfall
average. Rainfall has a seasonal distribution with 80 - 90% of the rainfall
occurring between October to March and with evaporation potential in the
region of 2600 to 2800 mm per year.

Average year-round temperature is approximately 20°C, with average
maximum temperatures of 32°C for the hottest months and average minimum
temperatures of 3°C for the coldest months. The area experiences
approximately 30% wind-free days, while the average wind speed varies
between 3 to 6 meters per second. The soils are predominantly sand and
loam, with scattered areas comprising acid granite.

In order to determine the effect of frame size on the reproductive and preweaning performance of the cattle in this herd, the heifers were assigned to
small (< 124.0 cm), medium (125.0 to 135.0 cm), and large (> 136 cm) FS
groups based on their 18-month hip height measurements. The mean hip
height for the group of heifers selected for this trial was 128.3 cm. Similar
guidelines used in studies conducted by Buttram and Willham (1989) and
Vargas et al. (1999) were applied to allocate heifers to the various groups.
According to the results presented by, Buttram and Willham (1989), Olson
(1994) and Vargas et al. (1999) hip height of heifers taken at approximately
two years of age is significantly correlated with mature size. Therefore, once
allocated to a frame size group at 18 months of age (based on hip height
measurements) they were not re-allocated another frame size group for later
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parities. Females with physical defects (e.g. Skew mouth, over or under shot
jaw, devils grip, udder, feet, and leg problems) or reproductive disorders (e.g.
not pregnant) were eliminated from the study.

All sires used were purebreds obtained from other purebred herds or bred
from own herds. However, own-bred bulls comprised the majority of the bulls
used in the breeding program. Bulls were not selected on size or specifically
allocated to a cow frame size group based on the size of a sire, but rather
applied to various cow groups according to a fixed breeding strategy of the
herd and to avoid inbreeding. The sires used for breeding purposes were
tested for fertility and sheath washed for vibriosis (Compylobacter foetus) and
trichomoniases (Trichomonas foetus) before the onset of the breeding
season. Three weeks before the breeding season commenced semen were
collected by means of electro-ejaculation and the breeding soundness
examination endorsed by the society of animal Theriogenology (Ball et al.,
1983) served as the guidelines for the evaluation of spermatozoa.

A 90-day breeding season for the heifers and a 60-day breeding season for
the cows were used in the study. Heifers were first bred at approximately 18
to 24 months of age. Calves were born from October to early December.
Calves remained with their dams on natural pastures for the small, medium
and large FS groups until weaning early in June. All calves were weaned on
the same day and grouped according to sex.
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Pregnancy diagnosis of the cows was done when the calves were weaned.
Calving status was determined from calving records and coded as a
categorical trait (1 = calved, 0 = did not calve).

Reproductive traits recorded for the dams included calving rate (CR), calving
date (CD), calf survival rate (CSR), weaning rate (WR) and cow reproductive
efficiency (SANDEX). The production traits measured on their calves were
birth weight (BW), weaning weight (WWT), pre-weaning average daily gain
(P-ADG) and production efficiency per cow (KCB). Calving rate (CR) was
calculated as the number of cows that calved subsequent to the breeding
season as a percentage of exposed during the breeding season. Calf survival
rate (CSR) was the percentage of calves born alive and that survived to
weaning (1 = survived, 0 = died before weaning). The calving date (CD) was
obtained from the records supplied by the South African Santa Gertrudis
Cattle Breeders Society and reported as the average days needed for a FS
group to complete a calving cycle where day 0 is considered as the first day of
the calving season. Weaning rate is calculated by the number of cows bred
divided by the number of cows that weaned a calf (1 = weaned a calf. 0 = did
not wean a calf). Production efficiency (KCB) per group was expressed in
kilograms of calf weaned per FS group divided by the number of animals bred
in each group, while the reproductive efficiency (SANDEX) of each FS group
was calculated by means of the following formula:
200 - {(X / Z) x 100}.
Where X = Age of cow at last calving in days. Z = 913 + (365 x [number of
calvings] – 1).
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The data on reproductive traits for heifers of different frame size and the
productive traits of the claves were analysed separately for the first-parity,
second parity, and third and greater-parity cows. Only cows with complete
production and reproduction records were included in the analysis. Using a
least squares model that included the fixed effects of year of birth, heifer
frame size, and their interaction effects, resulted in no significant interactions
occurring when the data for hip height of heifers at 18 months of age were
analysed. These factors were subsequently deleted from the original model.
The data were then re-analysed using the reduced model. Year of birth, heifer
frame size were the main effects included in the final model used to evaluate
the response variants associated with reproductive traits of the dams and
production traits of their calves in first, second, and third and greater parity
cows and further included a random error constituent in the model. Analyses
for the following reproductive traits of CD, CSR and production traits of BW
and WWT included the additional effect of the sex of the calf (SEX). The sex
of the calf did not significantly influence CD, CSR, BW and WWT in the small,
medium and large frame groups. Thus, sex of the calf was not incorporated in
the final model for analysis. All possible two-factor interactions were included
in the preliminary analyses. None of the two-factor interactions influenced any
of

the variables significantly (P>0.21), and were subsequently not

incorporated in the original model. Data were analysed by least squares
ANOVA using the GLM procedure of SAS (1995) and are presented as least
squares means ± SEM.
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4.4

RESULTS AND DISCUSSION

The effect of heifer frame size on calving rate was a highly significant (p <
0.001) source of variation in second parity cows and a significant (p < 0.05)
source of variation in the third or greater parity cow groups (Table 4.1). Frame
size did not affect first parity cow groups with the small, medium and large
frame size having calving percentages in excess of 90%. Similar results with
reference to calving rates were reported by Taylor and Swanepoel (1999) in
first parity Santa Gertrudis cows. Frame size was not expected to influence
CR in first parity cows because the majority of heifers were exposed to
breeding at between 18 and 24 months of age, when most of these heifers
should have reached puberty.

Morris (1980) and Vargas et al. (1999)

reported similar results in first parity Brahman cattle of different frame sizes.
Du Plessis et al. (2005) recorded higher heifer pregnancy and calving rates in
small framed indigenous cattle compared to a medium sized locally developed
breed and the large framed continental breed under arid sub-tropical
conditions. Contrary to these results, Steenkamp and Van der Horst, (1974)
noted higher reproduction rates in large and medium framed Afrikaner cows
compared to small framed cows of this breed on natural pasture. Buttram and
Willham (1989) suggested that the interaction between frame size and the
nutritional environment indicate that if heifers are to be raised under less than
optimal conditions, then smaller cattle, maturing earlier and at lighter weights,
are likely to be more desirable. Calving rate of small and medium frame size
heifers surpassed (p < 0.001) that of the large frame second parity cows by
more than 28% (Table 4.1). In a study conducted by Vargas et al. (1999) in
Brahman cattle the lower calving rate in large frame second parity cows was
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ascribed to the low calf survival rates of second parity large frame size
females. Results from this study indicate that substantially more cows were
eliminated due to not producing a calf in the large and medium frame sized
second parity groups than that reported by Olson (1994) and Vargas et al.
(1999) in Brahman cattle. The advantage of higher calving rates in small
frame size second parity compared to the large and medium frame size was
due to higher pregnancy rates in the small frame size, and not to low calf
survival rates or increased incidences of dystocia. Rather, the reduced
pregnancy rate observed in the large frame size is probably due to increased
body maintenance requirements, although these were not measured and the
stresses of lactation experienced under hot and dry extensive pasture
conditions being highlighted in the second parity large frame animals. Buttram
and Willham (1989) and Olson (1994) in beef cows and Hansen et al. (1999)
in dairy cows observed that cows with a larger mature size tended to have
lower conception rates while lactating with their first calves. The advantage of
higher calving rates (p < 0.05) for small (91.5 ± 3.81%) compared to the
medium (84.5 ± 4.00%) and large size (82.2 ± 5.30%) was also noticeable in
the subsequent third and greater parity cow group in the present study.
Calving rate improved from 45.4 ± 6. 26% to 82.2 ± 5.30% in third and greater
parity for large frame size cows, resulting in an increase of 36.8% in calving
rate. What should be born in mind is that more LF heifers were eliminated as
cows due to not conceiving. Thus, the group eventually consisted of a select
population of cows that are possibly more fertile than those that have been
culled. It appears that frame size does not affect calving rate to the same
extent once the cows have reached the third and greater parity group. From
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the results obtained, it is evident that these cows were able to calve regularly
in spite of the apparent negative association between frame size and a
stressful environment once they have reached maturity. It is generally
accepted that small body size is an adaptive attribute in stressful
environments. Therefore, smaller framed animals have higher reproductive
rates than large framed animals.

Calf survival rate was not affected by heifer frame size in first, second, third
and greater parity cow groups (Table 4.1). This is in contrast with results
reported by Fitzhugh et al. (1973), Cartwright (1974), Vargas et al. (1999) and
Chase et al. (2005) who found that larger cows have lower calf survival rates
than smaller framed cows.

Perhaps it was surprising to note that weaning rate was not affected by frame
size in first parity cows as represented by the results in Table 4.1. The large
cow frame size first parity cows had only a 4% lower weaning rate than small
and medium frame size first parity cows. Vargas et al. (1999) reported a
highly significant difference (p < 0.001) in WR, in first parity cows where the
small and medium frame size cows out-performed the large frame size cows
by 30%. Tawonezvi et al. (1988) and Du Plessis et al. (2005), noted
significant differences between various breed types and frame sized cows and
Chase et al. (2005) also found that weaning rate was considerably lower for
large frame size first- and second-parity cows compared to small and medium
frame cows. They attribute the difference in WR to the increased incidences
of dystocia and calf mortalities experienced by the large frame cows.
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Table 4.1 :
Least squares means (±SEM) for calving rate (CR), calf
survival rate (CSR), weaning rate (WR) and overall
productivity (Sandex) by frame size for parity groups of Santa
Gretrudis cattle.
First-parity
Frame size

n

%

Small

134

94.0 ± 2.80

Medium

498

Large

Second-parity

Third and greater-parity

n

%

n

%

a

115

87.8 ± 6.04

c

105

91.5 ± 3.81

a

90.4 ± 4.25

a

422

84.3 ± 4.35

c

388

84.5 ± 4.00

b

198

92.0 ± 3.01

a

86

45.4 ± 6.26

d

78

82.2 ± 5.30

b

Small

126

92.8 ± 6.10

a

91

93.2 ± 4.48

a

92

93.1 ± 4.56

a

Medium

456

93.6 ± 4.02

a

343

91.3 ± 5.12

a

331

91.8 ± 9.33

a

Large

166

86.2 ± 8.25

a

55

87.2 ± 9.87

a

68

93.0 ± 5.66

a

Small

134

84.8 ± 4.33

a

115

82.9 ± 5.58

c

105

86.6 ± 5.42

a

Medium

498

84.0 ± 3.87

a

422

79.0 ± 4.67

c

388

89.2 ± 4.20

a

Large

198

80.6 ± 15.16

86

34.2 ±11.27

d

78

80.4 ± 5.82

a

Small

134

94.0 ± 2.80

a

115

92.0 ± 2.33

c

105

90.8 ± 3.25

c

Medium

498

90.4 ± 4.25

a

422

90.6 ± 2.87

c

388

87.2 ± 2.82

c

Large

198

91.5 ± 3.01

a

86

78.3 ± 5.25

d

78

73.4 ± 4.52

d

CR (%)

CSR (%)

WR (%)

a

Sandex

a, b

Means with a different superscript letter within a column and trait differ (p < 0.05).

c, d,

Means with a different superscript letter within a column and trait differ (p < 0.001).
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A possible reason for this could be that cow frame size groups were not
matched to similar sized sires in this study as was the case in the study
conducted by Vargas et al. (1999). Frame size significantly (p < 0.001)
affected WR of large frame second parity cows. Small and medium frame
second parity had weaning rates of 82.9 ± 5.58% and 79.0 ± 4.67%
respectively compared to 34.2 ± 11.27% in the large frame size second parity
cows. The advantage in WR of the small and medium frame size over the
large frame cows is predominantly the result of increased conception rates of
the smaller cows. Similar results were reported by Du Plessis et al. (2005) in
various breeds differing in maturity age, and by Olson (1994) and Vargas et
al. (1999) in Angus and Brahman large frame cows, respectively. Frame size
did not affect WR in third and greater parity cows.

Bourdon and Brinks (1983) and MacGregor (1997) reported that calving date
is an important reproductive trait in beef cattle. Cows that calve late in the
calving season often do not return to oestrus before the end of the
subsequent breeding season (Vargas et al., 1999).

From the results

presented in Table 4.2, frame size did not affect day of calving (calving date)
in first parity cows, which calved at similar dates in the calving season. A
similar trend was found in the mature cows, with no significant difference in
CD for the small, medium and large frame size third and greater parity groups.
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Table 4.2 : Least squares means (±SEM) for calving day (CD) by frame
size for parity groups of Santa Gertrudis cattle.
First-parity
Frame size

Second-parity

Third and greaterparity

n

days

n

Days

n

days

Small

126

28.2 ± 3.55a

91

38.8 ± 6.12 a

92

41.5 ± 4.10a

Medium

456

27.4 ± 3.10a

343

44.6 ± 5.10 a

331

44.6 ± 4.05a

Large

166

33.1 ± 4.86a

55

66.0 ± 11.25b

68

52.3 ± 6.71a

a, b

Means with a different superscript letter within a column differ (p < 0.05).

On average the large frame size cows calved only 7 days later than the small
and medium frame size in the third and greater parity group. Notably, a
significant effect (p < 0.05) of frame size was evident in the second parity with
large frame size cows calving on average 25 days later in the calving season
than the small and medium frame size cows at the same parity. Cows that
calve early in the calving season allow themselves more chances to conceive
in a compact breeding season (Evans et al., 2006). Similarly calving date
relative to the calving season (early, middle, or late) also can influence
production efficiency. For a set weaning date earlier calving cows will wean
older and generally heavier calves and use feed more efficiently than later
calving cows (Marshall et al., 1990). This can be expected, since Williams
(1990) reported that the difference in calving dates of growing young cows is
expressed more prominently when animals were under lactational stress.
Lactational stress is likely to suppress cyclic ovarian activity and result in a
prolonged period of postpartum anoestrus. Short et al. (1990) and Vargas et
al. (1999) reported that first calf heifers had longer postpartum intervals of
anoestrus and lower reproductive rates than older cows.
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Sex was a significant (p < 0.05) source of variation for calf weights at birth and
weaning and for pre-weaning average daily gain (Table 4.3). Bull calves were
8.7% heavier than their female counterparts at birth for all parity groups. This
is in agreement with results observed in studies by Plasse (1978) and
Eriksson et al. (2002). Bull calves further outperformed heifers in terms of all
traits measured pre-weaning. Similar results were obtained by Lesmeister et
al. (1973), Rege and Moyo (1993) and MacGregor (1997) under similar
environmental conditions in Southern Africa. Bull calves were 7.1% heavier
than heifers at weaning and grew 0.1 kg faster to weaning. The significant
effect of sex reported in this study is in agreement with reports by Reynolds et
al. (1982), Tomo et al. (1999), Vargas et al. (1999) and Ebangi (2000) who
found that bull calves are heavier than heifer calves from birth to weaning.
Ebangi (2000) ascribed these differences mainly to differences in their
endocrinological and physiological functions, together with increased selection
pressure for growth rate on bull calves compared to heifers.

Frame size significantly (p < 0.05) affected birth weight of calves in the small,
medium and large frame size in all parity groups (Table 4.3). The large frame
cows consistently produced heavier calves. Calves from cows that had large
frames as heifers were on average 7.1 kg heavier at birth than calves of the
small frame size in all parity groups. Swali and Wathes (2006) in HolsteinFriesian heifers, Du Plessis et al. (2005) in various breeds and Vargas et al.
(1999) in Brahman cattle found a similar difference with frame size across
various parity groups.

These results are also in agreement with those

reported by Jenkins et al. (1991), who found a positive within-breed
phenotypic correlation (r = 0.37) between BW and adult hip height of the dam.
Heavier birth weights are normally associated with later calvings within the
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calving season. This agrees with the findings on calving date for the different
parity groups. Although Gore et al. (1994), failed to confirm a relationship
between BW and maternal cow frame size, the larger cows tended to produce
calves with greater BW than cows of smaller size.
Table 4.3 : Least squares means (±SEM) for calf birth weight (BW),
weaning weight (WWT) and pre-weaning average daily gain
(P-ADG) and production efficiency per cow group (KCB) and
sex of calf (SEX) by frame size for parity groups of Santa
Gertrudis cattle.
First-parity cows
Frame
size

Third or greater-parity
cows

Second-parity cows

n

kg

n

Kg

BW (Kg)
SEX
Male
Female

381
267

Small
Medium
Large

126
456
166

WWT (Kg)
SEX
Male
Female

386
315

Small
Medium
Large

213
322
166

PADG(Kg)
SEX
Male
Female

386
315

1.06 ± 0.13
b
0.910 ± 0.15

Small
Medium
Large

213
322
166

0.83 ± 0.08
b
0.92 ± 0.06
b
0.98 ± 0.08

134
498
198

161.2 ± 13.45
a
158.6 ± 11.31
b
136.5 ± 18.64

n

kg

35.1 ± 0.75
b
32.4 ± 0.35

a

274
215

37.2 ± 0.68
b
33.4 ± 0.89

270
221

35.3 ± 0.67
b
32.9 ± 0.67

32.4 ± 0.68
b
35.4 ± 0.61
c
37.6 ± 1.43

a

91
343
55

34.1 ± 1.05
b
36.4 ± 1.25
b
38.6 ± 1.75

a

92
331
68

32.8 ± 0.66
a
34.9 ± 0.91
b
42.6 ± 1.25

238.4 ± 3.75
e
222.6 ± 4.10

d

326
279

234.8 ± 8.55
b
214.2 ± 9.65

a

228
187

237.2 ± 8.35
a
226.4 ± 7.64

210.4 ± 8.65
b
231.2 ± 6.21
c
244.0 ± 9.90

a

180
387
38

218.9 ± 9.51
a
228.8 ± 11.80
a
222.3 ± 13.80

a

114
266
35

224.0 ± 9.20
b
229.2 ± 9.60
b
232.3 ± 8.10

a

344
279

0.99 ± 0.12
b
0.89 ± 0.10

a

228
187

1.04 ± 0.16
b
0.98 ± 0.14

a

180
387
38

0.89 ± 0.04
b
0.99 ± 0.04
a
0.91 ± 0.05

a

114
266
35

0.89 ± 0.05
b
0.94 ± 0.02
b
0.97 ± 0.04

115
422
86

126.2± 17.90
d
123.4± 18.38
e
63.1± 14.30

105
388
78

152.2 ± 12.26
a
160.4 ± 14.73
a
164.8 ± 14.92

a

a

a

a

a

a

a

KCB(Kg)
Small
Medium
Large
a, b, c
d, e,

a

d

Means with a different superscript letter within a column and trait differ (p < 0.05).
Means with a different superscript letter within a column and trait differ (p < 0.001).
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a

Frame size significantly (p < 0.05) affected calf weaning weight in all parity
groups except for second parities (Table 4.3). In the second parity cow group,
calf weaning weights were not affected by frame size. However, the large
frame sized cows weaned lighter calves (222.3 ± 13.80 kg) than the medium
(228.8 ± 11.80 kg) frame size, but still heavier than the small (218.9 ± 9.51 kg)
frame size. Results obtained by Du Plessis et al. (2005) for various breed
types of various frame sizes reported higher weaning weights in favour of the
large frame breeds. In contrast, Vargas et al. (1999) reported no significant
difference in calf weaning weights of different cow frame size groups in
second parity Brahman cattle, although the large frame size cows tended to
produce heavier calf weaning weights compared to small and medium frame
size cows.

The lighter weaning weights of the large frame dams in the

second parity cow groups in this study was probably the result of later calving
dates experienced by the large framed animals. Lishman et al. (1984) found
that early calvers produced heavier calves at weaning in two different climatic
regions irrespective of feed supplementation. Morris and Cullen (1988) and
Garcia Paloma et al. (1992) support the results that heavier weaning weights
are due to the age difference between cows calving early and those calving
later in the season. The results from this study agree with those reported by
MacGregor (1997) and Rege and Moyo (1993) under similar conditions
concluded that earlier calving associated with higher fertility would have
beneficial effects on growth performance of beef cattle.

Frame size significantly affected (p < 0.05) P-ADG in all parity groups (Table
4.3). The lower P-ADG in the large frame second parity group is probably the
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result of later calving dates which resulted in lighter weaning weights. Except
for the second parity cow group the results are consistent with other growth
traits evaluated in this study.

Morris and Wilton (1976) found a positive

phenotypic correlation between milk production and the frame size of the cow.
According to Letholu (1983), Dionisio (1989) and Bothma (1993), 50 to 70% of
the variation in weaning weight and ADG can be attributed to differences in
the milk production of cows. Another explanation for the increased P-ADG of
calves from large cows could be the inherent growth pattern of the calves
from the large frame cows (Menchaca et al., 1996), and the ability of the
fastest gaining calves to consume enough forage to meet their higher
nutritional demand for growth (Grings et al., 1996).

Frame size was a significant (p < 0.001) source of variation in terms of
production performance in the second parity cow group (Table 4.3). Ferrel
(1982) found the weight of a calf weaned per cow bred to be more important
than calf weaning weight Per se, because production per cow is a function of
calving rate, calf survival rate and calf weaning weight. Under the extensive
conditions of this study, in the second parity the heifers classified as small
(126.2 ± 17.90 kg) and medium frame (123.4 ± 18.38 kg) performed better for
this index (p < 0.001) than large (63.1 ± 14.30 kg) frame females (Table 4.3).

The impact of cow frame size on the production performance was greater at
younger ages while they were still growing than in mature cows in this study.
As the large frame size Santa Gertrudis cows matured, they seemed to have
overcome the negative effects imposed by size, which was observed at
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younger ages. Calf survival rates were similar to those of the small frame in all
parity groups, but pregnancy rates improved and were comparable to those of
smaller frame size in the third and greater parity group. It appears that small
framed dams were able to meet their nutrient requirements more effectively
during lactation compared to the large cows, in the second parity resulting in
higher pregnancy rates.

Frame size was not expected to influence reproduction efficiency of first parity
Santa Gertrudis cows in this study. Reproductive efficiency of cows is
measured by means of the SANDEX formula, which is a function of the age of
the animal in days at calving and the number of calves produced. Heifers in
this study were not mated at puberty, but at approximately 20 months of age
when the majority had already reached puberty. This is evident from the
results of the calving dates reported in first parity cows (Table 4.2). However,
in second and third and greater parity cow groups, the small and medium
frame size were 13% more efficient (p < 0.05) as second parity cows and
15.6% more efficient (p < 0.05) as third and greater parity cows, compared to
the large frame cows. Carpenter et al. (1971) and Du Plessis et al. (2005)
found that cows with heavier weights at maturity produced heavier calves at
birth and such cows had lower reproductive performances. Such animals also
tended to have longer calving intervals and produced fewer calves per
breeding season.
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4.5

CONCLUSION

The results from this study clearly indicate the significant effect of heifer frame
size on the subsequent reproductive performance and the pre-weaning
growth of the calves, under extensive conditions in the hot and dry climate of
Southern Africa. Small and medium frame sized females showed similar
reproductive results and significantly out performed large framed animals.
Small-framed heifers were generally more fertile compared to medium and
large frame heifers as cows in subsequent parities. The results from this study
also show that significantly more large framed cows were eliminated from this
study due to their inability to produce a calf. The lower conception rates of
large frame cows were probably due to higher nutrient requirements for
growth and lactation, and not an increased incidence of dystocia as reported
by other authors. The reproductive results obtained in this study suggest that
a reduction in frame size should be considered when selecting productive
animals under extensive hot and dry climatic conditions in Southern Africa.
However, it is also evident that a small number of the heifers selected as large
frame were able to calve regularly and cope with the interaction between
frame size and the nutritional environment a lot better once they have reached
maturity.

The heifers selected as medium frame had better production results than the
small framed heifers, because their calves grew faster and they weaned
heavier calves.
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Reproduction rate and calf survival rate are the most important factors that
determine the efficiency of the herd. Therefore, management strategies
should be adapted to maximize reproduction and calf survival rate, and thus
the production efficiency of the herd. Large framed animals produce calves
that grow faster under feedlot conditions. However, selecting cattle for the hot
and dry climatic regions of Southern Africa, under extensive management
conditions and with limited supplementary feeding, the recommended cow
frame size should be a medium frame. These animals have similar levels of
fertility compared to small framed cows, but with similar or even better growth
performances than large framed cows.
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