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Abstract

Individual and maternal breed additive effects and heterosis exist for most economically important
traits in cattle. Crossbreeding may therefore be valuable for emerging and commercial beef farmers in
improving the productivity of their herds. Calves were produced by mating Afrikaner, Bonsmara and Nguni
cows to Afrikaner, Bonsmara, Nguni, Angus and Simmental bulls. The cows used were from Vaalharts
Research Station or were purchased from other herds. Data were collected over three years. Individual and
maternal additive effects and individual heterosis were estimated simultaneously as continuous linear
variates. The estimated genetic effects were then used to predict production levels that may be achieved
through implementation of top-cross, two-breed rotation, and terminal sire crossbreeding systems. The
individual estimates of the genetic effects were relatively small and in most cases were not different from
zero, with the exception of the maternal additive effects of Nguni on preweaning traits and their individual
additive effect on cow weight, which were less than those of Bonsmara. However, the alternative
crossbreeding systems differed across traits. The straight-bred breeding system was least efficient, followed
by the crisscross system (+2%) and the terminal sire system that utilized Simmental (+4%), with the terminal
sire system utilizing Angus being on average most efficient (+8%). The inter-generational genetic differences
in cow weight that resulted from the use of different breeds of sire increased its standard deviation by 5 to
6% in rotational crossing. Despite the relatively small magnitude of the genetic effects, advantages of
crosshreeding systems became evident.
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Introduction

Individual and maternal breed additive effects and heterosis exist for most economically important
traits in cattle and result in observable differences among breeds (Cunningham, 1987; Gregory et al., 1991).
Increasing the efficiency of beef production depends on effective exploitation of these genetic differences
because they could lead to economic differences that may be realized through crossbreeding. This may be
carried out through selection of breed combinations that express complementarity and heterosis, and
facilitate adaptation to adverse conditions and limited resources (Long, 1980). Thus, the first step in
predicting the outcome from a crossbreeding system is to understand the genetic effects of the breeds that
are available (Dickerson, 1969; Dillard et al., 1980; Robison et al., 1981). Then the objective of an effective
crossbreeding system is to optimize the systematic use of these effects (Kinghorn, 1980, 1982; MacNeil,
1987).

It is commonly recognized that crossbred animals may have greater merit for reproduction, growth and
end product traits (e.g., Spangler, 2007). Crossbred Bos taurus - Bos indicus females have been used
extensively in subtropical and tropical regions of the world owing to their exceptional productivity and
longevity compared with crossbred Bos taurus females in these environments (Arce, 2006). Similarly,
taurine—indicine heterosis effects were found to be significant for estimates of growth curve parameters, total
milk yield, calf weaning weight, predicted energy intake by cows and cow efficiency, and greater than those
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for taurine breed crosses (Mendonca et al., 2019). However, an even greater benefit of heterosis was
observed expressed in crosses of breeds adapted to different environments (Bunning et al., 2019). Because
the Sanga cattle breeds are likely to be composites between Bos taurus and Bos indicus (Hanotte et al.,
2002; Makina et al., 2016), this may in part explain their adaption to the South African environment. It has
been commonly recommended that Sanga breeds (such as the Nguni and Afrikaner) should be used as dam
lines (Epstein, 1971, Frisch, 1973; Ramsay, 1985).

Furthermore, exotic breeds such as Angus and Simmentaler may play significant roles as sire lines to
increase weights of calves that are produced from indigenous breeds of dam (MacNeil & Matjuda, 2007,
Theunissen et al., 2013). Thus, crossbreeding may be valuable to emerging and commercial beef farmers in
order to improve the productivity of their herds and economic returns from them.

Heterosis has significant influences through its favourable effects on virtually all economically
important traits of beef cattle and thus may collectively improve productivity (Cartwright et al., 1964; Gregory
et al.,, 1965; Hedrick et al., 1970; Willham, 1974). Additionally, based on their experiments with plants,
Griffing & Zsiros (1971) proposed that the level of heterosis expressed might depend on the environment.
This observation is important because it has been suggested that an ideal breeding system should be well
matched to the production environment (Haldane, 1946; Long, 1980).

Estimates of breed additive effects and heterosis can be combined into multi-breed genetic prediction
models to predict phenotypic performance (MacNeil et al.,, 1987; Cardoso & Templeman, 2004; Pollak,
2006). Most frequently (e.g. Amen et al., 2007; Eriksson et al., 2020), heterosis, breed direct, and breed
maternal effects have been estimated from linear functions of breed group means and have inference only to
the specific crosses that were evaluated. However, these effects can be more efficiently estimated by
multiple regression, which allows for prediction of untested breed combinations (MacNeil et al., 1988). Thus,
the first objective of this study was to estimate individual and maternal breed additive effects and direct
heterosis effects on birth weight, preweaning average daily gain, weaning age, 205-day weight, and cow
weight at weaning. The second objective was to use the estimated genetic effects to predict production
levels that may be achieved through implementation of top-cross, two-breed rotation, and terminal sire
crossbreeding systems of the Afrikaner (AF), Bonsmara (BN), and Nguni (NG) dam lines mated with AF, BN,
NG, Angus (AN), and Simmentaler (SM) sire lines.

Material and Methods

All the data were collected in terms of the guidelines of the National Beef Cattle Improvement Scheme
as mandated by government under the Animal Improvement Act 83 of 1989. Ethical clearance was granted
by the ARC-AP, number: APIEC18/16. The experimental data originated from Vaalharts Research Station in
the Northern Cape of South Africa, which is situated at 27°57'19” S and 24°50’41” E with mixed
Tarchonanthus veld, Veld type No. 16b (Acocks, 1988; Herman, 2002). It has an estimated average carrying
capacity of 10 ha/LSU. The climate is classified as semi-arid and characterized by hot summers, with
average maximum temperature of 32 °C being experienced during December and January and cold winters
with the lowest monthly average temperature of -0.5 °C in July. Average annual rainfall is approximately 440
mm.

A total of 576 cows were used in this study. A BN herd has been kept at Vaalharts since 1986, with BN
cows from the Wesselsvlei line being introduced there in 2008. An NG herd was established at Vaalharts
between 2007 and 2008. The AF herd was acquired specifically for this research. The purchased AF and NG
cows originated from herds in Central Free State (N = 59), southern Free State (N = 3), Northern Cape (N =
21), North West (N = 11), Eastern Cape (N = 5), Limpopo (N = 30), Mpumalanga (N = 9), and Namibia (N =
8).

In the first year of the three years of data collection (2014), cows of each breed were stratified by age,
weight and estimated breeding values. They were then assigned to mating groups within strata to avoid the
possibility of uneven genetic merit of cows mated to any breed of bull. With the exception that some of the
AF cows were pregnant when they were purchased, each bull was used across the three breeds of dam and
there was connectedness of sires across years. The mating season was in summer, from 1 December until
28 February. At least two bulls of each breed were assigned to a specific mating group. Thus, the AF, BN
and NG cows produced calves sired by AF, BN, NG, AN and SM bulls. In year 1, single sire mating was
used, whereas in years 2 and 3 multiple sire mating was used and paternal parentage is therefore unknown.
The fifteen breed groups and numbers of calves produced are shown in Table 1.
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Table 1 Crossbreeding plan indicating total number of calves that were weaned in each of the mating groups
for all three years (2014-2016)

Breed of sire

Breed of dam

Afrikaner Bonsmara Nguni Angus Simmental
Afrikaner 33 12 12 9 6
Bonsmara 21 78 39 33 30
Nguni 54 54 117 39 42

Breeding occurred on natural veld pastures that contained bulls from one breed of sire. After the
breeding season, all cows were kept in one herd until calving. As the cows calved, they were moved to
another paddock with the other cow-calf pairs. All calves were raised by their dams from birth through
weaning at approximately 205 days old. Birth dates were recorded and calves were weighed within 48 hours
of birth. Each year, all calves were weaned and weighed on the same day.

Cows were culled voluntarily when they did not meet minimum breed standards for fertility. Thus, 48
cows were replaced with two-year-old heifers of the same breed from animals that were produced in this
project or were purchased through the breed society or at auctions that were held under the auspices of the
society. Involuntarily culled cows (death, injury, old age, etc.) were replaced in a similar way.

Purebred bulls were purchased on local sales that were held under the auspices of their breed
societies. Thus, all bulls were deemed to be of acceptable genetic merit by these breed societies and had
official breeding values for the growth traits. Averages of the EBV for birth weight, 205-day weight and cow
weight of bulls that were utilized in the study along with the comparable breed averages are presented in
Table 2. The number of bulls sampled from each breed of sire was quite small and thus caution is warranted
in interpreting the breed-specific results that are presented below. However, the average EBV of the bulls
used in this project did not deviate greatly from their breed averages.

Table 2 Average estimated breeding values for sires used in the crossbreeding project at Vaalharts research
station compared with their breed averages!

Birth weight, kg 205-day weaning weight, kg Cow weight, kg
Breed of sire
direct maternal direct maternal direct
. x -0.15 +0.30 +4.93 +4.17 -11
Afrikaner (N = 7)
y -0.02 +0.30 +4.67 +4.30 -11
X +0.13 +0.06 +11.70 +4.00 +10.0
Bonsmara (N = 3)
d +0.38 +0.04 +7.60 +9.60 +3.7
. x +0.12 +0.10 +2.90 -0.70 4.7
Nguni (N = 3)
y +0.09 +0.11 +3.22 -0.67 +5.2
X +1.41 +0.32 +19.40 +3.50 +31.3
Angus (N =3)
d +0.68 +0.06 +19.30 +5.40 +20.7
. X +1.50 +1.06 +18.00 +13.30 +25.0
Simmental (N = 3)
+1.50 +0.98 +16.00 +13.90 +33.0

1 x: average estimated breeding value (EBV) of sires used in this experiment, u: overall breed average EBV

Management of the cattle was carried out according to the manual of the ARC for active participation
in the National Beef Cattle Improvement Scheme. Strict cognizance was taken of contemporary group
effects, especially the nutritional status of the various groups in the herd. Bulls received supplementary
feeding prior to the breeding season to ensure that they reached a body score condition of 3.5 out of 5
before the mating season began.
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Dickerson (1969, 1973) presented general models for breed-specific genetic effects that explain
variation among breed crosses. These models were first used in analyses of crossbreeding experiments and
field data by Robison et al. (1981) and MacNeil et al. (1982), respectively. When partitioning the phenotypes
of crossbred animals into these effects, it was assumed that there were no epistatic effects and no
interactions among the effects. Thus, the model for a F1 cross sired by breed A and out of a breed B dam
can be written as follows:

1 1
Px (aB) ZEg,’q +ngg +g¥ +hliy+e

Where: Px as) = the phenotypic value of individual X,
gk and gk = the individual additive effects of breeds A and B, respectively,
g¥ = maternal additive effect of the breed B dam, which provides an environment for her offspring,
hk = the individual heterosis effect which is expressed in AB crossbred progenies, and
e = the temporal environmental effect to which the calf is subjected.

In a three-breed cross (e.g. sire breed C mated to an AB crossbred dam) the model can be extended
to include an additional effect, namely the maternal heterosis effect (h}%), owing to the dam being a F1 cross.
The model then becomes:

PX(C-AB)=\%9114+29113+§9é/+ \%9%"‘%9?} + \%hilc +§hIBC) + M, toe
Y | | Y

individual additive maternal additive individual and maternal
effects effects heterosis effects

The genetic effects were modelled with fixed continuous linear variates. The direct and maternal
effects were expressed as deviations from the BN effect (i.e., gby = giy = 0). Breed-specific heterosis
effects were modelled as being proportional to expected heterozygosity. Heterosis in crosses with SM and
AN was assumed to be equal to the average of the estimable heterosis effects. The genetic expectations for
each breed group are presented in Table 3. The model also included random classification effects for herd of
origin and dam that were assumed to be normally and independently distributed. All analyses were
generated using PROC MIXED of the SAS™ System for Windows (version 8.2, SAS Institute Inc., Cary, NC,
USA). For the preweaning traits, the model included fixed classification effects of year of birth of the calf, sex
of calf and fixed linear and quadratic continuous effects of dam age at birth. A fixed linear continuous effect
of weaning age was also included in the model for average daily gain from birth to weaning. The model for
cow weight at weaning included fixed classification effects of year of weaning (completely confounded with
year of birth of the calf), sex of calf and fixed linear and quadratic continuous effects of dam age at birth and
a fixed linear continuous effect on age at which the calf was weaned. Breed effects were modelled with fixed
continuous linear effects for the direct effects (equivalent to the maternal effects for pre-weaning traits).
Again, random classification effects for herd of origin and dam were included in the model, each of which
was assumed to be normally and independently distributed.

Breed direct and maternal additive effects and individual heterosis effects on birth weight, average
daily gain from birth to weaning, weaning age and cow weight were estimated using multiple regression. To
obtain a unique solution to the system of equations and estimate the effects, the constraints gsy = gm, = 0
(giy = the individual additive effect of BN and g% = the maternal additive effect of BN were imposed.

Following imposition of the constraints, the genetic effects portion of the model for an arbitrary

phenotype (y) is:
y= Go+ b1g,in + bngi\IG + b3g};w + b4g§‘M + bsh};lFxBN + béh};lFxNG + b7hiBNxNG + bggar + bogne

Where: G, is the intercept which, given the constraints imposed, was equivalent to the predicted value for
BN; b, to b, are the relative contributions of individual additive effects (g‘) from AF, NG, AN, and SM,
respectively;
bs to b, are proportions of heterosis (k') arising from crosses of AF with BN, AF with NG, and BN
with NG, respectively; and
bg and by are the relative contributions of maternal additive effects (g™) from AF and NG,
respectively.
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Table 3 Genetic expectations for breeds and breed crosses (breed of sire x breed of dam) that were
evaluated. Breed direct and maternal additive effects of BN were assumed to be 0

Genetic effects?

Breed group

Ghr Ihe gan Ihu Rarxan harxne hbnxne 9ir ING
AF 1.0 1.0
NG 1.0 1.0
BN x AF 0.5 1.0 1.0
AF x BN 0.5 1.0
BN x NG 0.5 1.0 1.0
NG x BN 0.5 1.0
AF x NG 0.5 0.5 1.0 1.0
NG x AF 0.5 0.5 1.0 1.0
AN x AF 0.5 0.5 0.333... 0.333... 0.333... 1.0
AN x BN 0.5 0.333... 0.333... 0.333...
AN x NG 0.5 0.5 0.333... 0.333... 0.333... 1.0
SM x AF 0.5 0.5 0.333... 0.333... 0.333... 1.0
SM x BN 0.5 0.333... 0.333... 0.333...
SM x NG 0.5 0.5 0.333... 0.333... 0.333... 1.0

AF: Afrikaner, AN: Angus, BN: Bonsmara, NG: Nguni, SM: S_immentaler
1g': individual additive effect of the subscripted breed, h': individual heterosis effect attributable to the subscripted
combination of breeds and g™: maternal additive effect of the subscripted breed

Predicted performance of the breed groups followed standard regression theory (Kinghorn, 1982).
Prediction of merit of untested breed crosses is similar (MacNeil et al., 1988). For example, the equilibrium
value of a given phenotype for the two-breed rotation of BN and AF (R4r,.gy) iS given by:

1 . 1 . 1 1 2 . 2
Rypxen = Go + zgqu + 591131\1 + 592’% + Eglranzv + gh;lFxBN + §h/14anBN
Noticeably, maternal heterosis effects were not estimable from the data and in calculating these
predicted values it was necessary to assume values for the contribution of maternal heterosis. Estimates
from MacNeil et al. (1988) were used throughout. Given the constraints, the prediction of R gy reduces to:

1 . 1 2 . 2
Rypxpn = Go + ngqp + 29;&" + thFxBN + §hm=x31v

Inter-generational variability is present in rotational crosses. For example, expectations for calves that
result from mating breed AF sired females to bulls of breed BN differ from those of calves that result from
mating breed BN sired females to bulls of breed AF. Calves sired by bulls of breed BN from breed AF sired

females have expectation equal to:
1 ; 2 ; 2 m 1 m 2 ; 2 m
Go + §gAF + §93N + §gAF + 5931\1 + §hAFxBN + §hAFxBN

Conversely, calves sired by bulls of breed AF from breed BN sired females have the expectation of:

2 . 1 . 1 2 . 2
Go + §g,l4F + §gll?N + 593} + §gzr;n1v + §hf4FxBN + §h11r;‘xBN

To quantify the inter-generational variability produced in two-breed rotational crossbreeding systems,
10 000 animals representing each of the crosses were simulated using means predicted as described



Pyoos et al., 2020. S. Afr. J. Anim. Sci. vol. 50 371

immediately above and the residual variances. Thereafter, the standard deviations for weaning weight and
cow weight for the 20000 simulated animals were compared with the residual standard deviations.

Prediction of performance (P) by top-cross calves sired by either AN or SM bulls out of two-breed
rotational cross dams had the general form:

1 . R N o 1 . 2
P =G, +Eglr+hl+§[igfqp +591§N+9Tp+g§}v +§hﬁ"xBN

Where: T designated the terminal sire breed, and
h' was the average individual heterosis effect. All other effects are as defined above.

Results and Discussion

Calves born earlier in the calving season grew more slowly (1.28 + 0.21 g/d) from birth to weaning
compared with those born later in the season (P <0.05). Those cows that lactated for a longer period tended
to weigh less (23 + 12 kg) at weaning than their contemporaries whose calves were born later in the season.
Also across all breeds, male calves were heavier at birth (35.7 £ 0.4 vs. 34.6 + 0.4 kg), grew more rapidly
from birth to weaning (808 £ 29 vs. 753 + 28 g/d), and thus had greater 205-day weights (201. + 6. vs. 189. £
6 kg) than their female contemporaries.

For all traits, the residual variance was by far the greatest identifiable sources of potential variability,
indicating that there are other sources of variation beyond those explained by the model (Table 4). There
was concern for potential heterogeneity of the variances among the herds of origin. However, at least given
the small number of cows from any specific herd, such heterogeneity was not detected.

Table 4 Estimates of variance and percentage of total variance in brackets for random effects on preweaning
traits and for cow weight at weaning

205-day weight,

Component Birth weight, kg ADG, g/d Weaning age, d Cow weight, kg

kg
Dam 0.00 (0.0) 1149 (5.1) 30 (3.4) 44 (4.3) 554 (20.0)
Herd of origin within
breed of dam 0.21 (0.9) 1328 (5.9) 39 (4.4) 52 (5.1) 149 (5.4)
Residual 23.44 (99.1) 20215 (89.1) 826 (93.2) 925 (90.6) 2069 (74.6)
Phenotypic 23.65 22692 895 1021 2772

For birth and 205-day weights, the estimates of residual variance were greater than estimates of
phenotypic variance found by Meyer (1992) in summarizing within breed direct and maternal effects on
growth traits of Australian beef cattle. Similarly, estimates of these variances were greater than the estimates
of phenotypic variance found by Cantet et al. (1988) in analysing data from Hereford cattle. Thus, testing
effects on these traits for significance may be compromised in the present study.

However, the residual variance for cow weight found here was marginally less than the corresponding
phenotypic variance observed for mature weight in AN cattle (Kaps et al., 1999); and in the Germplasm
Evaluation Program of USDA-ARS (Nephawe et al., 2004). This may be explained in part by cows from the
present study weighing less than those studied by others and the general phenomena of variances tending
to increase with means (Bartlett, 1947).

The breed-specific genetic effects that contributed to the performance of calves from this study are
presented in Table 5. Estimates of the breed-specific direct effects on cow weight were g, = -88.8 + 13.1
and g4 = -8.1 = 15.7. The maternal effect of the NG on birth weight and preweaning growth was less than
that of the BN and, together with the negative effect on cow weight, indicated the potential for reduced feed
intake on the part of the NG cows. In an earlier crossbreeding experiment, which was also conducted at
Vaalharts Research Station, Theunissen et al. (2013) found the differences between AF and SM direct
effects on birth weight and 205-day weight were 1.8 + 2.8 and 27.3 £ 12.9 kg, respectively. The latter effect
is substantially greater than the same effect estimated in the present study. Estimates of average individual
heterosis effects on birth weight and 205-day weight from Theunissen et al. (2013) were 1.2 and 14.7 kg,
respectively, and again the effect on 205-day weight was greater than was observed here. There are multiple
plausible explanations for the convergence of direct effects on birth and 205-day weights in the present
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study. First, and perhaps most likely, in the present study and in Theunissen (2013), which was based on Els
(1988), the estimated breed effects reflect relatively small numbers of sires and thus the particular samples
of sires may be divergent. Second, the genetic trends in the direct effects on the weights may have
converged (Bergh et al., 2010) with this convergence masking any breed differences. Third, it is possible that
these differences could be the result of interactions of genotype and environment. It should be noted that the
2015/2016 summer season was extremely hot and dry (Scholtz et al., 2016; South African Weather Service,
2016). During this hot and dry season it appeared that the AF and NG sired calves were less affected by the
severe weather, relative to calves from the BN, AN and SM breeds of sire (Pyoos, 2019).

Given the general lack of significant (P <0.05) effects in Table 5, a post hoc power calculation was
done using the numbers of straight-bred and reciprocal cross calves that contributed to the estimate of
individual heterosis, and the observed residual standard deviation of 205-day weight. Given that heterosis for
weaning is believed to be approximately 5% (Sacco, 1991), power-of-the-test was determined for a positive
heterosis effect equal to 5% of the mean performance of the straight-bred calves. The resulting estimate of
power was equal to 0.97 at a = 0.05. As described by Obeidat (2013), if heterosis is sufficiently elucidated by
the dominance model, then crossbred animals are expected to express a fraction of the F1 heterosis that is
proportional to the number of their heterozygous loci and such proportionality has been observed previously
(e.g., Kress et al.,1992). However, while positive effects of heterosis were anticipated (Gregory et al., 1991),
there is precedent for the inability to detect significant effects of heterosis on growth traits of beef cattle
(Osorio-Arce and Segura-Correa, 2010).

Table 5 Breed direct and maternal additive, as deviations from Bonsmara, and individual heterosis effects on
preweaning traits

Effect! Birth weight, kg ADG, g/day Weaning age, day 205-day weight, kg
e 1.3+1.2 -18. + 36. 23.6+7.1" 5.1+7.6
Gar 1.9+16 -26. £ 50. 5.4 +10.0 724107
Gim 06+16 -14. £ 49. 20.2+9.8' -3.0+105
gin 21416 17.+ 49. 13.1+98 05+10.4
ghs -3.1+1.0" -133.£42. 111477 -30.5 + 8.5"
g 05+1.3 -63. £ 53. -2.6+9.9 -12.3+10.9

Rarxan 22+1.0" -25. +31. 0.0+6.1 27+ 65

hirxne 22%09" 25.+27. 1.3+54 79+57

higxsN 0.7+06 12. +20. -3.4+39 34+42
hi 1.7+0.6 4.+18. -1.6+36 29+38

1 gt .:breed direct effect of Nguni, giz: breed direct effect of Afrikaner, g&,,: breed direct effect of Simmentaler, giy:
breed direct effect of Angus, gy;: breed maternal effect of Nguni, gi%: breed maternal effect of Afrikaner, hyp,gy:
individual heterosis in crosses of Afrikaner and Bonsmara, hp,ye: individual heterosis in crosses of Afrikaner and

Nguni, hispy: individual heterosis in crosses of Nguni and Bonsmara, and h: average individual heterosis effect.
" P <0.05
AF: Afrikaner, AN: Angus, BN: Bonsmara, NG: Nguni, SM: Simmentaler

Predicted means for purebred performance are presented in Table 6. At birth, NG calves weighed less
compared with either BN or AF calves. The NG calves also grew more slowly from birth to weaning than BN
calves. As a consequence of these effects, BM calves were heavier at weaning than either AF or NG calves.
The calves from Nguni dams were older at weaning than those from BN dams (210 days versus 198 days).
The reason for this is not clear, but it is speculated that the gestation length of the NG cow is shorter than
that of the BN cow, which, for one of many reasons, could be due to breed frame size. That is, the uterine
size of the NG cow is smaller. Another reason may be that NG cows express estrous earlier in the breeding
season. For cow weight, the separation of the NG from AF and BM resulted from the corresponding
differences in the breed direct effects. Means for birth weight and 205-day weight for AF in this study did not
differ from the corresponding means observed by Theunissen et al. (2013).
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Table 6 Predicted means of straight-bred Bonsmara, Nguni and Afrikaner calves for preweaning traits and
for weight at weaning of their dams at 7 years old

Breed Birth weight, kg ADG, g/d Weaning age, d 205-day weight, kg Cow Weight, kg
Bonsmara 37.3+£0.7 884 + 62 198 + 11 218 + 13 454 £ 10
Nguni 32.9+0.6 742 + 31 210+ 6 185+ 6 365+ 7
Afrikaner 36.0+0.9 763 + 31 202+ 8 192+ 9 446 + 10

There were no significant differences among top-cross calves from AF and BN dams with regards to
birth weight, average daily gain from birth to weaning, weaning age, and 205-day weight (Table 7). However,
top-cross calves from NG dams had lighter birth weight, but generally did not differ from top-cross calves out
of BN or AF dams in subsequent preweaning performance, confirming the results of Theunissen et al.,
(2013).

Table 7 Predicted mean performance for preweaning traits of top-cross calves sired by Afrikaner, Angus,
Bonsmara, Nguni and Simmentaler bulls from Afrikaner, Bonsmara, and Nguni dams?

Breed of dam

Trait
Breed of sire AF BN NG
Birth weight, kg AF 38.1+0.8 343107
AN 37.5+0.9 38.0+0.7 34.2+0.7
BN 38.6 +0.9 35.3+0.7
NG 37.9+10 38.4+0.8
SM 38.9+0.9 39.3+0.8 35.6 +0.7
Average daily gain, g/d AF 868 + 62 741 + 34
AN 812+ 72 909 + 62 782 + 32
BN 794 + 72 765+ 34
NG 765+ 74 876 + 63
SM 746 + 73 872 + 62 746 + 33
Weaning age, d AF 201 +11 203+6
AN 205+8 203 +11 205+6
BN 199+9 200+ 6
NG 2109 208 £ 11
SM 209+8 208 £ 11 210+6
205-day weight, kg AF 216 +13 187 +7
AN 204 £9 224 £ 13 1957
BN 202 + 10 193 +7
NG 198 + 10 218 £13
SM 198+ 9 218 £13 189 +7
Cow weight, kg AF - 449+ 8 406 £ 6
BN - - 4108

1The individual heterosis effect on cow weight was not estimable from the experimental data and an estimate of 48 kg
(Boenig, 2011) was used in predicting these means. Maternal effects on cow weight were assumed nil and thus there
were no reciprocal differences

AF: Afrikaner, AN: Angus, BN: Bonsmara, NG: Nguni, SM: Simmentaler
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Generally, the performance of the calves sired by the various breeds of sire, was not different in this
dataset. In interpreting these results, it is important to note the magnitude of the standard errors that are
associated with the various means. These sizable estimates of within group variation may be indicative of
either data quality or the scope of the experiment and raise caution against interpreting the lack of significant
differences as indicating true biological similarity.

Differences among rational cross-mating systems were relatively small, irrespective of the breeds
employed (Table 8). Because only straight-bred cows were present in the experiment, it was necessary to
assume a value for individual heterosis for cow weight based on the literature. Here, a 47.9 kg increase in
cow weight was assumed to result from individual heterosis (Boenig, 2011). The net result of these
assumptions is potentially to change the individual breed group predicted values. However, the comparison
of any two means is unaffected as the effects are constant increments in the prediction of breed group
means based on the experimental data.

The Nguni-Afrikaner crisscross produced approximately 12 kg less weight at weaning relative to the
other pairs of breed combinations. Further, the NG-sired generations of crisscross dams weighed the least at
weaning. This may be expected as the NG breed has a smaller frame compared with others in this
crossbreeding system (Scholtz, 2010). Taking residuals from the regression of breed group means for
weaning weight on cow weight as a measure of efficiency indicated a range in efficiency of approximately 10
kg. The NG-BN rotational system was most efficient and the NG-AF rotation was least efficient, with the BN-
AF rotation being of intermediate efficiency.

Table 8 Predicted performance for preweaning traits from calves produced using two-breed rotational
crosshreeding systems and the predicted weights of their dams at 7 years old

205-day weight

Breed of sire Breed of dam  Birth weight, kg ADG, g/d Weaning age, d ' Cow weight?, kg

kg
BN %4AFY4BN 38.5+0.9 814 + 42 200 +8 206 +9 481+8
AF 2BNYAAF 37.7+0.8 822 + 47 202+9 206 + 10 483+9
NG 2AFANG 36.6 + 0.9 774 + 38 210+7 196 + 8 451 +7
AF NG YAAF 35.2+0.6 756 + 27 203+5 191+6 424+ 6
NG %BNY%NG 35.8+0.6 834 + 44 207 +8 207 +9 456 + 9
BN %NGY4BN 35.3+0.6 807 + 32 197 +6 201 +7 427 +7

1The individual heterosis effect on cow weight was not estimable from the experimental data and an estimate of 48kg
(Boenig, 2011) was used in predicting these means
AF: Afrikaner, AN: Angus, BN: Bonsmara, NG: Nguni, SM: Simmentaler

In rotational crossbreeding systems, concern has been expressed that breeds differing greatly in
mature weight and/or milk production might result in inter-generational differences in nutrient requirements
(Marshall et al., 1990; Greiner, 2005). Because generations will overlap within a herd at any particular point
in time, these inter-generational differences could create management difficulties due to increased variability
among cows in their nutrient requirements. In these data, the inter-generational genetic differences in cow
weight increased its standard deviation by 5 to 6% in rotational crossing systems that involved Nguni
compared with straight-bred systems. Variability in cow weight was least affected by the inter-generational
genetic differences in the two-breed rotation of AF and BN. For weaning weight, the increase in variability
due to inter-generational genetic differences was negligible for all three rotational systems.

Expected performance of calves’ sired by AN and SM bulls used as terminal sires on two-breed
rotation females is presented in Table 9. These calves benefit from the full expression of individual heterosis
compared with the straight-bred calves and to a lesser extent the calves from the crisscross systems. For
traits expressed by the calf, but not those expressed by the dam, inter-generational variability is reduced in
terminal sire systems.

Using the same residual metric described above as a measure of efficiency, the straight-bred system
was least efficient, followed by the crisscross systems (+2%) and the terminal sire system that utilized SM
(+4%), with the terminal sire system utilizing AN being on average most efficient (+8%). The improved
efficiency of the terminal sire systems, relative to the crisscross system results entirely from the increased
weaning weight, because cow weight is unchanged. In the terminal sire system, crisscross females are used
because F: females, which would express maximum heterosis, may be unavailable or expensive to
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purchase, while straight-bred females that are needed to produce Fi1 females are expensive to maintain.
Heterosis expression is generally assumed to be proportional to heterozygosity (Hill, 1982). Thus, in
rotational crossing maximum heterosis is expressed in the F1 generation, decreases in the next generation,
and continues to move toward the expected equilibrium value in succeeding generations. However, there are
occasional examples in which this relationship has not held true (Sheridan, 1981). In an extreme case,
Australian research showed a total loss of heterosis for calving rate in the second generation (F2) of inter se
mating between Bos indicus and Bos taurus cows (Seifert & Kennedy, 1972; Seebeck, 1973).

Table 9 Predicted performance for preweaning traits from calves produced using Angus and Simmentaler
terminal sires on two-breed rotational crossbred females

205-day weight,

Breed of sire Breed of dam Birth weight, kg ADG, g/d Weaning age, d kg

Angus %AF5BN 38.0£0.8° 852 + 40° 203+ 72 213+ 8b
ZBNYVAAF 37.5+0.72 869 + 46° 205 + 82 215 +10°
ZAFANG 37.6 £0.9° 841 + 412 210+ 8° 210+ 92
ZNGYAAF 37.4+0.82 863 + 47° 208 + 9P 214 +10°
ZBNYNG 35.7£0.62 830 + 332 201 + 62 206 £ 72
2NGY5BN 36.5+0.72 862 * 45° 207 + 8P 213 £ 9P

Simmentaler %AFYVsBN 39.4 +0.8° 816 * 402 208 £ 72 207 £ 82
ZBNYAAF 38.9+0.7° 832 + 46° 209 + 82 209 +10°
ZAFYVANG 38.9+0.9° 805 * 422 214 + 8P 204 £ 92
ZNGYsAF 38.7£0.8° 827 + 47° 212 £ 9P 208 £ 10°
%BNYVANG 37.0£0.72 794 £ 34¢ 206 £ 62 200 £ 72
2NGY5BN 37.9+£0.72 825 * 46" 212 + 8P 208 + 10°

a,b. ¢ Within a column, means with a common superscript do not differ at P =0.05
AF: Afrikaner, AN: Angus, BN: Bonsmara, NG: Nguni, SM: Simmentaler

Conclusion

The results presented here demonstrate the utility of estimating breed effects by multiple regression in
order to facilitate examination of untested breed groups and crossbreeding systems. An experimental
examination of crossbreeding systems taken to equilibrium breed composition and stabilized heterosis would
require a much longer (and costlier) experiment compared with the three years of investigation presented
here. Despite the relatively small magnitude of the observed genetic effects, advantages of crossbreeding
systems that capture substantial portions of the heterosis effects were evident.
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