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Abstract

This work aimed to evaluate the effects of sire’s and dam’s biological type, dam’s age class at
calving and individual heterozygosis, and to estimate variance components for weaning
weight adjusted to 210 days (WW210) in beef cattle of different breed groups. Records of
13 687 animals, obtained from 2000 to 2007, were used. Bulls from the biological types
Zebu (N), Adapted (A), British (B), Continental (C) and ¼N|¼A|¼B|¼C were mated with
purebred zebu (N) and crossbred females (½C|½N and ½B|½N). Dam age at calving was
3–12 years. The influence of several effects on WW210 was tested using the least square
method. Variance component analysis was performed using a Bayesian approach. The
model included contemporary group, dam’s age class at calving, sire’s and dam’s biological
types as systematic effects, animal’s age and individual heterozygosis as linear covariates,
and direct and maternal additive genetic, maternal permanent environmental and residual
effects as random effects. The progeny of bulls from biological type B and the crossbred
cows showed higher WW210 means. Cows at 6–7 years old weaned heavier calves. Direct
and maternal heritability estimates for WW210 were 0.5 ± 0.04 and 0.1 ± 0.02, respectively.
Calves with 100% individual heterozygosis weighed on average 25.98 kg more at weaning
compared to progenies from pure breeds. Sire’s and dam’s biological types influence the
WW210 of the crossed progenies. Crossbred cows produce heavier calves compared to bio-
logical type N cows. These results and the obtained direct and maternal heritabilities suggest
it is possible to choose the lines of sires and dams that could be used to make the crosses to
obtain progenies with better performance for WW210.

Introduction

The interest in genetically improving crossbred zebu cattle populations and better understand-
ing the phenotypic and genetic variations of economically important traits has been increasing
throughout the world during the last decade (Sørensen et al., 2008; Grigoletto et al., 2019). The
use of artificial insemination along with accurate genetic evaluations offers confidence in using
pure breeds or composite breeds to explore the advantages of crossbreeding in production
traits (Teixeira and Albuquerque, 2005).

Crossbreeding and genetic selection allow obtaining more efficient animals in adverse cli-
mates such as tropical climates, with low-quality forages and high presence of parasites. The
increase in production is due in part to heterosis; however, caution should be taken because
the non-additive effect of genes can also contribute to this increment. To maintain this
gain in production constant, it is necessary to keep high levels of heterozygosis.

The superiority of crossbred animals is due to the combination of traits from complementary
breeds, the additive effect and heterosis (Leal et al., 2018). The potential growth and adaptability
of crossed animals may increase the total cattle production index by up to 50% in Bos taurus and
Bos indicus crossbreds when compared to purebred herds under tropical conditions, types of
climates Aw (Tropical Savannah) and Cfa (Humid Subtropical) according to the Köppen–
Geiger classification (Teixeira and Albuquerque, 2005). This increase in production indicates
that crossbreeding can be a strategy to promote efficiency in beef cattle production.

In addition to the heterosis effect on individual performance, maternal heterosis results in
maternal environmental benefit and higher milk yield, which allows for higher calf growth
during the lactation (Leal et al., 2018). Some studies have reported the influence of cows
(Meyer et al., 1994; Leal et al., 2018; Mendonça et al., 2019) and bulls (Baker et al., 2001;
Schatz et al., 2014; Cardoso et al., 2018) breed compositions on the calf performance, assessing
mainly the weaning weight. However, environmental factors such as the nutritional and health
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management of the herd, body condition and age of the dam at
calving may impact calf growth, being the latter factor of great
relevance as it affects the maternal–offspring behaviour and
milk production (Silva et al., 2015). Identifying independent
effects that impact weaning weight in crossbred animals may
benefit the production index as well as the design of optimal
breeding programmes.

The objectives of this study were defined in two steps: (I) to
investigate whether sire’s and dam’s biological types, dam’s age
class at calving and individual heterozygosis influence the wean-
ing weight in crossbred beef animals raised under Tropical
Savannah conditions; and (II) to estimate variance components
and direct and maternal heritabilities for weaning weight in the
studied population.

Material and methods

Data description

The data set comprised 13 687 phenotypic records of animals
born between 2000 and 2007. The weaning weight was adjusted
to 210 days (WW210), as follows:

WW210 = WW− BW
WA

( )
× 210

( )
+ BW

where WW210 is the phenotype adjusted to 210 days of age; BW
is the birth weight; WW is the weaning weight and WA is the
weaning age.

All the animals were raised in the State of Goiás, Midwest region
of Brazil. This region is characterized by an average annual rainfall
of 1663mm and temperatures ranging from 20 to 35°C; the climate
type is classified as tropical savannah according to Köppen and
Geiger (1936); with a predominance of grasses of genus
Brachiaria. Regardless of the breed, the calves were supplemented
in a creep feeding system (18% of crude protein, at 500 g/animal/
day) until approximately 7 months of age, when they were weaned
and weighed. Creep feeding is a common practice in farms that
make use of technology to improve production in Brazil (Ferraz
and Felício, 2010), where the main objectives are to obtain
increased weaning weights, greater weight gains after weaning
and reduced the time to finish calves. After weaning, the animal’s
nutritional management consisted of pastures, and the animals
were supplemented with mineral salt ad libitum. The herd’s health
management followed the technical standards for this region,
including vaccinations and treatments for endo and ectoparasites.

Crossbred calves were produced with artificial insemination of
mating purebred zebu cow (N; including Nelore, Brahman and
Tabapua breeds) and crossbred (½B|½N and ½C|½N) cows to
bulls from four different biological type compositions being
used 58 Zebu bulls (N), 14 Adapted bulls (A), 23 British bulls
(B) and seven Continental bulls (C), following the so-called
NABC system, and three crossbred bulls (¼N|¼A|¼B|¼C)
(Table 1). The breed classification by biological types, the
so-called NABC system, was described in details by Ferraz et al.
(1999), which aimed to associate breeds to four different groups
according to their geographic origins, attributing N to zebu
breeds, A to Adapted taurine breeds, C to Continental breeds
and B to British breeds. Considering the four different biological
types previously described, our data set was composed of the fol-
lowing breeds followed by the number of bulls used per breed: B.
indicus animals such as Nelore [46], Brahman [10] and Tabapua

[2] breeds are classified as type N; B. taurus animals adapted to
the tropics by natural or artificial selection, including Bonsmara
[3], Caracu [2], Romo-Sinuano [1], Senepol [5] and Santa
Gertrudis [3] breeds; B. taurus animals from British origin such
as Aberdeen Angus [12], Red Angus [7], Devon [1] and
Hereford [3]; B. taurus animals from Continental Europe, includ-
ing Simmental [2], Limousin [3] and Brown-Swiss [2] breeds.
These breeds were used in the crossbreeding that originated the
progenies assessed in this study.

The farm that provided the access to the data set raises in gen-
eral Nelore beef cattle and started a crossbreeding programme in
2000, inseminating cows with semen from bulls of biological type
B. Later, bulls from other biological types described above were
considered. Therefore, there was no design in the use of bulls
and cows in the crossings. Consequently, there is an imbalance
in the number of calves, mainly of biological types N and B com-
pared to other types. This imbalance can also be seen in the num-
ber of cows per biological type. For instance, Nelore cows are most
representative of the biological type N, 80%, being the remaining
portion composed of Brahman and Tabapua cows (Table 1).

The choice of biological types to be used in the crosses was
made trying to prioritize the maximum exploration of heterozy-
gosis; therefore, direct matings were conducted in a way that
the composition of the parents was genetically distant from
each other, i.e. parents composed by totally different biological
types (Table 1). The genetic distance among cattle breeds was
described as a triangle where each vertex is represented by
European taurine, West African taurine and indicine populations
(Mastrangelo et al., 2020). The representation of the genetic seg-
regation of European populations grouped breeds from biological
types B and C in different clusters, indicating the existence of gen-
etic distances among them (Mastrangelo et al., 2020). In the case
of biological type A, the breeds that compose this type are formed
by the mating of European taurine and African taurine breeds (i.e.
Senepol and Bonsmara), European taurine and Indian zebuine
breeds (i.e. Santa Gertrudis), and matings within European breeds
(i.e. Romosinuano and Caracu). The last combinations of
European breeds were introduced in South America during the
Colonization period and, nowadays, they form what is known
as Creole cattle. These adapted breeds composing type A exhibit
a lower genomic distance when compared to zebu and taurine
breeds (Bovine HapMap Consortium, 2009).

Statistical analysis

Testing variables
The effects and interactions that could influence the WW210 trait
were tested using the least square method with the PROC GLM
procedure available in the SAS software (SAS, 2011). If the effects
of its interactions were significant at a level of significance equal
to 1% (P < 0.01), they were included in the mixed model to evalu-
ate WW210.

The evaluated effects were: birth year (animals born from
March to year ‘x’ to February to year ‘x + 1’, where x ranged
from 2000 to 2007), birth season (dry season refers to births con-
centrated from March to August, and rainy season refers to births
concentrated from September to February), sex, management lot
at weaning (paddock grazing), dam’s age class at calving (evalu-
ated in ten classes: 1st = less and equal than 3 years of age, 2nd
= 4 years, 3rd = 5 years of age, …, until 10th = 12 years or
older), sire’s biological type (evaluated in five classes: N, A, B,
C, ¼N|¼A|¼B|¼C), cow’s biological type (evaluated in three
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classes: N, ½C|½N, ½B|½N) and individual heterozygosis.
Because the interaction of birth year, birth season, sex and pad-
dock grazing was statistically significant (P < 0.01), these effects
were considered to generate the contemporary groups (CGs). It
is important to note that each CG presented animals from differ-
ent biological types. Individuals with records above or below 3.5
standard deviations from its CG mean were removed. After edit-
ing the data, crossbreed cows were more prevalent at ages under 9
years old.

The effects of dam’s age class at calving, the sire’s biological
type and the cow’s biological type also influenced the WW210
trait (P < 0.01). Although WW210 was preadjusted, the effect of
animal’s age in the measurement of weaning weight was still sig-
nificant in our previous analysis, then it was included as a linear
covariable in the final model.

Total individual heterozygosis (TH) is the sum of the direct
heterozygoses considering the percentages of the biological
types N × A; N × B; N × C; A × B; A × C; and B × C, existing in
the racial composition of the animal. TH was calculated as fol-
lows: Hij =

∑
i=j

rirj , where Hij is the direct heterozygosis between

the biological type (NABC) i and (NABC) j in the progeny, ri and
rj are the percentage of biological type contribution based on the
NABC system for sire i and cow j (Mourão et al., 2007). Maternal
heterozygosis was not significant in the previous analysis probably
due to the distribution of the number of observations in relation
to the cows’ biological types, therefore it was not included in the
model. The pedigree file contained 21 784 animals from six gen-
erations, including records of 13 687 progenies from 105 bulls and
8570 dams, distributed in 61 CGs. The reduced amount of bulls is
due to the large use of artificial insemination technology. The dis-
tribution of the number of bulls and cows and their progenies
classified by sire’s and dam’s biological type was described in
Table 1.

Genetic parameters estimation
The estimation of variance components was performed by the
Bayesian approach, using a single-trait animal model and the soft-
ware GIBBS1F90 (Misztal et al., 2002). The model was composed
of CG, dam’s age class at calving, sire and dam biological types as
systematic effects, animal’s age and individual heterozygosis as
linear covariates, and direct and maternal additive genetic, mater-
nal permanent environmental and residual effects as random
effects. The average of calves per dam was 1.6. Due to the struc-
ture of the data, it was possible to include the maternal effect in

the model, but the estimation of this effect can be biased. The
mixed model adopted can be written in matrix notation as:

y = Xb+ Z1a+ Z2m+Wp+ e

where y is the vector of the observed phenotypic records for
WW210; X is the incidence matrix of systematic effects; β is the
vector of the systematic effects; Z1 is the incidence matrix of direct
genetic effects; a is the vector of direct genetic effects; Z2 is the
incidence matrix of maternal genetic effects; m is the vector
of maternal genetic effects; W is the incidence matrix of perman-
ent maternal environmental effects; p is the vector of permanent
maternal environmental effects; and e is the vector of random
residual effects. The data structure from commercial herds is
inadequate to estimate the covariance for direct and maternal
genetic effects (Texeira and Albuquere, 2005). Thus, following
the recommendation of these authors, covariance between these
effects was assumed to be null.

A uniform a priori distribution was defined for the systematic
effects (β). Gaussian and inverted Wishart distributions were
adopted as a priori distributions for random effects and (co)vari-
ance components, respectively (Van Tassel and Van Vleck, 1996).
The marginal distributions are represented as follows:

β, α constant;

a
m

( )
|Ga, Gm, Gam � MVN

0
0

( )
,

A⊗ Ga A⊗ Gam

A⊗ G′
am A⊗ Gm

( )( )

p|P � MVN[0, (InP)]

Ga|Sa, va � IW[Sava, va]

Gm|Sm, vm � IW[Smvm, vm]

P|Sp, vp � IW[Spvp, vp]

R|Sr, vr � IW[Srvr, vr]

where A is the relationship matrix; G, P and R are the (co)var-
iances matrices of direct and maternal genetics effects, permanent

Table 1. Number of animals grouped according to the sire’s and cow’s biological type considering the NABC system (Ferraz et al., 1999)

Cow biological typea

N ½B|½N ½C|½N Total

Sire biological typea N_obs 7454 159 957 8570

N 59 10 854 53 148 11 055

A 15 127 116 712 955

B 21 1324 – 103 1427

C 7 140 – – 140

¼N|¼A|¼B|¼C 3 33 – 77 110

Total 105 12 478 169 1040 13 687

aBiological type: N = Zebu; A = Adapted taurine; B = British; C = Continental.
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environmental effects and residual effects, respectively; Inis the
identity matrix; ⊗ is the Kronecker product; Saand va, Sv and
vm, Sp and vp, and Sr and vrare the a priori values and degrees
of freedom for direct additive genetic, maternal additive genetic,
permanent environmental and residual (co)variances, respectively
(Van Tassel and Van Vleck, 1996). Genetic (co)variance estimates
reported in the literature were used as a priori values in the
analyses.

A single chain with a length of 11 00 000 samples was defined
for Gibbs sampling, discarding the first 1 00 000 samples and col-
lecting samples at every 20 cycles, resulting in 50 000 samples for
inference.

The convergence was verified by assessing the effective chain
size and the test proposed by Geweke (1991). The convergence
diagnosis by the effective chain size is based on means and var-
iances, and its efficiency is confirmed if the evaluated components
present posterior Gaussian distribution (Gelman et al., 2013).

The posterior (co)variances were used to estimate the mea-
sures of central tendency of direct and maternal additive heritabil-
ities (h2a and h2m, respectively), as well as the posterior standard
deviation and higher density intervals to 95%.

A new analysis was performed in the GIBBS1F90 programme
(Misztal et al., 2002) using the same mixed model described above
but assuming that (co)variances were known. The (co)variances
estimates obtained in the previous analysis (Table 2) were defined
as known values by the addition of the command line ‘OPTION
fixed_var all’ in the parameter file used in GIBBS1F90. This com-
mand uses fixed (co)variances and estimates solutions for all
effects in the model. Based on this parameter file, a new
Markov chain of 1 00 000 cycles was established, with a burn-in
of 10 000 cycles and a thin interval of ten cycles, resulting in
9000 solutions for each level of systematic effects. After obtaining
the final solutions, mean comparisons were performed using the t
test statistic to compare groups at the 5% significance level.

Results

Sire’s and dam’s biological type

The adjusted means for WW210 were statistically different (P <
0.05) for four sires’ biological types. While progenies from type
B sires had the greatest WW210 mean value, progenies from
type A sires had the worst WW210 mean value (Table 3).

The superiority in WW210 was noted in crossbred cows in
relation to purebred cows. The greatest WW210 mean was
observed in progenies of cows ½B|½N, followed by progenies of
cows ½C|½N, with an increment of 10.4 and 7.8%, respectively,
in relation to the mean obtained in the progenies of type N
cows (Table 3).

Dam age classes

The WW210 means observed for each dam’s age class at calving
are shown in Fig. 1(a). Cows ageing 6 and 7 years at calving
weaned the heaviest progenies, with an improvement of up to
11.47 kg over the other classes.

Individual heterozygosis effect

Results showed that the higher the calf individual heterozygosis,
the higher the WW210, indicating the positive effect of cross-
breeding between genetically distant breeds (Fig. 1(b)). Calves

with 100% heterozygosis weighed on average 25.98 kg more at
weaning in comparison to the progenies from pure breeders.

Variance components and heritability

According to the samples of variance posterior densities, the cen-
tral tendency measures such as mean, mode and median of the
later marginal densities of heritability estimates showed similarity
for the majority of the components, demonstrating symmetry and
convergence (Table 2). The exception was for maternal perman-
ent environmental variance (Vep2), where the mode was smaller
than the mean and median. The effective sample size (ESS) for
Vep2 was 94.4 samples (Table 2), which suggested convergence
since the minimum ESS expected to reach convergence should
be ten samples (Misztal et al., 2002). Therefore, the ESS obtained
indicates that the total chain samples stipulated (11 00 000 cycles
with the 1 00 000 initial samples discarded as burn-in) were
adequate to obtain the ESS and convergence for all variance com-
ponents estimates.

The values obtained by the Geweke test were lower than 1. In
other words, the difference between the first and last halves was
lower than 1, indicating convergence (Table 2). The posterior
mean estimate of h2a obtained for WW210 was 0.5 ± 0.04, while
the posterior mean estimate obtained for h2m was 0.1 ± 0.02.

Discussion

Identifying the genetic and environmental effects that influence
WW210 in different beef cattle breed groups allows breeders to
learn about the determining factors in calf growth during the pre-
weaning. The obtained results showed that sire’s and cow’s bio-
logical type, dam’s age at calving and individual heterozygosis
are factors that influence the WW210 in the crossbred studied
population. Our results suggested that favourable influence on
the progenies growth is achieved with the use of type B sires
and crossed cows (½C|½N and ½B|½N). Besides that, cows in
adult age (6–7 years old) demonstrated a positive influence on
the calves’ weaning weight.

Regarding the sire’s biological type, the results showed that
there are statistical differences among progenies of bulls from
the four biological types. The proximity between the WW210
averages of progenies originated from N, B and C sires was not
expected, since previous studies showed breeds within B and C
groups to have a higher potential of growth (Fialho et al.,
2015). Our hypothesis is that crossed cows ½B|½N and
½C|½N, when mated with type N sires (Table 1), contributed
positively to increase the WW210 average, due to the maternal
heterosis that these cows offer which can increase the potential
gain in weaning weight (Table 3). A contrary outcome would
be observed in the WW210 average of progenies from type C
sires with type N cows, because no gain derived from the maternal
heterosis would be expected. Following this reasoning, it is
important to note that the WW210 average of progenies from
type N cows presented up to 21.98 kg less than obtained in case
of crossed cows.

The greater number of animals in type N is due to the
Brazilian breeders’ preference for B. indicus animals, specifically,
Nelore animals as the breed represent approximately 80% of the
national beef cattle herds (IBGE, 2016). The preference for the
Nelore breed is due to its rusticity and resistance to tropical para-
sites, which benefits the production and management of Nelore
animals under tropical environments.
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Similar results regarding the sire’s biological type were
reported by Baker et al. (2001) in crossbred cattle originated
from the mating of type B cows or crossbred cows (½N|½B and
3/4B|1/4N) with type B, type N and type A sires. These authors
observed that progenies of type B and type N sires were weaned
heavier than progenies of type A sires. Fialho et al. (2015)
observed no significant difference for adjusted weaning weight
between Nelore and Aberdeen Angus progenies; however, super-
iority was observed for progenies from British (Red Angus) and
Brangus sires, a composite breed, when compared to progenies
from the crosses of Nelore sires with females Nelore, Brangus,
Wayu and ½Brangus|½Nelore.

Although most sires from the Adapted group were crossed
with ½C|½N females (Table 1) to generate heterosis retention,
progenies from this cross presented low WW210 average, 20 kg
below the average found in progenies of the British sires. The
results indicated that using biological type A sires has no positive
impact on the WW210 in calves of this population. Similar results
were reported in a crossbred population descendant of a taurine
adapted breed (Senepol) and females of biological type N,
which is considered a viable cross for improving meat quality
traits; however, no significant difference was observed for growth
traits (Schatz et al., 2014). Higher weaning weight was reported in
progenies of sires of biological type N or B in comparison to type
A sires, when they were mated with type B cows or crossed cows,
1/2N1/2B and 3/4B1/4N (Baker et al., 2001). The authors
observed a low growth rate for progenies from Senepol bulls
until weaning.

The pre-weaning weight gain of calves is associated with their
genetic potential and the environment in which they are raised.
Differently from the sire contribution, the cow has an environ-
mental contribution to the progeny. Considering the calf is mono-
gastric in the early stages of life, its feeding depends only on the
milk provided by the cow, i.e. the maternal ability of the cow,
which is responsible for the calf development. Therefore, the
cow is the major environmental factor especially during the pre-
weaning period (Cerdótes et al., 2004). However, since the ani-
mals were raised in tropical savannah conditions, after 3 months
of age, milk is not sufficient to meet the calves requirements to
support the potential growth (Carvalho et al., 2019), thus they
were supplemented in creep feeding system in order to obtain
calves with greater weights at weaning. According to Carvalho
et al. (2019), creep feeding systems can increase weaning weight
up to 30 kg on average. The results for dam’s biological type
showed that progenies from females crossed with British breeds
(½B|½N) presented higher WW210 means (Table 3). This

superiority found in crossbred cows may be associated with the
lower frame of the British breeds compared to the Continental
breeds, reflecting a lower energy requirement for body mainten-
ance, which could be available for milk production. Studies
showed that crossbred cows produce more milk than purebred
cows (Williams et al., 2010; Leal et al., 2018; Mendonça et al.,
2019), evidencing the positive effect of crossbreeding on milk pro-
duction and consequently on the calf development.

Progenies from crossbred cows gained on average 8.7% more
weight from birth to weaning compared to progenies from pure-
bred cows. The increase in WW210 justifies the maintenance of
F1 crossbred cows in the herds to improve production.
Williams et al. (2010) and Leal et al. (2018) also observed that
crossbred cows B × N and C ×N had a positive effect on
WW210. Similarly, Teixeira and Albuquerque (2005) reported
an average 11.2% higher in daily gain from birth to weaning in
progenies of crossbred cows Nelore × Angus and Nelore ×
Hereford compared to progenies of pure female Nelore, Angus
and Hereford. Therefore, our findings demonstrated additional
gains in weaned calves being interesting in breeding programmes
to explore the sire’s biological type together with the maternal
heterosis. The cow’s maximum heterosis will be obtained by taur-
ine and zebu crossbreeding and will bring great gains for the pro-
geny due to the genetic distancing between the breeds.

Another important factor to be considered is the dam’s age
class at calving as it influences milk yield (Euclides Filho et al.,
1998; Cerdótes et al., 2004). The results showed that the highest
WW210 means were obtained for adult cows, at 6 and 7 years
of age at calving (Fig. 1(a)). These ages coincide with the physio-
logical maturity of the cow, favouring the calves weights. Younger
cows (between 3 and 4 years old) usually are primiparous and
need to mobilize energy for both their own growth and milk pro-
duction, reflecting in lower values of WW210 of their calves. The
obtained results agree with other findings in Tabapuã and Nelore
cows (Sakaguti et al., 2002; Júnior et al., 2004, respectively). Both
studies suggested that cow age at calving influences calf growth
and development, and adult cows at ages of 6–8 years weaned
heavier calves.

According to Cerdótes et al. (2004), the ideal age of the dam
for calving is around 7 years, and progenies born from cows
before or after this age do not perform well at the weaning period
due to cow’s physiological condition. Cow age should then be
considered in the selection of animals. In crossbred cattle popula-
tions raised in Tropical Savanna climate in the Midwest region of
Brazil, the decision to discard cows while selecting future dams
must consider other economically important traits such as

Table 2. Descriptive statistics of the posterior estimates of variance components and direct and maternal heritabilities for weaning weight

Parameter Mean Median Mode HPD 95% ESS
Geweke
diagnosis

Va2 186 ± 15.1 185.9 183.2 156.5–215.7 2317.9 0.00

Vm2 42 ± 8.1 41.9 42.76 25.1–56.7 190.7 −0.11

Vep2 9 ± 6.1 7.5 3.26 0.31–20.1 94.4 0.20

Ve2 174 ± 11.2 174.4 173.0 152.80–196.7 3555.5 −0.02

h2a 0.5 ± 0.04 0.45 0.50 0.39–0.52 – –

h2m 0.1 ± 0.02 0.10 0.05 0.06–0.14 – –

HPD 95%, 95% highest density intervals; ESS, effective sample size; Va2, direct additive genetic variance; Vm2, maternal additive genetic variance; Vep2, permanent environment maternal
variance; Ve2, residual variance; h2a, direct additive heritability; h2m, maternal additive heritability.
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longevity and fitness. However, for cows over 7 years old, if they
do not provide a satisfactory milk yield, their possible discard
should be evaluated.

The sire’s and dam’s biological type directly influence the pro-
geny heterozygosis, as previously discussed. These factors have a
positive effect on the individual performances for WW210.
Mating breeds with greater genetic distance should provide max-
imum heterozygosis expression in the progeny (Mourão et al.,
2007; Williams et al., 2010; Leal et al., 2018). Maximum heterozy-
gosis also makes it possible to explore the complementarity
between breeds. In Tropical Savannah conditions, crossbreeding
enables the obtention of animals that are productive and still
resilient to climate challenges. The estimated individual heterozy-
gosis effect was 25.98 kg in the studied crossed population (Fig. 1
(b)); considering that the mean value for WW210 was equal to
227.49 kg in this population, the estimate of heterozygosis repre-
sents an increase of 11.42% in WW210 for F1 calves.

The use of bulls N and ¼N|¼A|¼B|¼C in crosses implies the
loss of heterozygosis and lower WW210 values compared to animals
with heterozygosis equal to 1 because mated cows also have a pro-
portion of N in their composition. For this reason, the mentioned
biological types should be avoided in sires. Kippert et al. (2008)
observed a positive effect on individual heterozygosis in terms of
weaning weight in crossings between the biological types B ×N
(13.29 kg). The values of the heterozygosis observed in the present
study showed that maintaining high levels of direct heterozygosis
is desirable, since it provides benefits in the weaning weight of calves.

The posterior mean estimate of h2a was high, indicating that
genetic progress is expected by the selection of WW210 in this
crossbred cattle population. The h2a for weaning weight was higher
in the presented study when compared to that found by Montaldo
and Kinghorn (2003) (0.38), Mourão et al. (2007) (0.36) and
Grigoletto et al. (2019) (0.30) in crossbred and composite
populations.

The high magnitude of direct heritability obtained in the cur-
rent study can be explained in part by the animals’ management

since we considered the paddock’s management group until
weaning in the formation of CGs. The paddock’s management
group until weaning was considered due to the possibility of dif-
ferences in the quality of pastures from different paddocks in the
studied farm. According to Bourdon (2000), one important way
to increase heritability estimates is to make the environment as
similar as possible. The same author described that environmental
differences in weaning weight in beef cattle can be minimized by
offering the animals pastures of similar quality and providing the
same health management. Demeke et al. (2003) explained that the
high standard of calf management as well as environmental stress
highly affects the magnitude of additive genetic variance for traits
in crossbred cattle populations. Other factors that can affect the
identification of genetic variation in a given trait are the animals’
management criteria, the statistical model, the methodology
adopted to obtain variance components, and the additive genetic
differences between the breeds considered in the crosses.

The posterior mean estimate of the heritability of maternal
genetic effect was low (0.10) (Table 2). In multibreed beef cattle
populations, Mourão et al. (2007), Vergara et al. (2009) and
Grigoletto et al. (2019) reported h2m close to the value obtained
in our population, with the values of 0.14, 0.11 and 0.12, respect-
ively. Direct and maternal heritability estimates are influenced by
the data set structure, mainly by the proportion of dams with
known phenotypic information and the number of progenies
per dam. Boligon et al. (2012) mentioned the inclusion of dams
with phenotypic performance in data sets with few progenies
per dam (1–3) can result in the increase of direct heritability
for weaning weight. Therefore, the structure of our data may
have influenced the observed heritability estimates.

The heritability estimates for the direct and maternal effect on
WW210 indicate that a large portion of the genotypic variance of
this trait must be from direct additive genetic origin, with a
slightly maternal contribution. This confirms that WW210 should
respond to selection and can be used as selection criteria in ani-
mal breeding programmes for the selection of heavier animals.

Table 3. Adjusted means and standard deviations for weaning weight (WW210) of progenies according to the sire’s and dam’s biological type [left], and differences
between adjusted means according to biological types for sires and dams, with 95% confidence interval (95% CI) for WW210 [right]

Biological typea WW210 ± S.D. Biological types contrastb
Differences with 95% CI for

WW210

Sire B v. C 11.10 11.35

B v. A 20.35 20.50

N 205 ± 13.3 B v. N 0.74 0.94

A 185 ± 13.3 B v. ¼N|¼A|¼B|¼C 6.51 6.72

B 206 ± 13.3 N v. C 10.23 10.55

C 195 ± 13.5 N v. A 19.47 19.70

¼N|¼A|¼B|¼C 199 ± 13.5 N v. ¼N|¼A|¼B|¼C 5.66 5.90

¼N|¼A|¼B|¼C v. C 4.46 4.76

¼N|¼A|¼B|¼C v. A 13.71 13.90

C v. A 9.07 9.32

Dam N 206 ± 11.7 1/2B1/2N v. N 21.79 21.98

½B|½N 228 ± 11.9 1/2B1/2N v. 1/2C1/2N 4.43 4.59

½C|½N 223 ± 11.7 1/2C1/2N v. N 17.32 17.43

aFor abbreviations, see Table 1.
bAll the comparisons were statistically significant at the 5% significance level (t test, P < 0.05).
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Conclusions

Sire’s and dam’s biological types influence the WW210 of the
crossed progenies. Crossbred cows ½B|½N and ½C|½N produce
heavier calves when compared to biological type N cows. Better
performance of the progeny at weaning was observed for cows
at the ages of 6 and 7 years due to their physiological conditions.

Direct and maternal heritability estimates confirmed the pos-
sibility of selection for WW210 in crossbred cattle, allowing to
choose the lines of sires and dams that could be used to make
the crosses, with the intention to obtain progenies with better per-
formance for weaning weight. It is important to prioritize the
matings of genetically distant parents in order to explore the max-
imum heterozygosis.
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