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Introduction

One of the purposes of a breeding program is to provide breeders with genetic evaluations for
traits that are demanded by the producers themselves, helping them to achieve their selection
objectives. In the Brazilian beef cattle industry, Nellore cattle (Bos taurus indicus) is the
predominant genetic group, forming the foundation of the national herd and being widely used
in extensive systems due to their adaptability, heat tolerance, and efficiency in tropical
environments. Currently, more than 80% of Brazil’s beef cattle population is purebred or
crossbred animals with Nellore ancestry (Pereira ef al., 2024).

Reproductive efficiency is a key determinant of profitability in the beef cattle industry. In
Nellore cattle, however, the average age at first calving is still relatively high, close to 40
months (ABCZ, 2026). As a result, improving sexual precocity and overall reproductive
performance has been a priority in breeding programs.

Within this context, the probability of calving by 30 months of age (PC30) has been proposed
as a selection criterion for the Nellore breed, aiming to promote earlier reproduction and
increase herd efficiency. Considering the importance of this trait and its potential impact on
production efficiency, the objective of this study was to estimate genetic correlations between
PC30 and traits which have been adopted as selection criteria by the Embrapa Geneplus
Program.

Materials & Methods

The Embrapa Geneplus Program provided the dataset and pedigree information. A total of 2
million animals were present in the pedigree. The PC30 was calculated for all females with a
valid record of weaning weight: females that calved by 30 months of age were assigned as two,
while those that did not calve by that age were assigned as one. The other traits evaluated was
birth weight (BW), weight at 120 days of age (W120), weaning weight (WW), yearling weight
(YW), slaughter conformation at yearling (SCY), ribeye area (REA), backfat thickness (BFT),
scrotal circumference (SC), age at first calving (AFC), and stayability (STAY). Descriptive
statistics of all traits after data editing are shown in Table 1. Contemporary groups (CG) for
BW and STAY were defined by animals of the same sex, born in the same year and season,
and raised on the same farm. For W120 and WW, pre-weaning and weaning management
groups, respectively, were also included in the CG definition. For PC30 and AFC, the same
CG used for WW was adopted. For yearling traits (YW, SCY, REA, BFT, and SC), yearling
management groups were also considered. Only records from CGs with at least 20 animals
were used in the analyses, except for PC30, which had a minimum of 5 animals per CG.
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Table 1. Summary statistics of the dataset for each evaluated trait, considering the number of
animals (N), minimum (Min), maximum (Max), mean (or prevalence), standard deviation
(sd), and the number of contemporary groups (CG)

Trait N Min Max Mean sd CG
BW (Kg) 1,048,134 21.00 43.00 32.07 3.62 18,127
W120 (Kg) 542,244 64.00 203.72 131.69 21.58 12,061
WW (Kg) 643,688 97.61 346.41 208.65 35.56 14,305
YW (Kg) 612,475 133.39 666.33 319.01 73.352 12,101
SCY? 179,715 1 6 - - 3,183
REA (cm?) 111,709 25.02 109.24 60.33 12.88 2,007
BFT (mm) 82,799 1.21 7.06 2.64 0.77 1,633
SC (cm) 223,455 13.00 42.10 26.98 4.54 4,241
AFC (months) 60,419 19.93 53.11 35.06 6.60 1,681
STAY (%) 190,700 1 2 37.17 - 3,536
PC30 (%) 24,622 1 2 46.06 - 1,109

'BW: birth weight, W120: weight at 120 days, WW: weaning weight, YW: yearling weight, SCY: slaughter
conformation at yearling, REA: ribeye area, BFT: backfat thickness, SC: scrotal circumference, AFC: age at
first calving, STAY: stayability and PC30: probability of calving by 30 months of age.

2 score ranging one to six, according to the methodology described by Rosa et al. (2003).

Genetic parameters were estimated using single-trait animal models for heritability estimation
and two-trait animal models for genetic correlation estimation. The CG was included as a fixed
effect for all traits. For maternal traits, the fixed effects also included age of the dam
concatenated with calf sex. Age of the animal at recording was fitted as a covariate (linear and
quadratic effects) for W120, WW, YW, SCY, REA, BFT, and SC. The models also included
the random effects of the animal’s additive genetic effect and, for maternal traits (BW, W120,
and WW), maternal genetic and permanent maternal environmental effects. The estimation was
performed using the blupf90+ software (Lourenco et al., 2022).

Results & Discussion

Estimates of heritability and genetic correlations for the evaluated traits are presented in Table
2. The heritability estimate for PC30 was low (0.06 £ 0.01), which is consistent with many
reproductive traits in beef cattle that typically exhibit low genetic variance compared to growth
traits due to strong environmental influence and management practices, reflecting the
complexity of biological processes underlying fertility and the impact of non-genetic factors
on these traits (Mota et al., 2017).



Table 2. Direct (h?’d) and maternal (h?m) heritability estimates and proportion of maternal
permanent environmental variance to total variance (c?) for the traits evaluated, and genetic
correlation between direct (rg) and all traits and PC30, and genetic correlation between the
direct effect of PC30 with maternal effects of BW, W120 and WW (rgm) effects, and
standard deviation (sd).

Trait! h2d (sd) h?m (sd) c? (sd) rg (sd) rgm (sd)
BW 0.20 (0.01) 0.06 (0.01) 0.03(0.01)  -0.09 (0.07) -0.21 (0.08)
W120 0.19 (0.01) 0.11(0.01) 0.16 (0.01) 0.04 (0.08)  -0.16 (0.07)
wWWwW 0.15(0.01) 0.09 (0.01) 0.18 (0.01) 0.04 (0.08) -0.20 (0.07
YW 0.32 (0.01) - - 0.04 (0.06) -
SCY 0.26 (0.01) - - 0.27 (0.08) -
REA 0.37 (0.01) - - 0.06 (0.08) -
BFT 0.16 (0.01) - - 0.30 (0.10) -
SC 0.45 (0.01) - - 0.19 (0.07) -
AFC 0.03 (0.01) - - -0.95 (0.05) -
STAY 0.08 (0.01) - - 0.47 (0.09) -
PC30 0.06 (0.01) - - - -

' BW: birth weight, W120: weight at 120 days, WW: weaning weight, YW: yearling weight, SCY: slaughter
conformation at yearling, REA: ribeye area, BFT: backfat thickness, SC: scrotal circumference, AFC: age at
first calving, STAY:: stayability and PC30: probability of calving by 30 months of age.

The genetic correlations between PC30 and the direct effects of growth traits (BW, W120,
WW, and YW) were low or zero, meaning that selection for reproductive precocity would
likely have little direct impact on growth performance. Similar findings have been reported in
other studies where reproductive traits showed weak genetic correlations with growth in beef
cattle, suggesting independent genetic control of reproductive and growth traits (Boligon and
Albuquerque, 2011; Caetano et al., 2013; Lopez et al., 2020). This implies that selection for
earlier reproduction would not compromise or improve growth performance, which is
beneficial if both goals are targeted simultaneously within a breeding program.

In the context of maternal effects, genetic correlations between PC30 and maternal effects for
BW, W120, and WW were slightly negative but low. It suggests that selection for reproductive
precocity may not strongly alter maternal growth contributions, which is aligned with
Mercadante, Lobo, and Oliveira (2000), where maternal effects showed weak genetic
correlation with age at first calving.

Carcass traits (REA, BFT, and SCY) also exhibited low genetic correlations with PC30,
suggesting that reproductive precocity does not affect the carcass traits. Although moderate
correlations between growth and carcass traits have been reported in the literature (Wenceslau
et al., 2012; Marestone et al., 2022), the relationships between reproductive precocity and
carcass attributes are generally weak, indicating that selection for reproductive precocity
should not affect carcass traits (Yokoo et al., 2015).

As expected, the genetic correlation between PC30 and AFC was favorable and strongly
negative (—0.95 + 0.05). A negative correlation with AFC indicates that animals that are likely
to calve by 30 months of age tend to also have younger age at first calving, reinforcing the
potential of PC30 as a selection criterion for female reproductive precocity. The relationship
between traits indicating early puberty, age at calving, and reproductive efficiency measures,
shows that selecting for one sexual precocity trait can lead to correlated improvements in
related reproductive traits (Mota et al., 2024).



Furthermore, the moderate and favorable genetic correlation observed between PC30 and
stayability (0.47 + 0.09) suggests that heifers that calve earlier tend to remain productive in the
herd longer. This is biologically meaningful because early calving heifers that continue to
conceive and produce calves are inherently more profitable due to increased lifetime
productivity.

Overall, PC30 proved to be a useful indicator of reproductive efficiency, as it was largely
independent from growth and carcass traits and showed a very strong and favorable genetic
correlation with AFC. This relationship indicates that both traits describe the same biological
process of sexual precocity, although expressed on different scales. The heritability estimate
for AFC (0.03 +0.01) in this population was lower than the heritability estimate for PC30 (0.06
+ 0.01). In this context, PC30 represents an attractive alternative or complementary trait to
AFC, because it is expressed earlier in life and directly reflects the probability of reproductive
success at a biologically and economically relevant age.

Conclusion

The weak genetic correlations between PC30 and growth and carcass traits suggest that
selection for earlier calving is unlikely to adversely affect performance in these traits. In
contrast, the strong and favorable genetic correlation between PC30 and AFC, together with its
favorable association with STAY, indicates that PC30 is a suitable and practical indicator of
female reproductive efficiency. Therefore, selection based on PC30 may allow earlier
identification of superior females, while still capturing the genetic information associated with
age at first calving. This supports the use of PC30 as a practical selection criterion to improve
reproductive precocity in Nellore cattle and can be used as an alternative or complementary
trait to AFC in Nellore breeding programs.
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