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Abstract: The aim was to identify predictive traits of relatively easy measurement and which can be 
recorded early in life (age at first conception - AFCo), besides estimating its genetic correlations with 
growth and carcass traits in Nellore cattle. Age at first conception was considered the age at which the 
female had the first positive diagnosis for pregnancy. The estimation of (co)variance components and 
genetic parameters was performed using a linear animal model in two-trait analysis. The estimates 
of heritability were moderate, enabling genetic selection for growth-, carcass-, and sexual precocity-
related traits. The genetic correlation obtained between AFCo and age at first calving (AFCa) was high 
(0.88), indicating the feasibility of using AFCo as a selection criterion for early calving heifers. Genetic 
correlation estimates between AFCo and AFCa with weight at 120, 210, 365, and 450 days of age and 
carcass traits were moderate and negative (-0.33 to -0.62). Thus, genetic selection for animals with 
early AFCo and AFCa would enhance carcass yield, fat deposition, and growth performance, despite 
not affecting birth weight or daily weight gain. The results of this study encourage the use of AFCo in 
Nellore cattle since this trait displayed enough genetic variability in Nellore cattle, and can be used as 
selection criteria to improve sexual precocity. When the objective of genetic selection is to increase 
heifer sexual precocity, we could use the first trait as a criterion, as the measurement of this trait 
occurs at a lower AFCa.

Keywords: Bos indicus; carcass quality; genetic parameters; productive traits; sexual precocity

Resumo: Objetivou-se identificar características indicadoras de precocidade sexual de fácil 
mensuração e que podem ser registradas em menor idade (idade à primeira concepção - IPC), além 
de estimar as correlações genéticas dessa característica com aquelas de crescimento e carcaça em 
bovinos Nelore. A IPC foi considerada a idade em que a fêmea apresentou o primeiro diagnóstico 
positivo de prenhez. A estimativa dos componentes de (co)variância e dos parâmetros genéticos foi 
realizada usando modelo animal linear em análises bicaracterísticas. As estimativas de herdabilidade 
foram moderadas, indicando viabilidade de seleção genética para características de crescimento, 

https://doi.org/10.1590/1809-6891v25e-75632E
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0007-8773-0768
https://orcid.org/0000-0003-4094-2011
https://orcid.org/0000-0001-6621-7315
https://orcid.org/0000-0001-6016-5817
https://orcid.org/0000-0003-1292-3331
https://orcid.org/0000-0002-7274-0134
https://orcid.org/0000-0002-7274-0134


Ciência Animal Brasileira | Brazilian Animal Science, v.25, 75632E, 2024. 

Brunes L C et al., 2024. 

carcaça e precocidade sexual. As correlações genéticas obtidas entre o IPC e a idade ao primeiro parto 
(IPP) foram altas (0,88), indicando a viabilidade do uso de IPC como critério de seleção para parto 
em idade precoce de novilhas. As estimativas de correlações genéticas entre IPC e IPP com peso aos 
120, 210, 365 e 450 dias de idade e características de carcaça foram moderadas e negativas (-0,33 a 
-0,62). Assim, a seleção genética para animais com IPC e IPP precoces aumentaria o rendimento de 
carcaça, a deposição de gordura e o peso corporal, embora não afete o peso ao nascer e o ganho 
de peso diário. Os resultados deste estudo encorajam o uso de IPC em bovinos Nelore, uma vez 
que esta característica apresentou variabilidade genética em bovinos Nelore, podendo ser utilizada 
como critério de seleção para melhorar a precocidade sexual. Quando o objetivo de seleção genética é 
aumentar a precocidade sexual das novilhas, indica-se o uso de IPC como critério, pois a mensuração 
desta característica ocorre em idade menor IPP.

Palavras-chave: Bos indicus; características produtivas; parâmetros genéticos; qualidade de carcaça; 
precocidade sexual

1. Introduction
Beef cattle breeding programs have placed greater emphasis on growth traits in relation 

to those related to carcass, fertility, and sexual precocity. However, selection for enhanced 
growth-related traits can result in a negative impact on carcass and sexual precocity-indicator 
traits since heavier animals at the same age are later-maturing, or large frame, with learner 
carcasses and delayed occurrence of puberty(1–3). In addition, including genetic selection for 
carcass quality can increase the profitability of systems(4) since meat and carcass attributes 
affect consumer acceptance and purchase intention(5). 

Female sexual precocity-indicator traits have a great impact on the productivity of cow–
calf systems(6). Beef cattle profitability is associated with reduced onset of females’ maturity 
since it allows for a greater number of calves to be produced per cow and increased productive 
longevity(6–9). Heifers that calve earlier during the calving season have heavier calves and a longer 
post-partum recovery time, resulting in increased chances of displaying early pregnancies in 
subsequent breeding seasons(10,11). Thus, the genetic improvement of heifers’ sexual precocity 
allows optimizing the productive cycle, and, in a beef cattle production system, economic 
sustainability is related to growth, reproductive efficiency, carcass, and production(12).

Genetic selection for sexual precocity is carried out indirectly considering scrotal 
circumference (SC), which is easily obtained in males and shows high heritability; however, it 
is a sex-limited trait(6,13). The target of sexual precocity selection is to reduce the age at puberty, 
but the identification of the onset of puberty in heifers is complex, requiring management 
for the detection of the first ovulation, i.e. the use of hormone measurement, which entails 
additional production costs(8).

A way to optimize genetic selection for sexual precocity through traits measured directly in 
heifers that display a high and favorable correlation with age at puberty and increasing genetic 
gain, such as age at first conception (AFCo) and age at first calving (AFCa)(6,13,14). Age at first 
conception, measured considering the difference between the birth date and the date at the 
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first positive pregnancy diagnosis heifer, is easy to asses for all heifers, dispensing with the 
use of penalties for heifers that did not calve. Age at first conception does not depend on 
gestation length, unlike AFCa. Performing pregnancy diagnosis is a common practice in beef 
cattle selection herds. Heifer pregnancy displays moderate-to-high additive genetic variability, 
warranting the use of this trait as a selection criterion in Nellore cattle breeding programs(6). This 
trait is evaluated commonly as a binary trait and is known as “early calving at 30 months” (EC30)
(6). It often relies on Bayesian inference based on preliminary knowledge (a priori distribution)
(15), which is associated with the highest computational demands(16). Difficulty in achieving the 
convergence criteria has also been reported when evaluating the genetic correlation between 
EC30 and other traits(17). Therefore, evaluating heifer pregnancy using AFCo can be an alternative 
to facilitate genetic evaluation and expand genetic selection for sexual precocity. This is a 
quantitative and easy-to-measure trait in the herd since it is part of routine data collection. 
Additionally, AFCo has an advantage over AFCa since AFCo is evaluated before the first calving.

Several studies have shown that SC has a high correlation with EC30 and productive traits, 
such as weight at 120 (W120) and 450 days of age (W450) (0.30 to 0.66), in beef cattle(6,17–19). 
However, SC has a low correlation with carcass traits, such as rib-eye area (REA), backfat 
thickness (BF), and rump fat thickness (RF) in beef cattle(6,17–19). Low genetic correlations were 
also reported between AFCa and productive traits, although the genetic correlation estimates 
between AFCa and carcass traits show a broad variation in beef cattle(6,17–20).

To the present date, the relationships between easy-to-measure traits of female sexual 
precocity, such as AFCo, and productive and carcass traits using Zebu cattle in grazing systems 
have not been fully explored. For AFCo, an evaluation is necessary to expose heifers to mate 
at the same age and perform pregnancy diagnosis, which may imply a higher evaluation cost 
than the AFCa. However, the early identification of precocious females can reduce production 
costs, through the culling of late heifers. 

Before recommending producers to include genetic selection for AFCo and AFCa in their 
breeding programs, it is vital to understand the genetic relationship of these two efficiency 
traits with other traits of economic importance, such as growth and carcass quality traits. This 
study hypothesizes that genetic selection to obtain earlier heifers can be carried out using AFCo 
as a selection criterion without unfavorable effects on other profitability traits. Thus, this study 
aimed to identify predictive traits of relatively easy measurement recorded early in life (AFCo), 
besides estimating their genetic correlations with growth and carcass traits in Nellore cattle.

2. Material and methods
2.1 Phenotypic data and evaluated traits

The collection of phenotypic information is not categorized as an experiment as the 
interventions are related to farming practices according to law No. 11.794 (October 8th, 2008; 
subsection VII of § 1o of clause 225 of the Brazilian Federal Constitution), which lays down 
procedures for the scientific use of animals. Hence, this study was not submitted to an ethics 
committee, considering that a data set from a commercial production system was used.
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The data used in this study were provided by Vera Cruz Farm, which is based on the 
semi-extensive production and grazing system and is located in the state of Mato Grosso, 
Brazil, and by the Nellore Brazil Genetic Improvement Program, coordinated by the National 
Association of Breeders and Researchers (ANCP). Since 2009, the evaluated herd has been 
subjected to selection for sexual precocity using AFCo as a selection criterion. The dataset 
included 4,081 field records from animals born between 2009 and 2015. Additionally, the 
ANCP provided a pedigree data set with 11,198 animals, which was used to compose the 
relationship matrix. The pedigree data included 1,606 sires and 6,129 dams with progeny. 
On average, each dam and sire had 2.10 and 6.13 progeny, respectively. The animals that 
composed the dataset had an average inbreeding coefficient of 0.041%.

The animals were weighed every 90 days, from birth to 18 months of age. The mating 
season was from November to February, using fixed-time artificial insemination for all heifers 
and one natural mating after the second artificial insemination. The heifers were exposed to 
service at 11 months of age and when their minimum weight was at least 250 kg, so all heifers 
in the evaluated herd were challenged for sexual precocity. All heifers were subjected to the 
same reproductive management without evaluating the manifestation of the first estrus. All 
heifers were subjected to the same synchronization protocol. Heifers which became pregnant 
at 20 months were classified as precocious; otherwise, they were classified as conventional. 
All records for early and conventional heifers were analyzed. The births occurred annually 
between August and November, with calves being weaned at 240±30 days of age, on average. 

Despite affecting reproductive performance, the traits that specifically indicate the onset 
of a female’s reproductive activity were considered sexual precocity indicators, which were 
AFCo and AFCa. Age at first conception was considered the age, in months, at which the 
female had the first positive diagnosis for pregnancy. Pregnancy diagnosis was performed 
by the same veterinarian using ultrasound examinations performed on the 28th day post-
artificial insemination, using a 7.5MHz linear array transducer. The observation of allantoic 
fluid or a visible embryo yielded a positive gestation diagnosis(21). Age at first calving was 
calculated, in months, as the difference in days between the date of the first calving and the 
date of the dam’s birth. The differences between AFCo and AFCa, that is, heifers that had an 
early pregnancy but did not calve can be attributed to different factors, such as embryonic 
loss, and voluntary abortion, among other factors intrinsic to females.

Seven productive traits were included in these analyses: birth weight (BW), weight at 120 
days of age (W120), weight at 210 days of age (W210), weight at 365 days of age (W365), and 
weight at 450 days of age (W450), and pre (PREWWG) and post-weaning (POSTWWG) daily 
weight gain. The standardized weight and daily weight gain were calculated according to the 
method proposed by Garnero et al.(22). Six carcass traits were included in the analyses: REA, 
BF, RF, marbling (MAR), hot carcass weight (HCW), and edible weight (EW). Rib-eye area, BF, 
RF, and MAR were obtained by ultrasound evaluation (Aloka 500 SSD with transducer 3.5 
MHz) as described by BIF(23). Rib-eye area (evaluated in cm2), BF (measured in millimeters, 
mm), and MAR (%) were measured between the 12th and 13th ribs on the Longissimus dorsi 
muscle. Rump fat thickness (obtained in millimeters, mm) was measured at the intersection 
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of the Gluteus medius and Biceps femoris muscles, located between the ileum and ischium 
bones. Hot carcass weight and EW were estimated using equations based on the phenotypic 
measurements of REA, BF, RF, and weight measured on ultrasound day(24). 

2.2 Statistical analysis and genetic parameter estimates

Fixed effects were tested for significance (P < 0.05) using the lm function with R software(25). 
The effects tested for each evaluated trait were year and season of birth, sex, management 
lot, bull, animal age, and dam age. Hence, the contemporaneous groups (CG) were composed 
of animals of the same sex, born in the same year-season, and receiving the same feed 
management. Preliminary analyses were conducted with R statistical software(25). In data 
editing, the following were eliminated: data lower and higher than 3.5 standard deviations of 
the mean of their CG; CG with less than four animals; and sires with less than five progeny. 

We also tested the connectedness between CGs based on the total number of genetic 
ties. The existence of at least 10 ties was considered a restriction using the AMC program(26). 
After the AMC analysis, final report, data, and relationship files were prepared, including 
only connected CGs. Genetic analyses involved a record file with 4,081 observations and a 
relationship file with 11,198 animals, considering six generations in the relationship matrix. 
Table 1 shows the trait-by-trait distributions.

Table 1. Number of records (N), mean, standard deviation (SD), coefficient of variation (CV), 
minimum and maximum, number of contemporary groups (CG), and number of animals per CG for 
growth, carcass, and sexual precocity-indicator traits in Nellore cattle

Trait N Mean Minimum Maximum SD CV (%) N CG N animals/CG

BW (kg) 4081 34.10 23.00 45.00 2.92 8.56 186 22

W120 (kg) 3158 134.03 68.00 193.21 18.43 13.75 203 16

W210 (kg) 3222 203.67 102.00 308.00 28.59 14.04 217 15

W365 (kg) 2846 283.85 132.00 433.00 48.63 17.13 216 13

W450 (kg) 2157 324.15 172.00 481.00 55.51 17.12 157 14

PREWWG (kg) 3070 0.79 0.07 1.71 0.20 25.32 200 15

POSTWWG (kg) 2051 0.54 0.04 1.36 0.21 38.92 113 18

REA (cm2) 1906 55.87 24.46 96.07 9.85 17.63 61 31

BF (mm) 1844 2.63 0.27 8.83 1.35 51.55 61 30

RF (mm) 1299 3.41 1.02 12.74 1.77 52.05 61 21

MAR (%) 1137 2.24 1.00 4.94 0.83 37.05 61 19

HCW (kg) 1952 207.83 93.95 358.65 42.31 20.36 58 34

EW (kg) 1952 82.15 34.06 143.75 17.23 20.97 58 34

AFCo (months) 1695 22.03 11.33 40.95 5.95 27.01 101 17

AFCa (months) 1490 33.14 21.13 48.33 5.62 16.97 101 15

BW: birth weight; W120: weight at 120 days of age; W210: weight at 210 days of age; W365: weight at 365 days of age; 
W450: weight at 450 days of age; PREWWG: pre-weaning daily weight gain; POSTWWG: post-weaning daily weight gain; 
REA: rib-eye area; BF: backfat thickness; RF: rump fat thickness; MAR: marbling; HCW: hot carcass weight; EW: edible weight; 
AFCo: age at first conception; AFCa: age at first calving.
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Traits were analyzed using single- and two-trait animal models. The two-trait analyses 
were performed to estimate covariance and genetic and phenotypic correlations between 
the evaluated traits. The animal model was based on the restricted maximum likelihood 
method, which uses a derivative-free algorithm, available in the REML (restricted maximum 
likelihood) and AIREML (average-information – restricted maximum likelihood) of the BLUPF90 
program(27). The convergence criteria were set to 10–12 to ensure convergence in the global 
maximum of the likelihood function. 

For BW, W120, W210, and PREWWG, the model included the direct additive genetic, 
maternal additive genetic, maternal permanent environment, and residual effect as random 
effects and the fixed effects of CG and cow age at calving as covariates (linear and quadratic 
effect). For W365, W450, POSTWWG, AFCo, and AFCa, the model included the direct additive 
genetic and residual effects as random and the CG effect as fixed. For carcass traits, the model 
included the direct additive genetic and residual effects as random and the fixed effects of CG 
and animal age as covariates (linear effect). The animal model equation used was:

where  is the vector of the phenotypes;  is the incidence matrix associating  with ; 
 is the vector of fixed effects, including CG, dam age at calving (BW, W120, and W210), and 

animal age (carcass traits);  is the incidence matrix associating a with ; a is the vector 
of random direct additive genetic effects;  is the incidence matrix associating  with 
, only for BW, W120, and W210;  is a vector of maternal additive genetic effects;  is the 
incidence matrix associating  with , only for BW, W120, and W210;  is a vector of 
maternal permanent environmental effects; and  is the vector of random residual effects. 
It was assumed that E(y) = ; with the direct additive genetic, additive maternal, maternal 
permanent environmental, and residual effects assumed to be normally distributed, with a 
mean of zero and Var(a) = , Var(m) = , Var(mpe) =  and Var(e) = , 
in which , , , and  is the additive genetic, additive maternal, maternal permanent 
environmental, and residual covariance matrix respectively, and I is an identity matrix of 
appropriate order. 

The variance and (co)variance estimates obtained by the AIREMLF90 were used as initial 
values for REMLF90(27), and analyses for parameter estimation were repeated until the results 
remained constant. The standard deviations were obtained for the coefficients of heritability 
and genetic correlations, using the normal multivariate asymptotic distribution, proposed 
by Meyer and Houle(28). Then, the standard error values were divided by the square root of 
the number of observations, yielding the standard deviations. Estimates of heritability as 
well as genetic and phenotypic correlations were computed using the variance components 
from REMLF90(27).
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3. Results
Table 2 shows the variance component estimates, heritabilities, and their respective 

standard errors for growth, carcass, and sexual precocity-indicator traits. Direct heritability 
estimates for growth, carcass, and sexual precocity-indicator traits were moderate. Maternal 
heritability estimates for BW, W120, and W210 were low.

Table 2. Estimation components for additive genetic (σ2a), maternal (σ2m), permanent (σ2pe), 
environmental (σ2e), and phenotypic (σ2p) variances and direct (h2d) and maternal (h2m) heritabilities 
with their respective standard errors (SE) for growth, carcass, and sexual precocity-indicator traits 
in Nellore cattle.

Trait
Genetic parameter

σ2a σ2m σ2pe σ2r σ2p h2d±SE h2m±SE

BW (kg) 1.35 0.22 0.07 1.81 3.45 0.39±0.06 0.06±0.03

W120 (kg) 102.00 24.28 42.09 146.57 314.94 0.32±0.03 0.08±0.02

W210 (kg) 199.05 46.23 64.54 331.64 641.46 0.31±0.04 0.07±0.03

W365 (kg) 214.58 - - 354.35 568.93 0.33±0.03 -

W450 (kg) 316.90 - - 505.49 822.39 0.34±0.07 -

PREWWG (kg) 0.10 0.05 0.05 0.22 0.42 0.23±0.02 0.06±0.03

POSTWWG (kg) 0.08 - - 0.18 0.26 0.27±0.02 -

REA (cm2) 20.07 - - 33.03 53.10 0.39±0.04 -

BF (mm) 0.59 - - 1.16 1.74 0.34±0.03 -

RF (mm) 0.67 - - 1.32 1.99 0.34±0.05 -

MAR (%) 0.23 - - 0.38 0.62 0.38±0.16 -

HCW (kg) 165.63 - - 261.59 427.21 0.39±0.08 -

EW (kg) 60.91 - - 95.55 156.46 0.39±0.08 -

AFCo (months) 3.61 - - 13.34 16.95 0.21±0.08 -

AFCa (months) 4.27 - - 13.40 17.67 0.24±0.08 -

h2d: direct heritability; h2m: maternal heritability; BW: birth weight; W120: weight at 120 days of age; W210: weight at 210 
days of age; W365: weight at 365 days of age; W450: weight at 450 days of age; PREWWG: pre-weaning daily weight gain; 
POSTWWG: post-weaning daily weight gain; REA: rib-eye area; BF: backfat thickness; RF: rump fat thickness; MAR: marbling; 
HCW: hot carcass weight; EW: weight of edible portion; AFCo: age at first conception; AFCa: age at first calving.

The genetic and phenotypic correlation estimates obtained between AFCo and AFCa were 
positive and high (0.88±0.13 and 0.96±0.13, respectively) (Table 3), representing a favorable 
relationship. Table 3 describes the genetic and phenotypic correlation estimates between 
AFCo and AFCa. Favorable genetic correlations were obtained between sexual precocity-
indicator and live weight traits, which were moderate and negative (-0.51 to 0.40), except for 
BW, whose correlation was low. Similarly, daily weight gain displayed low genetic correlations 
with sexual precocity traits, except between AFCa and POSTWWG, which is favorable (-0.33). 
Favorable phenotypic correlation estimates were obtained between AFCo and AFCa with BW, 
W210, W365, and W450, with moderate negative values.
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Table 3. Genetic and phenotypic correlation estimates with their respective standard errors (SE) 
between age at first conception (AFCo) and at first calving (AFCa) with growth traits in Nellore 
cattle.

Trait
Genetic correlation Phenotypic correlation

AFCo AFCa AFCo AFCa

BW -0.17±0.04 -0.15±0.19 -0.63±0.04 -0.52±0.14

W120 -0.41±0.15 -0.48±0.07 -0.25±0.02 -0.21±0.01

W210 -0.40±0.04 -0.45±0.06 -0.52±0.11 -0.51±0.12

W365 -0.43±0.03 -0.49±0.01 -0.56±0.06 -0.42±0.05

W450 -0.51±0.03 -0.43±0.04 -0.50±0.04 -0.47±0.04

PREWWG -0.25±0.02 -0.28±0.02 -0.30±0.04 -0.22±0.12

POSTWWG -0.29±0.03 -0.33±0.01 -0.21±0.03 -0.15±0.12

AFCa 0.88±0.13 - 0.96±0.13 -

BW: birth weight; W120: weight at 120 days of age; W240: weight at 240 days of age; W365: weight at 365 days of age; 
W450: weight at 450 days of age; PREWWG: pre-weaning daily weight gain; POSTWWG: post-weaning daily weight gain.

Overall, favorable genetic and phenotypic correlations between sexual precocity-
indicator and carcass traits were obtained, ranging from -0.62 to -0.33, except for the 
phenotypic correlations for MAR with AFCo and AFCa (-0.22 and -0.17, respectively), which 
were low (Table 4).

Table 4. Genetic and phenotypic correlation estimates with their respective standard errors (SE) 
between age at first conception (AFCo) and at first calving (AFCa) and carcass traits in Nellore cattle.

Trait
Genetic correlation Phenotypic correlation

AFCo AFCa AFCo AFCa

Rib-eye area -0.62±0.19 -0.60±0.11 -0.52±0.11 -0.33±0.01

Backfat thickness -0.45±0.15 -0.48±0.14 -0.49±0.06 -0.47±0.02

Rump fat thickness -0.39±0.15 -0.43±0.14 -0.53±0.06 -0.41±0.03

Marbling -0.33±0.12 -0.37±0.06 -0.22±0.16 -0.17±0.03

Hot carcass weight -0.45±0.17 -0.42±0.09 -0.41±0.11 -0.35±0.01

Edible weight -0.40±0.14 -0.41±0.15 -0.36±0.05 -0.35±0.11

4. Discussion
Regarding BW, a direct heritability estimate of 0.39 (Table 2) was observed, which was 

similar to that reported by Araujo et al.(29) and higher than that reported by Kamei et al.(30) 
in Nellore cattle. Moderate direct heritability estimates were also obtained for weights at 
120, 210, 365, and 450 days of age, which were higher than values reported for Nellore 
cattle by Kamei et al.(30), but similar to those presented by Araujo et al.(29), Bonamy et al.(6), 
and Kluskaa et al.(17). The higher magnitude observed compared to other studies can be 
attributed to the larger proportion of additive variance in relation to environmental variance, 
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considering that the evaluated animals were subjected to uniform management, leading 
to less environmental influence. The evaluated data originate from only one herd, which 
may result in lower environmental variance for birth weight and other live weight traits 
evaluated. Another factor that may have contributed to the higher heritability estimates for 
growth traits is the genetic selection the herd underwent, which considers maternal ability 
and weight traits as selection criteria. 

The use of BW in breeding programs is a crucial factor for calving ease and is directly 
associated with dystocia and perinatal mortality. Therefore, determining the heritability 
estimates of BW might boost economic productivity by improving growth traits and limiting 
associated birth weight problems(4,31). It is even more important considering that heifers 
subjected to selection for sexual precocity are still completing the body development in the 
occurrence of the first calving.

Moderate heritability estimates for pre- and post-weaning weight gains were similar to 
those reported in previous studies with indicine cattle (0.15 to 0.22)(20,32), indicating the further 
scope of genetic improvement through selection in these traits. However, they were lower than 
heritability for live weight, which could be attributed to the greater environmental influence on 
weight gains, considering that these traits are directly influenced by the diet offered. 

Maternal heritability estimates observed for BW, W120, W210, and PREWWG are within 
the range from 0.03 to 0.11 described in the literature for Nellore cattle(17,20,29,30). Despite the 
importance of the inclusion of maternal effects in the genetic analysis and the influence of the 
genetic potential of the dam on pre-weaning performance, as evidenced by the proportion 
of maternal variance in relation to phenotypic variance, the low maternal heritability values 
found may be associated with the higher influence of additive variance on live weight(33). These 
results suggest that BW and weight traits in Nellore would respond sluggishly to selection for 
maternal ability. Nonetheless, the additive genetic and maternal effects must be considered 
when constructing genetic selection indices(4).

Moderate heritability estimates for REA, BF, and RF were consistent with those reported 
in the literature for Nellore cattle, ranging between 0.17 to 0.34(6,17,19,20). Moderate heritability 
estimates for MAR and HCW were also reported by Gordo et al.(34), Tonussi et al.(35), and Weik 
et al.(36) in Nellore cattle. The obtained results indicate that part of the variation in these 
traits is attributed to additive effects, and carcass traits would respond to genetic selection, 
modifying body composition over a short time if selection pressure is intense(20).

Heritability estimates for AFCo are within the range reported in previous studies with 
Nellore cattle where it was evaluated as a binary trait, specifically as the probability of early 
calving (0.21 to 0.37)(6,17,19). For AFCa, the value obtained in this study was higher than values 
(0.08 to 0.16) reported in Nellore cattle(17,20,37,38). On the other hand, it was close to the estimate 
of 0.25 described by Buzanskas et al.(19). Although genetic group differences and large 
unexplainable residual variances bring discrepancies to heritability estimates, the superiority 
obtained for AFCa heritability resulted from the genetic selection imposed on the evaluated 
herd for sexual precocity, as well as the management practice of sexually challenging the 
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heifers since 11 months of age. Thus, if heifers are exposed to reproductive activity at early 
ages, higher heritability estimates would be obtained, as confirmed by Pereira et al.(39), Boligon 
et al.(40), and Heise et al.(41). Moderate estimates of heritability for AFCo and AFCa indicated 
that these traits would respond to genetic selection. Thus, due to the economic importance 
of sexual precocity-indicator traits for the beef production system and the genetic differences 
between individuals, genetic selection can be an effective tool to obtain genetic changes in 
the herd, thus reducing AFCo and AFCa(37).

The differences between AFCo and AFCa, that is, heifers that displayed early pregnancy 
but did not calve, can be attributed to different factors, such as embryonic loss, and voluntary 
abortion, among other factors intrinsic to females. Nevertheless, favorable estimates of high 
genetic and phenotypic correlations between AFCo with AFCa demonstrate that most of the 
genes affect these traits, and genetic selection to reduce age at first conception would also 
reduce age at first calving since the only difference between them is the gestation period. 
These results also demonstrated that AFCo may be a phenotypic indicator of ACFa or vice 
versa, being indicators of heifers that showed the highest sexual precocity. Favorable genetic 
correlations between AFCo, evaluated as the probability of early calving and as a binary trait, 
with AFCa were also reported by Kluskaa et al.(17) and Shiotsuki et al.(42) with Nellore cattle. 
However, the estimates observed in this study show a greater magnitude, resulting from the 
genetic selection imposed on the evaluated herd for sexual precocity. In fact, Boligon and 
Albuquerque(43) stated that genetic correlations are influenced by genetic selection criteria 
adopted in the herd. In addition, when the productive goal is to increase sexual precocity, 
AFCo could be indicated as a genetic selection criterion since this trait is obtained at a younger 
age than AFCa, reducing the time used to identify the earliest heifers.

Although the genetic correlation between BW and sexual precocity-indicator traits was 
low, the phenotypic estimates were favorable, moderate, and negative, i.e. higher birth weights 
are associated with younger AFCo and AFCa. These estimates pointed out that environmental 
and non-additive factors are acting simultaneously on these traits and that a variation in fetal 
development can influence the occurrence of early pregnancy. The relationship between 
these traits may be attributed to the influence that fetal development, reflected in birth 
weight, has on reproductive performance and age at first calving(44). An extensive discussion 
about that can be found in Brunes et al.(45).

The low phenotypic correlations between AFCo and AFCa with W120 may be attributed 
to a greater influence of maternal ability in this growth phase than the environment offered 
to the calf. Hence, milk production influences the growth of calves, and this live weight is 
assessed at the age that coincides with the peak lactation of Nellore cattle(46). The favorable 
and moderate phenotypic and genetic correlations between W210, W365, and W450 with 
sexual precocity-indicator traits indicated that heifers that show higher live weight would also 
be those with a lower age at first conception and calving and that environmental conditions 
that lead to increased live weight can also increase sexual precocity in Nellore heifers. Thus, 
maintaining appropriate live weights in heifers is essential to facilitate successful pregnancy 
and complete it (47). Given that, for the initial ovulation, weight holds more significance than 
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age due to its role in accelerating growth and development, leading to earlier puberty(48), this 
association between genetic and phenotypic traits is well-founded.

In fact, Funston et al.(49) stated that live weight can influence the onset of puberty in 
females, which is dependent on the action of genetic selection. Thus, the moderate genetic 
correlation observed in this study may have resulted from the genetic selection imposed on 
the evaluated herd for sexual precocity, which aims to reduce the age at sexual maturity of 
heifers. However, massive selection for live weight may result in animals with a higher adult 
live weight, larger body size(50,51), and sexually delayed(1). Thus, genetic selection for growth 
and sexual precocity-indicator traits may be recommended. For Nellore cattle, negative 
genetic correlations, but of smaller magnitude between growth traits and AFCo, evaluated as 
a binary trait (EC30), have been reported(6). Negative genetic correlations between AFCa and 
growth traits have also been reported for beef cattle (-0.50 to -0.13)(18,20,43,50). 

The favorable and moderate correlation estimate between AFCa with POSTWWG was 
also reported by Boligon et al.(50) with Nellore cattle, and indicates that additive genes for 
post-weaning weight gain could be connected somehow to those responsible for the sexual 
precocity of the animal. The results obtained indicated that heifers with the highest potential 
for post-weaning daily weight gain are also the most sexually precocious, and this effect 
is more pronounced in the post-weaning phase, which corroborates the descriptions of 
Caetano et al.(20). This pattern may be related to the fact that heifers under selection for 
sexual precocity have not completed their body development and those with a higher post-
weaning weight gain may have better body condition and higher chances of first calving at 
a younger age. Pereira et al.(1) reported that the greater daily weight gain from weaning to 
puberty produced higher live weight and lower age at puberty, which can be related to an 
increase in follicular diameter(52).

The low genetic and phenotypic correlations obtained between AFCo with PREWWG and 
POSTWWG, and AFCa with PREWWG indicated that sexual precocity-indicator traits displayed 
a weak relationship with pre-weaning daily weight gain in Nellore cattle. However, these 
results are different from those observed between AFCa and POSTWWG. This result may be 
due to early post-weaning growth having a more profound effect on reproductive success 
in the first breeding season(53). Therefore, post-weaning nutrition and daily weight gain are 
strategies to improve the economic and biological efficiency of cow-calf production systems, 
advancing the age of heifers at first calving(1).

The favorable (moderate and negative) genetic correlations between REA, BF, and RF 
with sexual precocity-indicator traits suggest that genetic selection for early heifer pregnancy 
would favorably improve performance for carcass traits. The phenotypic selection and 
environmental changes that aim to increase carcass fat thickness and ribeye area would 
increase sexual precocity, suggesting that the REA, BF, and RF of the heifers may be indicative 
of sexual precocity. The greater subcutaneous fat deposition could indicate earlier finishing 
and could result in animals being more sexually precocious(20). Thus, it is possible to improve 
carcass quality and consequently decrease the age at first conception and calving. An 
extensive discussion about that can be found in Brunes et al.(45).
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Similar results for genetic correlation between BF with AFCa(20) and AFCo, evaluated as 
a binary trait(17,54), and REA with AFCa(55) were reported in Nellore cattle. However, conflicting 
results have been reported by Bonamy et al.(6), Caetano et al.(20), de Paula et al.(56), Kluskaa 
et al.(17), and Portes et al.(57), who found low genetic and phenotypic correlations between 
carcass and sexual precocity-indicator traits in Nellore cattle. The results obtained in this 
study did not show this trend, probably due to differences in genetic population background 
and differences in the selection program since the evaluated herd is selected for sexual 
precocity, REA, BF, and RF. 

Favorable (moderate and negative) genetic and phenotypic correlations between AFCo 
and AFCa with MAR indicate that an increase in marbling results in a reduction of age at 
first conception and calving. Similarly, Oyama(54) related favorable genetic correlations 
between marbling and AFCa, in beef cattle. The genetic association between MAR e sexual 
precocity-indicator traits corroborates results presented by Mota et al.(58), who reported that 
SNP markers with a specific effect on AFCa harbor QTL regions associated with important 
biological pathways, including marbling score. These results can be justified by a possible 
positive influence of the increase in marbling and carcass fat in reducing the onset of females’ 
reproductive activity(59). Adipose tissue deposition begins after bone and muscle tissue 
deposition is completed(60). Thus, sexually precocious heifers reach maturity at a younger age, 
resulting in the beginning of carcass fat deposition(61), including intramuscular fat deposition, 
justifying the results obtained in this study.

Favorable (moderate) genetic and phenotypic correlations between HCW and EW with 
sexual precocity-indicator traits suggest that more precocious heifers selected based on AFCo 
and AFCa may display higher meat cut yields and carcass weight. The association between 
HCW and sexual precocity may be attributed to the same effects of their association with 
live weight since heifers with greater body development have a higher carcass weight. The 
EW variable indicates the amount of edible meat expected from the carcass, which in turn 
is associated with the rib-eye area and muscle deposition, a trait that is also associated with 
sexual precocity. According to Rosales Nieto et al.(62), sexual precocity is influenced by growth 
rate, which affects muscle deposition.

In general, a favorable and moderate genetic and phenotypic correlation between carcass 
and sexual precocity-indicator traits was expected. Since a positive body energy balance(63) 
regulates the ovulation rate of females, animals that mature earlier in carcass finishing are 
also expected to be more sexually precocious(55). According to Pereira et al.(1), for every unit 
increase in BF, there was a reduction in 9.9 days to reach puberty in crossbred beef heifers.

5. Conclusions
The results of this study encourage the use of AFCo in Nellore cattle since this trait 

displayed enough genetic variability in this breed and can be used as a selection criterion to 
improve sexual precocity. In addition, considering the genetic correlation obtained between 
AFCo and AFCa, when the genetic selection objective is to increase heifer sexual precocity, we 
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could use AFCo as a selection criterion, as the measurement of this trait occurs at a younger 
age compared to first calving, which implies reducing the time required for animal evaluation 
and decision-making. Long-term selection for animals with early ages at first conception and 
calving would improve carcass yield, fat deposition, and growth performance.
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