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ABSTRACT: The study reported here evaluated
genotype × environment interaction in individual performance and progeny tests in beef cattle. Genetic
parameters for final weight (FW), ADG, and scrotal circumference (SC) of 33,013 Nellore young bulls tested
on pasture or in feedlots were analyzed. The posterior
means (and highest posterior density interval with 90%
of samples [HPD90]) of heritability for traits measured
on pasture-raised and feedlot-raised animals were 0.44
(HPD90 = 0.40 to 0.48) and 0.50 (HPD90 = 0.43 to
0.56) for FW, 0.26 (HPD90 = 0.23 to 0.29) and 0.26
(HPD90 = 0.20 to 0.32) for ADG, and 0.53 (HPD90 =
0.48 to 0.59) and 0.65 (HPD90 = 0.55 to 0.74) for SC,
respectively. The posterior means (and HPD90) of
genetic correlations for FW, ADG, and SC on pasture
and in feedlots were 0.75 (HPD90 = 0.66 to 0.87), 0.49
(HPD90 = 0.31 to 0.66), and 0.89 (HPD90 = 0.83 to
0.97), respectively. When the selection intensity was
kept the same for both the environments, the greatest

direct responses for FW and ADG were exhibited by
the animals reared and selected in feedlots. The correlated responses relative to production on pasture and
based on selection in feedlots were similar to the direct
responses, whereas the correlated responses for production in feedlots and based on selection on pasture
were lower than the direct responses. When the selection intensity on pasture was higher than the selection
intensity in feedlots, the responses to direct selection
were similar for both the environments and correlated
responses obtained in feedlots by selection on pasture
were similar to the direct responses in feedlots. Analyses
of few or poor indicators of genotype × environment
interaction result in incorrect interpretations of its existence and implications. The present work demonstrated
that traits with lower heritability are more susceptible to
genotype × environment interaction and that selection
intensity plays an important role in the study of genotype × environment interaction in beef cattle.
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INTRODUCTION

The individual performance test is a tool for genetic
evaluation of candidates for selection. The test contributes to assessments between herds and allows for the
early evaluation of sires and reductions of generation
intervals (Razook et al., 1997). In a progeny test, candidates for selection are evaluated based on data from their
progeny. Compared to the individual performance test,
the cost of progeny testing is higher and the generation
interval is longer. Preselection of candidates for progeny testing by means of individual performance testing
might increase the efficiency and reduce costs in beef
cattle breeding programs (Morris et al., 1980).
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Individual performance and progeny tests can be
conducted in different environments, such as pasture
and feedlots. Analysis of the results of such tests by an
animal model allows for the data from relatives raised
in different environments to improve the accuracy and
predict the breeding value of candidates for selection in
different environments (Henderson and Quaas, 1976).
Changes in the classification of beef cattle by
breeding values of growth traits have been observed
through sire × region interaction (Toral et al., 2004;
Diaz et al., 2011; Espasandin et al., 2011; Guidolin et
al., 2012) or by a reaction norm approach (Pégolo et al.,
2009, 2011; Cardoso and Tempelman, 2012; Santana
et al., 2013). Kearney et al. (2004) investigated the
existence of genotype × environment interaction for
production traits of U.S. Holsteins in pasture versus
feedlot herds, but genotype × environment interaction
between pasture and feedlots has not yet been evaluated in beef cattle. We estimated genetic parameters for
growth and reproductive traits of young bulls raised on
pasture or in feedlots and studied the effect of the genotype × environment interaction on the animals’ ranking
in individual performance and progeny tests.
MATERIALS AND METHODS
The present study was based on data corresponding to 33,013 Nellore young bulls that were subjected
to 751 official Brazilian Zebu Breeders Association performance tests from 2003 to 2012 in the northern states
(Acre, Rondônia, Pará, and Tocantins), northeastern
states (Bahia and Maranhão), midwestern states (Goiás
[GO], Mato Grosso [MT], and Mato Grosso do Sul
[MS]), southeastern states (Espírito Santo, Minas Gerais
[MG], and São Paulo [SP]), and southern states (Paraná
and Rio Grande do Sul) of Brazil. A total of 24,910 animals participated in 538 tests conducted on pasture in the
abovementioned states, except for Rio Grande do Sul,
and 8,103 animals participated in 213 tests conducted in
feedlots in the abovementioned states, except for Acre,
Roraima, Tocantins, Maranhão, and Bahia. Tables A1
and A2 presents the number of Nellore young bulls evaluated on pasture or in feedlots and number of sires with
progeny in both the environments across states.
The tests conducted on pasture lasted 294 d (70 d
for adaptation and 224 d for testing). The tests conducted
with the animals in feedlots lasted 168 d (56 d for adaptation and 112 d for testing). The animals were weighed at
the beginning and end of the adaptation period and at the
end of the testing period. The assessed traits included the
final weight (FW), ADG, and scrotal circumference (SC).
The FW was adjusted for 550 d of age in the performance
tests on pasture and for 426 d of age in feedlot tests according the duration of each type of test. Individual re-

Table 1. Descriptive statistics for final weight (FW),
ADG, and scrotal circumference (SC) of Nellore
young bulls in performance tests
Trait
Environment
Initial age, d
Pasture
Feedlot
Initial age,1 d
Pasture
Feedlot
FW,2 kg
Pasture
Feedlot
ADG, kg/d
Pasture
Feedlot
SC, cm
Pasture
Feedlot

n
24,910
8,103
14,888
4,676
24,910
8,103
24,910
8,103
14,888
4,676

Mean
329.05
311.59
328.72
308.73
350.35
371.65
0.54
0.83
26.61
25.41

SD
24.39
26.41
25.24
28.01
53.09
57.13
0.16
0.26
3.38
3.31

CV3
7.41
8.48
7.68
9.07
15.15
15.37
29.78
31.68
12.69
13.03

1Animals

with SC.
weight adjusted to 550 and 426 d for animals on pasture and in
feedlot, respectively.
3In % for every trait.
2Final

cords for each trait that exceeded the intervals given by
the performance test means ± 3.5 SD were excluded, and
all animals from performance tests on pasture or in feedlots with fewer than 20 and 8 animals, respectively, were
also excluded. The descriptive statistics for growth and
reproductive traits are shown in Table 1.
The numerator relationship matrix was constructed from pedigree data that consisted of an animal’s
data and data for some of its ancestors. The ancestors
retained in the pedigree were those that were parents
of the animals with data or that were connected to other animals in the pedigree (Toral and Alencar, 2010).
The relationship matrix included records of 140,498
animals. Two other relationship matrices that considered only the animals tested on pasture or in feedlots
were constructed to study the genetic basis for the relationships and connectability among animals raised
on pasture or in feedlots. The number of animals for
each relationship matrix is shown in Table 2. A total of
3,842 animals were identified in the genetic bases of
both the databases, indicating the presence of a genetic association between the investigated environments.
This kind of association contributes to the accuracy of
the predicted correlations (Weigel et al., 2001).
A total of 379 bulls sired progenies that were tested for FW and ADG on pasture and in feedlots (mean
offspring number = 54, minimum = 2, and maximum =
1,020), and 249 bulls had progeny tested for SC (mean
offspring number = 45, minimum = 2, and maximum =
494) in both enviroments. The 379 bulls sired 20,577
animals (13,624 tested on pasture and 6,933 tested in
feedlots). The 249 bulls with progeny tested for SC sired
11,214 animals (7,393 on pasture and 3,821 in feedlots).
Among the 165 bulls that had their own performance
measured in pasture, 156 sired young bulls raised on pas-
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Table 2. Number of observations of the pedigree of
Nellore young bulls tested in performance tests
Record
Pasture
Animals with records
24,910
Bulls with progeny
2,047
Bulls with own records and progeny in
143
the same environments
Bulls with own records and progeny in
9
different environments
Bulls with own records and progeny in
13
both environments
Cows with offspring
19,101
Animals in the pedigree
115,743
Animals in the base population
13,688

Feedlot
8,103
688
7

Total
33,013
2,356
150

4

13

4

17

5,476
43,609
5,742

24,118
140,498
15,588

ture and 9 sired young bulls raised in feedlots. Of the
15 bulls that had their own performance measured in
feedlots, 11 sired young bulls that were raised in feedlots and 4 sired young bulls raised on pasture. Of the 180
bulls with data regarding their individual performance
and tested progenies, 17 had sired young bulls that were
tested in both the considered environments.
Samples of the posterior distributions of genetic parameters were obtained by means of Bayesian methods
using a Gibbs sampler on single-trait and 2-trait analyses. The following general statistical model was used:

(

)

yhijk = u h + Thj + bh( ) Ak − Aj + ahi + ehijk
j

,

in which yhijk represents the observed value of trait h
of animal i in test j with final age k; uh is the general constant present in all of the observations relative to trait h; Thj is the effect of test j (j had 538 and
213 levels for pasture and feedlots, respectively) on
trait h; bh( ) is the linear regression coefficient of final age k on trait h, nested in test j; Ak is the age k;
Aj is the mean final age of animals in test j; a is
hi
the breeding value of animal i relative to trait h; and
ehijk is the residual associated with each observation.
In matrix notation, the general model used in the
single-trait analysis is as follows:
j

y = Xβ + Za + e,
in which y represents the vector of observations, X is
the incidence matrix of fixed effects (performance test
and final age as a covariate nested within each test), β
is the vector of solutions of fixed effects, Z is the incidence matrix of random effects, a is the vector of solutions for each animal’s breeding value, and e is the
vector of the residual associated with each observation.
Two databases were used for the single-trait analysis:
one corresponded to the animals tested on pasture and
the other corresponded to the animals tested in feedlots.

For inferences on the distributions of the parameters of interest, flat distributions were assumed for fixed
effects (β), normal distributions were assumed for random effects ( a | As2a and e | Ise2 ), and scaled inverted chisquared distributions (χ–2) were assumed for variances
( s2a | va , Sa2 and se2 |, ve , Se2 ), in which A represents the matrix of relationships between animals, s2a represents the
additive genetic variance, I represents the identity matrix, se2 represents the residual variance, va and Sa2 represent the hyperparameters of the χ–2 distribution of the
2
additive genetic variance, and ve and Se represent the
–2
hyperparameters of the χ distribution of residual variance. Information on the complete conditional posterior
distributions is available from Sorensen (1996).
In matrix notation, the following general model
was used in 2-trait analyses:
 y1   X1
y  =  F
 2 

  b1   Z1
+
X 2   b 2   F
F

F   a1 

 e1 
+ 



Z 2  a 2  e 2  ,

in which the terms are the same as those described
above except the analyzed traits are distinguished by
indices 1 and 2 as follows: the FW in the tests conducted on pasture were defined as trait 1, and the FW
in the tests conducted in feedlots were defined as trait
2. The same distinction applies to the ADG and SC.
Samples of the posterior distributions of the genetic
correlations were used to determine the genotype ×
environment interaction according to Falconer (1952).
Flat prior distributions were assumed for the fixed
effects (  b1  ), and normal distributions were assumed
b 
 2

 a1 

 e1 

for the random effects ( a 2  | G and e2  | R ), whereas
an inverted Wishart distribution was assumed for variance and covariance matrices (G0|va, Sa and R0|ve, Se),
= G 0 ⊗ A represents the genetic variance
in which G
2
and covariance matrix, G =  sa sa a  represents the
0


sa1a2
1


s2a2 
1 2

matrix of genetic variance and covariance between
traits 1 and 2, s2a represents the additive genetic variance of trait h, sa a represents the additive genetic coR R 0 ⊗ I represents
variance between traits 1 and 2, =
h

1 2

se2
R0 =  1
 0

0


the residual variance matrix,
se2  represents
the matrix of residual variance of traits 1 and 2, se2
represents the residual variance of trait h, va and ve
(degrees of freedom of the inverted Wishart distributions) and Sa and Se (2 × 2 matrices with the prior
“guess” for the variance components) represent the
hyperparameters of the inverted Wishart distributions
of genetic and residual variances and covariances, and
the other terms are the same as those described above.
The complete conditional posterior distributions are
available from Sorensen and Gianola (2010).
2

h
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Gibbs chains of 410,000 iterations were generated
for each parameter, with a burn-in period of 10,000 iterations and a sampling interval of 200 iterations in
GIBBS1F90 program (Misztal et al., 2002). Convergence
diagnostics were performed following Geweke’s (1992)
and Heidelberger and Welch’s (1983) techniques, and
visual analysis of trace plots was performed using the
Bayesian Output Analysis program (Smith, 2005) in R
software 2.9.0 (R Development Core Team, 2009). The
Geweke test (Geweke, 1992) compares the means from
the early and late parts of the Markov chain to detect failure of convergence in such a way that the null hypothesis
tested confirms convergence because probabilities of less
than 0.05 provide evidence against convergence of the
chain. In the Heidelberger and Welch (1983) diagnostic
test, the null hypothesis is that sample values come from
a stationary process. If there is evidence of nonstationarity, the test is repeated after discarding the first 10% of
the iterations. This process continues until 50% of the
iterations have been discarded or until the chain analyzed
passes the test. The Heidelberger and Welch (1983) test
uses the Cremer-von-Mises statistic. Visual inspection
consists of the observation of the plots generated, and
convergence of the chains is evaluated by the tendency
and areas of density of distribution of the chains.
Samples of the posterior distributions of the direct
and indirect responses to selection were obtained with
the samples of the variance and covariance components,
and selection of 5% of the males with phenotypic data
(selection intensity = 2.06) was initially considered.
Because only the selection of males was considered,
the average selection intensity used in the calculations
of responses was 1.03. Based on the number of animals
that were tested on pasture, there was a need to select
1,246 young bulls. If these animals were selected from
the group tested in feedlots, the percentage of selected
animals would be 15% and the mean selection intensity
would be 0.78. Those values were used to simulate conditions with different selection intensities as a function
of the environment. The responses to direct selection per
generation were calculated using the following equation:
2

DGh = ih hh s P

h

,

in which ΔGh represents the expected genetic gain
per generation, ih represents the selection intensity, hh2 represents the heritability, and sP represents the phenotypic SD corresponding to trait h.
The correlated responses per generation were calculated using the following equation:
h

DGYX = ra a hY hX i X s P
Y

X

Y

,

Table 3. Posterior means (with highest posterior density interval with 90% of samples in parentheses) of
the parameters for final weight (FW), ADG, and scrotal circumference (SC) of Nellore young bulls tested in
performance tests on pasture or in feedlots according to
single-trait analyses
Parameter1

FW

ADG

SC

Pasture
2

408.51 (368.70–549.40)

0.019 (0.016–0.021) 3.42 (3.00–3.82)

2

519.79 (490.50–550.80)

0.053 (0.051–0.055) 2.98 (2.69–3.30)

sa
se

h2

0.44 (0.40–0.48)

0.26 (0.23–0.29)

0.53 (0.48–0.59)

Feedlot
2

716.10 (597.30–827.50)

0.063 (0.047–0.078) 4.43 (3.60–5.25)

2

707.92 (620.50–784.00)

0.181 (0.169–0.193) 2.36 (1.83–2.97)

sa
se

h2

0.50 (0.43–0.56)

1 s2
a

0.26 (0.20–0.32)

0.65 (0.55–0.74)

2

= additive genetic variance; se = residual variance.

in which ΔGYX represents the expected correlated response per generation relative to a given trait in environment Y by selecting for the same trait in environment
X, ra a represents the genetic correlation of a trait measured in environment X and environment Y obtained in
the 2-trait analysis, hY represents the square root of the
heritability for trait in environment Y, hX represents the
square root of the heritability for trait in environment X,
iX represents the selection intensity in environment X,
and sP represents the phenotypic SD in environment Y.
Mean EPD of bulls with genetic evaluation on
pasture and feedlots (n = 2,356 for FW and ADG and
n = 1,567 for SC) ranked as 15% (TOP15%), 10%
(TOP10%) and 5% (TOP5%) better for each trait on
pasture or in feedlots were calculated. Pearson’s and
Spearman’s correlations were estimated among EPD
for each trait of bulls with progeny on pasture and in
feedlots (n = 379 for FW and ADG and n = 249 for
SC) and bulls with larger number of progenies in both
environment. In this case, the FW and ADG EPD were
evaluated for 38 bulls (average offspring number =
306, minimum = 123, and maximum = 1,020) and SC
EPD were evaluated for 25 bulls (average offspring
number = 226, minimum = 109, and maximum = 494).
Y X

Y

RESULTS AND DISCUSSION
Table 3 describes the posterior means and highest
posterior density interval with 90% of samples (HPD90)
of the genetic parameters corresponding to the assessed
traits in the single-trait analysis. The additive genetic and
residual variances for FW and ADG were higher in the
animals raised in feedlots when compared to the animals
raised on pasture in the single-trait (Table 3) and 2-trait
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Figure 1. Posterior densities and means (vertical line) of the genetic
parameters for the final weight of Nellore young bulls tested in performance tests on pasture or in feedlots in a 2-trait analysis.

Figure 2. Posterior densities and means (vertical line) of the genetic
parameters for the ADG of Nellore young bulls tested in performance tests
on pasture or in feedlots in a 2-trait analysis.

(Fig. 1 and 2) analyses. However, heritability for FW and
ADG were similar on pasture and in feedlots.
The posterior means for FW and ADG heritability were lower than the values of 0.73 and 0.31, respectively, estimated by Fragomeni et al. (2013) and
the values of 0.60 and 0.55, respectively, estimated by
Marques et al. (2013) for Nellore young bulls raised
on pasture or in feedlots, respectively. Nevertheless,
the magnitude of those values is considered to be high

and indicates that those traits may be used as selection
criteria and that phenotypic selection in individual
performance tests might permit genetic progress.
The mean and SD of FW were similar in both the
studied environments, but the means of ADG differed
between the environments (Table 1). The pasture in
which the animals were raised limited the expression
of genetic differences for growth of the candidates for
selection because the genetic variances for FW and

Genotype × environment interaction in cattle

Figure 3. Posterior densities and means (vertical line) of the genetic
parameters for the scrotal circumference of Nellore young bulls tested in
performance tests on pasture or in feedlots in a 2-trait analysis.

ADG were greater among the animals raised in feedlots (Table 3). The results of this experiment corroborate those obtained by Hammond (1947) and Kearney
et al. (2004), indicating that selection would be more
efficient in the environment that allows the maximum
expression of genetic differences. The relationship between the additive genetic and phenotypic variances
(heritability) was similar in both the environments, albeit for different reasons. The greater genetic variance
for FW and ADG of animals raised in feedlots indicates
that expression of the genetic differences for these traits
were more intense in feedlots; however, the differences
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in the number of animals and means of the traits did not
contribute to a reduction of the residual variance.
The posterior means of variances and heritability
for SC were similar in animals raised on pasture or in
feedlots, and the HPD90 overlapped in the single-trait
(Table 3) and 2-trait (Fig. 3) analyses. The means of
heritability for SC were similar to the value of 0.60 reported by Marques et al. (2013) and higher than the values of 0.42 estimated by Boligon et al. (2010) and 0.43
estimated by Yokoo et al. (2010) for Nellore cattle at
18 mo of age. The results of the present study show that
differences in age (550 vs. 426 d) combined with differences in the feeding system (pasture vs. feedlot) did not
induce significant changes in the SC variances and heritability. Loaiza-Echeverri et al. (2013) also did not find
an effect of age (550 vs. 450 d) on the posterior means
of the SC variances and heritability in Guzerat yearling
bulls raised on pasture. The heritability ± SE reported
by Yokoo et al. (2010) for SC in Nellore young bulls at
450 and 550 d of age were 0.51 ± 0.05 and 0.43 ± 0.09,
respectively. Although Yokoo et al. (2010) assumed
significant differences in the heritability estimates, the
SE presented might suggest that this age interval (450
to 550 d) exerted little or no effect on heritability. In
the present study, although the animals were assessed at
different ages and under different feeding systems, the
mean, SD, and CV relative to SC were similar in both
groups of animals (Table 1), which accounted for the
similarity in the variance and heritability estimates.
The means of posterior distributions for genetic correlation (and HPD90) corresponding to each trait assessed
on pasture and in feedlots were 0.75 (HPD90 = 0.66 to
0.87) for FW, 0.49 (HPD90 = 0.31 to 0.66) for ADG, and
0.89 (HPD90 = 0.83 to 0.97) for SC. The presence of
genotype × environment interactions in these traits (particularly ADG) was established based on the genetic and
residual variance differences for both the environments
and on the genetic correlation estimates of each trait assessed in different environments with values less than
1.0, as proposed by Falconer (1952), or less than 0.8, as
recommended by Robertson (1959). James (1961) and
Mulder et al. (2006) studied genetic gain in 2 environments comparing different breeding strategies, including
1 or 2 environments in the breeding goal, splitting up the
population of test bulls by testing part of the bulls in environment 1 and another part in environment 2 and progeny
testing bulls in 1 or 2 environments. James (1961) considered the same selection intensity in both environment
and Mulder et al. (2006) considered the same truncation
point for selection in both environments. Thereby, when
the genetic correlation was lower than 0.70 and 0.61 for
James (1961) and Mulder et al. (2006), respectively, it
was optimal to have 2 environment-specific breeding
programs of progeny testing an equal number of bulls
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only in their own environment. If we just look at the variances and genetic correlations among ADG in different
environments, we would recommend one breeding program for pasture animals and another breeding program
for feedlot animals. James (1961), Mulder et al. (2006),
and Diaz et al. (2011) made similar recommendations.
However, the possibility of having differences in the selection intensity for each environment highlights another
point of view for this recommendation and it will be discussing latter in this paper.
In the present study, the trait with lower heritability (ADG) was more susceptible to the effects of
genotype × environment interaction than the trait with
greater heritability (SC). Genotype × environment interaction was significant for BW change (h2 = 0.07) and
BCS (h2 = 0.08) but it was not important for milk production (h2 = 0.32) in upgraded Holstein-Friesian dairy
cows (Berry et al., 2003). Sire × contemporary group
interaction was significant for BW (h2 = 0.39), fat depth
(h2 = 0.26), loin muscle depth (h2 = 0.23), and other
traits with h2 < 0.5 in Merino sheep, but this interaction
was not significant for staple length (h2 = 0.61) and fiber curvature (h2 = 0.51; Pollott and Greeff, 2004). The
genetic correlation among weaning weight (h2 = 0.41
to 0.44) of Canchim cattle (approximately five-eighths
Charolais + three-eighths Zebu) born in 2 seasons (rainy
or dry season) was 0.80 and among ADG from weaning
to yearling (h2 = 0.14) of calves born in 2 seasons was
0.65 (Mascioli et al., 2006). Genotype × environment
interaction was significant for shape traits (h2 from 0.08
to 0.14) but it was minor for harvest weight (h2 = 0.55)
and for growth (h2 = 0.47) of Nile tilapia (Oreochromis
niloticus; Trong et al., 2013). Annual average productivity of the cow (h2 = 0.14) and postweaning weight
gain (h2 = 0.27) were more affected by genotype × environment interaction than SC (h2 = 0.54) in Nellore
cattle (Santana et al., 2014). Genotype × environment
interaction is a function of differences in genotypes
and environments, but a joint and detailed analysis of
the results presented in this paper and others from the
literature confirm our hypothesis that traits with lower
heritability are more susceptible to the effects of genotype × environment interaction.
The genotype × environment interaction was found
by Diaz et al. (2011) to be relative to the yearling weight
of Nellore cattle raised in different Brazilian states (GO,
MT, MS, MG, and SP). Those authors found genetic correlation for the same trait in different states lower than
0.80 and changes in the posterior distributions of the
genetic and residual variances and heritability estimates
among the various states and in the breeding values
when the proportion of selected animals was 1, 5, and
10%. Therefore, the authors recommended 2 groups of
states for genetic evaluation: the first included the states

of MG and MT and the second included the states of GO,
SP, and MS. Changes in animal management (nutritional
and sanitary practices) may be disregarded when the
classification of environments relative to the assessment
of the genotype × environment interaction is exclusively
based on the geographical or climatic characteristics of
a given area (Weigel et al., 2001). The use of nutritional
management to categorize environments might provide
an efficient alternative to study the genotype × environment interaction. No studies were found in the literature
that assessed genotype × environment interaction in beef
cattle reared on pasture or in feedlots. A joint data analysis for animals raised in different environments and their
relatives raised in both the environments determined the
impact of the genotype × environment interaction on the
variances of growth traits of young bulls based on the
individual performance test; the analysis also produced
EPD estimates for different environments. This joint
analysis can enable the selection of genetically superior
animals in each environment or animals that exhibit satisfactory genetic values for the different environments.
Figure 4 shows the expected responses to selection for FW, ADG, and SC on pasture or in feedlots.
Assuming the same selection intensity for both the environments, the greatest expected direct responses corresponded to FW and ADG in the animals raised in feedlots. The expected genetic gains for SC were similar in
both the environments. Upon assessing the weight at 550
d of age (W550), ADG, and SC of Nellore cattle from
farms participating in the Brazilian Nellore Breeding
Program, Araujo Neto et al. (2011) found genetic gains
of 11.90 kg/generation, 0.043 kg/(d∙generation) and
0.56 cm/generation, respectively. The genetic gains
for W550 and SC reported by those authors were lower
than the estimates found in the present study, whereas
the genetic gain for ADG was higher. Those discrepancies might have been caused by differences in the heritability, selection intensity as evidenced by Mulder and
Bijma (2005), and changes in the number of founders
and selection objectives among the samples of Araujo
Neto et al. (2011) and the present datasets. However,
the responses to selection found by Araujo Neto et al.
(2011) and the expected values according to the results
of the present study indicate the possibility of increase
the means of these traits through selection.
The results (Fig. 4) indicate that similar genetic
gains for SC might be achieved on pasture by selecting
for improvement this trait in feedlots when selection
intensity in both the environment is the same. When
selection intensity applied to animals tested in feedlots was lower than the intensity applied to animals
tested on pasture (0.78 vs. 1.03), direct selection based
on the performance on pasture was more efficient for
the 3 traits evaluated (Fig. 4).
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Figure 4. Posterior means (and highest posterior interval with 90% of samples) of the responses to direct (solid bars) or indirect (dashed bars) selection per generation for final weight (FW), ADG, and scrotal circumference (SC) of Nellore young bulls on pasture (left) and in feedlot (right), according
to environment and selection intensity (i).

The most efficient approach for increasing FW
and ADG in animals in feedlots is direct selection
in that same environment, provided that the selection intensity is the same in both the environments.
However, when the selection intensity for animals
tested on pasture was greater than selection intensity
for animals in feedlots (1.03 vs. 0.78, respectively),
the responses to indirect selection (selection based
on the performance on pasture) were similar to the

responses to direct selection (selection based on the
performance in feedlots).
The results show that differences in selection intensity should also be considered when studying genotype × environment interactions. The cost of assessing
candidates for selection in feedlots is higher compared
to the tests conducted on pasture. Therefore, the number
of animals assessed in feedlots is lower than the number of animals tested on pasture; whenever a predeter-
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mined number of sires must be selected, there will be
differences in the selection intensity. If the difference
in selection intensity is close to the intensity applied in
the present study, the selection of animals based on the
performance in pasture is as efficient as direct selection
under feedlot conditions of progenies raised in feedlots
and more efficient than selection based on performance
in feedlots of progenies raised on pasture.
The Pearson’s and Spearman’s correlations among
EPD of Nellore bulls (with progenies on pasture and
in feedlots) from the single-trait analysis were 0.34 and
0.34 for FW, 0.18 and 0.19 for ADG, and 0.65 and 0.53
for SC, respectively. Relative to the EPD from the 2-trait
analysis, the same correlations were 0.81 and 0.79 for
FW, 0.45 and 0.43 for ADG, and 0.96 and 0.96 for SC,
respectively. The Pearson’s and Spearman’s correlations
were expected to be higher with EPD from the 2-trait
analysis than the same correlations with EPD from the
single-trait analysis because the 2-trait analysis includes
the genetic correlations between traits and data collected
in both the environments that contribute to the estimation of genetic values for both the environments. Even
the results of the 2-trait analysis could determine changes
in the sire ranking as a function of the environment in
which their progenies were raised, particularly for FW
and ADG (Fig. 5). These findings indicate that sires with
highest EPD for a given trait assessed in progenies raised
on pasture are no longer superior when that same trait is
assessed in their progenies raised in feedlots.
The results of the present study corroborate the
findings of Mattar et al. (2011), who investigated
the effect of genotype × environment interaction for
the W550 of Canchim cattle, and of Santana et al.
(2013), who assessed weaning weight, postweaning
weight gain, and yearling SC in the Montana Tropical
Composite Breeding Program. Those authors recommended including genotype × environment interactions in models for genetic evaluations to identify the
most appropriate sires for each production system.
The genotype × environment interaction also led
to changes in the ranking of the bulls with the largest
number of progenies (Fig. 5). The bulls that bred more
often and with greater accuracy in EPD also exhibited different EPD as a function of the environment.
Figure 5 further reveals a preference for using bulls
with higher EPD for FW at the expense of ADG and
SC. When FW is the most significant selection criterion for ranking animals, differences in their initial
weight might be decisive for final ranking of animals
because the length of the period of adaptation might
not be sufficient to reset significant differences in animals’ weight at the beginning of the performance test.
Based on the 2-trait genetic analysis and the sample of bulls with progeny on pasture (n = 2,047 for FW

and ADG and n = 1,347 for SC), 307, 205, and 102
animals with the highest EPD for FW and ADG were
ranked as TOP15%, TOP10%, and TOP5%, respectively, and 203, 135, and 67 animals with the highest EPD for SC were ranked as TOP15%, TOP10%,
and TOP5%, respectively. For bulls with progeny that
were tested in feedlots (n = 688 for FW and ADG and
n = 469 for SC), 103, 69, and 34 bulls with the highest EPD for FW and ADG were ranked as TOP15%,
TOP10%, and TOP5%, respectively, and 70, 47, and
23 animals with highest EPD for SC were ranked as
TOP15%, TOP10%, and TOP5%, respectively.
Among the bulls considered to be superior for FW,
ADG, and SC in the performance test on pasture, 34,
25, and 29, respectively, were also included in group
TOP15%; 19, 16, and 20, respectively, were also included in group TOP10%; and 11, 7, and 8, respectively, were also included in group TOP5%, which corresponded to their performance in feedlots. Therefore,
33, 25, and 41% in group TOP15%; 28, 23, and 43%
in group TOP10%; and 33, 21, and 35% in group
TOP5% of the best animals for FW, ADG, and SC, respectively, tested in feedlots were identified based on
the results of their progenies tested on pasture.
Approximately 11, 8, and 14%; 9, 8, and 15%; and
11, 7, and 12% of animals considered to be superior for
FW, ADG, and SC, respectively, in the performance
tests in feedlots were also included in the groups
TOP15%, TOP10%, and TOP5%, respectively, which
corresponded to their performance on pasture.
The absolute number or percentage of bulls selected for both the environments is an indicator of practical implications of genotype × environment interactions (Mulder and Bijma, 2006; Mattar et al., 2011;
Santana et al., 2013). In addition, differences in selected animals will only induce changes in responses to
selection when their EPD are also different (Toral and
Alencar, 2010). The mean EPD for FW, ADG, and SC
of bulls ranked as TOP15%, TOP10%, and TOP5% on
pasture and in feedlots are shown in Fig. 6.
Despite the differences in ranking of top bulls for
FW, ADG, and SC on pasture and in feedlots, a comparison of the mean EPD corresponding to both of the environments did not indicate significant differences as a
function of the overlapping of the HPD90 when the percentage of selected sires was the same. This finding suggests that under such conditions, the selection of the top
bulls based on EPD for those traits in one environment
induces similar results in the other environment. In beef
cattle breeding programs, the development of breeding
goals with different weights for pasture and feedlot EPD,
according to the frequency of each production system
(Harris et al., 1984; Mulder et al., 2006), may be a suitable alternative because the feeding regimen of weaned
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Figure 5. Distribution of EPD for final weight (FW), ADG, and scrotal circumference (SC) on pasture and in feedlot of Nellore sires with progenies
in both the environments (left; FW and ADG, n = 379, and SC, n = 249) and with greater number of progenies in both the environments (right; FW and
ADG, n = 38, and SC, n = 25) in a 2-trait analysis.

calves may not be defined when the producers choose
the bulls for breeding their cows.
The genetic evaluation on pasture could determine approximately 30% of the top bulls for production in feedlots, but the mean EPD corresponding to
production in feedlots of animals ranked superior for
production on pasture were the same (when the selection intensities were the same in both the environ-

ments) or superior (when the selection intensity of the
animals tested on pasture was greater) compared to
mean EPD corresponding to production in feedlots of
the animals ranked superior for production in feedlots.
The pasture EPD for FW and ADG of bulls ranked
superior for production in feedlots are not greater than
the EPD of those same traits corresponding to the best
sires identified based on the data of progenies raised
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Figure 6. Posterior means (and highest posterior density interval with 90% of EPD) of the EPD for final weight (FW), ADG, and scrotal circumference (SC) on pasture (left) or in feedlot (right) of the Nellore bulls with 15% (TOP15%), 10% (TOP10%) and 5% (TOP5%) highest EPD on pasture or in
feedlots in a 2-trait analysis.

on pasture. According to Mascioli (2000), the selection of animals in favorable environments (feedlots)
does not produce the same responses to selection in restricted environments (pasture). Mascioli (2000) conducted progeny tests on pasture and in feedlots with
Canchim young bulls ranked superior (n = 7), intermediate (n = 6), and inferior (n = 6) for FW on a perfor-

mance test in feedlots (approximately 400 d old) and
did not find significant effects of the young bulls’ rank
on the weight of the progenies at weaning and 12 and
18 mo of age or on their ADG from age 12 to 18 mo.
The results of the present study show that selection
of bulls in pasture is efficient in identifying superior
bulls for production in more favorable environments.
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The results further show that selection in favorable environments under lower selection intensity is not more
efficient than direct selection in a more restricted environment (Fig. 4; for expected correlated response on
pasture by selecting in feedlots and selection intensity = 0.78 vs. for expected direct response on pasture
and selection intensity = 1.03).
An isolated analysis of some of the indicators of
genotype × environment interaction can lead to misguided interpretations of the existence and implications
of such interaction. By considering only the variance
estimates and genetic correlations, the behavior of the
investigated traits changed according to the type of environment. This result was corroborated by the analysis of the animals ranked as superior for production on
pasture or in feedlots. However, an analysis of the direct and indirect responses to selection and EPD corresponding to the animals ranked superior for production
of progeny in both of the environments indicated possible small, practical effects of genotype × environment
interaction, especially when selection intensity differed
between the investigated environments.
The genotype × environment interaction induced
changes in variances for growth traits but did not
change genetic parameters corresponding to SC. Traits
with lower heritability are more susceptible to the effects of genotype × environment interaction.
Selection intensity is an important parameter to
consider when studying genotype × environment interaction, and it influences the efficiency of direct (in the
same environment in which a progeny was raised) and
indirect (candidates and progenies are raised in different
environments) selection. When there are no differences
in selection intensity applied to candidates for selection,
feedlot production is the most efficient environment for
achieving responses under the feedlot condition and the
magnitude of the indirect responses is the same as that
for direct responses to selection performed on pasture
considering progenies also raised on pasture.
Indirect responses similar to direct responses
achieved by production in feedlots may be achieved
when the selection intensity applied to the candidates
for selection assessed on pasture is greater than the intensity applied to the candidates assessed in the feedlot.
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APPENDIX A
Table A1. Number of observations for final weight
and ADG of Nellore young bulls in pasture or in feedlots performance tests across states

Table A2. Number of observations for scrotal circumference of Nellore young bulls in pasture or in feedlots
performance tests across states

Pasture
State1 Young bulls Sires
AC
25
17
BA
1,223
276
ES
600
136
GO
2,263
396
MA
94
32
MG
5,398
524
MS
1,494
212
MT
4,059
522
PA
1,385
322
PR
1,134
120
RO
1,009
156
RS
–
–
SP
3,771
450
TO
2,455
358
Total2
24,910
2,047

Pasture
State1 Young bulls Sires
AC
25
16
BA
1,001
276
ES
347
136
GO
1,246
253
MA
93
32
MG
3,124
369
MS
769
115
MT
2,566
339
PA
997
230
PR
557
72
RO
678
102
RS
–
–
SP
1,942
255
TO
1,543
235
Total2
14,888
1,347

Feedlot
Young bulls
–
–
18
829
–
780
451
3,027
69
662
–
14
2,253
–

Sires
–
–
7
203
–
142
141
261
20
70
–
10
221
–

8,103

688

Pasture and feedlot
Sires Progenies
–
–
–
–
6
86
115
2,147
–
–
73
1,996
67
1,110
137
3,933
17
265
33
792
–
–
–
–
90
3,525
–
–
279

13,854

1AC = Acre; BA = Bahia; ES = Espírito Santo; GO = Goiás; MA =
Maranhão; MG = Minas Gerais; MS = Mato Grosso do Sul; MT = Mato
Grosso; PA = Pará; PR = Paraná; RO = Rondônia; RS = Rio Grande do Sul;
SP = São Paulo; TO = Tocantins.
2Total number of sires with progeny in each type performance test.

Feedlot
Young bulls
–
–
–
572
–
498
383
2,326
69
38
–
–
790
–

Sires
–
–
–
143
–
66
136
197
20
10
–
–
138
–

4,676

469

Pasture and feedlot
Sires Progenies
–
–
–
–
–
–
88
1,254
–
–
45
1,206
36
581
93
2,614
16
215
8
84
–
–
–
–
49
1,031
–
–
179

6,985

1AC = Acre; BA = Bahia; ES = Espírito Santo; GO = Goiás; MA =
Maranhão; MG = Minas Gerais; MS = Mato Grosso do Sul; MT = Mato
Grosso; PA = Pará; PR = Paraná; RO = Rondônia; RS = Rio Grande do Sul;
SP = São Paulo; TO = Tocantins.
2Total number of sires with progeny in each type performance test.

