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ABSTRACT - The objective of this study was to evaluate the effect of genotype by environment interaction (GEI) 
on the weight of Tabapuã cattle at 240 (W240), 365 (W365) and 450 (W450) days of age. In total, 35,732 records of 
8,458 Tabapuã animals which were born in the state of Bahia, Brazil, from 1975 to 2001, from 167 sires and 3,707 dams, 
were used. Two birth seasons were tested as for the environment effect: the dry (D) and rainy (R) ones. The covariance 
components were obtained by a multiple-trait analysis using Bayesian inference, in which each trait was considered as 
being different in each season. Covariance components were estimated by software gibbs2f90. As for W240, the model was 
comprised of contemporary groups and cow age (in classes) as fixed effects; animal and maternal genetic additive, maternal 
permanent environmental and residual were considered as random effects. Concerning W365 and W450, the model included 
only the contemporary aged cow groups as fixed effects and the genetic additive and residual effects of the animal as the 
random ones. The GEI was assessed considering the genetic correlation, in which values below 0.80 indicated the presence 
of GEI. Regarding W365 and W450, the GEI was found in both seasons. As for post-weaning weight (W240), the effect of 
such interaction was not observed.
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Introduction

In the animal breeding field, one of the main objectives
is to develop and identify genotypes that present consistent 
economic performance in different production systems. To 
achieve this objective, different effects have been tested, 
and one of them, which has become the focus of lots of 
discussion until nowadays, is the genotype by environment 
interaction (GEI), which has already been defined as
important in different Taurus breeds (Paula et al., 2009).

In Zebu cattle, the GEI was thought not to be important, 
since those breeds are recognized as adapted to different 
types of environments. However, the GEI effect was 
noticed to be important for the country and even among 
regions (Diaz et al., 2011a, 2011b). Taking into account 
that Brazil is a country in which it is possible to observe 
distinct types of environments with heterogeneous systems 
of cattle raising (Lopes et al., 2008), the presence and the 
importance of GEI evaluation seems to be justified.

Considering such diversification, separating the effects
in the evaluation is necessary to explain how this kind of 
variability plays an influence on estimates of breeding
values (Ferraz Filho et al., 2001).

The Brazilian herd is formed by Zebu cattle and the 
Tabapuã breed is one of the breeds that often increases, 
with a total of 140,454 animals (ABCZ, 2010), which gives 
a significant importance to this breed concerning the
Brazilian chain of beef cattle and also highlights the 
relevance of conducting studies to evaluate all types of 
performance in the Brazilian environment (Sousa Júnior 
et al., 2010, 2011).

 The northeast region of Brazil presents diversified
kinds of scenery when it comes to raising cattle, which 
can lead to the change of genetic expression of the animals 
in the different environments to which they is exposed. 
Furthermore, both the lack of a standard production 
system of beef cattle in the northeast region and the 
variety of those systems are connected to the differences 
of climate, economical and historical conditions, not to 
mention their connection to the availability of natural 
resources that end up directly affecting the animal 
performance.

Thus, the objective of this research was to evaluate the 
influence of different birth seasons on Tabapuã animals at
240, 365 and 450 days of age raised exclusively on pasture 
using genotype by environment approach.
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Material and Methods 

This study utilized 40,238 pieces of information of 
weight at 240 (W240), 365 (W365) and 450 (W450) days 
from a herd of 7,778 animals of the Tabapuã breed in the 
states of Bahia, Alagoas, Sergipe, Minas Gerais, Maranhão 
and São Paulo, Brazil, born between 1975 and 2001, 
obtained from Associação Brasileira de Criadores de Zebu 
(ABCZ), with the objective of estimating the importance of 
the effect of the genotype by environment interaction in the 
dry (D) and rainy (R) birth seasons.

Only animals that were raised exclusively on pasture 
were considered in the evaluation. The rainy and dry birth 
seasons were classified considering the period from October
to March and April to September, respectively.

Combining the information on season and trait, six 
environmental groups (EG) were formed: W240_R; 
W240_D; W365_R; W365_D; W450_R and W450_D. For 
each environmental group, the analyzed trait (W240, W365 
and W450) was considered as a different one (Table 1).

The GLM procedure of software SAS (Statistical 
Analysis System, version 9.1), was used to define the
important effects to be included in contemporary groups,  
which are the concatenation of feeding standard, year of 
birth, sex and herd. Contemporary groups that had fewer 
than three observations were excluded from the analysis 
and so were animals with inconsistent information. The 
final pedigree used in the relationship matrix was formed
by information on the animal, sire and dam, resulting in a 
total of 8,193 animals.

Covariance components as for the three traits evaluated 
were obtained using software gibbs2f90 (Misztal, 2010), 
which provided two multi-trait analyses. Concerning the 
first one, all the traits were considered the same in all
environments (EG), and in the second one, in each EG, the 
trait was treated as distinct.

The general model for W240 included contemporary 
groups and cow age (in classes) as fixed effects. The
animal and maternal additive genetic, maternal permanent 
environment and also the animal residual effects considered 

as random. To W365 and W450, the general model included 
the contemporary groups and cow age as fixed effects and
the animal additive genetic and residual as random effects. 

The general model can be written as follows:
y = Xβ + Zaa + Zmm + Zpp + e

In which y = vector of the observations (traits evaluated); 
β = vector of the fixed effects; a = vector of the animal
genetic additive effect; m = vector of the maternal genetic 
additive effect; p = vector of maternal environmental 
effect; e = residual vector; X, Za, Zm and Zp = incidence 
matrix that relate β, a, m and p to y. It was assumed that E[y] = 
X β; Var(a) = A⊗Ga, Var(m) = A⊗Gm, Var(p) = INm⊗Gp and 
Var(e) = IN⊗R, in which IN⊗R, Ga = animal genetic additive 
covariance matrix; Gm = maternal additive covariance 
matrix; Gp = genetic matrix of maternal environmental 
effects; R = residual covariance matrix; A = relationship 
matrix; I = identity matrix; Nm = number of dams with 
measures; N = number of animals with measures and ⊗ = 
direct product between matrices. Vectors a, m, p and were 
considered as independent.

Vectors β and a were named as location parameters 
from a conditional distribution y| β, a, m, p. As a priori 
to β, a uniform distribution was considered, reflecting a
previous knowledge about this vector. To a, a multivariated 
normal distribution was assumed as the priori with mean 0 
and variance Ga⊗A to all the multiple-trait analyses. To m 
and p, a multivariate normal distribution was also assumed 
with mean 0 and variance Gm⊗A and variance Gp⊗I, 
respectively.

For all the other components, a wishart distribution was 
assumed as a priori (Van Tassel & Van Vleck, 1996).

In both multiple-trait analyses, Gibbs chains of 
1,000,000 samples were generated: the first 50,000 were
discarded and the chains after those samples were kept to 
do the inferences about the posterior distribution, using one 
at every 50 samples. The evaluation of chains was done 
by package BOA (Smith, 2007) of software R, in which 
the convergence and dependency between samples were 
evaluated using the test of Heidelberger & Welch (1983). 
The importance of the genotype × environment interaction 
was verified through genetic correlation (rg). Interactions 
were considered important if the rg values among the EG 
were below 0.80.

Results and Discussion

The heritability estimates of growth traits evaluated  at 
240 (W240), 365 (W365) and 450 (W450) day-old cows 
in both birth seasons, rain (R) and dry (D), in all different 

Table 1 - Descriptive analysis of the environmental groups as for 
the three evaluated traits

Descriptive 
analysis

Environmental groups

W240_R W365_R W450_R W240_D W365_D W450_D

N 4,253 2,981 2,546 2,462 1,829 1,421
x̄ 188.33 228.81 276.44 199.70 229.42 257.21
SD 35.79 43.24 52.35 36.89 44.34 54.11
W240, W365 and W450 - weights at 240, 365 and 450 days of age, respectively.
R - rainy season; D - dry season; N - number of observations;  xˉ - means; SD - standard 
deviation. 
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states studied (Table 2), were similar. Higher estimates 
were obtained during the rainy season for W365 and 
W450. These high estimates could indicate that most of the 
phenotypic variation observed in the studied population is 
related to the additive effects of genes, which can provide 
important gains through selection. 

The differences of heritability estimates observed 
between birth seasons were 0.02 for W240, 0.15 for W365 
and 0.09 for W450. The highest difference was obtained for 
W365, indicating that a higher genetic variability between 
seasons can be found during this life period of animals. 
However, these differences in estimates indicate that the 
phenotypic performances of the progenies from the same 
sire are different depending on the seasons. 

Similar results for traits at different ages have been 
found in Tabapuã animals (Sakaguti et al., 2003; Dias 
et al., 2005, 2006; Sousa Júnior et al., 2010, 2011) and also 
in Nellore cattle at lower magnitudes (Alencar et al., 2005; 
Mascioli et al., 2006; Lopes et al., 2008).

The genetic correlation estimates for W240, W365 
and W450 (Table 2) presented values ranging from 0.53 
to 0.88, which classifies those estimates as being from
medium to high. The highest genetic correlation value was 
obtained between W365_D and W450_D (0.88) and also 
between W365_D and W450_D (0.79), which indicates a 
higher genetic variability between traits, no matter the birth 
season considered, when compared with the other traits 
evaluated. However, traits W240_R and W240_D showed 
higher values of genetic correlation when compared with 
W450_R, W240_D and W365_D, indicating that selection 
for higher weight gains could be more efficient if performed
at earlier ages, close to 365 days of age. Robertson (1959) 
reported that genetic correlation values below 0.80 indicate 
the presence of genotype × environment interaction (GEI).

Genetic correlation values ranging from low to medium 
magnitude, means that genes related to growth in one birth 
season are not the same genes related to the expression of 
the same trait in another season. Those results are similar 
to those found by Fridrich et al., (2003) which also worked 

with Tabapuã animals in four regions of Brazil, evaluating 
weights at 205, 365 days of age, where GE was found 
only where GE was found only between region northeast 
to south and southeast regions, with genetic correlations 
ranging from -0.86 and 0.51, respectively.

Lower results of genetic correlations for other breeds 
of zebu cattle were described by Alencar et al. (2005) and 
Lopes et al. (2008) in Nellore cattle; Pereira  et al. (2006), 
concerning Caracu cattle; and for Canchim cattle.

The heritability and genetic correlation estimates 
presented by the evaluated traits (W240, W365 and W450) 
in this study when not considering the effect of GEI 
(Table 3) point to magnitudes of heritability ranging from 
0.43 to 0.48, in other words, with a medium magnitude, 
with a tendency to an increase when the age of the animals 
does as well. Similar results have been found by Dias et al. 
(2005, 2006) and Sousa Júnior et al. (2010, 2011), who also 
worked with Tabapuã animals.

The range of the genetic correlations between the 
studied traits (0.73 to 0.88) (high magnitude) are similar to 
results found by Sakaguti et al. (2003), Dias et al. (2006) 
and Sousa Júnior et al. (2010, 2011). These results indicate 
that according to the direct heritability estimates and the 
genetic correlations, there is enough genetic variation to 
obtain a higher genetic gain if an individual selection is 
done at weights after weaning, since, during this period, it 
will be possible to identify animals of superior genetics.   

It is important to highlight that when selections related 
to animal life are done later, a higher chance of achieving 
an increase of mature weight of cows is expected, since 
the correlation between weights after yearling with mature 
weight is considered high and, moreover, this kind of increase 
is not always desirable (Sousa Júnior et al., 2010).

It is possible to verify that heritability estimates of 
W240_D, W365_D and W450_D with the estimates from 
W240, W365 and W450, i.e., between estimates during the 
dry season and estimates without GEI, were more similar 
when the comparison is done between the same traits during 
the rainy season (Tables 2 and 3). 

Table 2 - Mean and standard error (parentheses) of heritability estimates and genetic correlations (above the diagonal) between the three 
traits during both birth seasons

W240_R W365_R W450_R W240_D W365_D W450_D

W240_R 0.44(0.05) 0.69(0.12) 0.71(0.11)  0.78(0.06)  0.71(0.10)  0.64(0.10)
W365_R  0.58(0.06)  0.79(0.13)  0.53(0.09)  0.66(0.08)  0.63(0.10)
W450_R   0.59(0.08)  0.59(0.09)  0.64(0.09)  0.66(0.08)
W240_D    0.42(0.04)  0.73(0.13)  0.65(0.13)
W365_D     0.43(0.05)  0.88(0.16)
W450_D      0.50(0.04)
W240, W365 and W450 - weights at 240, 365 and 450 days of age, respectively.
R - rainy season; D - dry season.
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The heritability estimates of the characteristics of the 
rainy season had higher magnitudes when compared with 
the characteristics of the dry period, (Table 2), with the 
heritability with no use of GEI effects (Table 3) and with 
the results obtained in the literature, as reported by Sousa 
Júnior et al. (2010), who, working with the same database, 
described estimates of 0.31, 0.40 and 0.44 using single and 
bi-trait models comparing them with random regression 
models (RRM).

The results concerning genetic correlations (Tables 
2 and 3) show similar variations, with maximum points 
of 0.88 and with minimum points differing from 0.53 to 
0.73 between the analyses that consider both effect of the 
presence and absence of GEI, respectively. The biggest 
differences of genetic correlations estimates were found 
for W240 with other weights in both seasons, which 
could be explained by a bigger difference between those 
weights related to the other traits. According to Sousa Júnior 
et al. (2010), in Tabapuã cattle, when differences between 
weights increase, so do genetic correlations. Similar values 
were found by Mascioli at al. (2006).

In this study, genetic correlations values below 0.80 
were found, and according to Cardelino & Rovira (1987)  
there is genotype × environment interaction when the 
genetic and the environment effects do not combine 
additively. An example is the change in the order of animal 
classification when the environment changes.

The a posteriori distribution of the heritability 
estimates (Figure 1) shows a better understanding and details 
about heritability estimates. The posterior distribution has a 
tendency of being a normal one with three traits evaluated, 
with a higher dispersion on W365_R; W450_R; W365_D 
and W450_D. The observation of the graphics allows us 
to infer, by the intersection of the densities, that the rainy 
period, overall, shows the highest heritability estimates if 
compared with the dry season for all the traits.

The posterior distribution of W240_R and W240_D 
presented many more similarities with each other than 
when compared with the other traits. 

One can observe that the distribution of W240_D was 
always similar to W240_R, but also inferior and practically 
contained within the distribution of W240_R, indicating 
that both traits are extending to the same point, with 
different magnitudes, which shows evidence of the absence 

Table 3 - Mean of heritability estimates (diagonal) and genetic 
correlations (above the diagonal) and standard error 
(parentheses) of the three traits evaluated when an 
analysis that does not consider the GEI effect is 
conducted

W240 W365 W450

W240 0.43 (0.05) 0.75 (0.04) 0.73 (0.04) 
W365  0.44 (0.06)  0.88 (0.02) 
W450   0.48 (0.08) 
W240, W365 and W450 - weights at 240, 365 and 450 days of age, respectively.

0.2 0.3 0.4 0.5 0.6 0.7

W240_R
W240_D

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

W365_R

W365_D

0.3 0.4 0.5 0.6 0.7 0.8 0.9

W450_R
W450_D

Figure 1 - Posteriori density of heritability estimates (h2) in the x-axis, of 240 (W240), 365 (W365) and 450 (W450) day-old cows during 
the rainy (R) and dry (D) seasons.



2173Genotype by environment interaction in different birth seasons for weight at 240, 365 and 450 days of age in Tabapuã cattle

R. Bras. Zootec., v.41, n.10, p.2169-2175, 2012

of GEI, so it can be implied that the different birth seasons 
were not important to that trait. Mascioli et al. (2006) and 
Alencar et al. (2005), studying Nellore animals, reported 
dispersions with lower and inferior magnitudes compared 
with those in this study.

When the focus was on W365_R, the distribution was 
superior to that of W365_D. However, the second trait 
showed higher values, but both varied to the same point, 
presenting a similar shape (Figure 1). Weights at 450_R 
had a wider interval distribution of 0.6 when compared 
with W450_D with amplitude a little bit greater than 0.4; 
weighing during the rainy season also presented higher 
values when compared with weights from the dry season 
of the year.

The dispersion observed in W365 and W450 traits, in 
both dry and rainy seasons, showed an indication of the 
presence of GEI, since the phenotype of the individuals is 
the result of their genotype, which varies according to the 
environment to which animals are exposed.

Both genotype and environment effects are important 
to the expression of most of the economic traits in beef 
cattle. A basic question to the animal breeding field is if
selection made in one environment can be valid to reach the 
genetic progress in another one (Dias et al., 2005, 2006). 

When observing the intersection of the densities 
(Figure 2), the rainy season shows higher genetic variance 
than the dry one. The difference of variation could indicate 

that those genotypes are reacting differently to different 
environments, which implies the existence of GEI.

This is what happens, for instance, if the difference in 
the weight of animals is more clear in the seasons in which 
the pasture quality is better on average. In this case, the 
GEI which resulted from the heterogeneity of variances 
will not change the classification of the genotypes, but will
cause a difference between heritability estimates. However, 
if a higher variation is a consequence of the difference of 
variation of the genetic level of herds within each season, 
which can be caused by the intensity of selection for in 
some traits during some seasons, then the difference in 
genetic variation cannot characterize GEI. 

The main consequence of that kind of GEI on genetic 
gain in herds, when evaluated together, is that if there is 
an intense selection, there can be higher contribution of 
the season with a higher genetic variation, in this case, 
the rainy season. So the genetic gain would be reduced, 
since it is not necessary to choose animals that came 
from the season with a higher variation, which would not 
necessarily be the genetically superior animals during all 
seasons.

Another result (Figure 2) is that the posterior densities 
of the additive genetic variances from W240_R and W240_
D, which are in agreement with the heritability distribution, 
show similar magnitudes and amplitudes between each 
other.

190 290 390 490 590 690 790

W365

150 250 350 450 550

W240

250 450 650 850 1050 1250

W450

150 200 250 300 350 400 450 500

W240

150 250 350 450 550 650 750

W365

150 350 550 750 950

W450

W240

W240

W365

W365

W450

W450

Figure 2 - Posterior density of additive variances (superior) and residual variances (inferior) in the weight of cows at 240 (W240), 365 
(W365) and 450 (W450) days during the dry (continuous line) and rainy (dashed line) seasons.
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As for W365_R, W365_D, W450_D and W450_D, all of 
them showed similar distribution to the heritability estimates 
considered. When the residual variances are evaluated 
(Figure 2) the dry season presents the lowest values, whereas 
the rainy season presents similar distributions between the 
weights. A lower value of residual variance could be due to 
a lower environment variation, which can represent better 
care of and reliability on the data collection.

On the other hand, those values can also be caused 
by the reaction of some genotypes to some environments 
within seasons, which can characterize the GEI. If there 
is a higher variation of quality of pastures within seasons 
and the magnitude of the differences between the animals 
depend on the quality of pasture, then the heterogeneity of 
variance characterizes the GEI (Diaz et al., 2011a).

The residual heterogeneity of variance has also effect 
on genetic gain when the selection intensity applied is high. 
Selection of more animals in the season that have higher 
residual variance is not desirable, since in a practical 
manner, animals from seasons with less “controlled” 
environments could be chosen (Diaz et al., 2011b).

Concerning the selection of animals using the phenotype, 
it is possible to observe that when the heterogeneity of 
variances is ignored and the intensity of selection is high, 
there is a tendency to select animals from herds in which the 
variance is higher, since that is the kind of herds in which 
animals with extreme values can be found. When selection 
is based on pedigree information, measures coming from 
herds that present more variation get more attention during 
genetic evaluation (Dias et al., 2005, 2006).

Weights at 240 days, in the rainy and dry seasons, 
presented considerable intersection on their distribution, 
which indicates the existence of GEI (Figures 1 and 2). 
However, in other studied traits, those areas of intersection, 
i.e., common areas for the studied weights during the two 
seasons, are smaller than the first one, which represents that
there are more differences between the rainy and dry seasons.

Therefore, it is possible to verify that these results 
confirm the importance of including the birth season in
the genetic analysis, to get the maximum of accuracy of 
prediction of the breeding values and they also suggest 
that genetic evaluation in different regions, with a large 
environmental difference, will be more efficient to identify
genetically superior animals (Corrêa et al., 2007).

Based on the fact that the genotype × environment 
interaction can have a negative effect on the genetic gain of 
populations from the Northeast of Brazil, since sires will be 
inappropriately used, it is highly recommended to consider 
all the environmental effects existing in all regions, as the 
ones found in this study.

More emphasis has to be given to GEI when a genetic 
material is imported, with high investments, since the 
performance of the animals will be different because 
the environment in which they will be tested will be 
very different from the one in which they were selected. 
Therefore, it is recommended that only animals that are 
genetically superior and that were tested under the same 
environment conditions be used to get higher genetic gains 
in the whole population. 

Conclusions

There is genotype × birth season interaction on weight 
at 365 and 450 days of age. The same effect was not found 
for weight at 240 days in the northeast region considering 
Tabapuã animals. Genetic evaluation of both weights at 
365 and 450 days could be done separately from weights 
at 240 days of age when the interaction has to be accounted 
for different birth seasons in Tabapuã animals from the 
northeastern states of Brazil. It is important to consider 
the effect of genotype by environment interaction on 
evaluations to all the growth traits in a Tabapuã population 
from the northeast; it is also highly recommended that 
more research with Tabapuã animals be done in other 
regions of Brazil.
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