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Genetic effect of season on the preweaning growth of beef cattle:

A first approach on Retinta calves
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Abstract

Background: Heat stress derived from global warming is causing major economic losses in the livestock industry. 
Objective: To develop a novel methodological approach for determining the influence of climatic factors on the estimation 
of genetic parameters for growth traits in Retinta cattle breed by using reaction-norm models. Methods: Live weight records 
(n=7,753) from 3,162 Retinta calves born from 1,249 dams and 85 sires and raised in the Andalusian region (Spain) were 
analyzed. The effect of heat stress was measured using the temperature-humidity index, calculated with climatological data 
obtained from four weather stations. A bivariate-random-regression reaction-norm model was used to estimate the (co)variance 
components of weight until weaning in two different climatic seasons corresponding to warm and cold months. Results: The 
heritability pattern of individuals reared under diverse environments during the first 90 days of age was different. However, 
differences were not significant at the end of the growing period. Weaned calves reared during the cold season showed greater 
growth from 70 to 160 days in comparison with those reared during the warm season. Conclusions: Overall, this assessment 
did not show significant effects of the genotype-environment interaction. However, highly significant evidence of genotype-
climatic condition interaction was found during the calf´s first three months of age.

Keywords: beef cattle, genotype-environment interaction, genetic effects, global warming, heat stress, preweaning growth, 
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Resumen

Antecedentes: El estrés térmico derivado del calentamiento global está causando pérdidas económicas en la industria 
ganadera. Objetivo: Desarrollar un enfoque metodológico para estimar la influencia de algunos factores climáticos sobre 
la estimación de parámetros genéticos en las variables de crecimiento de la raza bovina Retinta. Métodos: Se analizaron 
registros de peso vivo (n=7.753) de 3.162 terneros hijos de 1.249 vacas y 85 toros, criados en la región de Andalucía 
(España). El efecto del estrés térmico se midió mediante un índice de temperatura-humedad obtenido a partir de los datos 
de cuatro estaciones meteorológicas. Se usó un modelo bivariado de regresión aleatoria de “norma-reacción” para estimar 
la (co)varianza del peso hasta el destete en dos diferentes épocas climáticas correspondientes a los meses cálidos y fríos. 
Resultados: Se encontraron diferencias en el patrón de heredabilidad de individuos criados en diferentes ambientes durante 
los primeros 90 días de vida. Sin embargo, tales diferencias no fueron significativas al final del periodo de crecimiento. Los 
terneros destetados en la época fría mostraron un mayor crecimiento entre 70 y 160 días en comparación con los criados en 
la temporada cálida. Conclusiones: Se encontró una evidencia altamente significativa de la interacción genotipo-condición 
climática durante los primeros tres meses de crecimiento del ternero. 

Palabras clave: calentamiento global, crecimiento predestete, efectos geneticos, estrés climático, ganado de carne, 
interacción genotipo-ambiente, norma-reacción, raza Retinta, regresión aleatoria, THI.

Resumo

Antecedentes: O estresse térmico devido ao aumento da temperatura média está produzindo grandes perdas econômicas 
na indústria pecuária. Objetivo: Realizar uma nova abordagem metodológica para estimar a importância dos fatores climáticos 
em parâmetros genéticos em variáveis de crescimento da população da raça Retinta. Métodos: Foram analisados registros de 
peso vivo (n=7.753) de 3.162 Retinta bezerros, nascidos de 1.249 vacas e 85 touros criados na região da Andaluzia (Espanha). 
O efeito do estresse térmico foi medido utilizando o índice de temperatura-umidade obtido com dados climatológicos de quatro 
estações meteorológicas. Um modelo de regressão aleatória bivariado de norma-reação foi usado para estimar os componentes 
da (co)variância do peso à desmama em duas estações climáticas com correspondência aos meses quentes e fríos. Resultados: 
Diferenças foram encontradas no padrão de herdabilidade de indivíduos criados em diferentes ambientes nos primeiros 90 dias 
de idade. No entanto, essas diferenças não foram significativas no final do período de crescimento. Os bezerros desmamados 
globalmente na estação fria apresentaram um crescimento maior dos 70 aos 160 dias em comparação com os indivíduos criados 
na estação quente. Conclusões: Uma evidência altamente significativa da interação genótipo-ambiente foi encontrada durante 
os primeiros três meses de crescimento do bezerro.

Palavras-chave: aquecimento global, bovino de corte, crescimento pré-desmame, efeitos genéticos, estresse por calor, 
interação genótipo-ambiente, norma de reação, raça Retinta, regressão aleatória, THI.
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Introduction

Extensive livestock production is highly 
dependent on weather conditions. Nowadays, 
cattle reared under extensive conditions are 
exposed to increasing heat stress, which is 
expected to worsen in the next decades (IPCC, 
2014). Such an adverse situation is partially 
solved by using autochthonous breeds since 
they are better adapted to the local environment.

In cattle, heat stress has been associated 
with decreased productivity and economic 
losses (Mader, 2003; Nienaber and Hahn, 2007; 
St-Pierre et al., 2003), normally induced by 
reduced feed intake (Collier and Zimbelman, 
2007). In extreme cases, heat stress has been 
associated with negative energy balance and 
body weight loss (Lacetera et al., 1996), as well 
as with a reduced immune system response 
(Silanikove, 2000). The first experimental 
approach to select animals based on heat stress 
tolerance was proposed by Misztal (1999). This 
researcher evaluated the productive reaction 
of individuals subjected to increasing heat 
loads (reaction-norm model) to determine the 
genotype-environment interaction and detect 
the best genetically adapted individuals to an 
increased temperature range ( Santana et al., 
2016). Later, heat stress tolerance was included 
as a secondary trait in dairy selection schemes 
focused on increased production (Bohmanova 
et al., 2005; Brugemann et al., 2011; Carabano 
et al., 2017; Ravagnolo and Misztal, 2000; 
Sanchez et al., 2009). However, few studies 
have been performed in Bos taurus (Bradford 
et al., 2016) and Bos indicus (Santana et al., 
2016) grazing cattle, and -to our knowledge- 
no studies have been performed in Spanish 
breeds.

Retinta is an autochthonous breed widely 
used in the south of Spain due to its excellent 
adaptation to the extreme environment that 
prevails in that region (Morales et al., 2013). 
These individuals are raised in an extensive 
regime characterized by pasturelands with 
limited production, steep hills and a dry and hot 

climate (Rodero-Serrano et al., 2013). Under 
these herd conditions, the effect of heat stress 
is expected to rapidly manifest as weight loss 
and reduced reproductive potential in poorly 
adapted individuals (Vercoe and Frisch, 1980).

Therefore, the objective of this study was 
to develop a novel methodological approach to 
determine the influence of weather variables on 
the estimation of genetic parameters for growth 
traits in Retinta cattle by random regression 
(reaction-norm) models.

Materials and methods

Animals and growth records 

Growth records of 3,162 calves born 
from 85 sires and 1,249 cows were collected 
between birth and 245 days of age. All calves 
were weighed at least once between birth and 
4 months of age, and at least another time 
between 4 to 8 months of age. The animals 
belonged to 14 Retinta herds located in the 
south of Spain and were reared during a 
nine-year period (two-generation intervals). 
Farms were selected to maximize the pedigree 
completeness, more than 3 mean equivalent 
generations (Maignel et al., 1996), production 
records and the genetic links among herds, 
which was achieved by using insemination 
with 45 connecting sires. Weight records 
outside the range of ± 3 standard deviations 
from the average were excluded, resulting in 
7,753 live weight records from calves included 
in this study (Table 1). The relationship matrix 
(A) included a pedigree with a total of 6,053 
animals and their ancestors. This genealogical 
records information was obtained from the 
herdbook of the Retinta Breeder’s Association. 
Mean maximum generation was 11.70, mean 
complete generation was 3.79, and mean 
equivalent generation was 6.27, as determined 
by ENDOG (Gutiérrez and Goyache, 2005).

https://doi.org/10.17533/udea.rccp.v33n2a01
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Climate data 

Climate data were obtained from four weather 
stations of the Spanish Meteorological State 
Agency (Agencia Estatal de Meteorología—
AEMET), located near the farms. Weather stations 
collect climatic information (temperature, 
relative humidity, degree of insolation, solar 
radiation, precipitation, and speed and wind 
direction) every hour. From this information, 
the average temperature and humidity were 
calculated to estimate the temperature and 
humidity index (THI), according to Finocchiaro 
et al. (2005) as: 

THI = Tdb – (0.55 – 0.0055 × RH) × (Tdb – 14.4)

Where Tdb = dry bulb temperature (°C) and 
RH = relative humidity of the air (%). 

Solar radiation (SR; MJ/m² per day) was 
also registered to define the annual variation 
and determine the existence of weather seasons 
based on systematic records.

The herd heat load was estimated as the 
average THI 30 days before each weight 
assessment.

Reaction-norm model

Individual live weight results recorded during 
the high heat stress (HHS) and low heat stress 
(LHS) seasons were considered as two different 
traits. The components of variance through the 
trajectory of the pre-weaning age intra-stress 
zone were estimated applying a bi-character 
random regression model:

Table 1. Raw dataset and selected population.

Data type Raw dataset

Selection Criteria

Genetic links 
among herds (by 

45 connecting 
sires)

Mean equivalent 
generations >3

Calves weighed twice 
(between birth and 

4 months of age, 
and between 4 and 8 

months of age)

Weight records 
outside the range 

of ± 3 SD*

Farms 44 17 14 14 14
Calves 13,640 4,712 3,382 3,197 3,162
Cows 5,403 1,677 1,521 1,281 1,249
Sires 309 111 94 89 85

Weight records 13,828 9,327 8,726 7,813 7,753

*SD: standard deviations.

where yijkl:Z is the ith records of live 
weight in each z stress zone; fixed is a set of 
fixed effects: sex of the calf with two levels 
(Sj j=2 level), parity effect of the dam with ten 
levels (CNk, k = 1, 2,…6 or more calvings) 
and combined herd-year with 355 levels. Age 
effects were analyzed by a fixed covariable 
intra-stress zone (z) by a Legendre polynomial 
(F) of order r = 3.

Genetic effects (ai) were calculated by a 
random regression matrix (lk) intra-stress 
zone with a Legendre polynomial (F) of order 
r = 1; Z1 is an incidence matrix of permanent 
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environmental random effects (pi) due to 
repetitions of the same trait in the animal, and eijkl 
is a random error common to all observations. 
A residual intra-stress zone variance was 
evaluated, but it did not contribute to an increase 
in the model fit.

The significance of the effects included in 
the model was determined with the Wald test 
(Kenward and Roger, 1997). All the statistical 
analyses were carried out using the Asreml 
software (Gilmour et al., 2009).

In this reaction-norm animal model, the 
variance can be estimated as follows:

this breed were recently presented by Morales 
et al. (2013). Heritability at j age and genetic 
correlations between any pair of ages in both 
stress zones were determined by classical 
methodologies. 

Results

The analysis of the weather data collected 
during a nine-year period showed two well-
differentiated periods with minimal variations 
within each period: a warm season from April 
to September (HHS) and a cold season from 
October to March (LHS). The former was 
characterized by a 40% increased SR, and 20% 
increased THI compared with LHS (Figure 1). 

Where A is the numerator relationship 
matrix,  Ips

2
p and Ins

2
e are the variances of 

permanent environmental random effects and 
residual effect, with matrices of identity Ip and 
In, respectively. These variance components are 
given directly by Asreml, while the expected 
(co)variance components through different 
ages of the cow for each stress-zone can be 
represented by a further random regression 
matrix manipulation lk:zwith the following four 
sub-matrices:

 The diagonal sub-matrix elements (lhy 
ll) are used to estimate the variances of live 
weight over pre-weaning age under HHS and 
LHS environmental conditions, symbolized as 
h and l, respectively, while the correspondent 
(co)variances are contained in  lhl = llh. The 
(co)variance estimates were obtained applying 
the procedure proposed by Jong (1995). 
Details of practical application with data of 

Figure 1. Progression of temperature, humidity (THI), and 
solar radiation (SR) index during pre-weaning growth of 
Retinta cattle in two climatic categories, warm or high heat 
stress (HHS) from months 4 to 9, and cold or low heat stress 
(LHS) from month 10 to 3 years of age.

All the included effects were highly 
significant (p<0.001, Wald test), as well as 
weather-season-age of the calf interaction. 
Differences in the progression of live weight 
during the pre-weaning age trajectory of Retinta 
calves and each climatic class were significant 
(p<0.001, Wald test) (Figure 2).

https://doi.org/10.17533/udea.rccp.v33n2a01
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Figure 2. Progression of live weight of Retinta calves during 
pre-weaning.

Live weight variance components and 
heritabilities were estimated in each climatic 
season during the pre-weaning period, showing 
a wide range of variation throughout the calf's 
age. Heritability differences in the HHS and LHS 
zones were highly significant during the first 90 
days of growth (p<0.001, Wald test). After this 
point (end of the third month), differences were 
not significant (p>0.05), converging to zero after 
120 days of growth (Figure 3). Likewise, the 
genetic correlations of live weights in the different 
climatic periods showed the same trend, with 
values lower than 1 during the first three months 
of age, and close to 1 thereafter (Figure 3). 

Discussion 

In this study, we aimed to demonstrate 
the flexibility and potentiality of reaction-
norm random regression models to evaluate 
the genotype-environment interaction in 
extensive cattle production systems. Despite 
of not including some environmental factors 
in this analysis (e.g., nutritional management, 
livestock load per acre, or grazing strategies) 
and the weather analyzed included only the 
Mediterranean climate range (CSA, according 
to the Köppen-Geiger climate classification; 
Kottek et al., 2006) our results showed the 
existence of a genetic influence on weaning 
weight under stressful environmental conditions. 
In addition, climatic conditions could have a 
strong influence on weight increase, particularly 
during the first months of life. However, the 
genetic correlation with climatic periods lower 
than 1 in the first three months of age suggests 
the existence of a highly significant interaction 
between the environment and the calf genotype 
in that specific period.

In this study, we used an analytical 
methodology previously reported in dairy 
cattle (Aguilar et al., 2009; Ravagnolo and 
Misztal, 2000) and swine (Fragomeni et al., 
2015; Zumbach et al., 2008) raised in confined 
systems, in which the environmental conditions 
were tightly controlled, with minimum variation 
among farms. On the other hand, Retinta cattle 
are raised in the typical environment of the south 
of Spain and the Andalucía region, characterized 
by harsh weather, cold winters and dry and hot 
summers, with abrupt changes between seasons. 
In our case, reaction-norm models proved to 
be valid to evaluate the heat-stress tolerance of 
grazing animals under such conditions, which is 
extremely important since those individuals are 
more prone to be exposed to heat stress (Tucker 
et al., 2008).

In a previous study, Bradford et al. (2016) 
determined a heritability close to 0.24 for 
weaning weight in Angus cattle using reaction-
models with intermediate heat loads. On the 

Figure 3. Heritability and genetic correlations of live weight 
through the pre-weaning trajectory in each climatic class.
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contrary, the results obtained with calves raised 
under more favorable environmental conditions 
and in zebu cattle were higher (Cardoso and 
Tempelman, 2012; Santana et al., 2016). In 
our study, heritabilities showed a wide range 
of variation throughout the calves´ age, which 
could be partially explained by differences in 
heat stress tolerance among individuals’ age or 
by differences in the availability and quality of 
pasturelands that influences milk production. 
However, it has also been demonstrated 
that milk production is severely affected by 
individual heat stress tolerance, suggesting that 
those animals could be affected not only by 
the heat stress tolerance of their genotype, but 
also by the genotype of their mother (Aguilar 
et al., 2009; Bohmanova et al., 2005; Carabano 
et al., 2014; Sanchez et al., 2009). Likewise, it 
is noteworthy that genetic correlations between 
climatic periods were extremely high during the 
last period of growth of the calf, in which the 
dependence on maternal milk is much lower.

Despite the overall interaction was not 
significant, genetic differences between 
climatic seasons were significant at specific 
growth periods. This phenomenon was also 
recently described by Santana et al. (2016), 
who observed substantial heterogeneity in the 
(co)variance components for weaning weight 
analyzing different environmental conditions, 
suggesting that it was an evidence of the 
genotype-environment interaction. Moreover, 
those researchers demonstrated that the best-
fitted animals detected in the least stressful 
environments were not necessarily the most 
suitable ones, and even not suitable at all, to be 
raised in the most stressful environments. In our 
study, individuals that grew up in HHS suffered 
a highly stressful environment in comparison 
with the group reared in LHS. Nevertheless, the 
number of records analyzed in each category 
was homogeneous, suggesting that Retinta 
calves are well adapted to the environmental 
conditions observed in HHS.

Based on the current knowledge, low response 
to selection for weaning weight in populations 

reared under stressful environments is expected, 
since greater growth appeared from 70 to 160 
days in animals raised during the cold season 
(Figure 2). However, differences were not 
significant when they were considered altogether, 
suggesting the existence of a compensatory 
growth that equalizes calf weights after this age. 
It is also known that the dam begins to reduce 
milk production during pre-weaning, thus forcing 
the calf to consume grass, thus the genotype-
environment interaction would be more evident 
during this specific period. Therefore, our results 
suggest that the effect of calving season and 
heat load could be exerted through the grazing 
behavior of the calf, which is clearly associated 
with thermal stress (Santana et al. 2016).

In conclusion, differences observed in the 
heritability pattern of individuals reared in 
diverse environments during the first 90 days of 
age were not significant at the end of the growing 
period. Our results confirm a clear variability 
among individuals since animals raised during 
the cold season showed a greater growth from 70 
to 160 days. This information could be used as a 
baseline for future studies including ample range 
of rearing environments as well as the nutritional 
impact produced by environmental differences.
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