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ABSTRACT
The objective of this study was to estimate the heritability and genetic, phenotypic, and environ-
mental correlations between 305-day milk yield (305MY), age at first calving (AFC), calving inter-
val (CI) and dry period length (DPL), as well as to compare the productive and reproductive
performances of several groups of Girolando cows during their first, second and third parturi-
tions in Brazil. Genetic parameters were estimated using uni- and bi-trait analyses via restricted
maximum likelihood (REML). Heritability estimates were similar between uni- and bi-trait analyses
and varied from 0.20 to 0.28, 0.00 to 0.08 and 0.07 to 0.14 for 305MY, CI and DPL, respectively,
whereas AFC was 0.20. Genetic correlations between 305MY and AFC (–0.49) or DPL (–0.40 to
–0.79) show a favourable association. However, an unfavourable genetic association was verified
between 305MY and CI (0.59) in the first calving. Environmental and phenotypic correlations
between 305MY and CI or DPL showed a favourable association (–0.25 to –0.42 and –0.14 to
–0.44). Concerning the cow breed group, a decrease in 305MY was observed as the fraction of
the Gyr breed increased, whereas animals from the 1/2 Holstein þ1/2 Gyr crossbreeding group
yielded better performances for AFC and CI. These results reveal large genetic, phenotypic and
environmental variations that could be used in selection programmes.
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Introduction

In milk production systems that are raised on pasture
in the Brazilian tropical and subtropical regions, ani-
mals from crosses between Bos taurus� Bos indicus
breeds predominate because they are better accli-
mated to weather conditions in these regions. The
greater part of milk yield in Brazil is provided by cows
crossed between Holstein and Gyr cattle that are
responsible for 80% of the total milk production
(ABCG 2012).

During the last few years, there was significant
growth in the sale of Girolando semen, which reached
501,199 commercialised doses in 2012 (ASBIA 2013).
Furthermore, between 2000 and 2014, there was a
41% increase in the milk yield of Girolando cows (Silva
et al. 2016).

Although these scenarios seem favourable for dairy
cattle in Brazil, there are several obstacles that need to
be overcome, such as problems associated with

interactions between production and reproduction
traits and their impact on genetic improvement pro-
grammes. Reproduction performance is one of the
main factors that influence global efficiency and profit-
ability of milk production systems. Consequently, these
traits are of interest to breeders because they improve
profitability of their herd. However, several studies
indicate that genetic selection to increase milk yield
has a response that is correlated with a reduction in
fertility due to antagonistic genetic correlations
between production and reproduction traits (Ojango &
Pollot 2001; Pryce et al. 2002; Makgahlela et al. 2007;
Sewalem et al. 2010). Studies in tropical and subtrop-
ical regions have revealed unfavourable genetic correl-
ation between milk production and fertility in Holstein
cattle and their crossbreeds (Silva et al. 1998; Lôbo
et al. 2000; Wenceslau et al. 2000; Balieiro et al. 2003).
For the Girolando breed, no studies were found in the
literature regarding genetic correlations between pro-
duction and reproduction traits.
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The aims of this study were: (a) to estimate herit-
ability and genetic, phenotypic, and environmental
correlations between 305-day milk yield (305MY) and
reproduction traits such as age at first calving (AFC),
calving interval (CI) and dry period length (DPL) and
(b) to compare production and reproduction perform-
ances of several genetic groups of Girolando cattle
from Brazil.

Materials and methods

The database that was used in this study contained
86,863 records that were obtained from the Brazilian
Girolando Breeders Association in partnership with
Embrapa Gado de Leite – National Dairy Cattle
Research Center.

Prior to the analysis, the information in the sub files
was subjected to a number of limiting restrictions rele-
vant to each trait. The following records were
excluded: calving year before 2000 and after 2011; lac-
tation length less than 100 and greater than 730 days;
CI less than 300 days or greater than 730 days; 305MY
greater than 20,000 kg; DPL less than 20 and greater
than 300 days; and records of cows with unknown
parents.

The analysed traits for the three first lactations were
305MY, AFC, CI and DPL. We used the records of cows
from six genetic groups with Holstein and Gyr crossings
(1/4HOL:3/4GYR, 3/8HOL:5/8GYR, 1/2HOL:1/2GYR,
5/8HOL:3/8GYR, 3/4HOL:1/4GYR, 7/8HOL:1/8GYR),
which were identified as Holsteins with gene fractions
of 1/4, 3/8, 1/2, 5/8, 3/4 and 7/8, respectively (Table 1).

The contemporary groups (CG) were defined by
herd-calving year for the traits 305MY, CI and DPL and
by herd-birth year for AFC. Only CG with at least three
records and daughters from at least two sires per
group were used. The calving and birth months were
grouped into two seasons: October to March (warm
and rainy season) and April to September (dry season).

After editing the data, the pedigree file that was used
to compute the numerator relationship matrix (NRM)
had 26,969, 14,323 and 9701 animals for first, second
and third lactation, respectively. The total number of
animals with records, the number of bulls and cows in
the pedigree file and in the data file are presented in
Table 2.

To estimate the genetic parameters, uni- and bi-trait
analyses were performed for the production and
reproduction traits of three calvings. The convergence
was not reached when all traits were jointly consid-
ered in a multi-trait analysis. For 305MY, CI and DPL, a
model containing fixed effects of the herd-calving
year, calving season and genetic group of each cow
and age at calving as the linear and quadratic covari-
ates was used. For AFC, a model with the fixed effects
of herd-birth year, birth season and genetic group of
each cow was used. The additive genetic effects of the
animals were randomly considered for all traits, with
the error considered to be normal and independent.

The uni-trait animal model was fitted to estimate
variance components and heritability separately for
each trait, while bi-trait animal models were set to
estimate genetic correlations between traits.

In the matrix notation, the animal model was as
follows:

y ¼ XbþZuþ e

where y is the vector of records for 305MY, AFC, CI
and DPL; b is the vector of fixed effects defined above;
u is the vector of random animal effects including ani-
mals without records, u�N (0, A r2

u); e is the vector
of random residual effects, e�N (0, r2

e ); and X and Z
are incidence matrices assigning observations to fixed
and random animal effects, respectively.
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Table 1. Number of animals per genetic group and traits dur-
ing the first three lactations of Girolando cows.

Genetic group

Lactation Traita 1/4 3/8 1/2 5/8 3/4 7/8 Total

1st 305MY 275 425 2706 3417 3251 826 10,900
AFC 275 425 2706 3417 3251 826 10,900
CI 114 192 1498 1577 1541 405 5327
DPL 86 171 1377 1441 1432 373 4880

2nd 305MY 208 264 1899 2053 2026 620 7070
CI 90 123 1033 916 974 308 3444
DPL 86 112 970 853 909 299 3229

3rd 305MY 177 188 1262 1312 1259 445 4643
CI 78 91 682 597 577 204 2229
DPL 74 85 653 556 546 201 2115

a305MY: 305-day milk yield (kg); AFC: age at the first calving (days); CI:
calving interval (days); DPL: dry period length (days).

Table 2. Descriptive statistics for milk yield and reproduction
traits of Girolando cows during the first three lactations.
Lactation Traita N Mean SD Minimum Maximum CV, %

1st 305MY 10,900 3937 1817 212 14,368 46.15
AFC 10,900 1075 183 700 1650 17.03
CI 5327 436 92 301 730 21.10
DPL 4880 110 66 20 300 60.06

2nd 305MY 7070 4237 1995 191 19,183 47.07
CI 3444 424 88 300 729 20.69
DPL 3229 117 66 20 300 56.31

3rd 305MY 4643 4471 2105 214 16,981 47.08
CI 2229 417 83 300 729 19.83
DPL 2115 114 62 20 300 54.10

a305MY: 305-day milk yield, kg; AFC: age at the first calving, days; CI:
calving interval, days; DPL: dry period length, days.

ITALIAN JOURNAL OF ANIMAL SCIENCE 23



where G0 and R0 denote the matrices of order 2� 2
containing the additive genetic and residual variance
components, respectively. A represents the NRM
among evaluated individuals, I denotes the identity
matrix and � denotes the Kronecker operator. Vector
b contains the same fixed effects of uni-trait analysis
for the corresponding trait, as previously defined.

Bi-trait analyses were performed between each pair
of the previously mentioned traits and within each
calving order to estimate the genetic, phenotypic and
environmental correlations. The models that were
used in these analyses were similar to those that were
adjusted for uni-trait analyses. The estimates of
the co(variance) components were obtained via the
restricted maximum likelihood (REML) using the
WOMBAT software (Meyer 2007).

Results

The genetic group had a significant effect on milk
yield and reproduction traits of Girolando cows
(p< .05, Table 3). The 7/8 cows had better performan-
ces for milk yield in three calvings, although in the
third calving, this superiority was not significant in
relation to 3/4 cows. 3/4 cows’ 305MY was greater
(p< .05) than 1/4, 3/8, 1/2 and 5/8 cows in the three
calvings. However, the performances of 5/8 and 1/2
cows were similar (p> .05), but significantly greater
(p< .05) than 3/8 and 1/4 cows, as they yielded the
worst performance for all of the studied traits. Overall,
there was a reduction in milk yield as the Gyr breed
composition fraction increased.

When evaluating the reproduction traits, there was
a reduction in the indexes when the proportion of
Holstein or Gyr increased, such that the animals close
to 1/2HOL:1/2GYR tended to have better reproduction
performances. 1/2 cows presented with the lowest

estimated means for AFC, followed by 3/4 and 5/8
cows with intermediate performances and similar AFC;
otherwise, these genetic groups were greater than 7/8,
3/8 and 1/4 cows. The worst performance for AFC was
observed in 1/4 cows (p< .05).

For the CI trait, 3/8, 1/2 and 5/8 cows were similar
and presented with lower performances in relation to
other genetic groups at first calving. Even in the
second and third calvings, 3/4 and 7/8 cows had the
worst performances for CI. There was no difference
(p< .05) among 3/8, 1/2 and 5/8 cows (second calving)
and 1/4, 3/8 and 5/8 cows (third calving). In relation to
DPL, 7/8 and 3/4 cows (greater percentage of Holstein)
had shorter dry periods in three calvings, while 1/4
and 3/8 cows (greater percentage of Gyr) presented
with longer dry periods (p< .05).

The heritability estimates for milk yield and repro-
duction traits obtained through uni- and bi-trait analy-
ses were similar for the majority of the traits that were
studied (Tables 4 and 5). The heritability estimates of
305MY at the first and second calvings were similar
(0.27 and 0.28) and was lower at the third calving

Table 3. Estimates of least square means and standard errors of different genetic groups for milk yield and reproduction traits of
Girolando cows during the first three lactations.

Genetic group

Lactation Traitf 1/4 3/8 1/2 5/8 3/4 7/8

1st 305MY 3084 ± 96e 3310 ± 74d 3854 ± 36c 3933 ± 31c 4197 ± 31b 4399 ± 56a

CI 469 ± 10cd 439 ± 7ab 437 ± 3a 443 ± 3a 453 ± 3bc 466 ± 5d

DPL 164 ± 8a 143 ± 5b 124 ± 2c 124 ± 2c 117 ± 2d 114 ± 4d

AFC 1165 ± 10a 1132 ± 8b 1051 ± 4e 1081 ± 4d 1075 ± 3d 1106 ± 6c

2nd 305MY 3436 ± 127e 3832 ± 105d 4204 ± 48c 4301 ± 45c 4584 ± 43b 4908 ± 75a

CI 408 ± 12a 433 ± 9ab 426 ± 4a 429 ± 4a 440 ± 4b 445 ± 6b

DPL 159 ± 9a 132 ± 7bc 128 ± 3b 121 ± 3bc 118 ± 3cd 110 ± 5d

3rd 305MY 3339 ± 164d 3894 ± 135c 4288 ± 62b 4430 ± 58b 4876 ± 56a 4937 ± 93a

CI 432 ± 14ab 420 ± 11ab 414 ± 5a 426 ± 5ab 429 ± 5b 433 ± 7b

DPL 144 ± 10a 134 ± 8ab 125 ± 4ab 120 ± 4bc 109 ± 3d 107 ± 6cd

a–eEstimates of least square means with different letters in rows are significantly different (p< .05).
f305MY: 305-day milk yield, kg; AFC: age at first calving, days; CI: calving interval, days; DPL: dry period length, days.

Table 4. Estimates of heritability (h2) and standard errors (SE)
for milk yield and reproduction traits of Girolando cows dur-
ing the first three lactations using uni-trait analyses.

Heritability coefficient of variation

Lactation Traita h2 SE CVa, %

1st 305MY 0.27 0.03 17.20
AFC 0.20 0.03 5.70
CI 0.01 0.02 1.52
DPL 0.08 0.04 14.73

2nd 305MY 0.28 0.04 18.29
CI 0.00 0.04 0.16
DPL 0.07 0.05 13.43

3rd 305MY 0.20 0.05 15.03
CI 0.08 0.07 5.04
DPL 0.14 0.08 18.60

a305MY: 305-day milk yield (kg); AFC: age at first calving (days); CI: calv-
ing interval (days); DPL: dry period length (days).
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(0.20), while DPL presented with similar estimates at
the first and second calvings (0.08 and 0.07) and was
higher at the third calving (0.14) (Table 5).

For CI, the estimates were close to zero at the first
and second calvings and greater at the third calving
(0.08) (Table 5). We highlighted the fact that the esti-
mates of heritability for CI and DPL presented with
high standard errors. The AFC was evaluated only at
the first calving and presented with a moderate esti-
mate of heritability (0.20), thus indicating additive gen-
etic variations, a fact that justifies its inclusion in the
improvement programmes. The AFC is an important
economic trait since it affects the beginning of an ani-
mal’s production and can therefore influence an ani-
mal’s productivity throughout life.

In addition to heritability, the estimates of additive
genetic variation coefficients (CVa) provided additional
information regarding genetic variability (Table 4).
These estimates revealed that the greater genetic vari-
ation in the population was associated with 305MY
(15.03–18.29%) and DPL (13.43–18.60%) during three

calvings, while the lower genetic variations were asso-
ciated with AFC (5.7%) and CI (0.16–5.04%).

The genetic, phenotypic and environmental correla-
tions between 305MY and AFC were negative, and low
to moderate in terms of magnitude, with values of
–0.49, –0.25 and –0.11, respectively (Table 6). A similar
result was obtained between 305MY and DPL during
the three calvings with values that were different than
zero. A greater genetic correlation between 305MY
and DPL was observed at the first calving (–0.79),
therefore, suggesting that genetic selection to increase
305MY would cause a reduction in DPL.

Between AFC and DPL as well as between AFC and
CI, we observed positive and low magnitude genetic
correlations, 0.28 and 0.15, respectively, at the first
calving. The respective phenotypic and environmental
correlations were positive and low for AFC and DPL
(0.06 and 0.01, respectively) and negative and low
between AFC and CI (–0.05 and –0.06, respectively).

The genetic correlation between 305MY and CI was
positive and of a moderate magnitude at the first

Table 5. Estimates of heritability (h2) and standard errors (SE) for milk yield and reproduction traits of
Girolando cows during the first three lactations using bi-trait analyses.

305MY AFC CI DPL

Lactation Traita h2 SE h2 SE h2 SE h2 SE

1st 305MY – 0.27 0.03 0.27 0.03 0.27 0.03
AFC 0.21 0.03 – 0.20 0.03 0.21 0.03
CI 0.02 0.02 0.01 0.02 – 0.01 0.02
DPL 0.08 0.03 0.08 0.04 0.07 0.03 –

2nd 305MY – nc 0.28 0.04 0.28 0.04
CI 0.01 0.04 nc – 0.00 0.04
DPL 0.10 0.05 nc 0.06 0.05 –

3rd 305MY – nc 0.20 0.05 0.20 0.05
CI 0.09 0.07 nc – 0.07 0.07
DPL 0.15 0.08 nc 0.09 0.08 –

a305MY: 305-day milk yield, kg; AFC: age at first calving, days; CI: calving interval, days; DPL: dry period length, days; nc¼it did not
converge.

Table 6. Genetic (rG), phenotypic (rP), and environmental correlations (rE) and standard errors (SE) among milk yield
and reproduction traits of Girolando cows during the first three lactations.

Genetic correlations
Phenotypic
correlations

Environmental
correlations

Calving Traita rG SE rP SE rE SE

1st 305MY AFC –0.49�� 0.09 –0.25�� 0.01 –0.11�� 0.03
305MY CI 0.59 0.42 0.15�� 0.02 0.13�� 0.03
305MY DPL –0.79�� 0.15 –0.37�� 0.01 –0.31�� 0.03
AFC DPL 0.28 0.19 0.06� 0.02 0.01 0.03
AFC CI 0.15 0.66 –0.05� 0.02 –0.06� 0.03
CI DPL –0.53�� 0.10 0.51�� 0.01 0.55�� 0.02

2nd 305MY CI nc 0.14�� 0.02 0.10� 0.04
305MY DPL –0.40� 0.19 –0.42�� 0.02 –0.44�� 0.04
CI DPL –0.64 nc 0.52�� 0.02 0.54�� 0.03

3rd 305MY CI –0.54 0.37 0.14�� 0.03 0.25�� 0.06
305MY DPL –0.62� 0.23 –0.40�� 0.02 –0.36�� 0.05
CI DPL 0.26 0.62 0.54�� 0.02 0.56�� 0.04

a305MY: 305-day milk yield, kg; AFC: age at first calving, days; CI: calving interval, days; DPL: dry period length, days.�p<.05.��p<.01; nc¼it did not converge.
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calving (0.59), and there was a similar magnitude with
a negative value at the third calving (–0.54), but at the
second calving, the genetic correlation did not con-
verge. The phenotypic and environmental correlations
had positive and low magnitude tendencies during
calving (0.14–0.15 and 0.10–0.25, respectively). Even
between CI and DPL, we verified negative and moder-
ate magnitude genetic correlations, –0.53 and –0.64,
respectively, at the first and second calvings, while at
the third calving, this value was positive and low
(0.26). The phenotypic and environmental correlations
for these traits were also positive and moderate and
oscillated from 0.51 to 0.54 and from 0.54 to 0.56,
respectively, during the three calvings.

Discussion

The genetic group had a significant effect on the varia-
bles that were studied. 7/8 and 3/4 cows had greater
performances of 305MY in relation to animals from
other genetic groups (p< .05); however, there was a
decrease in this performance as the ratio of the Gyr
gene increased. Similar results were reported in the sci-
entific literature for Holstein�Gyr cattle (Fac�o et al.
2007; McManus et al. 2008b) as well as Holstein� Zebu
cattle (Grossi & Freitas 2002; Guimar~aes et al. 2002) in
Brazil and Girolando cattle in Benin (Alkoiret et al.
2011). These authors observed greater milk yields dur-
ing lactation for animals with greater Holstein genetic
composition. Nevertheless, Barbosa et al. (2008), when
working with Holstein�Gyr cows in Pernambuco state,
Brazil using monthly test-day milk yield records,
reported a greater performance of milk yield, fat, and
protein production in 1/2 cows, followed by 5/8 cows.
The authors attributed this superiority to the maximum
heterosis of these animals, which was probably influ-
enced by non-additive genetic effects. Indeed,
Madalena et al. (1990) reported that F1 animals gener-
ally presented with greater milk yields and lower AFC in
relation to genetic groups with greater proportions of
Holstein cattle; however, this superiority declines with
the increased production level in response to an envir-
onmental improvement.

Although heterosis was not evaluated in this study,
the better performance of groups 7/8 and 3/4 could be
attributed to an improved environment in these herds,
which would favour the performance of animals with a
greater proportion of Holstein genes. The better per-
formance in the form of reproductive traits was
observed for 1/2 cows, who presented with lower
indexes of AFC and CI (p< .05). These results are similar
to those values reported in studies with Holstein�Gyr
cows (Fac�o et al. 2005) and Holstein�Guzerat cows

(Madalena et al. 1990); however, they differ from those
that were obtained by McManus et al. (2008b) in that
their study highlighted 3/4 cows as earlier animals
(844.4 days of AFC) and there was a lower CI (355.7
days). The authors concluded that environmental condi-
tions were limiting factors for Holstein purebred ani-
mals when it comes to expressing their genetic
potential. In the Republic of Benin, Alkoiret et al. (2011),
in a study with Girolando cows, reported a greater per-
formance of AFC in animals with 62.5% of Gyr genes;
however, the proportion of Gyr genes had no effect on
CI and DPL. Meanwhile, in other studies with
Holstein� Zebu cows, significant effects of genetic
groups on AFC (Guimar~aes et al. 2002) and CI (Grossi &
Freitas 2002) were not observed.

Alkoiret et al. (2011) evaluated DPL in Girolando
cattle and obtained higher values (229 ± 8 days) in
comparison to our study. The authors observed a
lower DPL in genetic groups 1/2 and 3/4 in compari-
son to the 3/8 group, but this increase in the propor-
tion of Holstein-Friesian genes did not have any
significant effect.

The heritability for 305MY that was obtained in the
uni- and bi-trait analyses was similar within calvings
and different among calvings. The lower heritability at
the third calving may have occurred due to the high
phenotypic variations that were observed (33.2 and
7.5% greater than phenotypic variances at the first
and second calvings), as well as due to non-identified
environmental and random factors (weather, produc-
tion level, misidentification, size of population that
was evaluated, and others). The heritability for 305MY
that was obtained in this study was within the ranges
(0.19–0.37) that were reported for Holstein�Gyr cows
(Fac�o et al. 2007, 2008, 2009). Also, it is similar to the
value of 0.28 that was obtained by Vercesi Filho et al.
(2007) in a study with Brazilian dairy crossbred females
(Bos taurus�Bos indicus). However, it is lower than the
value of 0.32 that was mentioned by Lôbo et al. (2000)
in a review regarding genetic parameters in tropical
regions. The differences in relation to the estimates
that were reported in the literature can be attributed
to several factors such as production levels, population
size, analysis model, measurement that was evaluated
(adjusted or total milk yield), environmental effects,
and others that affect genetic and environmental var-
iances. However, independently of variations that were
observed among the estimates, the heritability that
was obtained in this study is moderate, which sug-
gests a considerable additive genetic variance that will
cause reasonable response to selection for this trait.

The heritability for AFC that was obtained in this
study (�0.20) was within the range from 0.17 to 0.22
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that was reported for Gyr cattle (Balieiro et al. 2003;
Santana J�unior et al. 2010). Nevertheless, it was lower
than the estimates of 0.33, 0.48 and 0.70 that were
reported for Holstein�Gyr, Brazilian dairy crossbred
females (Bos taurus�Bos indicus), and Holstein� Boran
cows, respectively (Vercesi Filho et al. 2007; Fac�o et al.
2008; Haile et al. 2009) and the estimates of 0.23–0.35
that were reported for Holstein cows in Brazil (Val
et al. 2004; McManus et al. 2008a). The heritability of
the trait AFC indicates that the use of this trait as a
selection criterion should cause moderate genetic pro-
gress with regards to sexual precocity in Girolando
herds.

The heritability that was obtained for CI was low for
all calvings (0.00–0.08). The greater value at the third
calving (0.08) occurred due to the greater genetic vari-
ation and lower phenotypic variation in relation to the
other calvings. Small heritability estimates are common
in several fertility traits in dairy cattle. Indeed,
Berglund (2008) mentioned that in addition to difficul-
ties when it comes to measurement, they present with
very low heritability, generally lower than 0.05, mainly
due to the large influences of management and the
environment. Studies about heritability for CI involving
three calvings in crossbred cattle in Brazil are scarce in
the literature. The estimates that were obtained in this
study were lower than those described by Balieiro
et al. (2003), except at the third calving (0.08 vs 0.05)
for Gyr cattle, and the value of 0.12 that was obtained
by Silva et al. (1998) for the first CI using Holstein cat-
tle in Brazil. However, our estimates are close to those
obtained for Holstein cattle in other latitudes (Ojango
& Pollot 2001; Montaldo et al. 2010). Differences
between the estimates that were obtained in this
study and those obtained in other countries may occur
due to differences in management and weather that
affect genetic and environmental variances, as
reported by Berglund (2008).

The low estimates of heritability for CI that were
obtained in this study were caused by high pheno-
typic variance fractions due to environmental variation,
thereby suggesting that improvement in this trait
could be obtained by improvement in the production
environment instead of selection.

The heritability of trait DPL was similar at the first
two calvings (�0.08); however, the value was greater
at the third calving (0.14). The greater estimate of DPL
was caused by the greater genetic variance that was
observed at the third calving (CVa¼18.6%). There are
few studies in the literature regarding the estimates of
heritability for DPL in Brazil. The results are greater
than those that were mentioned in studies involving
all lactations (repeatability models), as those reported

by Pereira et al. (2000) obtained estimates of 0.004
and 0.0001 when using uni- and bi-trait analyses,
respectively, in Holstein herds in Brazil. Also, they are
greater than the value of 0.06 obtained by Silva et al.
(2006) when using Mantiqueira cows in Brazil, and the
value of 0.05 obtained by Rehman et al. (2008) when
using data from the first lactation of Sahiwal cows in
Pakistan. The low estimates for DPL that were reported
in this study indicate that selection for this trait would
not be very effective.

The moderate and negative genetic correlation
between 305MY and AFC (–0.49) that was obtained at
the first calving implies that part of the additive genes
that positively influence milk yield acts on reducing
age at the first calving. This result suggests that
daughters from high value genetic sires for 305MY
present with greater sexual precocity. Therefore, the
selection process to increase milk yield would result in
a greater precocity of heifers. The genetic correlation
between 305MY and AFC that was obtained in this
study is greater than that of –0.29, which was
described by Balieiro et al. (2003) in studies using Gyr
cows, and that of –0.20 reported by Val et al. (2004)
for Holstein cows. However, our estimate is lower than
those of –0.65 and –0.63, which were mentioned by
Silva et al. (1998, 2001) for Holstein and crossbred
Mantiqueira cows, respectively. Otherwise, Wenceslau
et al. (2000), in a study with dairy Gyr cattle, reported
unfavourable genetic correlation between both traits
(0.49).

The phenotypic and environmental correlations
(–0.25 and –0.11, respectively) differed from those
obtained by Balieiro et al. (2003), who reported values
of 0.02 and 0.11, respectively, for Gyr cattle; by Silva
et al. (1998) who reported 0.09 and 0.22 for Holstein
cattle; and by Silva et al. (2001) who reported 0.16 and
0.71 for Mantiqueira cows.

The genetic correlations between the traits 305MY
and CI were 0.59 and –0.54 at the first and third calv-
ings, respectively, which suggests genetic antagonism
between these traits only at the first calving, although
these estimates are low in terms of accuracy. Brazilian
researchers that reported similar estimates at the first
calving have observed unfavourable associations
between both traits (Silva et al. 1998; Lôbo et al. 2000;
Balieiro et al. 2003). Nevertheless, other authors did
not find unfavourable genetic associations between
milk yield and CIs (Ojango & Pollot 2001; Val et al.
2004; Montaldo et al. 2010). Phenotypic and environ-
mental correlations varied between low and moderate,
oscillating from 0.14 to 0.15 and 0.10 to 0.25, respect-
ively, during the first three calvings. These results are
close to the values described by Montaldo et al. (2010)

ITALIAN JOURNAL OF ANIMAL SCIENCE 27



in Mexico, which ranged from 0.07 to 0.15 and 0.09 to
0.17, respectively, for Holstein cows during the first
three calvings; however, our estimates were lower
than the values from 0.23 to 0.26 and 0.19 to 0.27,
respectively, which were estimated by Balieiro et al.
(2003) for Gyr cows during the first three calvings. The
results of this study indicate the possible influence of
management practices, since breeders generally give
more attention to their high milk production cows by
focussing more on nutrition, veterinary care, following
up with more doses for re-insemination when concep-
tion fails, among various other practices.

The genetic, phenotypic and environmental correla-
tions between 305MY and DPL varied between –0.40
and –0.79, –0.37 and –0.42, and –0.31 and –0.44,
respectively, during the first three calvings. Studies
regarding correlations between milk yield and DPL are
scarce in the literature. In a study with Simmental cat-
tle and crosses between Holsteins and Jerseys in
Pakistan, Ahmad et al. (2001) reported estimates of
–0.99 and –0.27 for genetic and phenotypic correla-
tions, respectively. However, estimates with opposite
signals were obtained by Rehman et al. (2008), who
reported values of 0.53, 0.27 and 0.17 for genetic,
phenotypic and environmental correlations, respect-
ively, in Sahiwal cows in Pakistan. Overall, the results
of this study suggest a favourable association between
both traits. Therefore, selection for greater milk yield
would result in a shorter DPL, possibly due to the
increase in lactation length.

The genetic correlation between CI and DPL at first
calving (–0.53) was moderate, while phenotypic
(0.51–0.54) and environmental correlations (0.54–0.56)
were also moderate. These results differ from those
obtained by Ahmad et al. (2001), who reported values
of 0.96 and 0.84 for genetic and phenotypic correla-
tions, respectively, for pure and crossbred cows in
Pakistan and those obtained by Lôbo et al. (2000),
who reported values of 0.97 and 0.74 for genetic and
phenotypic correlations using cattle in tropical condi-
tions. The genetic correlation between CI and DPL
implies that genes that cause increases in CI due to
increases in lactation length consequently reduce DPL.
However, the phenotypic correlation that was
observed between both traits implies that animals
with lower CIs present with shorter dry periods.

The phenotypic correlation between two traits
depends on their heritabilities and the genetic and
environmental correlations between them. If both
traits have low heritabilities, then the phenotypic cor-
relation is determined mainly by environmental correl-
ation; otherwise, if they have high heritabilities, then
the genetic correlation is more important (Falconer &

Mackay 1996; Lopes 2005). The management strategies
of breeders are the possible environmental causes that
can influence these reproduction traits according to
their economic interests.

The phenotypic and environmental correlations for
AFC and CI were close to zero and within the range of
values that was estimated by some authors (Ojango &
Pollot 2001; Montaldo et al. 2010).

Conclusions

A better performance for milk yield was obtained for
cows with genetic groups 7/8HOL:1/8GYR and
3/4HOL:1/4GYR, which presented with a decline in the
production level according to the increase in Gyr
breed composition. Animals of the genetic group
1/2HOL:1/2GYR, however, had the best performance
for AFC and CI. Unfavourable genetic associations
between milk yield and CI indicate that the selection
to increase milk yield might increase CI as a response.
The wide genetic variations of Girolando cattle for
milk yield and reproduction traits, when properly used
in genetic improvement programmes, can guarantee
moderate genetic gains for these traits of greater
interest for Girolando breeders, thereby contributing
to the long-term improvement in production and
reproduction efficiencies of the herds.
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