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ABSTRACT

Until now, the genetic evaluation of the Italian
Mediterranean Buffalo has been mainly focused on
production traits. However, female fertility affects
the efficiency of the dairy industry as it is essential
to maintain the profitability of dairy farms. Indeed,
the estimation of its genetic component is crucial for
its improvement. In this study, 3 measures of buffalo’s
fertility were analyzed: the age at first calving (AFC),
the interval between first and second calving (CIV1),
and the interval between second and successive calv-
ings (CIV2_12). Milk yield at 270 d (MY270) was used
as a correlated trait. First, genetic parameters were
estimated using 7,915 buffalo cows with first calving
from 1991 to 2018, then breeding values were calcu-
lated from 236,087 buffalo cows. Genetic parameters
were estimated by Bayesian inference fitting a multiple-
trait animal model using the GIBBS1F90 program, and
BLUPF90 was used for estimation of breeding value.
The heritability and repeatability estimates of fertility
traits were low. The genetic correlations among fertility
traits ranged from 0.10 (AFC-CIV1) to 0.92 (CIV1-
CIV2_12). Genetic correlation between MY270 and
fertility traits was unfavorable, ranging from 0.23 to
0.48. The results from this study can be used as a basis
for the future genetic improvement of fertility traits in
the Italian Mediterranean Buffaloes.

Key words: Mediterranean buffalo fertility, milk yield,
heritability, genetic correlation

INTRODUCTION

The early breeding objective in the Italian Mediter-
ranean buffalo (IMB) was mainly focused on improv-
ing production traits with a reduced or null emphasis
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on other functional traits. Indeed, the selection criteria
most worldwide used in buffalo breeding were, and still
are, those associated with productive features (Aspilcu-
eta-Borquis et al., 2010; Gupta et al., 2015; Costa et al.,
2020). In this species, even the most recent studies on
the genomic selection were oriented to the production
traits (Iamartino et al., 2017; Cesarani et al., 2021).
Furthermore, excellent milk quality and its high price
(mainly in Italy) contributed to a breeding selection
focusing more on milk production than on reproductive
traits (Shao et al., 2021). Nevertheless, reproductive
efficiency is considered an important factor that affects
total milk production, as it is associated with calving
performances. Consequently, in the last years selection
for fertility has become an important breeding goal
in different livestock species, such as beef and dairy
cattle (Liu et al., 2008; Robinson, 2008; VanRaden et
al., 2014).

In general, low reproductive capacity or infertility
problems require additional inseminations, more vet-
erinary attention, and hormonal treatments, which
consequently alter the current and subsequent lacta-
tions (Boichard, 1990). Also, additional costs are raised
due to culling and replacing animals with fertility
problems (Roxstrém and Strandberg, 2002). Therefore,
improving livestock fertility is the best option to reduce
management costs and increase farm profits (Dekkers,
1991). One of the main problems in genetically improv-
ing fertility in livestock, is to identify and use the most
informative trait. Among the most common and used
reproductive traits are the age at first calving (AFC),
which actually represents the starting point of a young
female buffalo productive career, the calving interval
(CIV), the number of inseminations for conception and
the pregnancy rate (Tonhati et al., 2000; Shao et al.,
2021).

The selection of animals for sexual precocity results
in the reduction of the AFC, enabling higher profits
and faster recovery of capital invested because of the
reduction of herd maintenance costs. From a genetic
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standpoint, this selection can result in a shorter inter-
val between generations and a faster rate of genetic
progress per unit of time obtained as a response to
selection (Fernandes et al., 2016).

Unfortunately, the genetic progress of reproductive
traits is slower than productive ones, because they are
quite complex and affected by several factors, especially
nongenetic. Such a situation leads to low heritability
estimates of buffalo reproductive traits (Shao et al.,
2021). An additional constraint is observed in Italy,
where the breeding season can be voluntarily postponed
by the farmer. Indeed, most of the Italian market de-
mands for buffalo milk, to be used for the production
of the Mozzarella di Bufala Campana cheese, occur in
the period of the year when calving is less frequent
(i.e., spring and summer), due to negative photope-
riod features of the species (D’Occhio et al., 2020).
Therefore, a specific strategy, generally called “out-of-
breeding-season-mating” technique, has been adopted
to reverse the calving season in IMB (Zicarelli, 1997).
This technique relies on using artificial insemination
or natural mating between March and September to
have the calving period between January and August
of the following year. However, this approach is prone
to reproductive disorders and, therefore, a gradual ap-
plication using only a batch of the available females
(mainly primiparous) is generally suggested to mitigate
fertility loss within the herd.

Many studies investigated the genetic variation of re-
productive traits in different buffalo populations, show-
ing a low heritability, mainly for AFC and CIV, and a
negative (i.e., unfavorable) correlation with productive
traits (Kumar et al., 2015; Barros et al., 2016; Rathod
et al., 2018). Moreover, the heritability of the same
trait varies greatly among different breeds, suggesting
the need to evaluate each breed separately (Cassiano
et al., 2004).

For this reason, the aim of the present study was first
to estimate the genetic parameters and then breeding
values and genetic trends of 3 reproductive traits in the
IMB.

MATERIALS AND METHODS

Ethics Statement

Animal welfare and use committee approval was not
needed for this study as data sets were obtained from
pre-existing databases based on routine animal record-
ing procedures.

Data

Data for the present study were provided by the
National Association of Italian Buffalo Breeders
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(ANASB) and regarded reproductive, productive, and
pedigree information. The initial data set included a
total of 6,576,041 milk test day samples collected be-
tween 1982 and 2019 from 262,254 buffalo cows. Ad-
ditional available information were: birth-date, calving
date, herd of calving, and milk yield adjusted to 270 d
(MY270). The editing criteria to exclude extreme val-
ues included the following restrictions: AFC <23 and
>47 mo, CIV <350 and >800 d, and birth orders >12.

The following traits were considered in this study
as measures of buffalo’s fertility: AFC, the first CIV
(i.e., the interval between first and second calving,
CIV1) and the interval between the second and sub-
sequent calvings (CIV2_12), with a maximum num-
ber of calving equal to 12 (i.e., CIV2_3; CIV3_4;

. CIV11_12). All traits were expressed in days.
Four calving and birth seasons were defined: spring
(March, April, May), summer (June, July, August),
autumn (September, October, November), and winter
(December, January, February). In addition, herd size
was defined in 5 classes, 1: <100, 2: >100 and <200,
3: >200 and <300, 4: >300 and <400, and 5: >400
animals. Additionally, MY270—calculated according
to the guidelines of the International Committee for
Animal Recording (ICAR) for Buffalo Milk Recording
(ICAR, 2021)—was also included as a correlated trait.
In general, the inclusion of MY270 has 2 main objec-
tives: first, to take into account its genetic correlation
with fertility; and second, to correct for the bias due to
voluntary culling of low-producing individuals.

Fertility traits are complex traits, mainly because
they are strongly influenced by nongenetic aspects.
For this reason, we have set a very rigorous editing of
the data for the estimation of the genetic parameters
(for example, only buffaloes with sire and dam tested
with DNA). Once the parameters have been estimated,
we have calculated the genetic index for the whole
population. Therefore, after editing 2 different data
sets were created: a first one used for the estimation
of variance components (VCE) and a second one for
breeding value estimation and calculation of genetic
progress. The former contained records of milk yield
(25,375), AFC and first CIV1 (7,915) and successive
CIV2_12 (21,193), collected from 7,915 buffalo cows
with first calving from 1991 to 2018 in 258 herds. The
latter included 719,797 observations corresponding to
236,087 buffaloes. In total, the pedigree included 22,456
animals for VCE and 650,277 for EBV.

Models and Genetic Parameter Estimation

The following multivariate animal model was fitted
to estimate VCE and EBV for fertility and milk yield
traits in the IMB breed:
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e AFC, CIl:
y=u¢+Xb+ Qh + Za + e

o CI2_12, MY270:

y=p+ Xb + Qh + Za + Wpe + e,

where y is the vector of observations of each trait
(AFC, CIV1, CIV2_12, MY270); u is the overall mean;
b is the vector of fixed effects, which included the effect
of the combination of year and season of birth (105
levels), herd size (5 levels), daughter of artificial insemi-
nation (2 levels: yes or no), year and month of calving
(273 levels), and parity for the CIV2_12, MY270 (1, 2,
3, ... 12); h is the vector of random herd effect; a is
the vector of random animal effect; pe is the vector of
random permanent environmental effect; e is the vector
of residual effect; and X, Q, Z, and W are incidence
matrices relating records to fixed, herd, animal, and
permanent environmental effects, respectively.

The GIBBS1F90 program (Misztal et al., 2002)
was used for estimating (co)variance components us-
ing Gibbs sampling. For the analysis, 500,000 samples
(saving every 50 samples after discarding a burn-in
of 100,000 iterations) were drawn. Convergence was
determined from a visual inspection of trace plots.
The POSTGIBBSF90 module of BLUPF90 family of
programs (Misztal et al., 2002) was used to extract
the posterior mean as a point estimate of (co)variance
components and related parameters. Lower and upper
bounds of the 95% highest posterior probability density
regions (HPD) for heritability and additive genetic
correlations were estimated from the Gibbs samples,
and the EBV were obtained using BLUPF90 (Misztal
et al., 2018). Data preparation, editing, and all statisti-
cal analyses were performed using the R programming
environment v.3.6.1 (R Core Team, 2019).

The heritability (h*) was computed as

e AFC, CIV1:

2
W= ST
o, to,+o,

e CIV2_12, MY270:

2
g

2 _ a
h™ = 2 2 2 P
o, +o +Upe + o,
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where o2 is the additive genetic variance, o} is the herd

variance, o2, is the permanent variance, and 062 is the

pe
residual variance.

Intraherd heritability (hf) was calculated as

e AFC, CIV1:
o2
h2 _ a :
h 03 —I—JS
e CIV2_12, MY270:
o2
hy = -

2 2 2"
o, +Upe+ae

The repeatability (r) was calculated only for CIV2_12
and MY270, as

2 2
o, +crpe

r= .
2 2 2 2
o, +o, +Upe + 0o,

Realized genetic gains for the 3 fertility traits were es-
timated from the linear regressions of the buffalo cows’
EBV for each trait on their birth dates. Buffalo cows
with phenotypic data and born from 1985 to 2016 were
used. Additionally, to identify possible breakpoints
in the realized genetic trends, a piecewise regression
model was also fitted to the same data using results
from the linear regression. The function segmented of
the R package segmented (Muggeo, 2003, 2008, 2017)
was used.

RESULTS
Descriptive Statistics

Descriptive statistics for fertility traits in IMB and
their phenotypic trends by year of birth are shown in
Table 1 and Figure 1, respectively. The AFC ranged
between 705 and 1,425 d, with an average of 1,024 d +
138. The coefficient of variation was low (13%). Pheno-
typically we can observe a steady decline of AFC until
2005 followed by a new increase and again a decrease.

As expected because of the editing criteria, param-
eters for CIV1 and CIV2_12 were similar and ranged
between 350 and 800 d. Their averages varied from 473
d £+ 100 (for CIV1) to 452 d + 98 (for CIV2_12). The
coefficient of variation (CV; ~21%) was slightly higher
than AFC, but the phenotypic trend (Figure 1) is more
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Table 1. Descriptive statistics for fertility and milk yield traits in the Italian Mediterranean Buffalo (IMB)

Trait' Mean SD Minimum Maximum CV (%)
AFC (d) 1,024 138 705 1425 13
CIV1 (d) 473 100 350 800 21
CIV2_12 (d) 452 98 350 800 22
MY270 (kg) 2,736 582 1,301 5,806 21

'AFC = age at first calving; CIV1 = interval between first and second calving; CIV2_12 = interval between
second and remaining calving; MY270 = 270-d adjusted milk yield.

stable and suggests a slow increase across years. The
large drop in the last years observed for all traits is
related to data censoring (i.e., a buffalo cow born in
2016 did not have a second calving, yet).

Across the observed period the average of the MY270
was 2,736 kg, ranging between 1,301 and 5,806 kg. Milk
yield increased constantly until 2011 and then experi-
enced a drop until 2015, followed by a further recovery.

Genetic Parameters

Posterior means estimates of variance components
(additive, herd, permanent environmental, and re-
sidual), heritabilities (h*) and repeatabilities (r) for the
observed traits are reported in Table 2. The estimates

of the additive genetic variance for AFC and CIV1 were
greater than those observed in CIV2_12, which suggests
a larger environmental variability for the latter trait.
The estimates of heritabilities had a low magnitude and
ranged from 0.03 for CIV2_12 to 0.09 for AFC. Intra-
herd heritability had a similar pattern, ranging from a
minimum of 0.03 for CIV2_12 to a maximum of 0.10 in
AFC. The repeatability for CIV2_12 showed low esti-
mated value (0.06), a value of the same magnitude as
their corresponding heritability. Heritability for MY270
was 0.27.

The estimates of genetic correlations and their HPD
are shown in Table 3. The relationship among fertility
traits were all positive ranging from 0.10 (AFC-CIV1)
whose HPD included 0, to 0.41 (AFC-CIV2_12). Esti-
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Figure 1. Phenotypic trend for fertility traits and milk yield in the Italian Mediterranean buffalo. AFC = age at first calving; CIV1 = in-
terval between first and second calving; CIV2_12 = interval between second and remaining calving.
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mated genetic correlation between CIV was 0.92. The
relationship between reproduction and milk production
was also positive ranging from 0.23 for MY270-AFC
to 0.48 for MY270-CIV2_12. However, a positive rela-
tionship should be considered as unfavorable because it
means not only a postponed beginning of the reproduc-
tion activity but also longer intervals between calvings.

Genetic Trends

The genetic trends for the 3 fertility traits estimated
from buffalo cows born between 1985 and 2016 are in
Figure 2. Results from piecewise regression are in Table
4. A moderate increase was observed in the genetic
trend for AFC. The piecewise regression identified one
breakpoint between 2000 and 2001. Before 2000 the
genetic increase per year was 0.026, which decreased
to approximately 0 (b = 0.007) afterward. The genetic
trends for CIV1 and CIV2_12 were quite similar, and
the piecewise regression identified 3 and 4 breakpoints,
respectively. Until 1991, both CIV1 and CIV2_12 de-
creased yearly by —0.128 and —0.077, respectively. Af-
terward, CIV1 showed a negative or approximately null
trend (b = —0.007) until 2011 while CIV2_12 had a
positive yearly increase (i.e., unfavorable) of 0.01 until
2008 and of 0.05 from 2009 until 2011. Finally, since
2011 both traits showed a larger yearly increase than
before, being 0.106 and 0.132 for CIV1 and CIV2_12,
respectively.

DISCUSSION

Bubalus bubalis, the water buffalo, is considered one
of the most rustic domestic species, able to survive in
extreme wet or swampy conditions (Minervino et al.,
2020; Neglia et al., 2020; Gémez et al., 2021). However,
it also represents an important financial asset in both
developing and developed countries (e.g., the produc-
tion in Southern Italy of Mozzarella di Bufala Cam-
pana Protected Designation of Origin cheese), which
actually requires sustainable and economically efficient
production systems.

Reproductive traits are economically important for
sustainable food production. Indeed, low reproductive
capacity or infertility (e.g., an extended duration be-
tween 2 calvings, additional inseminations, veterinary
interventions, and hormonal treatments) increase costs
as well as the probability of an animal being culled or
replaced (Boichard, 1990; Roxstrom and Strandberg,
2002; Shao et al., 2021).

One effective technology that produces permanent
and cumulative changes in performance and whose
power of long-term improvement has been well docu-
mented in various livestock species is genetic improve-
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Table 2. Estimates of genetic parameters (lower and upper bounds of the 95% highest probability density [HPD, given in parentheses| intervals) of fertility traits in the Italian

Mediterranean buffalo (IMB)

h? (intraherd)

h?

random

688.17
(442.92-971.97)

Trait

0.10
(0.07-0.13)

0.09

(0.05-0.13)
0.08

0.08
(0.06-0.10)

(0.05-0.10)
0.03

0.06

0.03
(0.02-0.04)

(0.04-0.08)
0.39

(0.02-0.04)

0.27

149.10-8,548.36)

893.51

0.35
(0.34-0.37)

(0.38-0.40)

(0.24-0.31)

335.60-124,580)

532.61
(320.26-758.55)

AFC

(4

653.09
(377.66-947.64)

749.45
(481.99-1,021.31)

CIV1

(8

430.51
(271.35-593.76)

291.63
73,025.81

262.32
(186.84-339.67)

86,979.31

CIV2_12

(8
121
(119

(162.71-432.12)

37,566.86
(28,874.68-46,015.43)

MY270

(54,947.83-92,572.21)

(75,857.79-98,628.65)

2
a

12 = interval between second and remaining calving; MY270 = 270-d adjusted milk yield. o

interval between first and second calving; CIV2

'AFC = age at first calving; CIV1

residual variance. r = repeatability.

2
T

= herd variance. o

random

2

= permanent environmental variance. o,

2
pe

additive genetic variance. o
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Table 3. Estimates (posterior mean and 95% highest probability
density [HPD] intervals) of genetic correlations among fertility traits
and milk yield in the Italian Mediterranean buffalo (IMB)*

Trait Mean HPD interval (95%)
AFC-CIV1 0.10 —0.109 0.304
AFC-CIV2_12 0.41 0.230 0.588
AFC-MY270 0.23 0.127 0.340
CIV1-CIV2_12 0.92 0.856 0.964
CIV1-MY270 0.28 0.161 0.398
CIV2_12-MY270 0.48 0.368 0.596

'AFC = age at first calving; CIV1 = interval between first and second
calving; CIV2_12 = interval between second and remaining calving;
MY270 = 270-d adjusted milk yield.

ment (Pryce et al., 2000). However, its efficacy depends
on how much of the observed phenotypic variation is
due to genetic variation (i.e., narrow-sense heritability),
eventually affecting the rate of genetic improvement.
Over the past 20 years, several studies were conducted
to estimate the heritability of different reproductive
traits, but most of them were in cattle (Ma et al., 2019;
Cesarani et al., 2020; Martinez-Castillero et al., 2020).

Moreover, these traits are largely influenced by en-
vironmental factors, such as the reproductive manage-
ment of the herd, whereby the models fitted in our
study included the herd as a random effect. The inclu-
sion of a random effect had a dual purpose: not only a
better management of information coming from small
groups of contemporaries (Visscher and Goddard, 1993)
but also to model the nongenetic covariance between
individuals producing in the same farm and that can
therefore share common farmer’s managerial choices
(i.e., synchronization, voluntary waiting period, and so
on). Indeed, contemporary groups are generally used to
identify groups of same-sex animals, born or producing
in the same period, or raised under the same condi-
tions, or who have received the same managerial care
(Schaeffer, 2018). In this way, the model should better
reflect any characteristics that influence all responses
for that particular farm (Biffani et al., 2020). In the
present study, the percentage of change observed for
fertility traits due to the herd ranged from 5% to 12%.

The h? value estimated for AFC in the present study
was similar to those from buffalo populations in Brazil
(0.07), Egypt (0.11) and India (0.14; de Oliveira Seno
et al., 2007; El-Bramony, 2011; Gupta et al., 2015).
However, they were lower than those estimated in other
studies on the Murrah breed, where heritabilities ranged
from 0.17 to 0.28 (Tonhati et al., 2000; de Camargo et
al., 2015; Kumar et al., 2015). Our heritability for CIV1
was slightly higher than those reported by Cassiano et
al. (2004), Fernandes et al. (2016), and de Araujo Neto et
al. (2020), but lower compared with what was reported
by de Oliveira Seno et al. (2007) in the Murrah breed in
Brazil (0.14). In our study we also evaluated CIV other
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than the first (i.e., CIV2_12), whose estimate was low
(0.03), but similar to what reported by Cassiano et al.
(2004), in the Carabao, Jafarabadi, and Mediterranean
buffalo breeds. Slightly higher heritabilities, with val-
ues ranging from 0.05 to 0.10, were published in other
studies (Tonhati et al., 2000; Morammazi et al., 2007;
Barros et al., 2016). In contrast, high heritability val-
ues were reported for CIV2_12 in the Indian Murrah
(0.23; Gupta et al., 2015) and Suri (0.55; Rathod et al.,
2018) breeds. Heritability estimates for fertility-related
traits are usually obtained from field data that may be
biased by a breeder’s attitude. For example, calving in-
terval measures frequently omit dams discarded for low
production or reproductive problems, a strategy that
can result in a reduction of additive genetic variation
(Malhado et al., 2013). Even in the same breed, the dif-
ferent populations showed variations among estimated
parameters, which may be related to different manage-
ment and performance that the fitted models were not
able to capture or control (Shao et al., 2021).

This suggestion is also supported by results for re-
peatability of CIV2_12, which was extremely low (0.06).
Repeatability is a statistic that describes the degree to
which variation within individuals contributes to total
variation in a population and may be set as an upper
limit on heritability (Boake, 1989). In our study we
observed that at the most 6% of the phenotypic differ-
ences among buffalo cows were dependent on additive
genetic and permanent environmental factors.

Genetic correlations between AFC and CIV were low
to moderate (0.10 and 0.41) and highest between CIV
(0.92). These results suggest that selection for earlier
AFC would have a favorable effect on reduction of
calving interval. Therefore, direct selection for either of
these traits may result in genetic gains in both. Simi-
lar results were reported in both buffaloes and cattle
(de Oliveira Seno et al., 2007; Berry and Evans, 2014;
Barros et al., 2016), while negative correlations have
been reported in the Egyptian buffalo, Nellore, and
Brahman breeds (Mercadante et al., 2000; El-Bramony,
2011; Cavani et al., 2015). However, using AFC or CIV
as selection criteria should also depend on additional
justification. Indeed, can a reduction in CIV be an ad-
vantage? For example, in US dairy goats, selecting for
shorter CIV decreased the productive life of females at
72 mo by 8.28 d per generation (Castaneda-Bustos et
al., 2014). A similar attitude might not be beneficial
in buffaloes, first because calving for the first time too
early might jeopardize heifer development, and then
because productive life might be reduced. An optimal
solution would be the use of an aggregate selection
index that includes both traits and whose relative em-
phasis should depend on actual phenotypic and genetic
population parameters (e.g., if the average AFC in
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Figure 2. Genetic trends for fertility traits in the Italian Mediterranean buffalo. Results from a piecewise regression model are also shown (b

coefficients). AFC = age at first calving; CIV1 = interval between first and second calving; CIV2_12 = interval between second and remaining
calving.

the active population is considerably high, a possible
selection objective would be to decrease it). In spite of

low heritability, the genetic relationship between CIV1 correlated (Lukowski et al., 2017).

and CIV2_12 was very high. This is not an unexpected
result because genetic correlations represent the pro-
portion of overlapping genetic effects; that is, 2 traits
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could both be highly heritable but not be genetically
correlated or have low heritability and be completely

An additional and important result from our study
regards the relationship between fertility and produc-
tion. In dairy cattle a plethora of studies have not only
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Table 4. Realized genetic trends and results from the piecewise regression model between EBV and birth year!

Trait Breakpoint B SE CI95L CI95U
AFC 1985-2000 0.026 0.009 0.008 0.044
2001-2016 0.007 0.005 —0.003 0.017
CIV1 1985-1991 —0.128 0.047 —0.221 —0.035
1992-2010 —0.007 0.006 —0.018 0.004
2011-2016 0.106 0.033 0.042 0.171
CIvV2_12 1985-1991 —0.077 0.031 —0.139 —0.016
1992-2006 0.010 0.005 0.000 0.020
2007-2011 0.051 0.032 —0.011 0.113
2012-2016 0.132 0.031 0.072 0.192

'AFC = age at first calving; CIV1 = interval between first and second calving;

CIV2_12 = interval between

second and remaining calving. B = slope of linear fit. CI95L = lower bound of 95% CI. CI95U = upper bound

of 95% CI.

demonstrated the unfavorable correlation between milk
production traits and female fertility (Lucy, 2019) but
also the problem that approximately all these traits
(fertility, morphology, etc.) are biased with respect
to milk production. Indeed, voluntary culling due to
low production or preferential treatment of superior
milk producers (e.g., reinsemination) are 2 examples
of such an issue (Weller, 1989; Biffani et al., 2005).
Our genetic correlations between milk production and
fertility traits were 0.23, 0.28 and 0.48 for AFC, CIV1
and CIV2_12, respectively. Those results confirm the
unfavorable relationship and were not entirely unex-
pected. Indeed, as Negrini et al. (2021) pointed out,
for a long time the main breeding goal of the IMB has
been milk yield and kg of mozzarella and only recently
it has been changed toward a more sustainable and
welfare-oriented breeding goal (Biffani et al., 2021).
Similar results were reported in the Murrah buffaloes
from Brazil (Tonhati et al., 2000; Malhado et al., 2013;
Barros et al., 2016) and in the Egyptian buffalo, where
the first and second lactation showed a positive correla-
tion with milk yield (MY), while a negative correlation
was found in the third lactation (El-Bramony, 2011).
In contrast, Malhado et al. (2009) showed a genetic
correlation of —0.25 between MY and CIV traits in
crossbred buffaloes in Brazil.

Even if these results confirm that selection for MY
can affect genetic and phenotypic traits related to fer-
tility, a recent paper in Israeli dairy cattle by Weller et
al. (2022) showed how improving both traits is possible.

The realized genetic trend for AFC has been ex-
tremely moderate until 1999 and close to zero since
2000. Those results, even if different from those found
by Fernandes et al. (2016) and Tonhati et al. (2000),
are quite expected not only because the heritability of
this trait is quite low (0.10) but also because it has
never been included or even considered in any breed-
ing schemes. Similar results were observed for both
CIV1 and CIV2_12 even if the magnitude of the yearly
change was slightly larger than AFC. Calving traits,
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as well as AFC, have never been included in any IMB
breeding objective, and this means that the observed
realized genetic trends are a good example of correlated
response to the selection for MY. This important result
confirms that a sustainable breeding objective must
consider the unfavorable genetic response in fertility
traits when selecting only for MY. In this sense, fertil-
ity must be included among the breeding objectives as
already happened in dairy cattle (Miglior et al., 2017).

CONCLUSIONS

Our study was the first one to use a multitrait ap-
proach to estimate genetic parameters for fertility traits
in the IMB. Moreover, we have also included MY as a
correlated trait. Results have confirmed that genetic
improvement of those traits is not easy because the
genetic component is low and nongenetic factors play
a major role. However, we observed a genetic trend for
all the investigated traits which was basically due to
the unfavorable genetic relationship between fertility
and MY. This is something well established in dairy
cattle, but now it must also be considered in buffaloes.
This is not a trivial matter because MY is still the main
objective for IMB farmers and producers. Therefore,
selection should be based on an adequate and economi-
cally sustainable breeding objective. An additional way
of improving fertility in the medium and short term
might be the use of genomics. Again, positive results
from dairy cattle have paved the way for its application
in other species, and preliminary investigations in IMB
are on the way.
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