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Abstract

The aim of this study was to determine the effect of parity and season of calving on the prob-
ability of water buffalo cows to be mounted for first time before 60 and 100 days postpartum (dpp),
and on the length of calving-to-first-mount interval. A retrospective analysis of reproductive records
of 1,231 water buffaloes with 5,336 postpartum mounts (2,948 first mounts), was carried out. Prob-
ability of water buffaloes to be mounted for first time before 60 or 100 dpp was significantly lower in
primiparous (0.165 vs 0.3 and 0.32 vs 0.527, respectively) and in those calving between March-August
(0.134 vs 0.354 and 0.312 vs 0.536, respectively) in comparison with multiparous and those calving
between September-February. Additionally, it was observed that primiparous water buffalo cows had
lower odds (2.13 and 2.38 times lower) and those calving between September-February had higher
odds (3.55 and 2.56 times higher) to be mounted < 60 and < 100 dpp, respectively, in comparison with
multiparous animals and those calving between March-August. Most mounts (70.6%, P < 0.0001)
were observed during September and February. Days to first mount were shorter in multiparous water
buffalo cows (132.9 vs 162.8; P < 0.0001) and in those calving between September-February (140.1
vs 155.6; P < 0.0001). In conclusion, primiparous water buffaloes and those calving between March-
August show a higher risk of a delay in the resumption of postpartum reproductive activity with a
low probability to be mounted for the first time < 60 or < 100 dpp, which involves a longer calving-
to-first-mount interval.
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Introduction

The world population of water buffalo has
grown steadily, and there are currently more
than 200 million heads. This positive trend has
also been seen in America with an increase of
26.4% between 2005 and 2016 (Borghese et
al., 2016). The population of water buffaloes on
the American continent is more than 4 million
heads and Venezuela ranks second after Brazil
with 960,000 animals (Crudeli et al., 2016). This
positive trend could be motivated by the fact that
dairy water buffaloes have a productivity that is
comparable to cows in tropical zones, and by the
characteristics of their milk, which is very im-
portant for the cheese industry given the high-
est total solids content; and yields a higher price
compared to cow’s milk. To maximize the prof-
itability of water buffalo systems, a high milk
yield with a high price must be accompanied by
a good reproductive performance, because the
latter has a huge impact on the economic results
(Sweers et al., 2014; Cicek et al., 2017), with a
calving interval of 12—13 months being recog-
nized as the economic optimum (Shah et al.,
1991).

Longer calving intervals are related to lower
milk yield by day of calving interval and to eco-
nomic losses (Shah, 2007; Sweers et al., 2014;
Nava-Truyjillo et al., 2018). Recently, a loss of
6.07 USD per extra day in the calving interval
has been reported (Cicek et al., 2017). To reach
one-year calving interval, the calving to con-
ception interval must be no longer than 60 days
(Baruselli & Carvalho 2016). However, the op-
timum calving to conception interval could be a
challenge because reproductive activity of water
buffalo cows is affected by several factors and
the postpartum anestrus could be an important
limiting factor (Nanda et al., 2003; Kumar et al.,
2013; Himerath & Ramesha, 2015).

Season of calving (Abayawansa et al., 2011;
Devkota et al., 2012), parity (Abayawansa et al.,
2011), body condition score (Baruselli et al., 2001;
Devkota et al., 2012; Patel et al., 2018), loss of
body weight and body condition during the post-
partum period (Mavi et al., 2011; Abayawansa
et al., 2012) and suckling (Singh & Brar, 2008)

have been reported to lengthen the interval to the
first postpartum estrus in water buffaloes. In ad-
dition, given the increase of milk yield observed
in recent years in the water buffalo species (Foo-
da et al., 2010; Ahmad et al., 2009; Menéndez-
Buxadera & Verde 2014), the evaluation of re-
productive performance and the identification of
risk and protecting factors, is more necessary to
prevent reproductive failures. In fact, it has been
reported an adverse relationship between milk
yield and reproductive performance in water
buffaloes (Abayawansa et al., 2011; Nava-Trujil-
lo et al., 2018; Jamuna et al., 2016).

Little research to understand the factors af-
fecting the reproductive performance of water
buffalo in Venezuela, especially about the re-
sumption of postpartum reproductive activity,
has been undertaken. Therefore, the objective of
this study was to determine the effect of parity
and season of calving on the probability of buf-
falo cows to have the first mount during the first
sixty and one-hundred days postpartum (dpp),
and on the length of calving-to-first-mount inter-
val.

Materials and methods

This was a retrospective study analyzing
reproductive records of 1,231 crossbred (Mur-
rah/Mediterranean) water buffalo cows from
one herd, including a total of 5,336 postpartum
mounts, of which 2,948 were first mounts, dur-
ing a period of ten years (2005 —2015). The farm
was located in Jesus Maria Semprun county, Zu-
lia State, Venezuela. Animals grazed in pastures
consisting of Brachiaria humidicola and Bra-
chiaria arrecta in one- to two-day paddock rota-
tions, with access to a commercial mineral block
ad libitum, as a dietary supplement. Mechani-
cal milking was performed twice a day after a
short sucking by the water buffalo’s own calf to
stimulate milk letdown. During the milking, the
calf remained bound to the water buffalo fore-
limb, and after milking the calves suckled their
mothers to remove residual milk from the udder.
A water buffalo bull for each 20-25 cows was
present 24 hours during the year-round. Estrus
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activity (as observed mount) was monitored by
trained personnel previous to each milking and
during the grazing, twice a day for one hour each
time. The farm kept paper records of each water
buffalo cow.

Statistical analysis

Information about parity, month of calving,
calving order, and day of estrus (as observed
mount) was abstracted from the records. Date
of calving and date of observed mount were
recorded in the format dd/mm/yyyy. From the
date of calving the corresponding month was ob-
tained and a categorical variable called season of
calving was created with the following values:
March-August (Spring-Summer, long photope-
riod) and September-February (Autumn-Winter,
short photoperiod). The main predictors were
parity (categorized as primiparous and multip-
arous) and season of calving. The outcome of
interest was the calving-to-first-mount interval,
both as a continuous variable, computed from
the difference between date of calving and date
of the first observed breeding, and as 2 different
binary variables (cut-off values: 60 days and 100
days, respectively).

The log odds of having a calving-to-first
mount interval of < 60 dpp were regressed on
parity and season using a logistic regression. The
logistic regression model was estimated using a
GEE approach, an independent working correla-
tion, and robust standard errors (SAS). A similar
model was built for the log odds of having a calv-
ing-to-first-mount interval of < 100 dpp (SAS). A
linear mixed model of the mean calving-to-first
mount interval was built with parity and season
of calving as fixed effects and as random coef-
ficients (SAS). Robust standard errors were used
to account for heteroskedasticity conditional on
the random effects. Multiple comparisons from
the previous models were adjusted by Sidak’s
method, in which the significance level to reject
the null hypothesis is 1-(1-a))"* (a.: familywise er-
ror rate, 0.05; k: number of preplanned compari-
sons) (Vittinghoff et al., 2012). To determine the
distribution of mounts per month, a total of 5,336
events were used in an unconditional multinomi-
al logistic regression with robust standard errors

calculated at the cluster level (water buffalo cow)
(Stata). Differences were considered statistically
significant when P values were < 0.05. Predicted
probabilities from the logistic regression mod-
els were calculated applying the expit function
to the predicted log odds (SAS) or through the
command margins (Stata).

Results

The grand probability (not conditioning on
any predictor) of having the first mount < 60
dpp was 0.298 (95% CI: 0.278, 0.318). The grand
probability of having the first mount < 100 dpp
was 0.478 (95% CI: 0.456, 0.5). Probabilities of
having the first mount < 60 dpp or < 100 dpp
were lower in primiparous than in multiparous
water buffalo cows (Table 1). Correspondingly,
the odds of having the first mount < 60 dpp were
53% lower (95% CI: 61% lower, 45% lower; P <
0.0001) in primiparous water buffalo cows than
the odds in multiparous water buffalo cows. Sim-
ilarly, the odds of having the first mount < 100
dpp were 58% lower (95% CI: 64% lower, 50%
lower; P < 0.0001) in primiparous water buffalo
cows than the odds in multiparous water buffalo
cows. The distribution of mounts varied between
the studied seasons, with a higher frequency be-
tween September-February with 70.6% (95% IC:
69.2, 71.9, P < 0.0001) (Fig. 1). Season of calving
affected the probability of having the first mount
< 60 dpp or < 100 dpp (Table 1). The odds of
having the first mount < 60 dpp in water buffalo
cows calving between September and February
were 3.6 times (95% CI: 2.8 times, 4.5 times; P
< 0.0001) the odds in water buffalo cows calv-
ing between March and August. Similarly, the
odds of having the first mount < 100 dpp in wa-
ter buffalo cows calving between September and
February were 2.6 times (95% CI: 2.1 times, 3.1
times; P <0.0001) the odds in water buffalo cows
calving between March and August.

The grand mean of calving-to-first-mount
interval was 148.2 days (95% CI: 142.8, 153.6).
Parity and season of calving had a significant ef-
fect on the calving-to-first-mount interval, with
primiparous water buffalo cows having 29.8
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Table 1. Effect of parity and season of calving on adjusted probabilities of having the first mount < 60 dpp

and < 100 dpp

<60 dpp <100 dpp
Adjusted 0 Adjusted 0
probability 95% Cl probability 95% Cl
Primiparous 0.165° o 032 oo
Parit ' '

y | . 0272, a 0497,
Multiparous 0.3 0.33 0.527 0.556
September-February 0.3542 821739 0.536° 82%21

Season ' '
March-August 01340 s 0312 028
95% CI's adjusted for clustering using robust standard errors.
Values in the same column with different lowercase superscripts are significantly different (P < 0.05)
18
16
14
12
10
8
6
a4
2
0 Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb
—o—%Mounts 7.8 4.7 28 3.9 4.2 6 10.2 13 12.2 15.8 10.8 8.6

Fig. 1. Adjusted proportions of mounts per month

extra days (95% CI: 20.3 extra days, 39.4 extra
days) than multiparous water buffalo cows. Wa-
ter buffalo cows calving between September-
February had 15.5 days less (95% CI: 25.3 days
less, 5.8 days less) than those calving between
March-August (Table 2).

Discussion

An early resumption of postpartum repro-
ductive activity is required to achieve a 12- to
13-month calving interval, which is the opti-
mum economic (Shah et al., 1991). Therefore, we
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Table 2. Effect of parity and season of calving on adjusted means of calving-to-first-mount interval.

. Adjusted
fdusted 95% CI mean 95% Cl P value
difference?
Primiparous 162.8 1?85
Parity ' 29.8 203, <0.0001
. 126.5 394
Multiparous 132.9 139'4’
March-August 155.6 1323
Season | 455 o0 0.0019
September-February 1401 1225 '

195% Cl’'s were also adjusted for clustering using random coefficients.
2The reference groups were multiparous (for parity) and March-August (for season) and P values and 95% Cl’s were adjusted for

multiple comparisons using Sidak’s method.

evaluated how parity and season of calving af-
fected the probability of water buffalo cows to
have the first mount < 60 and < 100 dpp, and the
length of calving-to-first-mount interval. In ad-
dition, the distribution of mounts (the most reli-
able indicator of estrus; Vale and Riberio, 2005;
Suthar & Dhami, 2010) throughout the year was
described.

In the present study, postpartum anestrus was
confirmed to be a problem with high incidence
affecting the reproductive performance of water
buffaloes, as it was noticed previously (Kumar et
al., 2013). However, present results contrast with
Barkawi et al. (1986), who observed that 93% of
Egyptian water buffaloes had ovulatory cycles
during the first 60 dpp, and with Rojas (2016)
and Hassan et al. (2017), who observed a short-
er calving-to-first-service or mount intervals.
In addition, in the present study a higher prob-
ability to be mounted for first time < 100 dpp
in comparison to the probability to be mounted
for first time < 60 dpp, was observed. Khan et
al. (2011) observed that the risk of first service
before 60 dpp was lower than the risk of first ser-
vice before 100 dpp in both winter and summer
seasons. Souza et al. (2005) and Shah (2007) ob-
served 53.84% and 84.2%, respectively, of water
buffaloes having the first estrus before 100 dpp,
while Qureshi & Ahmad (2008) observed that
68.63% of water buffaloes expressed estrus dur-
ing the first 150 dpp.

Probably our results are related to the postpar-
tum negative energy balance, a low body condi-
tion score, and suckling. Although the negative
energy balance in postpartum water buffalo has
been observed for being shorter in comparison
to that of dairy cows, and confined to the first
four weeks postpartum (Golla et al., 2019); a
low body condition score and an excessive loss
of body weight during postpartum period have
been related with a longer calving-to-first-estrus
and calving-to-conception intervals (Mavi et al.,
2011; Abayawansa et al., 2012; Banu et al., 2012;
Patel et al., 2018). In addition, the increase in the
probability to be mounted in the first 100 dpp
observed in this study could be related to the re-
duction of negative energy balance, the increase
in dry matter intake, body condition score, and
body weight, and the decrease in milk yield, ob-
served as postpartum progresses (Infascelli et
al., 2003; Abayawansa et al., 2012; Deka et al.,
2014).

Under the conditions of this study, suckling
was used to induce milk letdown and facilitate
mechanical milking, which could contribute to
the low probability of buffalo cows being mount-
ed during the early postpartum, and to the ob-
served long interval to the first mount. Rijasnaz
etal., (2014), observed that 87.5% of buffalo cows
whose calves were weaned were cyclic at 90 dpp
and had an interval to first estrus of 53.28 £ 7.52
days in comparison with the 0% and 128 + 9.94
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days respectively, to those buffalo cows suck-
ling their calves twice a day, as it was done in
the present study. Recently, it was observed that
buffalo cows suckling had 37 extra days to first
estrus in comparison with those whose calves
were weaned (Kantharaja et al., 2018). Although
the mechanism through which the suckling af-
fects reproductive performance of water buffalo
cows has been scarcely explored, in the case of
cows, the bond between the calf and its mother
along with factors of ovarian origin, reduces the
secretion of luteinizing hormone, which in turn
lengthens the anestrus period (Garcia-Winder et
al., 1984; Silveira et al., 1993). However, the in-
tensity of this bond decreases as the postpartum
period progresses, allowing the cow to resume
ovarian activity Garcia-Winder et al., 1984), and
this is in agreement with the increase in prob-
ability to be mounted before 100 dpp observed
in the present study.

The effect of parity on reproductive perfor-
mance of water buffaloes has been reported
previously. Presicce et al. (2005) observed that
primiparous water buffaloes tended to have
a lower rate of ovulation in the first 60 dpp in
comparison with multiparous, 40% vs 80% (P
=0.07) and 10 extra days in the interval calving
to first ovulation (P = 0.07). Thiruvenkadan et
al. (2014), Rojas (2016) and Hassan et al. (2017)
observed that primiparous water buffaloes had
more days to first service, more open days, more
services per conception, and in consequence,
a longer calving interval. Similar results were
observed by Abayawansa et al. (2011), who re-
ported a negative correlation between parity and
interval to first postpartum estrus (r = -0.24).
Probably the low reproductive performance of
primiparous buffaloes is a consequence of be-
ing still growing and having a stronger post-
partum negative energy balance that further de-
lays the resumption of postpartum reproductive
activity (Bolivar Vergara et al., 2010; Vecchio
et al., 2007). In addition, it has been suggested
that anestrus in primiparous buffaloes could be
a consequence of the stress of first lactation, as
well as bad management in the prepuberal pe-
riod and in the course of their first pregnancy
(Zicarelli, 1997).

Water buffaloes are a short-day species and
reproductive activity increases as photoperiod
decreases (Zicarelli, 1997; Sampaio Neto et al.,
2001; Vale, 2007; Gasparrini, 2019) and this was
observed in the present study. In addition, the
probabilities of first mount occurring < 60 and <
100 dpp were higher in water buffaloes calving
between September-February, which also had a
shorter interval to the first mount (Table 2). There-
fore, our results corroborate the negative rela-
tionship between photoperiod and reproductive
activity in water buffalo cows. Reduction of the
photoperiod increases the secretion of melatonin
(Parmeggiani et al., 1992), which in turn stimu-
lates the secretion of GnRH and gonadotropins
promoting ovarian activity (Nowak & Rodway,
1985), while a long photoperiod increases pro-
lactin secretion, resulting in the suppression of
the secretion of gonadotropins, which promotes
the anestrus (Mondal et al., 2007; Das & Khan,
2010). A higher incidence of anestrus has also
been observed during summer in comparison
with winter (Rahman et al., 2012; Kumar et al.,
2013). In Venezuela, it was observed that water
buffaloes calving between July and November
had the shortest calving to first service interval
while the longest was observed in those calving
between February and June (Rojas, 2016). Under
Egyptian conditions, water buffaloes calving in
autumn and winter had a short interval to first
service (71.16 and 63.79 days, respectively, P <
0.001) in comparison with those calving in sum-
mer and spring (85.57 and 132 days, respectively)
(Hassan et al., 2017). Although the photoperiod
is a decisive factor to the reproductive seasonal
behavior of water buffalo cows, it has been sug-
gested that other factors, such as temperature,
humidity, rainfall, and forage supply could af-
fect the reproductive response of water buffalo
cows to the season (Sertu et al., 2012; Sanchez et
al., 2017). Therefore, more research is warranted,
especially because season of calving affects the
reproductive performance and in consequence
the economic performance of buffalo systems
(Hassan et al., 2017), but also because there is
the need to break the reproductive seasonality to
keep a uniform milk supply throughout the year
in some countries, and this practice could reduce
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the reproductive performance (Zicarelli, 2017,
Gasparrini, 2019).

In this study, mounting was used as a signal
of resumption of postpartum reproductive activ-
ity, but was only detected during the day. Nev-
ertheless, this could be considered suboptimal,
because water buffaloes can present a high inci-
dence of estrus during the night (Vale & Ribeiro,
2005) and silent estrus (Qureshi & Ahmad,
2008; Banu et al., 2012; Rahman et al., 2012).
Therefore, it is possible that estruses and mounts
were not detected or observed as it has been pre-
viously suggested (Qureshi & Ahmad, 2008).
Banu et al. (2012), observed a low rate of estrus
detection (28%) and that the number of missed
estruses per buffalo cow was higher between 30
and 70 dpp (2.55) in comparison with those be-
tween 71 and 90 dpp (1.33) and between 91 and
130 dpp (0.65). Additionally, it was observed that
the interval to first estrus increased as the num-
ber of missed estruses increased. However, we
think that the number of water buffalo cows and
observations included in this study are enough to
consider our results robust.

Anestrus has been shown to be a problem
with high incidence, affecting the reproductive
performance of water buffaloes, with primipa-
rous and those water buffaloes calving between
March and August, when the photoperiod is lon-
ger, being groups with higher risk of this con-
dition. This situation lengthens the calving in-
terval and reduces the profitability (Shah, 2007).
Therefore, breeders must take into account these
groups and implement practices to reduce the in-
cidence and the duration of postpartum anestrus.
Improving estrus detection, increasing the time
of observation during the cooler part of the day
and night hours (Das & Khan, 2010; Banu et al.,
2012; Rao et al., 2013), increasing energy den-
sity in the diet and improving body condition
scores (Vecchio et al., 2007; Banu et al., 2012;
Abdel-Latif et al., 2016), use of additives such as
vitamins, minerals, or niacin (Ezzo, 1995; Pan-
da et al., 2006; Khan et al., 2015), reduction of
heat stress (Zicarreli, 2017), decreasing the inci-
dence of mastitis, which has been reported to re-
duce reproductive performance (Manimaran et
al., 2014; Mansour et al., 2016), use of hormone

treatments for fixed-time artificial insemination
(Hoque et al., 2014; Gutiérrez et al., 2017, Mon-
teiro et al., 2018) and practicing the early wean-
ing (Usmani et al., 1990; Qureshi et al., 2008;
Rijasnaz et al., 2014; Kantharaja et al., 2018) are
some of the alternatives to reduce the duration of
anestrus period and reach the optimum calving
interval (12-13 months; Shah et al., 1991).

Conclusions

Postpartum anestrus is an important problem
reducing the reproductive performance of wa-
ter buffaloes, with primiparous and those water
buffaloes calving during March-August being
groups with higher risk of a delay in the resump-
tion of postpartum reproductive activity with a
low probability to be mounted for the first time <
60 or < 100 dpp, which involves a longer calving-
to-first-mount interval.
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