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INTRODUCTION

Buffalo (Bubalus bubalis) has been a very important 
commodity for employment and income generation 

of rural people for a long time. Due to its important 
economic role, the buffalo is regarded as the black gold 
of Asia (Memon and Khushk, 2004). The world buffalo 
population has been estimated to be approximately 207 

million, of which 97% herds are in Asia (FAO, 2020). 
Buffalo contributes approximately 10-15% of the total 
world milk production (FAO, 2020) and 50% of the total 
milk production in Asia (Nasr et al., 2016). Among buffalo 
rearing countries in the world, Nepal ranks the fourth 
highest position (Hegde, 2019) with 5,159,931 buffaloes 
in the year 2021 (MoALD, 2022). Almost all buffaloes in 
Nepal are riverine type with approximately 65% indigenous 
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breed and 35% Murrah and their crosses (Neopane, 2006). 
Buffalo is the most important livestock commodity of 
Nepal contributing through meat, milk, draft power and 
leather production; buffalo shares 57.2% of the total 
milk and 36.1% of the total meat produced in the nation 
(MoALD, 2022). However, the productive efficiency of 
Nepalese buffalo is quite low due to subfertility, infertility 
and seasonal breeding pattern (Devkota et al., 2013; 
Devkota and Bohora, 2009; Gautam et al., 2017). 

Depending on the geographical location, the buffalo can be 
considered as seasonal breeder. In the geographical regions 
of the world away from the equator such as India, Pakistan 
and Italy, the breeding activities in buffalo are seasonally 
dependent being favored in decreasing day light length 
whereas countries near the equator like in Brazil it depends 
upon the availability of green pasture and thus the calving is 
regulated by pasture availability (Zicarelli, 1997; Campanile 
et al., 2010; Phogat et al., 2016). However, there were no 
consistent findings regarding seasonal pattern of anestrus, 
breeding and pregnancy in water buffalo even in the regions 
away from equator (Singh et al., 2000; Bughio et al., 2000; 
El-Wishy, 2007; Khan et al., 2009; Kushwaha et al., 2011; 
El-Tarabany, 2018; Gunwant et al., 2018). In a previous 
study consisting of a small number of buffaloes from a single 
farm in subtropical area of mid southern Nepal, there was a 
seasonal breeding pattern with July to December as active 
breeding months and January to June as poor breeding 
months (Devkota and Bohora, 2009). However, it was 
not known whether the similar seasonal breeding pattern 
prevails in other parts of the country. Understanding the 
seasonality pattern of breeding and calving in the buffalo 
can provide useful guidelines to manage their reproductive 
performance throughout the year. Therefore, the objectives 
of the present study were to understand the seasonality 
pattern of breeding and calving in buffaloes in subtropical 
regions of southern Nepal and to characterize their ovarian 
cyclicity status during the months of long day length. 

MATERIALS AND METHODS

The use of animals in this study complied with the ARRIVE 
(Animal research: Reporting of in vivo experiments) 
guidelines and all the experiments were carried out in 
accordance with the U.K. Animals (Scientific procedures) 
Act, 1986 and associated guidelines. 

Study Site
This study was conducted in buffaloes of two different 
locations in southern Nepal namely: Plain areas of 
Chitwan and Surkhet districts (Figure 1). Both locations 
lie in the inner terai region of Nepal under subtropical 
climatic condition having seasonal climatic variations with 
cold and semi-dry to dry winter (December to February), 

rapidly increasing hot and dry spring (March to May), 
very hot and rainy monsoon summer ( June to August) and 
moderate autumn (September to December) (Devkota 
and Bohara, 2009). However, Surkhet is slightly cooler 
than Chitwan throughout the year (https://tcktcktck.org). 

Figure 1: Map of Nepal showing study areas (Chitwan and 
Surkhet) in subtropical region of Nepal.

Chitwan, located in southern central part of Nepal, has 
annual average temperature 29.3ºC that ranged from 
minimum 11.36°C in January to maximum 40.31°C in May 
(https://tcktcktck.org/nepal/narayani/bharatpur). Surkhet, 
located in southern western part of Nepal, has annual average 
temperature 24.1ºC that ranged from minimum 5.47°C in 
January to maximum 36.65°C in May (https://tcktcktck.
org/nepal/bheri/birendranagar). Most of the buffaloes at 
plain areas of both districts were Murrah and their crossbred, 
although the exact blood level was not known. 

animalS and data collection
Murrah and their crossbred buffaloes that were calved at 
least once were used for this study. Total 200 buffaloes 
from 84 households of Chitwan and 200 buffaloes from 78 
households of Surkhet were selected. Data were collected 
during a period from January to July 2021. Data regarding 
date of breeding and last calving and other various 
information were collected by the authors through face-
to-face interview with the farm owners or attendants. All 
the buffaloes were reared in almost similar management 
conditions with 24 hours tie stall barn, hand milking twice 
daily and feeding seasonally available roughage and locally 
available concentrate feed consisting of maize, rice bran, 
wheat bran, mustard oil-cake etc. The number (Mean±SE) 
of buffaloes at each farm was 2.59±0.48 (range: 1 to 16) in 
Chitwan and 2.34±0.43 (range: 1-13) in Surkhet. Parity of 
buffaloes included in the study was 4.09±0.12 (range: 1-9) 
in Chitwan and 3.4±0.12 (range: 1-8) in Surkhet. Body 
condition score (BCS) was 3.11±0.23 (range: 1.75-4.5) in 
Chitwan and 2.40±0.27 (range: 1.75-4.0) in Surkhet. There 
was no proper recording of milk yield. Among the data 
available, the milk yield ranged from 1 to 9 liters per day. 

https://tcktcktck.org
https://tcktcktck.org/nepal/narayani/bharatpur
https://tcktcktck.org/nepal/bheri/birendranagar
https://tcktcktck.org/nepal/bheri/birendranagar
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reproductive examination
In a subgroup of anestrous buffaloes (n=104) randomly 
selected from 12 farms in Chitwan during May-June 
2021 (the buffalo owners/attendants had not noticed 
any estrous signs in those buffaloes for over last three 
months), transrectal ultrasonography (USG) (Ebit 30VET, 
CHISON Medical Technologies Co., Ltd, China) was 
performed using 7.5 to 10 MHz transducer to determine 
the ovarian cyclicity status. Presence of corpus luteum 
(CL) and/or follicle (F) if any, was recorded. 

determination of plaSma proGeSterone 
concentration 
Blood samples were collected from the jugular veins of 
same 104 buffaloes using EDTA containing vacutainers. 
Collected samples were immediately kept in the cool box 
containing ice packs and transported to the laboratory 
within 2 hours. Then, the plasma was harvested by 
centrifuging blood samples at 1,000 x g for 10 minutes, 
and stored at -70 oC until ELISA was done. Plasma 
progesterone concentration was determined using a 
progesterone ELISA kit (Abnova, Taiwan). Sensitivity of 
assay was 8.57 pg/ml. Intra-assay and iter-assay CVs (%) 
were 4.9-7.6 and 2.7-6.8, respectively. Cross reactivity with 
related steroid compounds was <1%. 

cateGorization of Buffalo BaSed on ovarian 
cyclicity StatuS
Ovarian cyclicity status was determined based on two 
criteria. Based on transrectal ultrasonography and plasma 
progesterone concentration, the buffaloes were categorized 
into two groups as follow. Buffaloes having CL in the ovary 
and plasma progesterone concentration ≥ 1 ng/ml were 
considered to be in ‘silent estrus’ (or to have persistent CL) 
and those having plasma progesterone concentration < 1 
ng/ml and no evidence of regressing/regressed CL were 
considered be to non-cyclic (true anestrous).

StatiStical analySeS
Data were entered into MS Excel 2010 and the statistical 
analyses were done using SPSS (version 25.0). Proportion of 
buffaloes bred and calved during different seasons between 
two locations were compared using Chi-square test. Month-
wise breeding and calving patterns of buffaloes at two 
different locations were expressed in the form of bar diagram 
using MS Excel. Plasma progesterone concentrations 
between true anestrous and silent estrous buffaloes 
were compared using z-test assuming equal variance.

RESULTS

SeaSonality pattern of BreedinG in BuffaloeS at 
two different locationS
Table 1 shows the seasonality pattern of breeding in 

buffaloes at two different locations. Seasonality pattern 
of breeding in buffaloes was similar at both locations 
(P=0.98). Overall, the highest breeding proportion was in 
autumn (40.75%) and the lowest breeding proportion was 
in spring (10%).

Table 1: Seasonality pattern of breeding in buffaloes at two 
different locations.
Season of breeding Proportions of breeding (%) P 

value Overall 
(n=400)

Chitwan 
(n=200)

Surkhet 
(n=200)

Summer ( Jun-Aug) 19.75 19.50 20.00 0.98
Autumn (Sep-Nov) 40.75 41.00 40.50
Winter (Dec-Feb) 29.50 30.00 29.00
Spring (Mar-May) 10.00 9.50 10.50

When the breeding pattern was analyzed on month-
wise basis, similar pattern of breeding was seen in both 
locations (Figure 2). Buffaloes were bred round the year. 
However, the highest proportion of breeding at both 
locations (Chitwan and Surkhet) was in November (15% 
and 17%, respectively) and the lowest was in April (2% 
and 3%, respectively). There was a trend that the breeding 
proportion started to increase gradually from June until 
November, and then decreased gradually from November 
to April and May.

Figure 2: Month wise breeding pattern of Nepalese 
buffaloes at two different locations.

SeaSonality pattern of calvinG in BuffaloeS at 
two different locationS
Table 2 shows the seasonality pattern of calving in buffaloes 
at two different locations. Seasonality pattern of calving in 
buffaloes was similar at both locations. Overall, the highest 
proportion of calving was in autumn (39.50%) and the 
lowest calving proportion was in spring (12.25%).

When the calving pattern was analyzed on month-wise 
basis, similar pattern of calving was seen at two locations 
(Figure 3). Although the buffaloes calved round the 
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year, the highest proportion of calving in both locations 
(Chitwan and Surkhet) was in September (16% and 
16.5%) and the lowest proportion of calving was in May 
(3% and 3.5%), respectively. There was a trend that the 
proportion of calving started to increase gradually from 
June until September and then started to decrease from 
September until May.

Table 2: Seasonality pattern of calving in buffaloes at two 
different locations.
Season of calving Proportions of calving (%) P 

value Overall 
(n=400)

 Chitwan 
(n=200)

Surkhet 
(n=200)

Summer ( Jun-Aug) 26.75 26.00 27.50 0.92
Autumn (Sep-Nov) 39.50 40.00 39.00
Winter (Dec-Feb) 21.50 22.50 20.50
Spring (Mar-May) 12.25 11.50 13.00

Figure 3: Month wise calving pattern of Nepalese buffaloes 
at two different locations.

ovarian cyclicity StatuS of BuffaloeS durinG 
low BreedinG SeaSon
In in a subset of buffaloes randomly selected from 12 
farms in Chitwan during low breeding season (n=105), 
47% buffaloes had the luteal activity (either silent estrus 
or persistent CL) as indicated by plasma progesterone 
concentration above the basal level (i.e. ≥1ng/ml) and the 
presence of CL in the ovary, while 53% buffaloes were non-
cyclic (true anestrus) as indicated by plasma progesterone 
concentration below the basal level plasma (i.e. <1ng/
ml) and absence of CL in the ovary (Table 3). Among 
those 53% true anestrous buffaloes, 16.7% had DF (i.e. 
follicle size ≥ 8mm) and 36.3% had small ovaries without 
DF. Plasma progesterone concentration (mean±SE) was 
significantly higher (P<0.001) in buffaloes having silent 
estrous or persistent CL (3.54±0.32 ng/ml) than in true 
anestrous buffaloes (0.61±0.06 ng/ml) (Table 4).

DISCUSSION

This study tried to understand the seasonal pattern of 
reproduction in buffaloes at two different locations in 

subtropical area of Nepal. Although both locations were the 
southern plains located in the inner terai region having hot 
humid summer and dry cool winter, Chitwan was hotter 
than Surkhet throughout the year (https://tcktcktck.org). 
However, the seasonal pattern of reproduction in buffaloes 
was almost similar at both locations. 

Table 3: Ovarian cyclicity status of buffaloes during low 
breeding season.
Ovarian cyclicity status Proportion of 

buffaloes (%)
Luteal activity (Silent estrus or persistent CL) 47.0
No luteal activity Follicle size ≥8 mm 16.7

Follicle size <8 mm 36.3

Table 4: Plasma progesterone (P4) levels in true anestrous 
and silent estrous buffaloes during low breeding season.
Plasma P4 level 
(ng/ml)

Type of anestrus P 
valueTrue anestrus 

(n=55)
Silent estrus 
(n=49)

Mean±SE 0.61±0.06 3.54±0.32 <0.001
95% Confidence 
intervals for estimated 
mean of population

0.6082±0.0646 3.5414±0.6418

Range 0-0.96 1.1-10.4

The findings of the present study revealed that the breeding 
activities of buffaloes in subtropical region of southern 
Nepal were the highest during autumn (40.8%) followed 
by winter (29.5%), summer (19.8%) and the lowest during 
spring (10.5%). Such seasonal breeding pattern was similar 
to that reported in India (Chaudhari et al., 2015) in which 
the breeding proportion was the highest (51.65%) during 
November to February and the lowest (16.5%) during 
March to June. Seasonal pattern of calving in buffaloes in 
the present study was similar to that reported by previous 
study in Chitwan that consisted of a small number of 
buffaloes only from the single farm (i.e. Livestock farm of 
the Institute of Agriculture and Animal Science, Chitwan) 
(Devkota and Bohora, 2009); in the same study the 
authors, based on calving season, retrospectively concluded 
that the period from August to February was the active 
breeding season and that from April to May was the low 
breeding season for the buffalo in Chitwan. The lowest 
breeding activities were during spring (March to May) that 
corresponded with the increasing day length, dry and hot 
climatic conditions and the scarcity of green roughage. On 
the contrary, the highest breeding activities were during 
autumn (September to November) that corresponded with 
the decreasing day length, cool climatic conditions and the 
availability of enough green roughage. It has been stated 
that that breeding season of buffaloes in equatorial region 
(where day length fluctuates very less) is mainly affected 
by availability of sufficient feed resources and that of 

https://tcktcktck.org
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subtropical and temperate region is affected by photoperiod, 
heat stress and availability of green forages (Zicarelli, 1997; 
El-Wishy, 2007; Zicarelli, 2007; Campanile et al., 2010). It 
has been suggested that the buffalo during increasing day 
length (i.e., late spring and summer seasons) have changes 
in the pineal metabolism that lead to hyperprolactinemia 
(Paraneswaran et al., 1983), and hyperprolactinemia has 
been suggested to be a possible reason of summer anestrus 
in buffaloes (Singh and Madan, 1989).

Thus, it can be speculated from the present study that 
the breeding activities of buffaloes in subtropical region 
of Nepal are also controlled by photo period, heat stress 
and availability of green forages. However, even in spring 
and early summer a few buffaloes had breeding activities. 
This finding was in consistent with a previous study in 
subtropical area of Egypt in which the conception and 
pregnancy loss rates were not affected by the day length 
(El-Tarabany, 2018). That means there is potentiality that 
we can improve the reproductive efficiency of buffaloes 
during low breeding season through nutritional and 
hormonal management because various health, nutritional 
and hormonal interventions have been able to induce 
estrus, ovulation and pregnancy during low breeding 
season. However, the outcome of such intervention was 
largely affected by the ovarian cyclicity status and body 
condition score of animals (Devkota et al., 2012). 

The proportions of buffaloes that calved during different 
seasons did not differ between two locations. The calving 
pattern of buffaloes in the present study was similar to that 
of buffaloes in a government farm of eastern terai of Nepal 
where the highest proportion of calving was in autumn 
(46.6%) followed by summer (41.3%), winter (9.3%) and 
in spring (2.8%) (Sah et al., 2013). Seasonal calving pattern 
of buffaloes in subtropical regions of southern Nepal in 
the present study was also similar to that reported by 
previous studies in India where the calving proportion 
was maximum in autumn and minimum in spring season 
(Chaudhari et al., 2015; Gunwant et al., 2019). Month-
wise calving pattern in the present study was also similar 
at both locations; proportion of calving gradually increased 
from June, reached to peak in September and gradually 
declined until reached to nadir during March to May. 
Considering the gestation period of approximately 310 
days, the highest calving in September corresponded with 
the highest breeding activities in November. All of those 
buffaloes in this study were bred with bull and most of the 
buffaloes became pregnant with single service; the number 
of services per conception was 1.25±0.20 (unpublished 
data). Calving in late summer (monsoon) and autumn can 
ensure the availability of enough green roughage to the 
buffalo when they require good nutrition during their early 
lactation period. 

In a subgroup of anestrous buffaloes in Chitwan during 
low breeding season (May-June), the ovarian cyclicity 
status was examined using transrectal ultrasonography of 
ovaries and progesterone determination of blood samples. 
It was found that 47% buffaloes had luteal activity as 
indicated by plasma progesterone concentrations above 
basal level. However, estrous signs were not noticed in 
those buffaloes for over last three months. Thus, it can be 
presumed that those buffaloes had either silent estrus or 
persistent of CL. Further detailed study is recommended to 
differentiate between silent estrus and persistent CL cases 
by determining the ovarian cyclicity status of anestrous 
buffalo more frequently at one to two weeks interval. 
Remaining 53% buffaloes in the present study were in true 
anestrous condition (characterized by small ovaries and 
sub-basal level of plasma progesterone concentrations in 
peripheral blood circulation). These results were almost 
similar to the findings of a previous study in Nepal that 
demonstrated that during low breeding season among 
the buffaloes having good BCS, 53.8% had silent estrus 
and 46.2% had true anestrus as diagnosed by transrectal 
palpation and ultrasonography (Devkota et al., 2012). 
Among 53% true anestrous buffaloes, 16.7% had DF (i.e., 
follicle size ≥ 8mm) and 36.3% had small ovaries without 
DF. Although 16.7% buffaloes had follicle size ≥ 8mm, 
those buffaloes might not have been able to express estrus 
and ovulate because it has been stated that the anestrous 
buffaloes during low breeding season have insufficient 
pulsatile of LH to support the final stages of follicular 
development, so that estrus behavior and ovulation would 
not occur (Carvalho et al., 2016). 

In the present study, the plasma progesterone concentration 
in true anestrous buffaloes was significantly lower than in 
silent estrous buffaloes. Progesterone concentrations in true 
anestrous and silent estrous buffaloes in the present study 
were almost similar to the findings of a previous study 
that demonstrated that the progesterone concentrations 
were 3.29 ng/ml in buffaloes having developed CL and 
<0.1 ng/ml in true anestrous buffaloes (Quereshi et al., 
2000). Results of the present study suggest that the low 
breeding activities in Nepalese buffaloes during late 
spring and early summer season were primarily due to 
inadequate functioning of the ovaries in secreting optimum 
concentrations of progesterone. Thus, interventions to 
improve the seasonal anestrus in Nepalese buffaloes during 
low breeding season may require frequent monitoring of 
ovarian cyclicity status, proper heat detection as well as the 
application of progesterone based estrous synchronization 
protocols.

CONCLUSIONS

There was a clear seasonality pattern of breeding and 
calving in buffaloes in subtropical regions of southern 
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Nepal with autumn being the best and the spring being the 
lowest breeding as well as the calving seasons. Nearly 53% 
buffaloes during low breeding season had true anestrus 
with no luteal activity while 47% had luteal activity without 
overt signs of estrus.
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