


[bookmark: _Hlk197005439][bookmark: _GoBack]EFFECT OF CLIMATIC VARIABILITY ON THE REPRODUCTION PERFORMANCES OF MURRAH BUFFALO







ABSTRACT

This study assessed the impact of climatic variations on the reproductive performance of Murrah buffaloes in Hisar (LUVAS). Data from 2351 inseminations (2009-2017) were analyzed for conception rates, and 439 calvings (2001-2016) were assessed for service period and calving interval. Meteorological data, including daily maximum and minimum temperatures and relative humidity, were obtained from the Agriculture Meteorology Department of CCSHAU, Hisar. Results showed that the likelihood of pregnancy at a Temperature-Humidity Index (THI) ≤ 70 was significantly higher (p < 0.01), being 1.35 times greater than at THI-4. THI categories above 70 (THI-2, 3, and 4) had similar pregnancy rates, with THI-2 (70-75) showing a 1.23 times higher likelihood of conception compared to THI-4. Seasonality significantly influenced conception rates (χ2=12.79; p < 0.01), with a 0.69 times lower pregnancy likelihood during Season-1 (Mar-Apr-May) compared to Season-4 (Dec-Jan-Feb). Similar trends were noted for Season-2 (Jun-Sep), with a significantly lower pregnancy likelihood (p < 0.05) compared to Season-4. The study concluded that calving in Oct-Nov and at a THI below 80 resulted in optimal service periods and calving intervals. Further research is needed to understand these factors' effects on postpartum reproductive physiology, particularly hormonal and metabolic environments, ovarian activity, and estrus expression during the early postpartum period.
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INTRODUCTION
Most buffaloes are raised in subtropical areas, where they are exposed to a wide range of humidity and temperature fluctuations. Murrah buffaloes are indigenous to Haryana, India. Climate parameters in this area include summer temperatures as high as 47°C and winter temperatures as low as 1°C. High ambient temperatures severely limit animal productivity in tropical and subtropical settings (Marai et al., 2008). Buffaloes are polyestrous animals, however their oestrus display, conception rates, and calving patterns vary seasonally (Sing and Nanda, 1993). Because of the high air temperatures in April and May, some buffaloes exhibit postpartum oestrus (Abayawansa etAbayawansaet al., 2011). Heat stress is caused by buffaloes' inability to regulate their body temperature in high temperatures and relative humidity, which results in poor reproductive success, especially in the summer. Due to their dark skin and thin body hair, which absorb more heat, as well as having fewer sweat glands and a poor heat dissipation mechanism, buffaloes are badly impacted by hot weather (Marai and Haeeb, 2010). When an animal's thermal neutral zone is exceeded by a combination of environmental factors, heat stress is the result (Buffington et al., 1981).
The effects of heat stress in buffaloes raised in intense circumstances are not well studied. Buffaloes are found all throughout the world, but they are especially common in Asia, a few Mediterranean nations, Eastern Europe, and parts of Latin America (Marai & &Haeeb, 2010). Buffaloes have therefore adapted to a variety of conditions. They are more adapted to hot, humid settings due to their morphological, anatomical, and behavioural characteristics (Marai & &Haeeb, 2010). Buffaloes tend to be more resilient to heat stress than cows are, and they do better in tropical climes with less detrimental effects on physiology and productivity. But when exposed to direct sunlight, they become more distressed (Marai & &Haeeb, 2010; Matera et al., 2022). Animal physiological responses are primarily influenced by high air temperature and humidity, and these responses differ depending on the species and breed (Bernabucci etBernabucciet al., 2010; Mullick, 1960). Thermal characteristics, such as temperature, humidity, wind speed, and sun radiation, are crucial for determining heat transmission, according to the literature (Ji et al., 2020). When these factors are combined, several signs that are helpful for identifying animal stress levels are produced. The most popular indicator is the temperature–humidity index (THI), which provides information on animal comfort by combining humidity and ambient temperature into a single measure. Since information on other factors like solar radiation, wind speed, and precipitation isn't always accessible, the THI is mainly used to measure heat stress conditions (Petrocchi et al., 2015).
Several studies have determined THI thresholds for heat stress in cattle, but few studies have determined the ideal THI values for buffalo. According to Choudhary and Sirohi (2019), a buffalo's THI value of less than 72 is ideal, 72–79 denotes mild stress, 80–89 shows moderate stress, and ≥90 denotes severe stress. According to Choudhary and Sirohi (2019), buffaloes undergo minor stress when their maximal THI surpasses 72, which is indicated by a modest decrease in their milk supply. Nonetheless, there is very little evidence in the literature about the direct impact of THI on the rate of pregnancy in Murrah buffaloes in India's subtropical regions. There is no known relationship between the maximum depression in pregnancy rate per unit change in THI value and the critical heat stress zone (CHSZ). This study attempts to identify the threshold THI value and CHSZ affecting the conception rate in Murrah buffaloes due to the lack of knowledge on the impact of climate valueclimatevalue and CHSZ on Murrah buffaloes' conception rate. 
MATERIALS AND METHODS
To investigate the effects of climatic variability, specifically the Temperature-Humidity Index (THI) and seasonal variations, on reproductive traits, data from 2351 inseminations (2009-2017) were analyzed for conception rates. Additionally, data from 439 calvings (2001-2016) were analyzed to assess the impact of climatic variability on service period and calving interval. Meteorological data, including daily maximum and minimum temperatures and morning and evening relative humidity (RH), were obtained from the Agriculture Meteorology Department of CCSHAU, Hisar. Mean daily temperature and mean daily RH were calculated using arithmetic means. The THI was computed using the formula 0.8×T + RH×(T-14.4) + 46.4, where T is the ambient temperature in °C and RH is the relative humidity as a proportion. The observation periods for conception rate, service period, and calving interval were classified by THI and season. THI groups were categorized into four subgroups: THI-1 (≤70), THI-2 (70-75), THI-3 (75-80), and THI-4 (≥80). Based on seasonal temperature and humidity variations in Hisar, the years under observation were divided into four seasons: Season-1 (Hot Dry: Mar-Apr-May), Season-2 (Hot Humid: Jun-Sep), Season-3 (Autumn: Oct-Nov), and Season-4 (Winter: Dec-Feb). For the study of service period and calving interval, the period from 2001 to 2016 was further classified into three subgroups: Period-1 (2001-2005), Period-2 (2006-2010), and Period-3 (2011-2016).
2.1 Statistical analysis
Using logistic regression and chi-square tests, the data on conception rate and pregnancy status were examined. The chi-square test assessed the significant association between conception rate and both THI and seasonal groups. Logistic regression, a widely used statistical modeling technique, related the probability of a dichotomous outcome (pregnant: Yes/No) to a set of explanatory variables. Additionally, a general linear model was used to evaluate the effects of climatic variability—specifically, period of calving (3 levels), season of calving (4 levels), and THI (4 levels)—on service period and calving interval. Statistical significance was determined at p < 0.05. Statistical software??
3. results and discussion
Table 1 shows that the THI-1 group (≤70) had a significantly higher conception rate (χ2=12.54; p<0.01) compared to other THI groups. The likelihood of pregnancy in THI-1 was significantly higher (p<0.01), being 1.35 times greater than in THI-4. Although animals in THI groups above 70 (THI-2, 3, and 4) exhibited statistically similar conception rates, the likelihood of pregnancy in THI-2 (70-75) was 1.23 times higher compared to THI-4. The study concluded that a THI of ≤70 significantly enhances the conception rate.
Table 1: Association of THI groups with Conception rates in Murrah buffaloes
	THI_group
	Total animals inseminated
	Non pregnant
	Pregnant
	CR%
	Chi sq.
	Odds ratio

	1 (≤70)
	1053
	575
	478
	45.39**
	12.54**
	1.35**

	2 (70-75)
	320
	182
	138
	43.12
	
	1.23

	3 (75-80)
	411
	258
	153
	37.23
	
	0.96

	4 (≥80)
	567
	351
	216
	38.09
	
	1.0

	Total
	2351
	1366
	985
	41.90
	
	


** indicates significance at p<0.01
Our study found that overall pregnancy rates were lower in Season 1 (March-April-May) compared to other seasons. This finding is consistent with Dash et al. (.(2015), who reported that the pregnancy rate of Murrah buffaloes ranged from 0.25 to 0.33 between April and September, whereas a higher pregnancy rate of 0.38 to 0.58 was observed from October to March. Similarly, in the United States, Oseni et al. (.(2005) reported the pregnancy rates of Holstein cows as 29%, 24%, 29%, and 32% for the months of December to February, March to May, June to August, and September to November, respectively. 
One significant factor negatively affecting reproductive performance in buffaloes is silent heat, characterized by poor oestrus expression and reduced intensity of heat during the summer compared to winter (Madan and Prakash, 2007). Parmar and Mehta (1994) attributed the weak oestrous symptoms exhibited by buffaloes during summer to the lower synthesis and secretion of oestradiol-17 beta by ovarian follicles. This hormonal imbalance impairs the reproductive efficiency of buffaloes in hotter months, contributing to the observed seasonal variation in pregnancy rates. Thus, understanding the impact of climatic variations on reproductive physiology is crucial for developing effective management strategies to improve reproductive outcomes in buffaloes.

Table 2: Association of season groups with Conception rates in Murrah buffaloes

	Season
	Total animals inseminated 
	Non pregnant
	Pregnant
	CR%
	Chi sq.
	Odds ratio

	1
	307
	196
	111
	36.16**
	12.79**
	0.69**

	2
	766
	469
	297
	38.77*
	
	0.77*

	3
	622
	340
	282
	45.34
	
	1.01

	4
	656
	361
	295
	44.97
	
	1.0

	Total
	2351
	1366
	985
	41.89
	
	


** indicates significance at p<0.01
* indicates significance at p<0.05

Table 2 demonstrates that season significantly affects conception rates (CR%) (χ2=12.79; p<0.01). The likelihood of pregnancy in Season-1 (March-April-May) is significantly lower (0.69 times; p<0.01) compared to Season-4 (December-January-February). Similar trends were observed in Season-2 (June-September), where the likelihood of pregnancy is significantly lower (p<0.05) compared to Season-4. No significant difference in pregnancy likelihood was observed between Season-3 (October-November) and Season-4, indicating that these two seasons are the most favorable for conception. The study concluded that conception rates are significantly lower during the hot dry (Season-1) and hot humid (Season-2) months of the year. These findings underscore the impact of climatic conditions on reproductive performance, highlighting the need for targeted management practices during less favorable seasons to enhance conception rates in buffaloes.
This study's results are consistent with those of Upadhyay et al. (.(2007), who found that conception rates (CRs) decreased during high THI times, especially in the hot and humid season (32.97% CR at 81.22 THI in June). April had the highest CR (47.34% with a THI of 75.72). Similarly, Dash et al. (.(2015) discovered that THI has a major impact on CRs in a 20-year retrospective research on Murrah buffaloes (1993–2012). More specifically, CRs decreased by 9 percentage points (from 76% to 67%), when the THI surpassed the 75-point barrier. According to Nasr (2017), the genotype BC (75% Egyptian buffalo × 25% Mediterranean Italian buffalo) showed the highest CR across all THI levels when compared to PE and F1 (50% Egyptian buffalo × 50% Mediterranean Italian buffalo). CR percentages fell with increasing THI for all genotypes: for PE, BC, and F1, the CRs reduced by 4%, 10%, and 21%, respectively, when moving from a low THI (≤70) to a high THI (>80). Together, these investigations show that buffaloes with high THI have negative CR effects, highlighting the significance of controlling environmental factors to maximise reproductive success.
Table: 3 Effect of period of calving, season of calving and THI groups on service period and calving interval in Murrah buffaloes during 2001-2016
	Groups
	Sub groups
	Service Period
	Calving interval

	Period
	1
	143.20±6.78
	451.18±6.87

	
	2
	142.62±7.05
	446.25±7.19

	
	3
	154.90±8.28
	461.15±8.38

	Season
	1
	181.31±12.30c
	486.61±12.43c

	
	2
	155.33±7.00bc
	461.31±7.15bc

	
	3
	119.79±6.16a
	424.07±6.13a

	
	4
	135.70±14.88ab
	445.01±8.25ab

	THI
	1
	130.62±5.25A
	439.49±5.41A

	
	2
	135.86±10.07A
	438.07±10.26A

	
	3
	140.75±10.99A
	446.11±11.08A

	
	4
	166.56±7.99B
	471.67±8.14B


a, b, c in a column of a group differ significantly (P<0.01) 
A, B, C in a column of a group differ significantly (P<0.05) 

The study revealed significant effects of season (p<0.01) and THI (p<0.05) on both service period and calving interval. Females calving during Season 3 (Oct.-Nov.) exhibited significantly lower service periods (119.79 days) and calving intervals (424.07 days) compared to those calving in Season 1 (Mar-Apr-May) [Service period: 181.31 days; Calving interval: 486.61 days]. Similarly, animals calving in Season 4 showed significantly improved service periods (135.7 days) and calving intervals (445.01 days) compared to those calving in Season 1 (p<0.01). Animals calving in Season 2 exhibited significantly longer service periods and calving intervals compared to those in Season 3, although these differences were not significant compared to animals in Season 1. Similar effects were observed for THI on service period and calving interval, with females calving in THI-4 (>80) exhibiting significantly longer service periods (166.56 days) and calving intervals (471.6 days) compared to other THI groups (p<0.05). However, animals in THI-2, THI-3, and THI-4 groups did not show significant differences in either reproductive parameter. The study concluded that calving during the months of October-November and calving at THI levels below 80 are associated with optimal service periods and calving intervals.
Buffaloes typically exhibit prolonged calving intervals (CIs), ranging from 471 to 585 days. However, the optimal CI for dairy buffalo is ideally 12–13 months (Hussain, 2007). Alkoyak and Öz (2020) observed a decrease in CI during the summer and spring seasons compared to winter in Anatolian buffaloes, with values of 390.28 ± 8.57, 390.62 ± 7.50, and 418.04 ± 9.34 days for spring, summer, and winter, respectively. Jakhar et al. (.(2016) similarly noted a seasonal effect on CI in Murrah buffaloes, with lower values observed during summer and rainy seasons compared to winter (463.73 ± 5.63, 471.43 ± 9.66, and 504.61 ± 6.24 days for rainy, summer, and winter seasons, respectively). However, Thiruvenkadan etThiruvenkadanet al. (.(2014) reported no significant difference in CI between summer and winter seasons in Murrah buffaloes, attributing any observed differences to parity effects.
Service period (SP) is a less explored parameter in buffalo studies. Petrocchi et al. (.(2023) found that the average SP of Murrah buffaloes was prolonged (180 days) in May with a corresponding THI value of 80.27. Conversely, Dash et al. (.(2016) reported the lowest average SP (119 days) in March at an average THI of 67.80. Dash et al. (.(2015) observed a reduction in SP when THI exceeded 75; the average SP was 127 days for THI subclass 70.00–74.99, increasing to 162 days for THI subclass 75.00–79.99. However, Jakhar et al. (.(2016) found no evident effect of winter and summer seasons on SP in Murrah buffaloes.
Table 4: Correlation of meteorological data with reproduction performance
	Parameters
	SP
	CI

	Mean temp
	Pearson Correlation
	.159**
	.138**

	
	Sig. (2-tailed)
	0.00
	0.00

	
	N
	439.00
	439.00

	Mean RH
	Pearson Correlation
	0.01
	0.02

	
	Sig. (2-tailed)
	0.86
	0.74

	
	N
	439.00
	439.00

	THI
	Pearson Correlation
	.159**
	.140**

	
	Sig. (2-tailed)
	0.00
	0.00

	
	N
	439.00
	439.00



Correlation of meteorological data and reproduction performance indicated that Mean temperature and THI were significantly and positively correlated with the service period and calving Interval. 
Conclusion
From the study, autumn season (October and November) and lowest THI (≤ 70) were proved to be optimum for getting best conception rate. Same way, better service period and calving interval were obtained by the animals calved in autumn season. Animals calved at THI more than 80 were found to have longer service period and calving interval.  
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