Effect of Climatic Variability on the Reproduction Performances of Murrah Buffalo

ABSTRACT
The impact of climatic change on the reproductive capabilities of Murrah buffaloes at Hisar (LUVAS) was assessed in this study. A dataset of 2351 inseminations (2009-2017) was scrutinized for conception rates, alongside 439 calvings (2001-2016) which were evaluated for service period and calving interval. Daily maximum and minimum temperatures as well as relative humidity were acquired from the Agriculture Meteorology Department of CCSHAU, Hisar. Results indicated that the chances of achieving pregnancy were significantly higher (p < 0.01) at an Index of Temperature and Humidity (THI) ≤ 70, being 1.35 times higher than at THI-4. Pregnancy ratios at higher THI categories (THI-2, 3, and 4) were more or less the same with THI-2 (70-75) having a 1.23 times greater probability of conception in comparison to THI-4. Conception rates were seasonally consistently statistically significantly influenced (χ2=12.79; p<0.01), showing 0.69 times lower probability than pregnant women in Season-1 (Mar-Apr-May) vs in Season-4 (Dec-Jan-Feb). A trend was noted for Season-2 (Jun-Sep) where a significantly lower probability (p < 0.05) of pregnancy was observed in comparison to Season-4. The study concluded that calving in Oct-Nov and THI of below 80 is preferred as it minimizes service periods and calving intervals. The impact of these factors on postpartum reproductive physiology, specifically on ovarian activity, metabolic and hormonal environments, and oestrus expression in the early postpartum phase, requires more investigation.
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INTRODUCTION
The majority of buffalo are raised in subtropical regions, where they are subjected to a broad range of temperature and humidity variations. Haryana, India, is the native home of Murrah buffaloes. Summer temperatures in this region can reach 47°C, while winter temperatures can drop as low as 1°C. In tropical and subtropical regions, high ambient temperatures significantly reduce animal productivity (Marai et al., 2008). Despite being polyestrous, buffaloes exhibit seasonal variations in their oestrus display, calving patterns, and conception rates (Sing and Nanda, 1993). Some buffaloes experience postpartum oestrus due to the high temperatures in April and May (Abayawansa et al., 2011). Buffaloes' incapacity to control their body temperature in hot, humid conditions results in heat stress, which lowers their chances of successful reproduction, particularly in the summer. Buffaloes are especially susceptible to the negative effects of hot weather because they have darker skin and thinner body hair, fewer sweat glands, and a weaker system for dissipating heat (Marai and Haeeb, 2010). Heat stress occurs when a combination of environmental factors surpasses an animal's thermal neutral zone (Buffington et al., 1981).
Not much research has been done on the effects of heat stress on buffaloes raised under harsh conditions. Although buffaloes are found all over the world, they are particularly prevalent in parts of Latin America, Asia, Eastern Europe, and a few Mediterranean countries (Marai & Haeeb, 2010). Consequently, buffaloes have adapted to a wide range of environments. Their morphological, anatomical, and behavioural traits make them better suited to hot, humid environments (Marai & Haeeb, 2010). In general, buffaloes are more resistant to heat stress than cows, which has less of an adverse effect on their physiology and productivity. They also flourish in tropical environments.  They are more distressed, though, when exposed to direct sunlight (Marai & Haeeb, 2010; Matera et al., 2022). High air temperatures and humidity have a major impact on the physiological reactions of animals, and the responses vary by species and breed (Bernabucci et al., 2010; Mullick, 1960). According to the literature, thermal properties like temperature, humidity, wind speed, and sun radiation are essential for figuring out heat transmission (Ji et al., 2020). These elements work together to create a number of indicators that can be used to determine the stress levels of animals. The temperature–humidity index (THI), which combines ambient temperature and humidity into a single metric, is the most widely used indicator for determining animal comfort. The THI is primarily used to measure heat stress conditions because data on other variables, such as solar radiation, wind speed, and precipitation, aren't always available (Petrocchi et al., 2015).
Few studies have established the optimal THI values for buffalo, despite numerous studies determining the THI thresholds for heat stress in cattle. A buffalo's THI value should be less than 72, 72–79 for mild stress, 80–89 for moderate stress, and ≥90 for severe stress, per Choudhary and Sirohi (2019). When buffaloes' maximal THI exceeds 72, they experience mild stress, as evidenced by a slight drop in milk production (Choudhary and Sirohi, 2019). However, the literature does not adequately document the direct effect of THI on the pregnancy rate of Murrah buffaloes in the subtropical regions of India. The critical heat stress zone (CHSZ) and the maximum rate of pregnancy depression per unit change in THI value are unknown. Since little is known about the effects of climate value and CHSZ on the conception rate in Murrah buffaloes, the goal of this study is to determine the threshold THI value and CHSZ influencing this rate.
MATERIALS AND METHODS
Data from 2351 inseminations (2009-2017) were examined for conception rates in order to look into how seasonal variations and climatic variability, particularly the Temperature-Humidity Index (THI), affect reproductive traits. In order to evaluate the effect of climatic variability on service period and calving interval, data from 439 calvings (2001-2016) were also examined. The Agriculture Meteorology Department of CCSHAU, Hisar, provided the meteorological data, which included the maximum and minimum temperatures for each day as well as the relative humidity (RH) in the morning and evening. Arithmetic means were used to determine the mean daily temperature and mean daily relative humidity. The formula 0.8×T + RH×(T-14.4) + 46.4 was used to calculate THI, where T is the ambient temperature in degrees Celsius and RH is the relative humidity expressed as a percentage. Season and THI were used to classify the observation periods for calving interval, service period, and conception rate. Four subgroups were created from the THI groups: THI-1 (≤70), THI-2 (70-75), THI-3 (75-80), and THI-4 (≥80). Season 1 (Hot Dry: Mar-Apr-May), Season 2 (Hot Humid: Jun-Sep), Season 3 (Autumn: Oct-Nov), and Season 4 (Winter: Dec-Feb) were the four seasons that were created using seasonal variations in Hisar's temperature and humidity. The years 2001–2016 were further divided into three subgroups: Period 1 (2001–2005), Period 2 (2006–2010), and Period 3 (2011–2016) in order to examine service period and calving interval.
2.1 STATISTICAL ANALYSIS
Season and THI were used to classify the observation periods for calving interval, service period, and conception rate. Four subgroups were created from the THI groups: THI-1 (≤70), THI-2 (70-75), THI-3 (75-80), and THI-4 (≥80). Season 1 (Hot Dry: Mar-Apr-May), Season 2 (Hot Humid: Jun-Sep), Season 3 (Autumn: Oct-Nov), and Season 4 (Winter: Dec-Feb) were the four seasons that were created using seasonal variations in Hisar's temperature and humidity. The years 2001–2016 were further divided into three subgroups: Period 1 (2001–2005), Period 2 (2006–2010), and Period 3 (2011–2016) in order to examine service period and calving interval.
3. RESULTS AND DISCUSSION
The THI-1 group had a significantly higher conception rate (≤70) than the other THI groups (χ2=12.54; p<0.01), according to Table 1. Pregnancy was 1.35 times more likely in THI-1 than in THI-4, a significant difference (p<0.01). The probability of pregnancy in THI-2 (70-75) was 1.23 times higher than in THI-4, despite the fact that animals in THI groups above 70 (THI-2, 3, and 4) displayed statistically equivalent conception rates. 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
According to our research, Season 1 (March–April–May) had lower overall pregnancy rates than the other seasons. Dash et al. (2015) found that the pregnancy rate for Murrah buffaloes was 0.25 to 0.33 between April and September and 0.38 to 0.58 between October and March, which is in line with this result. Oseni et al. (2005) reported that the pregnancy rates for Holstein cows in the United States during the months of December through February, March through May, June through August, and September through November were 29%, 24%, 29%, and 32%, respectively.
Silent heat, characterised by insufficient oestrus expression and milder summer heat than winter heat, is one of the primary factors that adversely affect buffaloes' ability to reproduce (Madan and Prakash, 2007). According to Parmar and Mehta (1994), buffaloes had poor oestrous signs all summer long because ovarian follicles secreted and produced less oestradiol-17 beta. The observed seasonal variation in pregnancy rates is partly caused by this hormonal imbalance, which reduces buffaloes' reproductive efficiency during hotter months. Therefore, it is essential to comprehend how climate changes affect reproductive physiology in order to create management plans that will enhance buffaloes' reproductive success.
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
Season has a significant impact on conception rates (CR%), as shown in Table 2 (χ2=12.79; p<0.01). Season 1 (March-April-May) has a significantly lower chance of pregnancy (0.69 times; p<0.01) than Season 4 (December-January-February). Season 2 (June-September) showed similar trends, with a significantly lower (p<0.05) chance of pregnancy than Season 4. Season 3 (October–November) and Season 4 did not significantly differ in the likelihood of pregnancy, suggesting that these two seasons are the most conducive to conception. According to the study's findings, the hot dry (Season-1) and hot humid (Season-2) months of the year have substantially lower conception rates. These results demonstrate how climate affects reproductive performance and emphasise the necessity of focused management strategies to increase buffaloes' rates of conception during unfavourable seasons.
The findings of this study are in line with those of Upadhyay et al. (2007), who discovered that conception rates (CRs) dropped during periods of high THI, particularly during the hot and muggy season (32.97% CR at 81.22 THI in June). Silent heat, characterised by insufficient oestrus expression and milder summer heat than winter heat, is one of the primary factors that adversely affect buffaloes' ability to reproduce (Madan and Prakash, 2007). According to Parmar and Mehta (1994), buffaloes had poor oestrous signs all summer long because ovarian follicles secreted and produced less oestradiol-17 beta. More precisely, when the THI crossed the 75-point threshold, CRs dropped by 9 percentage points (from 76% to 67%). When compared to PE and F1 (50% Egyptian buffalo × 50% Mediterranean Italian buffalo), the genotype BC (75% Egyptian buffalo × 25% Mediterranean Italian buffalo) displayed the highest CR across all THI levels, according to Nasr (2017).
For all genotypes, CR percentages decreased as THI increased: for PE, BC, and F1, the CRs decreased by 4%, 10%, and 21%, respectively, when going from a low THI (≤70) to a high THI (>80). When taken as a whole, these studies demonstrate that buffaloes with high THI have detrimental CR effects, emphasising how important it is to regulate environmental factors to maximise reproductive success.
Table: 3 Effects of THI groups, calving season, and calving period on the length of service and calving interval in Murrah buffaloes between 2001 and 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) 
Season (p<0.01) and THI (p<0.05) had significant effects on the service period and calving interval, respectively. Compared to females calving in Season 1 (March-Apr-May), females calving in Season 3 (October-November) had noticeably shorter service periods (119.79 days) and calving intervals (424.07 days) [Service period: 181.31 days; Calving interval: 486.61 days]. Comparing animals calving in Season 4 to those calving in Season 1, the former displayed significantly better service periods (135.7 days) and calving intervals (445.01 days) (p<0.01). Although these differences were not statistically significant when compared to animals in Season 1, animals calving in Season 2 showed noticeably longer service times and calving intervals than those in Season 3. Compared to females in other THI groups, those calving in THI-4 (>80) had significantly longer service durations (166.56 days) and calving intervals (471.6 days) (p<0.05). The effects of THI on calving interval and service period were similar. Nevertheless, there were no appreciable variations in either reproductive parameter among the animals in the THI-2, THI-3, and THI-4 groups. According to the study's findings, the best service times and calving intervals are linked to calving in October through November and at THI levels less than 80.
The average calving interval (CI) for buffaloes is between 471 and 585 days. However, 12 to 13 months is the ideal CI for dairy buffalo (Hussain, 2007). In Anatolian buffaloes, Alkoyak and Öz (2020) found that the CI decreased in the spring and summer months compared to the winter months. The values for spring, summer, and winter were 390.28 ± 8.57, 390.62 ± 7.50, and 418.04 ± 9.34 days, respectively. According to Jakhar et al. (2016), the CI of Murrah buffaloes showed a seasonal effect, with lower values in the summer and rainy seasons than in the winter (463.73 ± 5.63, 471.43 ± 9.66, and 504.61 ± 6.24 days for the rainy, summer, and winter seasons, respectively. However, Thiruvenkadan et al. (2014) found no appreciable difference in CI between the summer and winter seasons in Murrah buffaloes and attribute any observed changes to parity effects. Service period (SP) is a parameter that has received less attention in buffalo research. The average SP of Murrah buffaloes rose by 180 days in May, with a corresponding THI value of 80.27, according to Petrocchi et al. (2023). However, March had the lowest average SP (119 days) with an average THI of 67.80, according to Dash et al. (2016). Dash et al. (2015) discovered that SP dropped as THI rose above 75; the average SP for THI subclass 70.00–74.99 was 127 days, while the average SP for THI subclass 75.00–79.99 was 162 days. But according to Jakhar et al. (2016), there was no discernible impact of winter and summer seasons on SP in Murrah buffaloes.

[bookmark: _GoBack]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



Reproduction performance and meteorological data correlation showed that THI and mean temperature had a significant and positive relationship with calving interval and service period.
Conclusion
The study found that the best conception rate was achieved during the autumn months of October and November, when the THI was at its lowest ( 70). Similarly, animals calving in the autumn had better service periods and calving intervals. Longer service periods and calving intervals were observed in animals that calved at THI greater than 80.
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