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Abstract 
Heat stress is a well-known problem causing huge economic losses to the buffalo breeders as well as 
dairy industry. Heat stress has a direct effect on breeding efficiency of both male and female buffalo and 
reduces the performance of buffalo bulls. Identification of the factors which affect the spermatic 
production and the quality of the semen has a major importance in improvement of bull fertility. A total 
of 42 ejaculates from 2 buffalo bulls were collected twice a week through AV (artificial vagina) method 
for 6 months at Semen Production Centre, department of Veterinary Gynaecology and Obstetrics, 
Pantnagar India, and analyzed using least squares analysis to quantify the effect of temperature humidity 
index (THI) on various semen quality parameters. The THI was divided into 3 groups, i.e. Group I (64 to 
72, n=10), Group II (72 to 78, n=13) and group III (78 to 84, n=18). THI variations had no significant 
effect on Hypo-osmotic swelling test (76.33±3.38, 73.33±3.44 and 72.00±4.76) and Methylene Blue 
reduction test (7.60±0.79, 6.93±1.01 and 7.47±0.95) but had a significant (P<0.05) effect on percent live 
sperm (83.00±1.07b, 80.67±2.18ab and 77.67±1.98a) and Concentration of sperm (973.33±1.00b, 
935.00±0.90aband 900.00±1.50a) The results of this study indicated that the live sperms and concentration 
of sperms decreases significantly (P<0.05) with the increase in THI. The value of percent live sperm, 
concentration and HOST reactive sperms was found highest at mean THI value of 68.42 (Group 1). Thus, 
it may be concluded that the hot-humid season with Higher THI adversely affect the various seminal 
attributes of buffalo bull.   
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1. Introduction 
India is producing about 66 million straws, which is covering only 20-25% breedable bovine 
population. To achieve the national target of covering 50% breedable bovine population there 
is need to produce 140 million [1] of frozen semen straws. Therefore, semen stations throughout 
the India are giving emphasis on production of required number of frozen semen doses, but 
there are various factors which influence the quality and required quantity of semen. The 
central monitoring unit of government of India is also periodically evaluating the performance 
for producing good quality germplasm. To achieve the quality criteria we need to intervene at 
the time of semen collection and managemental conditions present, which are the important 
aspects for quality semen production. In recent years, studies carried out emphasize the 
importance intensive study on managemental conditions particularly temperature and humidity 
in relation to animal productivity. As a result, these studies have grown newer concepts of 
management- feeding and handling of animals and designs for housing or shelter for the 
livestock as well as the lay-out of the immediate surrounding to the animal houses. In the 
tropical climate heat stress is largely responsible for the low animal productivity. Tropical 
countries like India, where ambient temperature remains above the thermo-neutral zone of the 
farm animals for a large part of the year, Heat stress is mainly responsible for the reduced 
performance of bovines during the period of year which is hot and humid. Since productivity 
is primarily determined by the extent of the utilization of the available natural resources as 
well as the direct effects of climatic components on the physiology of the animals, it is 
necessary to ascertain the detrimental influences of climatic condition particularly temperature 
and humidity on animal productivity. Investigations carried out under carefully controlled 
conditions have shown that both the magnitude and duration of stress induced by the adverse 
environmental condition influences the animal’s physiological reactions and production, in the 
experimental location. The identification of the environmental factors which may affect sperm 
production and the quality of the semen has a major importance in improvement of bull 
fertility. Seasonal effects on semen quality have been observed in several species including 
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rams [2], Boer and Angora goats and rams [3], and Sahiwal and 
Brahamn crossbred bulls [4]. However, contradictory results 
were observed between different investigations concerning 
the effects of different seasons on semen quantity and quality. 
Most previous investigations indicated slightly higher semen 
quantity and quality during hot and humid periods during 
which mean temperature and humidity are higher than during 
the colder months [5]. The knowledge of trend of seasonal 
influence on semen characteristics would help to know the 
requirement of bulls to meet the demand of frozen semen and 
to provide any suitable additional managerial requirements 
time to time. Hence, the present study was undertaken to 
investigate the effect of seasons in reference to ambient 
temperature and relative humidity on semen characteristics of 
the cattle bull. 
 
2. Materials and Methods 
A total of 41 ejaculates from 2 Murrah buffalo bulls (5 to 6 
years of age and 500 to 750 kg body weight) maintained at 
Semen Production Centre, Department of Veterinary 
Gynaecology and Obstetrics, Pantnagar, India. The bulls were 
healthy, free from diseases, sexually mature, good libido and 
clinically normal. Semen was collected in the morning twice a 
week from the bull using sterilized artificial vagina (temp 42-
45 °C), vagina during different months of year i.e. April to 
October 2015 using dummy bull. Soon after collection, each 
ejaculate was placed in a water bath at 30-35 °C and standard 
laboratory evaluation for semen was recorded. The THI was 
divided into 3 groups. First group (n=10) having the mean 
THI range of 64 -72, 2nd group (n=13) having the THI range 
of 72-78 and the 3rd group (n=19)78-84.  
Quality of semen was assessed for volume and microscopic 
tests such as, progressive motility, concentration, HOST, and 
MBRT. Soon after collection the volume of whole ejaculate 
was measured. Colour and consistency were assessed by 
direct visualization. The pH was measured by Whitman’s pH 
indicator paper. Motility of spermatozoa was estimated within 
10-15 min from the time of semen collection. Progressive or 
individual motility was examined in semen diluted with one 
or two drops of citrate buffer, on a glass slide covered with 
slip, using high power microscope. The percentage of 
individual spermatozoa displaying progressive motility across 
the field was estimated and recorded. The temperature and 
relative humidity of respective days was taken from 

meteorological Department located nearby. The recorded data 
were subjected to statistical analysis using Least squares 
means model and ANOVA using LSML-91 software package, 
Walter Harvey. 
 
3. Results   
Table 1. Presents the effect of THI on various seminal 
attributes of Murrah buffalo bulls (Fig 1-4).  
THI variations had no significant effect on percent HOST 
reactive sperms and MBRT in Murrah buffalo bulls, but it had 
a significant (P<0.05) effect on percent live sperms and 
concentration of sperms. The results are presented in table 1. 
The present data clearly indicated that there was significant 
(P<0.01) decrease in percent live sperms in group 3rd 

(77.67±1.98a) when THI increased to mean value of 
80.54compared to group 1st (83.00±1.07b) however, non-
significant difference was found between group 3rd 
(77.67±1.98a)and group 2nd (80.67±2.18ab). Percent live 
sperms varied non-significantly between group 1st 

(83.00±1.07b) and 2nd (80.67±2.18ab) when THI increased 
from mean value of 68.42 to 75.95. The highest and lowest 
percentage of live sperms was estimated to be 83.00±1.07 and 
77.67±1.98a % at mean THI of 68.42 and 80.54 respectively 
and clearly indicated the decrease in percent live sperms in 
ejaculate of buffalo bull with the increase in THI. 
The results revealed that the sperm concentration per ml 
(SPC) varied significantly (P<0.01) among 3 groups of THI 
being maximum at mean THI value of 68.42 (973.33±1.00) 
and lowest at mean THI value of 80.54 (900.00±1.50). 
Significant decrease in concentration of sperms was found in 
group 3rd (900.00±1.50) compared to group 1st (973.33±1.0) 
however it decreased non-significantly with group 2nd 
(935.00±0.90). 
The results revealed that there was non-significant decrease in 
percent HOST reactive sperms (76.33±3.38, 73.33±3.44 and 
72.00±4.76) when mean value of THI is increased from 68.4 
to 75.95 and then to 80.54, respectively. The highest 
(76.33±3.38) and lowest (72.00±4.76) percent of HOST 
reactive sperms was observed at THI of 68.42 and 80.54 
respectively. 
The results of MBRT indicates non-significant change in 
MBRT values with the change in THI among all 3 groups 
with highest and lowest value being found at mean THI value 
of 80.54 and 68.42, respectively. 

 

 
Fig 1: Effect of THI on percent live sperms 
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Fig 2: Effect of THI on mean concentration of sperms (million/ml) 

 

 
Fig 3: Effect of THI on HOST of sperm 

 

 
Fig 4: Effect of THI on MBRT of sperm 
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Table 1: Means bearing different alphabets as superscripts differ significantly row-wise (abP<0.05) 
 

Parameters 
Group-I 
(n=10) 

Group-II 
(n=13) 

Group-III 
(n=19) 

% live sperm 83.00±1.07b 80.67±2.18ab 77.67±1.98a 

Conc. of sperm 
(million/ml) 

973.33±1.00b 935.00±0.90ab 900.00±1.50a 

HOST 76.33±3.38 73.33±3.44 72.00±4.76 
MBRT( min) 7.60±0.79 6.93±1.01 7.47±0.95 

 
4. Discussion 
Efficient semen collection from breeding bulls is an art and an 
important activity of frozen semen production centre. The 
management of entire process from bull rearing and training 
to semen collection is critical, for which the management 
conditions particularly temperature and humidity play a vital 
role in efficient and quality semen production. Ambient 
temperature and relative humidity vary from day to day and 
ameliorate during the night. Scrotal circumference, testicular 
consistency, tone, size and weight are decrease in hot summer 
in the sub tropics than those of the same breeds reared under 
temperate environmental conditions [6]. This reduction in 
testicular measurements might be due to degeneration in the 
germinal epithelium resulting in decrease in quality of semen 
production [7]. 
According to the results obtained in this study, the % live 
sperms and concentration of sperms decreased significantly 
with the increase in THI value and the value of these two 
parameters was found highest at mean THI value of 68.42. 
There was non-significant change in percent HOST reactive 
sperms and MBRT of semen with the increase in THI value.  
Similar to our study, sperm concentration per ml (SPC) varied 
significantly (P<0.01) among seasons being maximum during 
winter when THI was on lower side followed by rainy and 
summer season [8, 9] whereas highest sperm concentration was 
obtained during rainy season [10] and [11]. In Egyptian buffalo 
bulls it was higher during spring [12]. Also the lowest sperm 
concentration was recorded during summer, when THI index 
was 65.39, and THI-week index was 67.30. In agreement to 
our results lowered sperm concentration, HOST % and total 
noneosinophilic sperm output during hot humid (THI is on 
higher side) was observed as compared to summer season [13] 
and spring season in Karan Fries bulls [14]. Good quality of 
semen was observed during spring season where the 
environment temperature was approximately 25 °C. Sperm 
production and quality (ejaculate volume, sperm 
concentration and total sperm number) and percentage of 
normal sperm cells) decreased during the hot season in B. 
indicus bulls [15, 16]. In a study, Reproductive and physiological 
responses under varying artificial incandescent illumination, 
temperature, and humidity conditions was studied in bulls and 
significant differences (P<0.01) was observed in percent 
HOST reactive and methylene blue reduction time (modified). 
However, concentration of spermatozoa showed non-
significant differences. In agreement with our results, Non-
significant relationship of THI with percent HOST reactive 
spermatozoa was also observed. HOST % was related 
significantly and positively to the sperm motility. However 

[14], documented significant (P<0.05) decrease in percent 
HOST reactive sperms during hot humid season during which 
THI is on higher side as compared to spring season. In our 
study, no significant change was observed in MBRT time 
which could be because of dependency of MBRT on the 
metabolic activity of spermatozoa not on the concentration. 
Summer conditions consisting of above normal ambient 
temperature, relative humidity, and solar radiation increase 

the thermal load on animal and causes significant decrease in 
production potential and may also be detrimental to health of 
animal. The detrimental effect of high environmental 
temperature on semen quality and male fertility may be 
attributed to the hypothalamo–hypophyseal pathways or to a 
direct effect of temperature on testicular and epididymal 
function. 
Significant (P<0.05) seasonal influence on motility and sperm 
concentration in Murrah buffalo bulls was observed [6] in a 
study where 4446 ejaculates were observed over a period of 7 
years to know the seasonal influence on various seminal 
attributes, in Murrah bulls. Sperm concentration was highest 
in summer whereas, non-significant effect of season on 
progressive motility was observed [17]. In contrast to our study, 
non-significant seasonal variation in sperm concentration was 
obtained in Nili- Ravi buffalo bulls [18], in Murrah and Surti [19] 
and in Holstein (B. taurus) bulls [4] and Frieswal bulls [20]. 
Similarly, effect of season on semen quality parameters of 
swamp buffalo was observed and sperm concentration, total 
sperm number and initial sperm motility did not differ 
between seasons, whereas PMI and the relative proportion of 
morphologically normal spermatozoa were highest in summer 
and lowest in winter [21]. Holstein bulls produced more sperm 
(higher sperm concentration and total sperm number) with 
greater motility during the winter and the spring (low THI) 
compared to summer [22]. Ambient temperature and humidity 
did not significantly affect sperm production and semen 
quality. 
 In general, of all seasons, summer exerts comparatively more 
adverse effect on the overall quality of semen. It effects the 
normal reproduction process multidimensionally, like by 
reducing feed intake, by inhibiting the release or response to 
important reproduction hormones that is, GnRH, FSH and 
LH. During summer, thyroxin secretion declines leading to 
reduced intake of feed by the animal, subsequent metabolism 

[23] and is responsible for reducing production of sperm [18]. 
Due to extreme heat stress bulls get physically exhausted and 
their reduced eagerness might result in higher reaction time 
and subsequently total time for successful ejaculation also 
increase, thus having an ultimate effect on production of 
sperms [8]. 
 
5. Conclusion 
Hot-dry or summer season during which THI values are found 
to be towards higher side (THI 78-84) affect the various 
biophysical characteristics of semen in buffalo bulls. 
Elevation of environmental temperature during summer 
affects male reproductive functions deleteriously. Such 
deleterious phenomenon leads to testicular degeneration, 
sperm mortality and increases the sperm abnormality. 
Progressive motility and concentration gets decreased 
significantly at the THI value of 78-84 whereas percent 
HOST and MBRT value were non- significantly affected. THI 
values in normal range (winter) was the most favorable 
season for good quality semen production. Specific 
consideration to the surrounding environmental conditions 



 

~ 951 ~ 

Journal of Entomology and Zoology Studies 
 

particularly temperature and humidity should be paid to 
minimize their negative influence directly or indirectly on 
semen production and other related physiological functions of 
the breeding bulls 
 
6. Acknowledgments 
The authors are highly thankful to Vice Chancellor, Dean, 
Director Experiment Station, College of Veterinary and 
Animal Sciences and of G.B Pant University of Agriculture 
and Technology, Pantnagar-263145, Uttarakhand, India for 
providing necessary facilities and financial support for 
carrying out the research.  
 
7. References 
1. Bhakat M, Mohanty TK, Gupta AK, Prasad S, 

Chakravarty AK, Khan HM. Effect of season on semen 
quality parameters in Murrah buffalo bulls. Buffalo 
Bulletin. 2015; 34(1). 

2. Mickelsen WD, Paisley LG, Dahmen JJ. The effect of 
season on the scrotal circumference and sperm motility 
and morphology in rams. Theriogenology. 1981; 16:45. 

3. Greyling JPC, Grobbelaar JAN. Seasonal variation in 
semen quality of Boer and Angora goat and rams using 
different collection techniques. South African Journal of 
Animal Science. 1983; 13:250. 

4. Wildeus S, Holroyd RG, Entwistle KW. Patterns of 
puberal development in Sahiwal and Brahman cross bulls 
in Tropical Australia. 1. Growth and semen 
characteristics. Theriogenology. 1994; 22:361.  

5. Wierzbowski S, Tahir MN, Hamblin FB, Shafi M. 
Service ability and semen production of buffaloes. World 
Animal Review. 1980; 33:26. 

6. Yarney TA, Sanford LM, Palmer WM. Pubertal 
development of ram lambs. Body weight and testicular 
size measurements as indices of pospubertal reproductive 
function. Journal of Animal Science. 1990; 70:139-147. 

7. Chou IP, Chuan L, Chen-Chao C. Effect of heating on 
rabbit spermatogenesis. Chinese Medical Journal. 1974; 
6:365-367.  

8. Mandal DK, Nagpaul PL, Gupta AK. Seasonal variation 
in seminal attributes and sexual behaviour of Murrah 
buffalo bulls. Indian Journal of Dairy Science. 2000; 
53:278-283. 

9. Ravimurgan T, Raman KS, Thangaraju P. Seasonal infl 
uences on the semen production traits of Murrah buffalo 
bulls. Indian Buffalo Journal. 2003; 1(2):85-87. 

10. Prajapati KB. The effect of exercise and feeding bypass 
protein on sexual behavior and seminal attribute in 
Mehsana buffalo. Ph.D. Thesis, NDRI Deemed 
University, Karnal, India, 1995. 

11. Dhami AJ, Greesh M, Sahni KL. Seasonal influences on 
the quality and freezability of semen of Friesian and 
Murrah buffalo bulls. Indian Journal of Animal 
Reproduction. 1998; 19(1):55-58. 

12. Oloufa MM, Sayed AA, Bareldin AL. Seasonal variation 
in reaction time of Egyptian buffalo- bulls and 
physiochemical characteristics of their semen. Indian 
Journal of Dairy Science. 1959; 12:10-17. 

13. Goswami SC, Mehta SN, Georgie GC, Dixit VP, Lohan 
IS, Kaker ML. Effect of meteorological factors and 
seasons on luteinizing hormone, testosterone and semen 
of zebu-taurus bulls. Indian Journal of Animal Science. 
1991; 61(6):579-583. 

14. Bhakat M, Mohanty TK, Gupta AK, Abdullah M. Effect 
of Season on Semen Quality of Crossbred (Karan Fries) 

Bulls. Advances in Animal and Veterinary Sciences. 
2014; 2(11):632-637 

15. Igboeli G, Nwakalor LN, Orji BI, Onuora GI. Seasonal 
variation in the semen characteristics of Muturu (Bos 
brachyceros) bulls. Animal Reproduction Science. 1971; 
14(1):31-38. 

16. Rekwot PI, Voh AA, Oyedipe EO Jr, Opaluwa GI, 
Sekoni VO, Dawuda PM. Influence of season on 
characteristics of the ejaculates from the bulls in an 
artificial insemination centre in Nigeria. Animal 
Reproduction Science. 1987; 14(3):187-194. 

17. Bhat V, Honnappa TG, Dubey BM. Seasonal effects on 
seminal attributes in Murrah bulls under Bangalore 
agroclimatic conditions. Indian Journal of Animal 
Reproduction. 2004; 25(1):23-24. 

18. Zafar AH, Ahmed N, Shah SK. Effect of seasonal 
variation on semen production of Nili-Ravi buffalo bulls. 
Buffalo Journal. 1988; 4(1):61-68. 

19. Bhosrekar MR, Mokashi S, Purohit JR, Gokhale SB, 
Mangurkar BR. Studies on the effect of deep freezing and 
seasons on the leakage of aspertate amino transferase into 
extracellular medium and sperm morphology of Murrah 
buffalo bulls. Animal Reproduction Science. 1991; 
26:219-226. 

20. Mathur AK, Tyagi S, Singh SP. Frieswal bull -an 
experience of HF with Sahiwal. Journal of Livestock and 
Poultry Production. 2002; 18(1-2):21-23. 

21. Koonjaenak S, Chanatinart V, Aiumlamai S, 
Pinyopumimintr T, Rodriguez-Martinez H. Seasonal 
variation in semen quality of swamp buffalo bulls 
(Bubalus bubalis) in Thailand. Asian Journal of 
Andrology. 2007; 9(1):92-101. 

22. Mathevon M, Buhr MM, Dekkers JC. Environmental, 
management, and genetic factors affecting semen 
production in Holstein bulls. Journal of Dairy Science. 
1998; 81(12):3321-3330. 

23. Madan ML. Endocrine control of reproduction in 
buffaloes, In Proceedings of the First World Buffalo 
Congress, Cairo, Egypt. 1985, 554. 


