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Effect of heat stress on reproduction in farm 

animals and its mitigation: A review  
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Abstract 
Reproductive success in farm animals is a key driver of livestock based industries. Understanding the 

underlying mechanisms of reproduction under various circumstances is an essential aspect for 

maintaining reproductive success. Under the current scenario of global warming, heat stress have been 

identified as a serious challenge for the welfare, reproduction and production of animals. To improve 

reproductive efficiency under environmental challenges involving heat stress, it is essential to identify 

thermal sensitive reproductive responses coupled with reproductive technologies and their application to 

manage infertility associated with heat stress. This review outlines the various physiological aspects of 

effects of heat stress in farm animals; and to intervene these deleterious effects, mitigation strategies for 

sustainable farm productivity are discussed.   
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Introduction 
The impact of environmental stress on animal health and productivity is significant [34]. 

Reproduction is essential for continuity of species and multiplication. Most components of the 

reproductive system including the oocyte, granulose, uterine environment and the developing 

embryo and are affected by heat stress. Studies on the effect of heat stress indicate the 

necessity of cooling animals during summer in order to raise summer fertility [37]. Two general 

mechanisms through which heat stress can lead to disruptions in reproductive processes, the 

first one includes regulation of body temperature involving redistribution of blood flow from 

the body core to the periphery to increase sensible heat loss and reduced feed intake to reduce 

metabolic heat production can lead to changes in energy balance and nutrient availability that 

can influence negatively on reproduction. Another mechanism for heat stress induced 

disruption of reproduction is the failure of homeokinetic systems to regulate body temperature 
[15]. Reproduction is a complex process involving the interplay of several factors including 

gametes, hormones, genetic factors, etc. and the balance of the intricate relationships between 

these factors is essential for successful reproduction. The understanding the role of heat stress 

in influencing the reproductive capacity of farm animals is therefore imperative to ensure 

sustainable farm productivity.  

 

Male: Potential fertility of an individual bull is more important than of an individual cow 

because one bull can influence pregnancy rate of 30 or 40 cows with natural mating, or 

thousands of cows with artificial insemination [17]. Most of the mammals must have cooler 

testicular temperature than core body temperature for normal sperm production. The 

developmental processes of the male gamete may be affected by various factors, including heat 

stress, causing the production of low quality sperm and thus affecting fertility. Sperm cells are 

vulnerable to heat stress and respond by undergoing apoptosis [31] and loss of DNA integrity [1]. 

The primary site of action of heat in testes is the Sertoli cell and thereby have profound effect 

on the developmental process of the germ cells [29]. During summer, the spermatozoa produced 

are either intrinsically less active at the time of production or that, though normal at the time of 

genesis, suffered deterioration during their passage down the reproductive tract prior to their 

release in the ejaculate [3]. Heat stress result in significant decrease in mass motility of sperm 
[25]. The acrosome integrity percent is lowest during summer as compared to winter season [3]. 

Decrease in acrosomal function leads to reduction in sperm fertility [4]. During summer, the 

sperm abnormalities are higher than winter season [3] suggesting the adverse effects of heat 

stress on sperm morphology. 
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In a study, when bulls were exposed to increased ambient 

temperature (31 and 35 ⁰C for 8 weeks) there was reductions 

in the percentage of motile sperm and percentage of normal 

sperm with non-aged acrosomes, and it took 8 week after the 

end of heat stress to return to the levels of control bulls [22]. In 

a study on heat stressed bull; the reaction time, total time 

taken for successful ejaculate and dismount time were found 

to be prolonged and was accompanied with low libido score 
[20]. 

 

Female: Cows exposed to heat stress have shorter periods of 

estrous cycle and had a delayed deleterious effect on ovarian 

follicular dynamics and oocyte competence [11]. Heat stress 

leads to reduction in the number of mounts [23], and 

consequently poor detection of estrus. In a study on lactating 

dairy cows, the accompanying metabolic and hormonal 

changes were attributed to the reduction of the proestrus 

concentrations of estradiol [10], which is further aggravated by 

heat stress [13]. Heat stress inhibits the expression of 

gonadotropin receptors in granulosa cells and attenuates the 

estrogenic activity of growing follicles [30]. Thus the impaired 

estrogen production may lead to abnormal estrous cycle in 

animals. High temperature-induced malproduction of ovarian 

hormones and a reduction in the response of ovarian cells to 

hormonal stimulators can have deleterious effect on the 

reproduction processes [32]. During ovarian follicular 

development, the granulosa cells multiply, secrete hormones, 

and support the growth of the oocyte. Heat stress induces 

alteration of gene expression and apoptosis in granulosa cells, 

and reduces the steroidogenic gene messenger RNA (mRNA) 

expression which in turn affects the estrogen synthesis leading 

to ovarian dysfunction [19]. Heat stress alters follicular 

dominance pattern resulting in disruption of normal follicular 

dynamics which may contribute to depressed summer fertility 

[38]. In a study, Gir cows when exposed to heat stress did not 

reveal any immediate effect on reproductive function, but 

exerted a delayed deleterious effect on ovarian follicular 

growth, hormone concentrations and oocyte competence [11]. 

Heat shock during oocyte maturation can promote apoptotic 

response leading to disruption of the oocyte’s capacity to 

support early embryonic development [27]. The pre-

implantation developmental capacity of an oocyte is 

determined by cytoplasmic rather than nuclear components, 

and the cytoplasmic maturation of oocyte is more susceptible 

to heat stress than nuclear maturation [36]. In a study, it was 

observed that summer calved cows had greater number of 

services per conception and lower conception rates than cows 

calved in other seasons [12]. High yielding dairy cows are 

sensitive to heat stress either few days before, during, or 

shortly after breeding which may affect the breeding success 

of the animal. The impact of heat stress on Pregnancy rate/AI 

(artificial Insemination) ratio is clearly manifested at THI>70 
[21]. In another study conducted on the effect of THI on 

pregnancy rates of Murrah buffaloes, THI 75 was identified as 

the threshold THI affecting pregnancy rates with the lowest 

pregnancy rate occurring between THI values 80.3 to 81.6. 

The decline in fertility was found to be linearly associated 

with an increase in combination of both temperature and 

humidity [9]. Thermal stress affects the uterine blood flow 
[26] which may alter the uterine environment disrupting 

embryonic development. Although heat stress may not affect 

the cleavage rate, but it reduces blastocyst development [11]. 

The deleterious effects of heat stress induced at the germinal 

vesicular-stage oocyte is carried over to subsequent 

embryonic developmental stages and compromise oocyte 

competence and quality of developed blastocysts [28]. Heat 

stress affecting dam results in reduced placental weight and 

fetal growth retardation [2]. Heat stressed dam have shortened 

gestation length with the calves having decreased body weight 

at the time of birth and weaning. The fetal growth and 

immune function of offspring of dam induced with heat stress 

during dry period is compromised from birth through weaning 
[35] In a study, it was found that pigs from dams that 

experienced heat stress during the first half of gestation had 

increased (13.9%) subcutaneous fat thickness compared to 

pigs from dams exposed to thermo neutral conditions 

indicating altered metabolic and body composition parameters 

during future development and in biological responses to a 

subsequent heat stress challenge [5]. 

 

Mitigation strategies 

1. Physical modification of animal housing-Implementation 

of heat abatement facilities can enhance both pregnancy 

rates and milk production. Heat abatement is dependent 

upon the efficient heat exchange of animals with the 

environment via radiation, evaporation, conduction and 

convection. Artificial shades are to be provided at 

appropriate areas of animal shed to prevent the direct 

heating from sunlight. Tree shades are cost effective 

natural means in reducing the heating effect of direct 

sunlight on animal house. Spray along with fan can be 

used in animal sheds to minimize stress-induced decline 

in milk production [16] to enhance evaporative cooling. 

The impact of heat stress can be minimized with either 

natural or mechanical ventilation to supplement the 

natural ability of a cow’s evaporative cooling mechanism 

[6] 

2. Genetic selection of heat tolerant breeds - Certain breeds 

of animals are more tolerant to heat stress as compared to 

other breeds [24]. Cattle from zebu breeds regulate body 

temperature in response to heat stress more efficiently 

than B. taurus breeds of European origin. The ability of 

Zebu cattle to regulate of body temperature during heat 

stress is attributed to their lower metabolic rates as well 

as better heat loss mechanisms [14]. While selection of 

heat tolerant breeds for production, the economic aspect 

should be taken into consideration.  

3. Nutritional management- To combat the decreased feed 

intake during heat stress, increasing diet energy 

concentration, protein supply and essential amino acids 

should be the strategy [7]. Night time feeding of dairy 

cattle with selenium-vitamin E can alleviate the effects of 

heat stress [33]. Feeding of niacin supplement decreases 

skin temperatures during heat stress in cows [8]. Animals 

should be provided ad lib clean drinking water during 

periods of high ambient temperature to maintain water 

homeostasis. 

4. Hormonal treatments-Use of gonadotropins to induce 

follicular development and ovulation can decrease the 

severity of seasonal postpartum infertility in dairy cows 
[18].  

 

Conclusion 

Heat stress affects the reproductive capacity of both male and 

female animals. The effect of heat stress on reproduction is 

multidimensional. The intricate reproductive pattern required 

for a successful reproduction is disrupted by heat stress at 

various stages of reproduction. The deleterious effects of heat 
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stress on reproduction are profound from the stage of gamete 

development to the growth of offspring. Advanced 

reproductive technologies, hormonal treatments and 

management practices involving modification of animal 

environment and nutritional strategies are tools for abatement 

for heat stress related reproductive problems.  
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