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Abstract 
Climatic change is the major threat at present time, globally. It affects a wide range of components which 

are related with health, work capacity, production, reproduction, and adaptability of the animals. Animal 

husbandry sector is mainly affected by high temperature and high humidity. The productivity, 

reproductive performance and health of livestock are adversely affected by climatic stress which results 

in significant economic losses. Moreover, heat stress affects animal’s reproductive performance and 

productivity of dairy animals. It has a direct effect on estrus behavior in dairy animals. Further, it 

produces reduced growth and reproduction, increased susceptibility to diseases, and ultimately delayed 

initiation of lactation in the livestock. Heat stress may affect the feed intake which reduces reproduction 

efficiency in hens, egg production and interruption of ovulation. Moreover, egg quality due to heat stress 

may also be negatively affected. Of late, practices like air cooled shades, sprinklers and proper 

ventilation will be suitable for adapting to future climates changes and minimize heat stress in dairy 

animals. During summer stress improved cooling and proper ventilation in animal houses are still the 

most profitable and effective method to improve both milk production and reproduction. Effective 

cooling system, housing and feeding management and other newer technologies are available through 

which climatic impacts on livestock can be diminished.   
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1. Introduction 
India has vast resources of livestock which plays a vital role for socio-economic status, and 

food security of the people. The major resources of income for the farmers or livestock owner 

are animal husbandry and agriculture directly affects the economic conditions of farmers. 

Climate change is one of the foremost hitches for the stability of livestock production systems 

in tropical countries like India. Heat stress or high environmental temperature has unfavorable 

effects on the reproductive, productive and biological function on the body of dairy animals [1]. 

Many climatic factors, i.e., include temperature, humidity, radiation and wind velocity which 

affect animal’s environment directly or indirectly [2]. A major factor that contributes to reduce 

in fertility in lactating dairy cows is high ambient temperature [3, 4]. Heat stress causes 20 to 

30% reduction in conception rate and pregnancy rate [5, 6]. The concentration of atmospheric 

CO2 ranges from 400 to 480 ppm according to the IPCC (Intergovernmental Panel on Climate 

Change) projections in the year 2030. Global climate change is mainly produced by 

greenhouse gas (GHG) emissions that consequence in warming of the atmosphere [7]. The 

contribution of livestock sector is 14.5% in global GHG emissions [8], and thus may increase 

air and water pollution, land degradation and decreases in biodiversity [9, 10]. IPCC Fifth 

Assessment Report found that increase in global average surface temperature by 2100, which 

is between 0.3 LC and 4.8 LC [7]. Surroundings of the animals are directly affected by 

numerous climatic factors, i.e., relative humidity, temperature, radiation and wind [2]. 

Thermostatic control unit consists of heat loss center (anterior hypothalamus) and heat 

production center (post hypothalamus) which maintain core body temperature [11]. The 

production of poor quality of feed and fodders, forages, grains are important effect of climate 

change in livestock. Designing scheme to lowering the negative effects of fertility; such as 

increased environmental temperature, enhanced cooling, sudden change in the rations, and 

reproductive protocol changes, will enhance the success rate of dairy farm. Most profitable and 

effective technique to enhance both milk production and reproduction in the livestock during 

the summer months is decrease the environmental temperature by providing cooling 

atmosphere. 
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2. Livestock environment and Environmental stress 

The decreases in milk production in animals are directly or 

indirectly affected by many environmental factors. Heat stress 

in the animals will cause several changes, which include 

respiration rates (> 70-80/minute), elevated body temperature 

(> 102.5 ºF) and blood flow [12]. Significant changes in 

physiological activities were not occurring within the range of 

5–25°C [13]. Under heat stress conditions, the maintenance 

energy requirement of animals may increase by 20-30%. The 

low energy diet has detrimental effect on reproduction [14]. 

This reduces the low intake of energy for productive functions 

such as milk production in the animals. 

 

2.1 Causes of Heat stress are 

 Inability of animals to dissipate sufficient heat to 

maintain homeostasis. 

 High Radiant energy. 

 Increase in air temperature. 

 Depletion in conception rate. 

 Death rate of embryo [2].  

 Luteal function impairs [15].  

 Disturbs gonadotrophin & oestradiol secretions [16].  

 Development of ovarian cysts. 

 

3. Temperature Humidity Index (THI) and Assessment of 

animal stress 
Heat stress is related with temperature humidity index (THI) 

as the primary environment factor. When body temperature 

surpass 45–47 °C are lethal in most of the animals. A series of 

changes in the biological functions of the animal’s body that 

include lowering in efficiency and utilization of feed intake, 

disturbances in metabolism of protein, water, energy and 

mineral balances, enzymatic reactions, hormonal secretions 

and blood metabolites due to exposure in hot climatic 

conditions. THI index is extensive used to know the effect of 

the heat stress on dairy cow in the hot climatic area of 

worldwide. THI is very important for dairy cows for 

estimation of heat stress [17]. THI is calculated by following 

equation according to NRC (National Reserch Council) [18]. 

THI = 0.72 (Tdb + Twb) + 40.6 

Where, Tdb is Dry bulb temperature in ºC, Twb is Wet bulb 

temperature in ºC. 

When THI exceeds 72, it will cause in heat stress to the 

animal [19]. Milk yield of cows are to be negatively correlated 

with THI [20]. 

 

4. Effects of climatic change on livestock productivity 

Calves from cooled cows had higher body weight than calves 

from stressed cows by heat at birth (42.5 vs. 36.5 kg) [21]. 

Cooled cows had greater milk production (28.9 vs. 33.9 

kg/day), lower milk protein concentration (3.01 vs. 2.87%), 

and tended to have lower somatic cell score (3.35 vs. 2.94) 

through 280 days in milk than calves from stressed cows by 

heat [22]. They also proved that calves born from cows (kept at 

low temperatures) had higher total protein, total serum 

immunoglobulins G and apparently efficient absorption than 

the calves from heat-stressed cows. A possible clarification 

for this difference could be the direct effect of the body 

weight on fertility or by differences in mammary gland 

development and altered metabolic efficiency [23]. Elevated 

heat stress causes low milk production in dairy cows and 

buffaloes [24]. Winter season is the most favorable season for 

milk production of lactating animals [25]. Milk components are 

markedly affected by heat stress during summer. The protein 

fractions exhibited depletion in percentages of lactoalbumin, 

casein, IgG and IgA. The body condition of animals are 

directly affected by heat stress resulting in reduction on dry 

matter intake and feed conversion efficiency which results in 

low milk yield [16]. Colostrum composition is greatly modified 

by high temperatures during late pregnancy and the early 

post-partum period. Holstein Friesian cows maintained at less 

than 38°C exhibited lower averages of total solids, protein, 

fat, ash and lactose yields than when the same animals were 

maintained under thermo neutral environmental temperatures. 

In summer season, averages of magnesium and phosphorus 

values were also found to be less. Citric acid and calcium 

contents decreased during early lactation, while potassium 

decreased in all lactation stages at high ambient temperatures 
[26]. If environmental temperature exceeds 22-23 oC and THI 

exceeds 70 results in decrease in milk yield. High ambient 

temperature causes 35% reduction in milk yield in mid 

lactating cows and 14% reduction in early lactating dairy 

cows. Exposure of lactating ewes under high ambient 

temperature decreases milk yield to 20%. Water buffaloes 

have less milk yield in summer season.  

The heat stress is the one of the major causes of decreased 

production in the dairy and beef industry resulting in 

significant economic losses [27]. High producing dairy cows 

generate more metabolic heat and are more sensitive to heat 

stress than low producing dairy cows. Consequently, when 

metabolic heat production increases in conjunction with heat 

stress, milk production declines [28, 29]. Heat stress also affects 

buffalo, ewe and goat milk production [27]. Generally ewes are 

more sensitive to the combined temperature and relative 

humidity effect. High ambient temperatures also reduce milk 

production in buffaloes because it affects the animal 

physiological functions, such as pulse, respiration rate, and 

rectal temperature [30].  

Beef cattle having high weights, thick coats, and darker colors 

are more dangerous to warming in the case of meat 

production [27]. Global warming may reduce body size, 

carcass weight and fat thickness in ruminants [31, 32]. In similar 

studies, larger pigs will have more depletion in growth, 

carcass weight and feed intake [27]. High temperatures greater 

than 25 LC reduce sows feed intake during suckling periods 

which reduces the milk yield of the sow and may be reduced 

piglets survivability [33].  

Heat stress will reduce body weight gain, feed intake and 

carcass weight, and protein and muscle calorie component in 

birds [34]. Heat stress will reduce reproduction efficiency in 

hens and consequently egg production because of reduced 

feed intake and interruption of ovulation [27, 35]. In High 

temperature conditions, egg quality may also be negatively 

affected [36]. Relative humidity affects both water loss from 

the egg embryonic mortality and the high relative humidity 

appeared to have a detrimental effect on embryonic 

development during incubation [37]. Swine show decreased 

feed intake under hot-humid environments [38] and higher sow 

culling rates [39]. In another studies, Dairy cattle produce milk 

with decreased milk fat and milk protein percentage [40]., The 

milk yield was increased by increasing the cooling frequency, 

when dairy cows are exposed to hot-humid climate [41]. The 

temperature humidity index (THI) is widely used to provide 

an accurate assessment of the effects of the heat stress on 

poultry and livestock [42, 43]. Heat stress causes increase in 

parasitic diseases, free radicals concentrations & reactive 

oxygen species, leads to damage of macromolecules & 

disruption of normal metabolism and physiology and changes 
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of immune function resulting in death of livestock. 

 

 
 

Schematic view of the expected outcome of climate change as a result of global warming on farm animal productivity: 

Adapted from the article [44]. 

 

5. Effects of climate change in reproductive performance 

of livestock 

The reproductive performance is the key factor markedly 

affecting profitability in many livestock production systems. 

Reproduction performance of both livestock sexes may be 

affected by heat stress. It affects oocyte growth and quality in 

cows and pigs [45, 46], embryo development impairment, and 

pregnancy rate [47, 48]. Cow fertility may be affected by heat 

stress [3, 49]. It also affects lower sperm concentration and 

quality in bulls, pigs, and poultry [50, 51]. Heat stress has 

detrimental effect on the reproduction of cattle and buffaloes 
[52]. The heat stress causes the release of ACTH from the 

anterior pituitary which triggers release of cortisol and other 

glucocorticoids from the adrenal cortex. Luteinizing 

hormones is inhibited by the secretion of glucocorticoids. 

Thermal stress causes hyperprolactinaemia which inhibits the 

secretion of both FSH and LH at hypophyseal level [53]. Heat 

Stress results in low fertility in the livestock because the 

embryo loses its capacity to alter prostaglandins synthesis in a 

manner that favours the maintenance of the corpus luteum. 

Heat stress has more pronounced effects on reproduction than 

is seen with other stressors [54]. The dry period is very 

important in the livestock for mammary gland involution and 

later development, induction of lactation and rapid fetal 

growth. High ambient temperature or thermal stress can affect 

endocrine system during dry period that may cause shorten 

the gestation length, fetal abortions, lower calf birth weight, 

and reduce follicle and oocyte maturation. Prepartum heat 

stress may reduce placental estrogen levels and thyroid 

hormones, while elevating nonesterified fatty acid 

concentrations in blood; all of these factors alter growth of the 

udder and placenta, unborn calf growth, and future milk 

production. Postpartum heat stress affects the ability of the 

dairy cow to increase production. Dairy cows in late gestation 

during heat stress had calves with lower birth weights and 

produced less milk in comparison with cooled cows [55]. The 

increasing ambient temperature from 12.5°C to 35°C was 

followed by decline of conception rate in cattle from 40 to 

31% [56]. Oocytes quality is deteriorated due to continuous 

exposure of animals to the heat stress [57] and elevated level of 

GH and nonesterified fatty acid [58]. Infertility is the 

significant effect of heat stress in the dairy cows [59]. All the 

climatic variables showed positive and nonsignificant effects 

on the intercalving period and dry period [60]. In male 

livestock, the scrotal circumference, size and weight are 

decreased in high ambient temperature due to degeneration in 

the germinal epithelium [61]. High environmental temperature 

negatively affect the thermoregulatory mechanism of the 

testes, sexual desire, ejaculate volume, live sperm percentage, 

sperm concentration, viability and motility [62]. 

 

6. Effects of climate change in health performance of 

livestock 

Several livestock health problems associated with climate 

change [27]. In addition, higher energy deficiencies affect cow 

fitness and longevity [49]. High ambient temperature may also 

affects endocrine status [19], metabolic rate [63], oxidative status 
[64], glucose, protein and lipid metabolism, liver functionality 

(reduced cholesterol and albumin) [65, 66], nonesterified fatty 

acids (NEFA) [66], saliva production, and salivary HCO-3 

content.  

 

7. Conclusion 

Climate change such as high ambient temperature, relative 

humidity etc. could affect the animal’s productivity, 

reproductive and health performance. Of late, few practices to 
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minimize heat stress in dairy cows, such as air cooled shades, 

sprinklers and proper ventilation will be suitable for adapting 

to future climates changes. Enhanced cooling and proper 

ventilation in their houses are still the most profitable and 

effective method to improve both milk production and 

reproduction during summer stress. In case of buffalo, 

allowing for wallowing and water sprinkling are successful 

step for reduction in heat stress mainly during summer season. 

In our opinion, it is important that such mitigation strategies 

would focus on the study and use of local genetic resources 

exhibiting a highly adaptation to the most significant issue for 

that specific region, either climate or disease. Such markers 

would be of great importance and use in the definition of 

selection strategies and objectives to enhance livestock 

productivity and reproductive performance, with special 

reference to developing countries. Selection practices will 

helpful for genetic improvement of the livestock for important 

heat tolerance traits. Implementation of newly and scientific 

strategies to minimize negative effects of heat are proper 

cooling system, ration adjustments in the diet and changes in 

reproductive protocol, stress depletion etc. will improve the 

economic conditions of dairy farms. 
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