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Abstract
Heat stress affects the fertility and reproductive livestock performance by compromising
the physiology reproductive tract, through hormonal imbalance, decreased oocyte quality and poor semen quality, and decreased embryo development and survival. Heat stress
decreases the secretion of luteinizing hormone and estradiol resulting in reduced length
and intensity of estrus expression, increased incidence of anoestrus and silent heat in
farm animals. Oocytes exposed to thermal stress lose its competence for fertilization and
development into the blastocyst stage, which results in decreased fertility because of the
production of poor quality oocytes and embryos. Furthermore, low progesterone secretion limits the endometrial functions, and subsequently embryo development. In addition, the increased secretion of endometrial prostaglandin F2 alpha during heat stress
threatens the maintenance of pregnancy. In general, the percentage of conception rate was
found to be reduced by 4.6% for each unit increase in temperature humidity index (THI)
above 70, and heat stress during pregnancy further slows down the growth of the foetus
and results in lower birth weight. In tropical and subtropical regions, during hot days, the
testicular temperature may increase and impair both the spermatogenic cycle and semen
quality, which culminates in decreased bull fertility. The effects of heat stress on livestock
can be minimized via adapting suitable scientific strategies comprising physical modifications of the environment, nutritional management and genetic development of breeds
that are less sensitive to heat stress. In addition, the summer infertility may be countered
through advanced reproductive technologies involving hormonal treatments, timed artificial insemination and embryo transfer, which may enhance the chances for establishing
pregnancy in farm animals.
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1. Introduction
The performance, health, and well-being of livestock are strongly affected by climate. High
ambient temperatures, high direct and indirect solar radiation and humidity are environmental stressing factors that impose a strain on animals. Among the environmental variables
affecting livestock, heat stress seems to be one of the most intriguing factors hampering animal production in many regions of the world. Even though new knowledge on the animal
responses to the environment continually arises, managing livestock to reduce the impact
of climate remains a challenge. Considerable efforts are, therefore, needed from livestock
researchers to counter the impact of environmental stresses on livestock production. Besides
ensuring the livelihood security to our poor and marginal farmers, stress mitigation can also
improve the economy of livestock industry as a whole. Hence, it is crucial to understand the
impact of environmental stress on livestock production and reproduction. These efforts may
help in identifying the appropriate targets for developing suitable mitigation strategies.
Thermal stress effects on livestock are of multifactorial nature. It directly alters and impairs the
cellular functions in various tissues of the body and the redistribution of blood flow, as well
as the reduction in food intake, which ultimately results in reduced production performance.
Reproductive functions of livestock are particularly vulnerable to climate change; it has been
established that large ruminants are more prone to heat stress compared with small ruminants
[1]. Heat stress is the major cause for infertility and reproductive inefficiency in livestock,
resulting in profound economic losses. Heat stress reduces the libido, fertility and embryonic
survival in livestock and favors the occurrence of diseases in neonates with reduced immunity.
Heat stress affects the fertility and reproductive performance of livestock species through compromising the functions of the reproductive tract, disrupting the hormonal balance, decreasing the oocyte quality, and thereby decreasing embryo development and survival [2–4]. In the
tropical and subtropical regions, during the hot season, both the poor quality of oocytes and
embryos results in decreased conception rate and subsequently with more days open resulting
in huge economic losses to the dairy industry [5]. The high ambient temperature and relative
humidity directly affect reproduction by altering or impairing various tissues or organs of the
reproductive system of animal [6]. The threshold level of temperature humidity index (THI)
for the high performance in terms of milk yield and reproduction is around THI 72 in tropical
and subtropical climates. However, recent studies on THI in temperate climate emphasized
that the THI lower than 68 is suitable for cattle performance and welfare [7].
This chapter is an attempt to cover in detail the impact of various heat stress factors on livestock reproduction, in both the female and male. Apart from these influences, the chapter also
elaborates on available mitigation strategies directed to sustain livestock reproduction in the
changing climate scenario.

2. Impact of heat stress on female reproduction
High environmental temperatures impair the female reproductive process at various stages of
pubertal development, conception and embryonic mortality. Stress inhibits the reproductive
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performance of livestock species by activating the hypothalamic-pituitary-adrenal (HPA) axis,
which subsequently excites the pituitary gland to release adrenocorticotropic hormone (ATCH)
(Figure 1). The ACTH stimulates the release of glucocorticoids and catecholamines, which act
extensively to alleviate the effect of stress. However, ACTH-stimulated glucocorticoid release
is responsible for an inhibitory effect on the reproductive axis. Heat stress reduces the length
and intensity of estrus, alters follicular development and increases the rate of apoptosis in the
antral and pre-antral follicles. Extreme environmental temperatures delay the onset of puberty
in male and female animals. Furthermore, heat stress during follicular recruitment suppresses
the subsequent growth and development to ovulation [8]. Changes in the follicular growth disturb further progress and function of the oocytes [9, 10]. The chronic release of ACTH, such as
the associated with heat stress, inhibits the ovulation and follicular development by altering the
efficiency of follicular selection and dominance and glucocorticoids are critical to mediating this
inhibitory effect on reproduction [11]. Further, high level of glucocorticoids during heat stress
directly inhibits the meiotic maturation of oocytes, and, in addition, corticotropic releasing
hormone (CRH) inhibits the ovarian steroidogenesis, derived of the decrease in the secretion of
luteinizing hormone (LH). The consequent decrease in estradiol results in reduced length and
intensity of estrus expression [12].
2.1. Reproductive hormones in female livestock
The reproductive hormones play a vital role as they regulate various stages of development
and function in the female reproductive system. The high ambient temperature and solar

Figure 1. Impact of heat stress on female reproductive performance.
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radiation as a result of climate change may affect the reproductive rhythm via the hypothalamic-hypophyseal-ovarian axis [13]. Various studies also revealed a significant negative
correlation between environmental temperature and the reproductive hormone concentration,
which in turn cause compromised reproductive efficiency in farm animals [14, 15]. The foremost important factors that regulate the ovarian activity are the gonadotropin-releasing hormone (GnRH), from the hypothalamus, and the gonadotropins (FSH and LH), from anterior
hypophysis.
In cattle, the immediate 16 h exposure to a higher temperature (40°C) on day 12 of the estrous
cycle lead to a significant reduction of GnRH-induced FSH secretion [16], whereas tonic FSH
secretion was elevated probably due to reduced inhibition of negative feedback from small
follicles [8]. Heat stress decreases LH pulse amplitude and frequency in cattle with low estradiol, thereby compromising the maturation and ovulation of the dominant follicles, while low
tonic LH levels also hinder luteal development by inhibiting follicular growth and turnover in
cyclic cows [2]. Furthermore, the decrease in the pre-ovulatory release of LH during heat stress
reduced the expression of estrus behavior and delayed ovulation. Also in goats, exposition to
high environmental temperatures induced lower follicular fluid and plasma estradiol concentrations and reduced LH receptor levels following lagged ovulation [8]. Estradiol secretion in
the ovarian follicle is depressed under heat stress, primarily due to reduced theca cell androstenedione production associated with low 17α-hydroxylase expression. In addition, reduced
granulosa cells aromatase activity and viability also contribute to poor estradiol secretion. In
the case of dominant follicles, subsequent plasma progesterone concentrations are reduced
during heat stress and result in the small size of ovulatory follicles with low tonic LH stimulation of luteinization and steroidogenesis [17]. Moreover, low progesterone secretion limits the
endometrial function and subsequent embryo development. The increased level of circulating
prolactin leads to suspension of estrous cycles and infertility during heat stress [18–20].
2.2. Follicular growth and development
Heat stress damages the developing follicles whenever the core body temperature exceeds 40°C
[9]. Heat stress alters the follicular development by reducing steroid hormone secretion, which
disrupts the oocyte growth, reduces the growth of dominant follicles and increased growth of
subordinate follicles. Heat stressed lactating Holstein cows present smaller follicular diameter
compared to non-stressed cows (14.5 vs. 16.4 mm, respectively) showed and also reduced fluid
volume (1.1 vs.1.9 ml, respectively) [21]. In addition, heat stress was associated with reduced
follicular dominance by prompting numerous large follicles with diameters above 10 mm, with
prolonged dominance of ovulatory follicles [10]. Thus, the selection and dominance of normal
follicles could be disturbed by high tonic follicular stimulating hormone (FSH) availability [2].
Low LH and the negative animal energy balance during summer prevent the maturation and
ovulation of dominant follicles [17]. As the prolonged follicular dominance disrupts the normal oocyte maturation and reduces their developmental competence, the development of small
dominant follicles during higher temperature results in ovulation of the infertile oocyte or subfunctional corpora lutea. The regression of the premature dominant follicle before attaining the
larger size leads to a substantial reduction in ovulation percentage [8, 11, 17].
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2.3. Effects of heat stress on estrus incidences
The seasonal cycle of reproduction in female animals is primarily controlled by the photoperiod, and it was found to be affected drastically by climate changes. Some studies
proved the negative influence of heat stress on estrus incidence and duration and hence
on estrus detection [6]. The length and intensity of estrus are inversely associated with the
environmental temperatures, with higher temperatures triggering an increase prevalence
of anestrus and silent heat in farm animals [18, 22]. A significant reduction in the interestrous interval was reported in Japanese black cattle during summer (21.5 days) compared
to winter (23.4 days) [23]. Also, Bulbul and Ataman [24] report a decrease in estrus occurrences in cattle with an ambient temperature above 20.5°C. Likewise, decreased estrus duration and delayed onset of estrus were reported in heat stressed Bharat Merino ewes, which
were attributed to abnormal LH pulsatility and lower estrogen synthesis during heat stress
condition [25]. Malpura ewes exposed to multiple stresses (heat stress, nutritional stress,
and walking stress) recorded lower estrous percentage and estrus duration in compared
to control (41.7 vs. 66.67% and 14.4 vs. 32 h, respectively) [26, 27]. Similarly, a lower rate
of estrus detection was reported in summer compared to spring and winter in dairy cattle.
Contrasting to cattle, buffalos exhibit estrus when the ambient temperature is low, with THI
value of less than 70 [1, 28].
In addition to ambient temperature, the humidity and solar irradiation also affected the
expression of reproductive rhythm in buffaloes and cattle [29]. A diurnal rhythm of estrus
behavior has been observed in the majority of Murrah buffaloes, with 60% of estrus exhibited
between 22.00 and 6.00 h [28].
2.4. Sexual behavior
Sexual behavior acts as a core indicator of the reproductive activity in livestock females. It
was found to be negatively influenced by environmental stressors like elevated temperature [30]. Reduced sexual behavior is reported in livestock during the hottest parts of the
day. Wilson et al. [31] suggested that heat stress inhibits the follicular growth during the
pre-ovulatory period of proestrus and reduces the intensity of estrus signs by decreasing
the level of estradiol. Heat stress also modifies cow behavior, such as decreased walking
time during estrus, which contributes to poor estrus detection in dairy cows during summer compared to winter [22]. Cows are less likely to exhibit standing heat during day time
in summer months and often shows estrus at night hours when the ambient temperature is
low [32]. Upadhyay et al. [28] reported that the low level of estradiol on the day of estrus
also leads to poor expression of heat in Indian buffaloes during the summer period, favoring
feeble estrus detection in buffalos during the summer season [29]. In cows, behavioral estrus
is markedly reduced in summer, when THI is around 78 [28, 29, 33], while the incidence
of anestrus and silent ovulation increases [34]. The cows in estrus mount more frequently
during winter compared to summer, when detection of estrus is challenging. Furthermore,
Japanese Black cattle exposed to heat stress showed lower locomotor activity during estrus,
which was attributed to a reduced estradiol 17β production [23].
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2.5. Effect on oocyte competence
Heat stress reduces oocyte developmental competence by affecting growth and maturation
through an increase in oxidative damage and apoptotic cell death, as well as by inducing
irreversible changes on cytoskeleton and meiotic spindle [10]. The elevated temperature
may negatively affect the oocyte growth, protein synthesis and the formation of transcripts
required for subsequent embryonic development [35]. Reduced mRNA content and storage protein for early embryonic development along with altered membrane integrity affects
signal transduction and protein transport. Therefore, prolonged follicular dominance leads
to premature meiosis and aged oocytes with the poor developmental prospect. Incomplete
dominance could result in ovulation of an aged follicle containing oocytes with reduced
competence. Among other effects, incompetent oocytes become transcriptionally inactive by
reaching a diameter of 110 μm and lose the ability to synthesize heat shock protein 70 (HSP70)
in response to heat shock [36].
In summer, heat stressed Holstein cows exhibit lower proportion of oocytes and cleaved
embryos that could have otherwise developed into blastocysts by day 8 [11]. Oocytes exposed
in vitro to different temperatures (38.5, 40 and 41°C) showed altered maturation, namely a
decreased in the percentage of mature oocytes retrieved when cultured at 40 and 41°C, compared with the proportion obtained during culture at 38.5°C [31]. Oocytes cultured at 41°C
arrested their development at metaphase 1 stage [37]. Other in vitro experiments demonstrated that under elevated temperature conditions the oocytes evidence a decrease in protein
synthesis, disturbed microfilament and microtubule architecture, disorganization of the meiotic spindle and increased incidence of induced cell death due to apoptosis [35]. The protein
impairment and the increased production of free radical in oocytes alter the zona pellucida
layer and the oocyte cytoplasm which in turn impair sperm penetration. Therefore, reduced
oocyte competence and stress induced oocyte lesions in the early stages of follicular growth
result in poor fertility rate [2].
However, even though Bos indicus cows exhibited reduced oocyte quality during chronic
heat exposure, they do not show any significant changes in the oocyte quality or competence
during acute heat stress [38, 39]. This suggests that either the animal genetics or the length
of heat stress may determine the impact of heat stress in cattle reproduction. Thereby, multifactorial mechanisms are involved in the reduction of fertility of domestic animals during
heat stress [6].
2.6. Fertility
The high yielding lactating cows are more adversely affected by heat stress than heifers
because of their increased metabolism, which generates greater internal heat production thus
lowering their fertility rate in summer and autumn compared to winter periods [36]. Heat
stress before insemination has been associated with decreased fertility in cattle and sheep [11].
Fertility decreases in buffaloes exposed to THI above 75 in subtropical climatic condition as
compared to cattle, since buffaloes are more sensitive to heat stress [6]. The increase of uterine
temperature by 0.5°C during hot days causes a decrease in the rate of fertilization [30] since in
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severely heat stressed cows most damages over the conceptus occur between estrus and day
7 of pregnancy [39].
Heat stress-related infertility is a current worldwide concern in the livestock industry, particularly in dairy cattle. A report reveals a higher percentage of reduction in conception rate
during summer months as compared to cooler months [40]. The elevated environmental temperature on the day of insemination is negatively associated with conception rates [41–43].
Impaired conception was associated with heat stress in livestock, either during the breeding
period or 42 days before and 40 days after insemination [42]. The conception rate in high
yielding Israeli cows was 45% in winter and 20% in summer [2, 44, 45]. Also, Chebel et al. [46]
reported a 20–27% drop in conception rates and a decrease in 90-day non-return rate to the
first service in lactating dairy cows during summer. In dairy cows, the percentage of conception rate is reduced by 4.6% for each unit increase in THI above 70 and in practical reality,
conception rate was often declined to less than 10% during summer [32, 47].
2.7. Embryonic growth and development
The embryonic loss is another important factor that affects fertility in cattle, and bovine
embryos are sensitive to maternal heat stress during the first 2 weeks after breeding [17, 36].
A major source for a reduction in embryonic survival induced by heat stress may be due to
the adverse effects of elevated body temperatures on developing zygotes and embryos. High
ambient temperatures during oocyte maturation and ovulation or during the first 3–7 day of
pregnancy reduced the embryonic viability and development. Although elevated temperatures affect the pre-attachment stage of embryos, the degree of the effect decreases as the
embryo develops. Heat stress causes embryonic death by the interfering with protein synthesis, oxidative cell damage, reduction in successful pregnancy recognition and expression of
stress-related genes associated with apoptosis. The exposure of lactating cows to heat stress
after the 1st day of estrus has reduced the development of embryos to blastocyst stage after
8th day of estrus [39], the deleterious effects of heat stress on the embryos being most evident
in early stages of its development [48]. In vitro or in vivo exposure of embryos to high temperatures until day 7 (blastocyst stage) is accompanied by lower pregnancy rates up to day 30
and higher rates of embryonic loss occurred on day 42 of gestation [48]. Embryos at day 1 are
more susceptible to maternal heat stress than embryos at days 3–7. In addition, heat stressed
embryo at the time of post-implantation period was found to be associated with foetal malnutrition and various other teratologic conditions in cows, which may ultimately culminate
in embryonic death [22].
2.8. Impact on pregnancy
Heat stress negatively affects the ability of an animal to become pregnant through many
mechanisms affecting fertilization, follicular development and early embryonic development
(Figure 2). Ryan et al. [49] reported that when the rectal temperature of the animals increased
from 38.5 to 40°C at 72 h after insemination, pregnancy rate decreased up to 50%. Amundson
et al. [45] also found a significant reduction in the pregnancy rate in beef cattle during summer (62%) when the THI was equal to or above 72.9. Likewise, Amundson et al. [50] reported
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Figure 2. Impact of heat stress on pregnancy in livestock.

3.2% decrease in pregnancy rates in Bos taurus cattle for each unit increase in THI above 70,
and a decrease of 3.5% for each degree increase in ambient temperature above 23.4°C. Further,
heat stress during pregnancy slows down the growth of the foetus, which was attributed to the
decreased uterine blood supply [51], which hampers supply of nutrients and hormones to the
conceptus [45]. Slow growing embryos fail to signal pregnancy to the maternal organism in
due time. Therefore, the endometrial prostaglandin F2alpha (PGF2α) secretion tends to increase
during heat stress and trigger luteolysis, thereby threatening the maintenance of pregnancy [29].
Each additional raise of 1.05 unit in the THI over 72, during the peri–implantation period, during 21–30 days and up to 90 days of gestation, increases the chance of pregnancy losses [39]. The
placental weight and hormonal secretions are reduced and the vascular resistance is increased
during heat stress, which further affects the reduction in perfusion of nutrients to the foetus [23].
2.9. Impact on maternal recognition of pregnancy
The maximum pregnancy losses due to heat stress occur during the early embryonic period of
8–17 days of pregnancy [52, 53]. In addition, heat stress compromises the embryonic growth
up to day 17, which was considered a critical period for production of interferon-tau by the
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embryo. The quantity of interferon-tau is crucial to reduce the pulsatile secretion of PGF2α
thus facilitating the persistence of the corpus luteum for the maintenance of pregnancy.
Hence, low-quality embryo and poor quality CL are important causes of early embryonic
death during heat stress. The heat stress during late gestation period in dairy cows resulted in
lower birth weight calves with reduced milk yield, which is associated with a reduced thyroxine,
prolactin and growth hormone [54].
2.10. Pre-partum period and days open
The dry period is a critical period, in which the mammary gland involution, the rapid fetal
growth and induction of lactation occurs, with subsequent mammary development [36]. Heat
stress in the cow impairs the placental hormones secretion, which can negatively affect the
intrauterine fetal growth and reduce milk yield [10]. Heat stress in mid to late pregnancy can
affect endocrine responses that may increase foetal abortions, shorten the gestation length,
lower calf birth weight, and reduce follicular and oocyte maturation in postpartum estrous
cycles [55]. Pre-partum heat stress may also decrease thyroid hormones and placental estrogen levels, while increasing non-esterified fatty acid concentrations in blood that alters the
growth of the udder and placenta, placental angiogenesis, nutrients supply to the unborn calf
and subsequent milk production [10, 54].
The major impact of heat stress on postpartum involves a delay of the return to gestation
due to decreased submission rate and low conception/pregnancy rates [55], as already mentioned. Ray et al. [56] reported that first lactation cows are more sensitive to summer stress
with the significantly longer postpartum period than cows with multiple lactations. On the
other hand, Lewis et al. [57] reported that the heat stress did not alter postpartum days from
calving to first estrus, in clear contradiction with Jonsson et al. [58], who suggested that the
heat stress induced reduction in dry matter intake may lead to increased negative energy balance, therefore prolonging the postpartum period and reducing the fertility in dairy cows.
Further, the negative energy balance decreased the plasma concentrations of insulin and glucose and caused delayed ovulation [33]. The poor folliculogenesis and delayed ovulations
during heat stress resulted in longer calving interval, reduced the birth weight and milk yield
[51]. Further, longer service period in buffaloes during summer may be due to the higher
incidence of silent estrus [1].

3. Male reproductive performance
Bulls are generally considered to be half of the herd and its fertility is directly associated
with the fertilization of oocyte to produce a good, viable and genetically potential concepts.
In mammalian species, the males have a unique physiological mechanism of testicular thermoregulation to maintain its reproductive activity in adverse environmental conditions [59].
The increased density of sweat glands in the scrotum of ruminants is crucial to the efficiency
of local thermoregulation. The testicular temperature in bulls must be 4–5°C below the rectal
temperature, and this difference in temperature is essential for an efficient sperm production
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[60]. The optimal ambient temperature for efficient sperm production could be approximately
15–20°C. Males are highly susceptible to the pooled effect of high ambient temperature, relative humidity, solar radiation and the wind, and this reduces both the quantity and quality
of sperm production, thereby decreasing the male fertility [6, 61] (Figure 3). Also, high temperatures interfere with the oxidative metabolism of glucose in spermatic cells as a result of
mitochondrial dysfunctions and the accumulation of reactive oxygen species and increase
lipid peroxidation which is reflected in an increase of sperm primary defects [62].
The scrotum of bull has thin skin with low fat, low pelage, highly vascularized [59], and
its participation in the thermoregulation mechanism is coupled with physical mechanism
of counter-current mechanism for heat exchange and blood flow regulation centered in the
testicular cord. This complex mechanism allows the maintenance of testicular temperature
between 2 and 6°C below body temperature [63]. The local thermoregulation is approbated
by relaxation of the dartos (in the scrotum) which together with distension of the cremaster

Figure 3. Impact of heat stress on the reproductive performances of livestock.
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muscle (in the testicular cord) will increase the distance between the testes and the body
cavity [63]. Marai et al. [64] reported that the length of the tunica dartos was greater in summer and autumn than in winter, in rams. Further, it has been established that a high ambient
temperature during summer significantly increases the scrotal skin temperature in males.
In spite of the efficiency of this mechanism, exposure of the animals to high environmental
temperature changes the thermoregulatory mechanisms depending on the thermal gradient
and may cause a degeneration of testicular parenchyma which was associated with subfertility and infertility in males, which will negatively impact semen quality and quantity with
subsequent reduction in ruminants fertility [63].
The heat stress may also cause a temporary interruption in the semen production, sperm
motility and an increase in the sperm secondary defects [65]. Some reports refer that the
scrotal skin temperature exhibits highly negative correlation with serum testosterone, libido,
sperm motility, sperm concentration and conception rate while it was positively associated
with dead and total abnormal sperm [64, 66]. High testicular temperature also results in spermatogonia apoptosis in the seminiferous tubules, degeneration of Sertoli and Leydig cells
and disruption of DNA strands, particularly in pachytene spermatocytes and round spermatids [55]. Further, direct exposure of the testes to high temperature also alters the spermatogenic cycle affecting the quality of ejaculate [22]. The changes in libido and sexual behavior in
bulls are governed by an imbalance in hypothalamus-hypophyseal-gonadal axis culminating
in low testosterone level, sperm output, and motility. In addition, semen attributes like sperm
concentration, sperm motility, sperm viability, sperm morphology and acrosome integrity
are negatively influenced by heat stress in bulls and bucks, which may ultimately lead to
infertility [46, 55].
3.1. Spermatogenesis
The major indicators of sperm production capacity and spermatogenic functions are scrotal circumference and testicular consistency, tone, size and weight that are usually inversely related
to higher ambient temperatures. Sahni and Roy [67] reported that the maximum and minimum
temperatures for optimum spermatogenesis are 29.4 and 15.6°C, respectively. The elevated
temperature hampers the process of spermatogenesis by degeneration of sperm cells and subsequently reduces the fertilizing ability of spermatozoa. Further, seminal characteristics are
affected by high temperature and humidity, which affects the spermiogenic phase 18 days
before semen collection [68].
Moreover, spermatogenesis is also extremely sensitive to ionizing irradiation and relative humidity above 50% can destroy the proliferating spermatogonia [50]. The analysis of
semen obtained from heat stressed bulls showed a reduction in volume and motility along
with numerous secondary sperm defects [65]. In addition, the total number of dead and
abnormal sperm cells also increased in response to heat stress. The histological sections
of testes from heat stressed males showed unchanged or increased interstitium while the
spermatogenic elements were seldom found. Further, heat stress was reported to reduce the
breeding efficiency in males as the number of testicular cells like secondary spermatocytes
and spermatids, the ratio of Sertoli cells to other cells and the diameter of the seminiferous
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tubules are significantly reduced [35]. Kastelic et al. [69] reported that the minimal temperature gradient between proximal and distal poles of the scrotum in warm periods causes
increased sperm damage, mass activity, sperm motility, and vigour. Exposure of the bull
to extreme environmental temperature tends to damage the primary spermatocytes, spermatids, and spermatozoa. However, cold stress is likely to be less damaging than higher
temperature, and it further was established that the animals during cold stress are able to
maintain a scrotal temperature through scrotal thermoregulation [70].
3.2. Semen characteristics
As a consequence of heat stress in males, the biological phenomena such as sexual activity,
endocrine secretions and testicular function, spermatogenesis and physical and chemical
characteristics of semen are affected. Extremes of environmental temperature may cause low
sperm quality, which is closely related to female low fertility, as a result of low fertilization
rates and increased embryonic mortality. Abdel-Hafez [71] reported that the reaction time,
percentage of sperm abnormalities, dead sperm and acrosomal damage were positively associated with testicular temperature while semen pH, ejaculate volume, sperm motility and
sperm concentration (×109 ml) were negatively related. The semen volume, number of spermatozoa and motile sperm cells per ejaculation of bulls are lower in summer than in winter
and spring. Nichi et al. [62] reported a higher percentage of major sperm defects during summer than winter in Simmental and Nellore bulls. Conversely, Karagiannidis et al. [72] refer an
improvement of semen characteristics of bucks reared in Greece during summer and autumn.
The critical temperature for the inhibition of spermatogenesis was established to be around
29.4°C under continuous exposure where the higher temperature can alter the scrotal thermoregulatory mechanism [73].
High temperature can also affect semen production and quality during epididymal maturation or spermatogenesis, not only at the moment of semen collection but up to 70 days
before collection. Even though the heat stress has minimal effects on the testicular endocrinology in bulls, the same level of heat stress alters the steroidogenesis in boars [74].
Coulter and Lunstra [75] reported that the percentage of sperm motility was 42% at the
temperature gradient of 2–4°C whereas Menegassi et al. [68] reported 53% with a temperature gradient of 0.9°C during summer. The bulls representing an abnormal temperature
pattern during heat stress enhanced the percentage of cytoplasmic droplets in sperm cells
by 13.4%.
Pigs are very sensitive to hot conditions due to the low sweating capacity. Kunavongkrita et
al. [76] reported lower semen volume with less sperm concentration (174 × 106) per mL during
summer in comparison with winter (266 × 106) in bulls. The biochemical elements of semen
such as fructose, citric acid, and sodium and potassium, total phosphorus and calcium concentration are reduced significantly during heat stress. The semen quality parameters are decreasing with higher lipid peroxidation production as an effect of oxidative stress during summer.
The pH of the semen also showed high correlation with environmental temperatures. Further,
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reduced testosterone concentration was recorded in males exposed to heat stress apart from
reducing the reaction time [77].
3.3. Effects of season on semen quality
Sexual behavior, semen quality and quantity are the main factors limiting the male reproductive efficiency in a year. Possible fluctuations in seminal quality are associated with factors
such as breed, age, seasonality, temperature, photoperiod and other factors of different etiologies [78]. The month and season of the year show a significant effect on semen quality parameters. The semen output increases when the relative humidity is around 50% and decreases
markedly in sperm concentration and total sperm output at temperature of 37°C with 80%
relative humidity [79]. The semen volume and sperm concentration are lowest in the summer
and gradually increase during the spring and reach a peak in late autumn [78]. Heat stressed
bulls produced low quality semen with high number of abnormal heads and cytoplasmic
droplets during summer [80]. The seasonal infertility in rams during summer months was
attributed to an early occurrence of the acrosome reaction, which could be due to a decreased
in acrosomal stabilizing protein in the seminal plasma [55].

4. Mitigation strategies to ameliorate the impact of heat stress
The effects of heat stress on livestock cause huge economic losses to the farmers, but there are
few opportunities to recover some of the losses by adapting suitable strategies to mitigate heat
stress (Figure 3). There are three major key components to sustain the productivity of animals
in hot environment: through physical modifications of environment, nutritional management
and genetic development of breeds that are less sensitive to heat stress [5]. These strategies
may either be used individually or in combination to obtain better results by providing optimum productive environment for farm animals. In addition, summer infertility may also be
treated with advanced reproductive technologies comprising gonadotropins, timed artificial
insemination and embryo transfer. Strategies that are cost effective and involve indigenous
knowledge have the better success rate in adopting those strategies by the farmers.
4.1. Physical modification of environment
In general, livestock environmental management is an emerging area in animal science,
which is getting more attention in the era of climatic change, attempting to provide a suitable microclimate to ensure optimum production by preventing the adverse environmental
impacts on animal production systems. Primary means of altering the environment may be
broadly divided into two categories comprising (i) provision of shade and (ii) evaporative
cooling techniques [6]. The environmental modifications such as shade and cooling systems
are critical in arid and semi-arid zones during heat stress to maintain milk production,
milk component levels, reproductive performance and animal welfare [81]. The basics of
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providing shade are attributed to the efforts in reducing heat load from direct solar irradiation in livestock. These shading structures could be either natural or artificial. Trees are
considered to be the most cost effective methodology to provide shade since they protect
from the sun and capture radiation by evaporation of humidity in the leaves. Buffington
et al. [82] pointed out that painting of upper part of the shade unit with white color and
installing a 2.5 cm thick of isolating material may considerably reduce solar radiation. The
height of shades in the corral must be from 3.6 to 4.2 m in order to guarantee reduction in
solar radiation. It has been established that shading reduces the incoming radiant heat load
by 30% or more and shading of the feed and water also offered production advantages for
British and European breeds of cattle [83]. The cooling systems alleviate heat load from livestock by using the principle of evaporation, combining water misting and forced ventilation
through use of spray and fans, and are frequently placed inside free-stall barns or under
shades in open space corrals. Milk production and reproductive performance of dairy cattle
are improved by the use of an evaporative cooling system [84]. Furthermore, the animals
that are cooled with sprinklers consume more feed with less quantity of water, which has
increased milk, fat, protein and production performance [85]. Fogging and misting systems
use fine droplets of water, which are immediately dispersed into the air stream by quick
evaporation and cool the surrounding environment.
4.2. Nutritional management of heat stress
Ensuring appropriate nutritional level to the livestock is crucial to optimize livestock production in the changing climatic condition. Importance should be given for providing balanced nutrition to ensure optimum reproduction in animals as the energy balance are closely
associated with their fertility [86]. The environmental temperatures are highest in arid and
semi-arid regions where the available feed resources are both of low quality and quantity
which directly affect the reproductive performance of the livestock species. Combating the
heat stress effects on the metabolism is therefore very essential, as animals subjected to mild
to severe heat stress needs to be supplemented 7–25% extra maintenance requirements [87].
Therefore, to meet their energy requirements, it is essential to enhance the nutrient density
by feeding high quality forage, concentrates and fat supplementations. In addition to the
supplementation of low fiber, high protein diet was also found to be helpful by reducing the
water requirement for metabolism. Feeding of feed additives stabilizes the distorted rumen
environment and also improves the energy utilization [88]. Moreover, fat content in the diet
has favorable effects on concentrations of cholesterol, progesterone, rate of synthesis and
metabolism of PGF2 α, follicle growth and pregnancy rates in dairy herds [89]. Also, dietary
supplements of vitamins, trace elements and minerals can ameliorate the adverse effects of
heat stress. Vitamin E and selenium injections reduce the rectal temperature and body weight
loss in sheep during summer [19]. Supplementation of inorganic chromium in the feed of buffalo calves reared under high ambient temperature improved heat tolerance and the animal
immune status without affecting nutrient intake and growth performance. It was also demonstrated that the adverse effect of heat stress on the productive and reproductive efficiency of
Malpura ewes were reversed through mineral mixture and antioxidant supplementation [19].
DiGiacomo et al. [90] also reported that the feeding of betaine, a trimethyl form of glycine,
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ameliorate heat stress in sheep. Feeding buffers during heat stress is highly beneficial to animals, since buffers assist in the prevention of low rumen pH and rumen acidosis [91]. Also,
the addition of common macro minerals Na+ and K+ in feed increases dry matter intake and
production performance [91]. Inclusion of ascorbic acid in the feed ameliorates, heat stress
induced problems like poor immunity, feed intake, weight gain, oxidative stress, body temperature, fertility and semen quality [92]. In addition, supplementation of L-ascorbic acid,
both singly and in combination with l-tocopherol acetate, was found to be helpful to heatstressed layers [92].
4.3. Genetic selection of heat-tolerant breeds
Scientific advances allow improving the environmental modifications and nutritional management in the view of alleviating the impacts of thermal stress on animal performance.
However, long-term strategies are foreseen for adaptation to climate change, namely regarding the differences in thermal tolerance existing between livestock breeds, endowed with
tools to select thermo-tolerant animals. However, the selective breeding of dairy cows for
higher milk production has increased the susceptibility of cows to heat stress by compromising the summer production and reproduction. Furthermore, selection for high milk yield
reduced the thermoregulatory range of the dairy cow and resulted in heat stress which has
magnified the seasonal depression in fertility [15]. Hence, the identification of heat-tolerant
animals within high-producing breeds will be useful only if these animals are able to maintain high productivity and survivability when exposed to heat stress conditions. Cattle with
shorter hair, hair of greater diameter and lighter coat color are more adapted to hot environments than those with longer hair coats and darker colors [93]. This phenotype has been
characterized in B. taurus in tropical environment, and this dominant gene is associated with
an increased sweating rate, lower rectal temperature and lower respiratory rate in homozygous cattle under hot conditions [94]. The heat shock protein genes that are associated with
thermo-tolerance have been used as markers in the marker-assisted selection breeding program. The association of polymorphisms in heat tolerant genes is reported in various breeds
such as HSP90AB1, in Thai native cattle [95], or the HSF1 gene, HSP70 A1 A gene and HSBP1
in Chinese Holstein cattle [96, 97]. In addition to HSPs, there are also other thermo-tolerant
genes reported in ruminant livestock species which undergo changes in their expression pattern while subjecting them to heat stress. The other genes of economic importance include
ATP1B2, thyroid hormone receptor, interleukins, fibroblast growth factor, protein kinase C,
NADH dehydrogenase, phosphofructokinase and glycosyl transferase, among others [6, 97].
However, further detailed studies are required to elucidate the expression pattern of these
genes in diversified animal species before they may be considered as biological markers to
be used in marker assisted selection program to develop thermo-tolerant breeds, which can
produce and reproduce normally.
4.4. Hormonal treatment and assisted reproductive technologies
Hormonal treatments have the potential to minimize the heat stress effects in animals. The
administration of GnRH in the early stages of estrus coincides with the endogenous LH
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surge and improves the conception rate successfully. GnRH agonist or hCG injected on day
5 of the estrous cycle results in ovulation or luteinization of the first wave dominant follicle
and forms an accessory corpus luteum (CL) that enhances the plasma progesterone levels to
compensate its decrease in chronic heat stress [2, 98]. The timed artificial insemination (AI)
program also improves summer fertility when associated with an injection of GnRH to induce
a programmed recruitment of the ovulatory follicle. This protocol should be followed by
PGF2α injection 7 days later to regress the CL which permits the final maturation of ovulatory follicles. Further, a second dose of GnRH 48 h after PGF2α may induce ovulation
and the insemination of cows at 16 h to ensure successful conception [99]. The Ovsynch
protocol successfully synchronized the ovulation in buffaloes and increased conception rate
when combined with timed AI [100]. El-Tarabany and El-Tarabany [101] reported that the
CIDRsynch and Presynch protocols improved the conception and pregnancy rate of Holstein
cows under subtropical environmental conditions. Embryo transfer (ET) improves pregnancy rates during summer because embryos are transferred after the time at which they
are more sensitive to heat stress. Compared to AI, pregnancy rates in cows exposed to heat
stress have been improved by transfer of either frozen or unfrozen embryos produced by
superovulation [102].

5. Conclusion
Under the climate change scenario, elevated temperature and relative humidity will definitely impose heat stress on all the species of livestock and will adversely affect their reproductive ability. This chapter discussed in detail the impact of heat stress on both female
and male reproductive performance. This chapter also elaborated on ameliorative strategies
that should be given consideration to prevent economic losses incurred due to environmental stresses on livestock reproduction. Fortunately, proven strategies exist to mitigate some
effects of heat stress on animal reproduction. These include housing animals in facilities
that minimize heat stress, use of timed AI protocols to overcome poor estrus detection and
implementation of embryo transfer programs to bypass damage to the oocyte and early
embryo caused by heat stress. Management alternatives, such as the strategic use of shade,
wind protection, sprinklers and ventilation in the summer, also need to be considered to
help livestock cope with adverse conditions. In addition to these measures, manipulation of
diet energy density and intake may also be beneficial for livestock challenged by environmental conditions. There are also several promising avenues of research that may yield new
approaches for enhancing reproduction during heat stress. These include administration
of antioxidants and manipulation of the growth axis. Opportunities also exist for manipulating animal genetics to develop an animal that is more resistant to heat stress. Genes in
animals exist for regulation of body temperature and for cellular resistance to elevated temperature and identification and incorporation of these genes into heat sensitive breeds in a
manner that does not reduce production and reproduction would represent an important
achievement.

Mitigation of the Heat Stress Impact in Livestock Reproduction
http://dx.doi.org/10.5772/intechopen.69091

Author details
Govindan Krishnan1, Madiajagan Bagath1, Prathap Pragna1,2, Mallenahally Kusha Vidya1,3,

Joy Aleena1,2, Payyanakkal Ravindranathan Archana1,2, Veerasamy Sejian1* and Raghavendra
Bhatta1
*Address all correspondence to: drsejian@gmail.com
1 ICAR—National Institute of Animal Nutrition and Physiology, Bangalore, Karnataka, India
2 Academy of Climate Change Education and Research, Kerala Agricultural University, Thrissur,
Kerala, India
3 Veterinary College, Karnataka Veterinary Animal and Fisheries Sciences University, Bangalore,
India

References
[1] Singh SV, Upadhyay RC, Ashutosh, Hooda OK, Vaidya MM. Climate change: impacts
on reproductive pattern of cattle and buffaloes. Wayamba Journal of Animal Science.
2011; 8:199-208
[2] Wolfenson D, Roth Z, Meidan R. Impaired reproduction in heat-stressed cattle: basic
and applied aspects. Animal Reproduction Science. 2000; 60:535-547
[3] Gendelman M, Roth Z. Seasonal effect on germinal vesicle-stage bovine oocytes is further expressed by alterations in transcript levels in the developing embryos associated
with reduced developmental competence. Biology of Reproduction. 2012a; 86(1):1-9
[4] Gendelman M, Roth Z. In vivo vs. In vitro models for studying the effects of elevated
temperature on the GV-stage oocyte, subsequent developmental competence and gene
expression. Animal Reproduction Science. 2012b;134:125-134
[5] Collier RJ, Dahl GE, VanBaale MJ. Major advances associated with environmental effects
on dairy cattle. Journal of Dairy Science. 2006;89:1244-1253
[6] Dash S, Chakravarty AK, Singh A, Upadhyay A, Singh M, Yousuf S. Effect of heat
stress on reproductive performances of dairy cattle and buffaloes. Veterinary World.
2016;9(3):235-244
[7] Gauly M, Bollwein H, Breves G, Brugemann K, Danicke S, Das G, Demeler J, Hansen H,
Isselstein J, Knnig S, Loholter M, Martinsohn M, Meyer U, Potthoff M, Sanker C,
Schroder B, Wrage N, Meibaum B. Future consequences and challenges for dairy cow production systems arising from climate change in Central Europe. Animal. 2013;7:843-859

79

80

Theriogenology

[8] Ozawa M, Tabayashi D, Latief TA, Shimizu T, Oshima I, Kanai Y. Alterations in follicular
dynamics and steroidiogenic abilities induced by heat stress during follicular recruitment in goats. Reproduction. 2005;129:621-630
[9] Roth Z, Meidan R, Braw-Tal, Wolfenson D. Immediate and delayed effects of heat stress
on follicular development and its association with plasma FSH and inhibin concentration in cows. Journal of Reproduction and Fertility. 2000;120:83-90
[10] Hansen PJ. Effects of heat stress on mammalian reproduction. Philosophical Transactions
of the Royal Society B. 2009;364:3341-3350
[11] Al-Katanani YM, Paula-Lopes FF, Hansen PJ. Effect of season and exposure to heat stress
on oocyte competence in Holstein cows. Journal of Dairy Science. 2002;85:390-396
[12] Masoumi R, Derensis F. Alterations in reproductive hormones during heat stress in
dairy cattle. African Journal of Biotechnology. 2013;10(29):5552-5558
[13] Reddy S, Rao KA. Effects of climate change on livestock production and mitigation strategies. International Journal of Innovative Research and Review. 2014;2(4):124-144
[14] Naqvi SM, Kumar D, Paul RK, Sejian V. Environmental stresses and livestock reproduction.
In: Environmental Stress and Amelioration in Livestock Production. Berlin Heidelberg:
Springer; 2012. pp. 97-128
[15] Sejian V, Gaughan JB, Bhatta R, Naqvi SMK. Impact of climate change on livestock productivity. Feedipedia. 2016. http://www.feedipedia.org/sites/default/files/public/BH_026
climate_change_livestock.pdf
[16] Gilad E, Meidan R, Berman A, Graber Y, Wolfenson D. Effect of heat stress on tonic and
GnRH-induced gonadotrophin secretion in relation to concentration of oestradiol in
plasma of cyclic cows. Journal of Reproduction and Fertility. 1993;99(2):315-321
[17] Wakayo BU, Brar PS, Prabhakar S. Review on mechanisms of dairy summer infertility
and implications for hormonal intervention. Open Veterinary Journal. 2015;5(1):6-10
[18] Singh M, Chaudhari BK, Singh JK, Singh AK, Maurya PK. Effects of thermal load on
buffalo reproductive performance during summer season. Journal of Biological Science.
2013;1(1):1-8
[19] Alamer M. The role of Prolactin in thermoregulation and water balance during heat
stress in domestic animals. Asian Journal of Animal and Veterinary Advances. 2011;(12):
1153-1169
[20] Bridges PJ, Brusie MA, Fortune JE. Elevated temperature (heat stress) in vitro reduces
androstenedione and estradiol and increases progesterone secretion by follicular cells
from bovine dominant follicles. Domestic Animal Endocrinology. 2005;29(3):508-522
[21] Badinga L, Thatcher WW, Diaz T, Drost M, Wolfenson D. Effect of environmental heat stress
on follicular development and steroidogenesis in lactating Holstein cows. Theriogenology.
1993;39:797-810

Mitigation of the Heat Stress Impact in Livestock Reproduction
http://dx.doi.org/10.5772/intechopen.69091

[22] Kadokawa H, Sakatani M, Hansen PJ. Perspectives on improvement of reproduction in
cattle during heat stress in a future Japan. Animal Science Journal. 2012;83:439-445
[23] Sakatani M, Alvarez NV, Takahashi M, Hansen PJ. Consequences of physiological heat
shock beginning at the zygote stage on embryonic development and expression of stress
response genes in cattle. Journal of Dairy Science. 2012;95(6):3080-3091
[24] Bulbul B, Ataman MB. The effect of some seasonal conditions on estrus occurrence in
cows. Archiv Tierzucht. 2009;52(5):459-465
[25] Maurya VP, Naqvi SMK, Gulyani R, Joshi A, Mittal JP. Effect of thermal stress on sexual
behaviour of superovulated Bharat Merino ewes. ASIAN Australasian Journal of Animal
Sciences. 2005;18(10):1403-1406
[26] Sejian V, Maurya VP, Naqvi SMK. Effect of thermal stress, restricted feeding and combined stresses (thermal stress and restricted feeding) on growth and plasma reproductive hormone levels of Malpura ewes under semi-arid tropical environment. Journal of
animal physiology and animal nutrition. 2011;95(2):252-258
[27] Sejian V, Singh AK, Sahoo A, Naqvi SMK. Effect of mineral mixture and antioxidant supplementation on growth, reproductive performance and adaptive capability of Malpura
ewes subjected to heat stress. Journal of Animal Physiology and Animal Nutrition.
2014;98:72-83
[28] Vale WG. Effects of environment on buffalo reproduction. Italian Journal of Animal Science.
2007;6(2):130-142
[29] Upadhyay RC, Ashutosh, Singh SV. Impactof climate change on reproductive functions of cattle andbuffalo. In: Aggarwal, PK, Editor. Global Climate Change and Indian
Agriculture. New Delhi: ICAR; 2009. pp. 107-110
[30] Alejandro CI, Abel VM, Jaime OP, Pedro SA. Environmental stress effect on animal reproduction. Advances in Dairy Research. 2014;2(2):1-4
[31] Wilson SJ, Marion RS, Spain JN, Spiers DE, Keisler DH and Lucy MC. Effects of controlled
heat stress on ovarian function of dairy cattle. Journal of Dairy Science. 1998;81:2139-2144
[32] West JW. Physiological effects of heat stress on production and reproduction. In: The
Proceedings of Tri-State Dairy Nutrition Conference; April 16 and 17, 2002; Grand
Wayne Center Fort Wayne, Indiana; 2002. pp. 1-9
[33] Nmez MS, Demurcu E, Turk G, Gur S. Effect of season on some fertility parameters of
dairy and beef cows in Elazig Province. Turkish Journal of Veterinary & Animal Sciences.
2005;29:821-828
[34] Nebel RL, Jobst SM, Dransfield MBG, Pandolfi SM, Balley TL. Use of radio frequency
data communication system, Heat Watch, to describe behavioral estrus in dairy cattle.
Journal of Dairy Science. 1997;80(1):179

81

82

Theriogenology

[35] Edwards JL, Hansen PJ. Differential responses of bovine oocytes and preimplantatin
embryos to heat shock. Molecular Reproduction and Development. 1997;46:138-145
[36] Ahmed A, Tiwari1 RP, Mishra GK, Jena B, Dar MA, Bhat AA. Effect of environmental
heat stress on reproduction performance of dairy cows. International Journal of Livestock
Research. 2015;5(4):10-18. DOI: 10.5455/ijlr.20150421122704
[37] Roth Z, Hansen PJ. Disruption of nuclear maturation and rearrangement of cytoskeletal
elements in bovine oocytes exposed to heat shock during maturation. Reproduction.
2005;129(2):235-244
[38] Torres-Júnior JR de S, Pires M de FA Pires, de Sá WF, Ferreira A de M, Viana JH, Camargo
LS, Ramos AA, Folhadella IM, Polisseni J, de Freitas C, Clemente CA, de Sá Filho MF,
Paula-Lopes FF, Baruselli PS. Effect of maternal heat-stress on follicular growth and
oocyte competence in Bos indicus cattle. Theriogenology. 2008;69:155-166
[39] Ealy AD, Drost M, Robinson OW, Britt JH. Developmental changes in embryonic resistance to adverse effects of maternal heat stress in cows. Journal Dairy Science. 1993;76:
2899-2905
[40] Cavestany D, El-Wishy AB, Foote RH. Effect of season and high environmental temperature on fertility of Holstein cattle. Journal of Dairy Science. 1985;68(6):1471-1478
[41] Nabenishi H, Ohta H, Nishimoto T, Morita T, Ashizawa K, Tsuzuki Y. Effect of the temperature-humidity index on body temperature and conception rate of lactating dairy cows
in southwestern Japan. Journal of Reproduction and Development. 2011;57(4):450-456
[42] Schuller LK, Burfeind O, Heuwieser W. Impact of heat stress on conception rate of
dairy cows in the moderate climate considering different temperature-humidity index
thresholds, periods relative to breeding, and heat load indices. Theriogenology. 2014;81:
1050-1057
[43] Greer E. Heat stress and reproduction in pigs: its role in seasonal infertility. Recent
Advances in Animal Nutrition in Australia. 1983;7:216-230
[44] Roman-Ponce H, Thatcher WW, Canton D, Barron DH, Wilcox CJ. Thermal stress effects
on uterine blood flow in dairy cows. Journal of Animal Science. 1978;46:175-180
[45] Amundson JL, Mader TL, Rasby RJ, Hu QS. Environmental effects on pregnancy rate in
beef cattle. Journal of Animal Science. 2006;84(12):3415-3420
[46] Chebel RC, Santos JEP, Reynolds JP, Cerri RLA, Juchem SO, Overton M. Factor affecting
conception rate after artificial insemination and pregnancy loss in lactating dairy cows.
Animal Reproduction Science. 2004;84:239-255
[47] Paula-Lopes FF, Lima RS, Risolia PHB, Ispada J, Assumpcao MEOA, Visintin JA. Heat stress
induced alteration in bovine oocytes: Functional and cellular aspects. Animal Reproduction.
2012; 9(3):395-403
[48] Demetrio DGB, Santos RM, Demetrio CGB, Vasconcelos JLM. Factors affecting conceptionrates following artificial insemination or embryo transfer inlactating Holstein cows.
Journal of Dairy Science. 2007;90(11):5073-5082

Mitigation of the Heat Stress Impact in Livestock Reproduction
http://dx.doi.org/10.5772/intechopen.69091

[49] Ryan DP, Prichard JF, Kopel E, Godke RA. Comparing early mortality in dairy cows
during hot and cold seasons of the year. Theriogenology. 1993;39:719-737
[50] Amundson JL, Mader TL, Rasby RJ, Hu QS. Temperature and temperature–humidity index
effects onpregnancy rate in beef cattle. In: Proceedings of 17th International Congress on
Biometeorology. Deutscher Wetterdienst, Offenbach, Germany; 2005
[51] Savasani HH, Padodara RJ, Bhadaniya AR, Kalariya VA, Javia BB, Ghodasara SN,
Ribadiya NK. Impact of climate on feeding, production and reproduction of animals.
Agricultural Reviews. 2015;36(1):26-36
[52] Lopez-Gatius F. Is fertility declining in dairy cattle? A retrospectivestudy in northeastern
Spain. Theriogenology. 2003;60:89-99
[53] Inskeep EK, Dailey RA. Embryonic death in cattle. Veterinary Clinics: Food Animal Practice.
2005;21:437-461
[54] Avendano-Reyes LFD, Alvarez-Valenzuela A, Correa-Calderon JS, Saucedo-Quintero PH,
Robinson, Fadel JG. Effect of cooling Holstein cows during the dry period on postpartum
performance under heat stress conditions. Livestock Science. 2006;105:198-206
[55] Nardone A, Ronchi B, Lacetera N, Ranieri MS, Bernabucci U. Effects of climate changes
on animal production and sustainability of livestock systems. Livestock Science.
2010;130(1):57-69
[56] Ray DE, Halbach TJ, Armstrong DV. Season and lactation number effects on milk production and reproduction in dairy cattle in Arizona. Journal of Dairy Science. 1992;75:
2976-2983
[57] Lewis GS, Thatcher WW, Bliss EL, Drost M, Collier RJ. Effects of heat stress during pregnancy on postpartum reproductive changes in Holstein cows. Journal of Animal Science.
1984;58:174-186
[58] Jonsson NN, McGowan MR, McGuigan K, Davison TM, Hussain AM, Kafi M. Relationship
among calving season, heat load, energy balance and postpartum ovulation of dairy cows
in a subtropical environment. Animal Reproduction Science. 1997;47:15-326
[59] Moreira MK, Rodrigues SA. Influence of seasonality on mammals reproduction. Journal
of Zoological Sciences. 2015;4(1):43-50
[60] Mishra SR, Kundu AK, Mahapatra APK. Effect of ambient temperature on membrane
integrity of spermatozoa in different breeds of bulls. The Bioscan. 2013;8(1):181-183
[61] Rahman MB, Kamal MM, Rijsselaere T, Vandaele L, Shamsuddin M, Soom AV. Altered
chromatin condensation of heat stressed spermatozoa perturbs the dynamics of DNA
methylation reprogramming in the paternal genome after in vitro fertilisation in cattle.
Reproduction Fertility and Development. 2013;26(8):1107-1116
[62] Nichi M, Bols PEJ, Zuche RM, Barnabe VH, Goovaerts IGF, Barnabe RC, Cortada CMN.
Seasonal variation in semen quality in Bos indicus and Bos taurus bulls raised under tropical
conditions. Theriogenology. 2006;66:822-828

83

84

Theriogenology

[63] Brito LF, Silva AE, Barbosa RT, Kastelic JP. Testicular thermoregulation in Bos indicus,
crossbred and Bostaurusbulls: relationship with scrotal, testicular vascular cone and testicular morphology, and effects on semen quality and sperm production. Theriogenology.
2004; 61(3):511-528.
[64] Marai IFM, El-Darawany AA, Fadiel A, Abdel-Hafez MAM. Physiological traits as affected
by heat stress in sheep. Small Ruminant Research. 2007;71:1-12
[65] Pinto ME, de-Alencar-Araripe MA, Alencar AA. Effects of scrotal insulation on testis
size and semen criteria in Santa Ines hairy sheep raised in the State of Ceara. Northeast
of Brazil Rev. Brasileira Zootec. 2001; 30(6):1704-1711
[66] Ruediger FR, Chacur MGM, Alves FCPE, Oba E, Ramos AA. Digital infrared thermography
of the scrotum, semen quality, serumtestosterone levels in Nellore bulls (Bostaurusindicus)
and theircorrelation with climatic factors. Ciências Agrárias Londrina. 2016;37(1):221-232
[67] Sahni KL, Roy A. A note on summer sterility in Romney Marsh rams under tropical
conditions. Indian Journal of Veterinary Science. 1967;37:335-338
[68] Menegassi SRO, Barcellos JOJ, Dias EA, Koetz C, Pereira GR, Peripolli V, McManus, Canozzi
MEA, Lopes FG. Scrotal infrared digital thermography as a predictor of seasonal effects on
sperm traits in Braford bulls. International Journal of Biometeorology. 2015;9(3):357-364
[69] Kastelic JP, Cook RB, Pierson RA, Coulter GH. Relationships among scrotal and testicular characteristics, sperm production, and seminal quality in 129 beef bulls. Canadian
Journal of Veterinary Research. 2001;65(2):111-115
[70] Setchell, BP. Heat and the testis. Journal of Reproduction Fertility. 1998;114:179-194
[71] Abdel-Hafez, M.A.M., 2002. Studies on the reproductive performance in sheep [Ph.D.
thesis]. Zagazig, Egypt: Faculty of Agriculture, Zagazig University
[72] Karagiannidis A, Varsakeli S, Karatzas G. Characteristics and seasonal variations in
the semen of Alpine, Saanen and Damascus goat bucks born and raised in Greece.
Theriogenology. 2000;53:1285-1293
[73] McDowell RE. Improvement of Livestock Production in Warm Climates. San Francisco:
Freeman; 1972. pp. 410-449
[74] Barth AD, Bowman PA. The sequential appearance of sperm abnormalities after scrotal
insulation or dexamethasone treatment in bull. Canadian Veterinary Journal. 1994;34:93-102
[75] Lunstra DD, Coulter GH. Relationship between scrotal infrared temperature patterns
and natural-mating fertility in beef bulls. Journal of Animal Science. 1997;75:767-774
[76] Kunavongkrita A, Suriyasomboonb A, LundeheimcN, Hearda TW. Management and
sperm production of boars under differing environmental conditions. Theriogenology.
2005;63:657-667
[77] Balic IM, Milinkovic ST, Samardzija M, Vince S. Effect of age and environmental factors on semen quality, glutathione peroxidase activity and oxidative parameters in
Simmental bulls. Theriogenology. 2012;78(2):423-431

Mitigation of the Heat Stress Impact in Livestock Reproduction
http://dx.doi.org/10.5772/intechopen.69091

[78] Petrocelli H, Batista C, Gosalvez J. Seasonal variation in sperm characteristics of boars in
southern Uruguay. Revista Brasileira de Zootecnia. 2015;44(1):1-7
[79] Mathevon M, Buhr MM, Dekkers JCM. Environmental, management, and genetic factors
affecting semen production in Holstein bulls. Journal of Dairy Science. 1998;81:3321-3330
[80] Koivisto MB, Costa MTA, Perri SHV, Vicente WRR. The effect of season on semen characteristics and freezability in Bos indicus and Bos taurus bulls in the southeastern region
of Brazil. Reproduction in Domestic Animals. 2009;44:587-592
[81] Brantly S. Mitigating heat stress in cattle. Working Trees Info Sheet. USDA National
Agroforestry Service. 2013. http://nac.unl.edu/Working_Trees/infosheets.htm
[82] Buffington DE, Collier RJ, Canton GH. Shade man-agement systems to reduce heat stress
for dairy cows in hot, humid climates. Transactions American Society of Agricultural
Engineers. 1983;26:1798-1803
[83] Slimen IB, Najar T, Ghram A, Dabbebi H, Ben Mrad M. Reactive oxygen species, heat
stress and oxidative-induced mitochondrial damage. Internal Journal of Hyperthermia.
2014;30(7):513-523
[84] SejianV, Valtorta S, Gallardo M, Singh AK. Ameliorative measures to counteract environmental stresses. In: Sejian V, Naqvi SMK, Ezeji T, Lakritz J, Lal R. (Eds). Environmental
Stress and Amelioration in Livestock Production. Germany: Springer-Verlag GMbH
Publisher; 2012. pp. 153-180
[85] Igono MO, Johnson HD, Stevens BJ, Krause GF, Shanklin MD. Physiological, productive,
and economic benefits of shade, spray, and fan system versus shade for Holstein cows
during summer heat. Journal of Dairy Science. 1987;70:1069-1079
[86] Sejian V, Samal L, Haque N, Bagath M, Hyder I, Maurya VP, Bhatta R, Ravindra JP,
Prasad CS, Lal R. Overview on adaptation, mitigation and amelioration strategies to
improve livestock production under the changing climatic scenario. In: Sejian V, Gaughan
J, Baumgard L, Prasad CS. (Eds). Climate Change Impact on Livestock: Adaptation and
Mitigation. New Delhi, India: Springer-Verlag GMbH Publisher; 2015. pp. 359-398
[87] National Research Council. Effect of Environment on Nutrient Requirement of Domestic
Animals. Washington, DC: National Academy Press; 1981
[88] Zimbelman RB, Baumgard LH, Collier RJ. Effect of encapsulated niacin on evaporative heat
loss and body temperature in moderately heat-stressed lactating Holstein cows. Journal of
Dairy Science. 2010;93(6):1986-1997
[89] Staples CR, Burke JM, Thatcher WW. Influence of supplemental fats on reproductive tissues and performance of lactating cows. Journal of Dairy Science. 1998;81:856-871
[90] DiGiacomo K, Simpson S, Leury BJ, Dunshea FR. Dietary betaine improves physiological responses in sheep under chronic heat load in a dose dependent manner. Journal of
Animal Science. 2015;90(3):269-275

85

86

Theriogenology

[91] Chauhan SS, Celi P, Leury B, Liu F, Dunshea FR. Exhaled breath condensate hydrogen
peroxide concentration, a novel biomarker for assessment of oxidative stress in sheep
during heat stress. Animal Production science. 2015;56(7):1105-1112
[92] Abdin Z, Khatoon A. Heat stress in poultry and the beneficial effects of ascorbic acid
(vitamin c) supplementation during periods of heat stress. World's Poultry Science
Journal. 2013;69:135-152
[93] Bernabucci U, Lacetera N, Baumgard LH, Rhoads RP, Ronchi B, Nardone A. Metabolic
and hormonal acclimation to heat stress in domesticated ruminants. International
Journal of Animal Bioscience. 2010;4(7):1167-1183
[94] Mariasegaram R, Chase CC, Jr Chaparro JX, Olson TA, Brenneman RA, Niedz RP. The
slick air coat locus maps to chromosome 20 in Senepol-derived cattle. Animal Genetics.
2007;38(1):54-59
[95] Deb R, Sajjanar B, Singh U, Kumar S, Singh R, Sengar G, Sharma A. Effect of heat stress
on the expression profile of Hsp90 among Sahiwal (Bos indicus) and Frieswal (Bos indicus × Bos taurus) breed of cattle. Gene. 2014;536:435-440
[96] Li Q, Han J, Du F, Ju Z, Huang J, Wang J, Li R, Wang C, Zhong J. Novel SNPs in
HSP70A1A gene and the association of polymorphisms with thermo tolerance traits
and tissue specific expression in Chinese Holstein cattle. Molecular Biology Reports.
2011;38:2657-2663
[97] Wang Y, Huang J, Xia P, He J, Wang C, Ju Z, Li J, Li R, Zhong J, Li Q. Genetic variations
of HSBP1 gene and its effect on thermal performance traits in Chinese Holstein cattle.
Molecular Biology Reports. 2013;40:3877-3882
[98] Samal L. Heat stress in dairy cows - reproductive problems and control measures.
International Journal of Livestock Research. 2013;3(3):14-23
[99] Pursley J, Silcox RW, Wiltbank MC. Effect of time of artificial insemination on pregnancy rates, calving rates, pregnancy loss and gender ratio after synchronization of
ovulation in lactating dairy cows. Journal of Dairy Science. 1998;81:2139-2144
[100] Hoque MN, Talukder AK, Akter M, Shamsuddin M. Evaluation of ovsynch protocols
for timed artificial insemination in water buffaloes in Bangladesh. Turkish Journal of
Veterinary & Animal Sciences. 2014;38:418-424
[101] El-Tarabany MS, El-Tarabany AA. Impact of thermal stress on the efficiency of ovulation synchronization protocols in Holstein cows. Animal Reproduction Science.
2015;160:138-145
[102] Stewart BM, Block J, Morelli P, Navarette AE, Amstalden M, Bonilla L, Hansen PJ,
Bilby TR. Efficacy of embryo transfer in lactating dairy cows during summer using
fresh or vitrified embryos produced in vitro with sexsorted semen. Journal of Dairy
Science. 2011;94:3437-3445

