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Abstract

In the current scenario, climate change is occurring all over the world,
which directly or indirectly affecting the agricultural production as well as
the production of livestock. The arid and semiarid region of the world,
where more than 75 % population of livestock exists, will be going to have
pronounced effect of climatic change. Amongst the other stresses, heat
stress is the most vital climatic stress which drastically affects the produc-
tive potential of livestock, and sometimes it is lethal to animal survival in
harsh conditions. High ambient temperature, air movement, solar radia-
tion, wind speed and relative humidity are important attributes of the cli-
matic variables. Amongst the above-mentioned variables, high temperature,
radiation and humidity are the most important factors, which drastically
affect the overall performance of livestock with substantial reduction in
meat, milk and egg production. In this context, the chapter highlights the
significance of studying the impact of multiple stresses impacting live-
stock production simultaneously. The different adaptive means by which
livestock respond to fluctuation of climatic changes are physiological,
blood-biochemical, neuroendocrine, cellular and molecular mechanisms,
respectively. In present climate change scenario, several mitigation strate-
gies are to be implemented by which the production of livestock may be
sustained to an extent even in harsh climatic conditions.
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9.1 Introduction

The impact of climatic change on natural
resources and livestock is very vital and is being
realised all over the world. In a developing coun-
try like India, more than 70 % percent population
depends on agriculture and livestock, and these
together provide sustainability and stability to
national economy in the form of food security
and farm energy (Singh et al. 2011).
Environmental factors such as ambient tempera-
ture, solar radiation and humidity have direct and
indirect effects on animals and affects worldwide
livestock production (Nienaber et al. 1999).
Under present climate conditions, in many areas
of the world, animals are suffering from heat
stress because they lack the ability to dissipate
the environmental heat, which results decrease
in milk production and reproduction in dairy
cows (Fuquay 1981). Under climate change con-
ditions, these responses could be enhanced and
even extended to other areas around the world.
The hot climate impairs productive and reproduc-
tive efficiency, and metabolic and immune
response of animals which finally affects the
health of livestock. It is evident from the
Intergovernmental Panel on Climate Change that
the poorest are the most vulnerable people and
thus will be the worst affected.

The prominent relation between climatic vari-
ables and neuroendocrine system used to change
the behaviour of livestock residing in that partic-
ular area (Baumgard et al. 2012). It is still not
clear how heat stress affects the post-absorptive
metabolism and nutrient partitioning/utilisation
through hyperthermia’s and/ or endocrine system
(Collier et al. 2005). Livestock production will be
affected by changes in temperature and water
availability through impacts on pasture and for-
age crop quantity and quality, feed-grain produc-
tion and price and disease and pest distributions.
In Indian subcontinent, heat stress is the most
important climatic stress which adversely affects
the livestock and sometimes even affects their
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survival (Sejian et al. 2012a). During harsh cli-
mate, generally animals cover long distances in
the search of feed and water, and sometimes
because of long-distance walking, they have neg-
ative energy balance (Maurya et al. 2012; Sejian
et al. 2012b). In current impending climatic
changes, animals experience stress and to main-
tain homeothermy require extra energy for differ-
ent productive processes. Along with the large
ruminants, small ruminants are also critical to the
development of sustainable and environmentally
sound production systems (Ben Salem and Smith
2008). The sheep and goats are generally reared
in arid and semiarid region of the world and are
very important for the socioeconomic uplift of
people dependent on these animals. Due to the
climate change, the animals are being exposed to
feed scarcity and elevated ambient temperature
which negatively affect the production and repro-
ductive traits of animals (Maurya et al. 2004;
Marai et al. 2007).

Thermal stress affects the physiological and
behavioural responses of animals which vary in
intensity and duration in relation to the animal’s
genetic make-up and environmental factors in
coordination with the behavioural, endocrinolog-
ical, cardiorespiratory and immune system. In
totality, the climate change has a negative impact
in the long run, and it may reduce animal produc-
tion and profitability by lowering feed efficiency,
milk production and reproductive rate (St Pierre
et al. 2003). In the face of climate challenges,
adaptation of different livestock species to tropi-
cal conditions becomes highly imperative. A
multifaceted approach is urgently needed to
study the animal’s ability to survive in harsh
environments. The adaptation in the different
physiological responses, biochemical status and
composition and hormonal changes will be there
to help animals to survive and produce in such
prevailing climatic conditions. The present book
chapter will have an insight about the different
adaptive mechanism adopted by livestock to
maintain their internal miliew and sustain
productivity.



9 Adaptive Mechanisms of Livestock to Changing Climate 125

9.2  Physiological Responses

and Adaptability

All animals thrive well in their thermoneutral
zone, and whenever they are exposed outside to
their respective zone, some portion of their
metabolisable energy is diverted to maintain their
thermal balance. The animal tries to maintain a
relatively stable body temperature by behavioural
and physiological means (Bucklin et al. 1992).
High ambient temperature, relative humidity and
radiant energy compromise the ability of animals
to dissipate heat due to which the body tempera-
ture of animals increases. To maintain the body
temperature within physiological limit, animals
initiate compensatory and adaptive mechanisms
to re-establish homeothermy and homeostasis,
which is important for the survival of the animal.
The relative change in the various physiological
responses like respiration rate, pulse rate and rec-
tal temperature gives an indication of stress
imposed on livestock. The ability of an animal to
withstand the rigours of climatic stress under warm
conditions has been assessed physiologically by
means of changes in body temperature, respiration
rate and pulse rate (Sethi et al. 1994). By assess-
ing the change in the physiological responses,
the adaptability of a particular livestock may be
studied, and environmental modification may be
made to provide some comfort to the livestock.
The respiration rate is considered to be a reli-
able index under tropical condition and provides
the information about the capability and adapt-
ability of animals to that particular environment
in which animals are being reared, and it also
gives an indication about the discomfort of the
animal. The increase in respiration rate is sup-
posed to be the first action to mitigate the effect
of heat stress. The onset of sweating is the next
rapid reaction of animals to heat exposure and
increases linearly with the increase in ambient
temperature (Kamal 1975). Animals exposed to
hot environment manifest a significant increase
in physiological responses and reduction in
productive potential. Animals which can maintain

their physiological responses within normal lim-
its under stressful environmental condition may
be considered adapted to that environment and,
hence, may be worth rearing commercially. In
comparison to pulse rate, the respiration rate and
rectal temperature appear to be more sensitive
indicators of heat stress (Lemerle and Goddard
1986). The respiration is affected most with solar
radiation and other related environmental
variables.

The ambient temperature has significant rela-
tion with the fluctuation in the pulse rate (Raizada
et al. 1980); however during morning hours, the
pulse rate starts with the lower side, and during
afternoon, it increases because of circadian
rhythm (Maurya et al. 2007; Sejian et al. 2010b).
The status of rectal temperature provides a useful
and important indication about the heat storage in
the animal’s body, and higher rectal temperature
of the animals drastically affects the allometric
measurements, reproduction and lactation effi-
ciency of the livestock (Hansen and Arechiga
1999). The value of rectal temperature also gives
an idea about the adaptability of livestock to the
particular environment. Even a rise of less than
1 °C in rectal temperature is enough to reduce per-
formance in most livestock species (Lefcourt
et al. 1986). RT is generally considered to be a
useful measure of body temperature, and changes
in RT indicate changes of a similar magnitude in
deep body temperature (Maurya et al. 2007).
Change in rectal temperature has been considered
an indicator of heat storage in an animal’s body
and may be used to assess the adversity of thermal
environment, which can affect growth, lactation
and reproduction of dairy animals. The rectal tem-
perature is recognised as an important measure of
physiological status as well as an ideal indicator
for the assessment of stress in animals (Maurya
et al. 2010; Sejian et al. 2012a). During heat
stress, high rectal temperature of livestock indi-
cates that their homeothermic status is disturbed.
Under such situation, the animals cannot effec-
tively counter heat stress by enhancing heat loss
through their physical and physiological process
(Joshi and Tripathy 1991).
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9.3  Multiple Stresses

and Adaptability

In the tropics, grazing animals are exposed to less
feed availability and low quality of vegetation. So
the animals attempt to adapt to these adverse con-
ditions by increasing the time for which they
graze each day and also by dispersing more
widely (Sejian et al. 2012c¢). In some areas, animals
walk long distance in search of food and they are
exposed to negative energy balance, and their
physiological responses, endocrine and enzymes’
release status and productivity in animals
(Maurya et al. 2012; Sejian et al. 2012c) also
alter. In addition to solar radiation, high humid-
ity, severe drought, thermal, nutritional and walk-
ing are the major stresses that sheep and goats are
exposed to (Sejian et al. 2012c¢, d). The animals
try to adapt theirself to higher temperatures on
prolonged exposure, but production losses will
occur in response to higher-temperature events
which lead to depressed voluntary feed intake,
reduced weight gain and lower reproduction dur-
ing summer. As a result of changing climatic con-
ditions, multiple stresses have become a common
occurrence in semiarid tropical environment.
When animals are exposed to multiple stresses,
the animal starts to use their body reserve to sus-
tain their vital functions of the body, but their
body reserves are not sufficient to effectively
counter such environmental extremes (Sejian
et al. 2010b). As a result, their adaptive capability
is hampered and their homeothermy is badly
compromised. The climatic stress also affects the
body condition score of the animals. The type of
nutrition consumed and body condition scoring
(BCS) also seem to affect the respiration rate
under heat stress conditions (Sejian et al. 2010a).
The body condition score also affects the repro-
ductive efficiency and productive performance of
animals (Maurya et al. 2009).

The heat stress increases the blood circulation
in the periphery of the animal’s body to facilitate
the heat loss via conduction and convection
(Choshniak et al. 1982). Cattle change posture
and orientation to the sun to reduce gain of heat
from solar radiation. Moreover, chronic exposure
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to elevated environmental temperatures results in
a lightening of the hair coat. Heat stress also
leads to activation of evaporative heat loss mech-
anisms involving an increase in sweating rate and
respiratory minute volume. About 70-85 % of
maximal heat loss via evaporation is due to
sweating with the remainder due to respiration.
As air temperatures approach those of skin tem-
perature, evaporation becomes the major route
for heat exchange with the environment. There
are reports which suggest that during thermal
stress, both Hb and PCV decreased significantly
(Naqvi 1987; Maurya et al. 2007). This could be
attributed to haemodilution effect where more
water is transported in the circulatory system for
evaporative cooling and increase in the blood
volume of these animals. In addition, Marai et al.
(2007) reported red cell destruction as a reason
for reduced Hb and PCV in thermal-stressed ani-
mals. A negative correlation between plasma pro-
tein and elevated environmental temperature has
been reported in some studies (Sejian et al.
2010b).

The selection of animals which are tolerant to
environmental stress results in reduced produc-
tivity, and such animals take a long time to reach
maturity and a low level of milk production. So in
such condition, by altering the environment, pro-
duction may be increased by faster pace. The cli-
mate change and thermal stress affect
physiological responses and productive and
reproductive potential of animals (Collier et al.
2012). It is the prime importance to understand
the complex physiological responses related to
other mechanisms of the livestock body.

9.4  Temperature-

Humidity Index

The dairy animals of tropical regions are sub-
jected to high ambient temperatures (Ta), relative
humidity (RH) and solar radiation for most of the
period of a year. In the condition of heat stress,
the physiological ability of the animals is being
compromised and animals are not able to dissi-
pate heat. There should be some ways and means
by which a dairy man is able to assess the level of
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heat stress on the animals. The Temperature—
Humidity Index (THI) is one of the best
assessment tools by which we can know the
impact of heat stress on producing animals
widely used in hot areas all over the world to
assess the impact of heat stress on dairy cows.
According to Du Preez et al. (1990), milk pro-
duction is not affected by heat stress when mean
THI values are between 35 and 72. However,
milk production and feed intake begin to decline
when THI reaches 72 and continue to decline
sharply at a THI value of 76 or greater. Milk yield
decreases of 1040 % have been reported for
Holstein cows during the summer as compared to
the winter (Du Preez et al. 1990). The THI is gen-
erally at higher side when the high ambient tem-
perature is coupled with more relative humidity
(West et al. 1999). It has been widely published
in the literature that lactating cows do not experi-
ence stress when THI is less than 72 and severe
stress when THI exceeds 88. Zimbelman et al.
(2007) reported that the THI has very close rela-
tion with air movement, solar radiation and above
all the milk yield. He found that dairy cows pro-
ducing more than 35 kg/day of milk need addi-
tional cooling when average THI is 68 for more
than 17 h/day.

Metabolic and Hormonal
Response to Adaptability

9.5

The animals exposed to heat stress reduce feed
intake and increase water intake, and in addition
to this, the endocrine status of the animal also
changes which in turn increases the maintenance
requirement (Collier et al. 2005) and drastically
affects the production in animals (Rhoads et al.
2009). During prolonged heat stress, the homeo-
static responses of animals change in relation to
acclimation to a particular environment, and the
target tissue responsiveness to the environmental
stimuli also alters (Horowitz 2002). The concen-
tration of T,, T, prolactin, GH, mineralocorti-
coids and glucocorticoids gets affected, and the
endogenous heat production is controlled in
coordination of the above hormones (Collier
et al. 2005). Circulating prolactin levels are

increased during thermal stress in a variety of
mammals including ruminants (Roy and Prakash
2007). This is paradoxical as reduced nutrient
intake in thermoneutral ruminants, decreases
circulating prolactin concentrations (Bocquier
et al. 1998). A direct (independent of reduced
feed intake) effect of heat stress on serum prolac-
tin levels has been shown (Ronchi et al. 2001).
The prolactin generally helps in maintaining
galactopoiesis and lactogenesis in ruminants, but
it may play an important role in helping insensi-
ble heat loss and sweat gland function (Beede
and Collier 1986).

The thermal stress affects the functioning of
hypothalamic—pituitary—adrenal axis (Collier
et al. 2005). Corticotropin-releasing hormone
stimulates somatostatin, possibly a key mecha-
nism by which heat-stressed animals have
reduced GH and thyroid levels (Riedel et al.
1998). In heat-stressed cows, there is an increase
in the basal level of insulin despite marked reduc-
tions in nutrient intake (Yarney et al. 1990). The
increase in basal insulin levels appears due to
increase pancreas’ secretion. Adrenal corticoids,
mainly cortisol, elicit physiological adjustments
which enable animals to tolerate stressful condi-
tions (Naqvi and Hooda 1991). During heat
stress, plasma cortisol level increases which also
enhances glucose formation in heat-stressed ani-
mals. The glucocorticoids also work as vasodila-
tors to help heat loss and have stimulatory effect
on proteolysis and lipolysis mechanism, which
provide energy to the animal during such harsh
climatic situations (Cunningham and Klein 2007).
Heat stress decreases insulin level in the blood
(Haque et al. 2012) due to decrease in heat pro-
duction. In addition to this heat stress, increases
in lipolysis activity in animals also elevate blood
nonesterified free fatty acid (NEFA) levels and
reduce insulin sensitivity and thus decrease mus-
cle glucose uptake.

The T; and T, are the calorigenic hormones
which fluctuate different cellular processes in the
body. The animals exposed to thermal stress have
reduced level of T; and Ty, and this reduced level
of T; and T, might be an adaptive mechanism fol-
lowed by animals to reduce metabolic rate and
heat production (Sejian et al. 2010b). The thyroid
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hormone plays a crucial role in the productive
efficiency of animals and may be considered as
index for the metabolic status of animals (Todini
et al. 2007). Uetake et al. (2006) reported that
NEFA concentration in the blood is influenced by
stress, and it is frequently used to assess the
energy status of animals (Macrae et al. 2006).
During stress, animals fulfil its metabolic fuel
requirement due to mobilisation of NEFA
(Cunningham and Klein 2007). The reduction in
insulin action during heat stress also allows for
adipose lipolysis and mobilisation of nonesteri-
fied fatty acids. Post-absorptive carbohydrate
metabolism is also altered by the reduced insulin
action with the net effect of reduced glucose
uptake by systemic tissues (i.e. muscle and adi-
pose). The reduced nutrient uptake and the net
release of nutrients (i.e. amino acids and NEFA)
by systemic tissues are key homeorhetic (an
acclimated response vs. an acute/homeostatic
response) mechanisms implemented by heat-
stressed animals (Bauman and Currie 1980).

9.6 Cellular Response, Heat

Stress and the Adaptability

The heat stress affects the productive perfor-
mance of the animals which is being reflected in
the homeokinetic changes in the animals which is
considered to be an effort made by animal to reg-
ulate its temperature. The animals thriving in the
hot climate have acquired some genes that pro-
tect cells from the increased environmental tem-
peratures. Paula-Lopes et al. (2003) reported that
lymphocytes from Brahman and Senepol cows
were more resistant to heat-induced apoptosis
than lymphocytes from Angus and Holstein
cows. The heat stress increases the oxidative
stress in the body of an animal, and because of
that, there is an enhanced production of free radi-
cals in the body and this free radical decreases
the antioxidant defence system (Trevisan et al.
2001). The damage made by free radicals during
thermal stress may be minimised by the use of
vitamin C, vitamin E and p-carotene as they act
as vital antioxidant. Besides these, different
metalloenzymes, viz. glutathione peroxidase
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(Se), catalase (Fe) and superoxide dismutase (Cu,
Zn and Mn), are very crucial in protecting the
internal cells from oxidative damage. The major
defences in detoxification of superoxide anion
and hydrogen peroxide are superoxide dismutase
(SOD), catalase and glutathione peroxidase
(Chance et al. 1979). SOD is now known to
catalyse the dismutation of superoxide to hydro-
gen peroxide and oxygen. Bernabucci et al.
(2002) reported an increase in superoxide dis-
mutase (SOD) and glutathione peroxidase (GPX)
concentration in prepartum cows when animals
were exposed to higher ambient temperature. In
addition to this, Chandra and Aggarwal (2009)
also reported a higher level of SOD in prepartum
crossbred cows during summer. During heat
stress, there is increased production of hydrogen
peroxide (H,0,) due to increased activity of SOD
and GPX. GPX is a selenium-dependent antioxi-
dant enzyme. It converts H,O, to water. The
increased production of H,O, due to increased
activity of SOD during heat stress results in a
coordinated increase in GPX.

Catalase is a haem-containing enzyme that
catalyses the dismutation of hydrogen peroxide
into water and oxygen. Catalase takes care of the
cytosolic and mitochondrial peroxides formed
during urate oxidation. Mitochondrial SOD read-
ily converts the bulk of mitochondrial superoxide
ions to H,0,. Thus, SOD and catalase protect the
cell from the damage due to the secondary gen-
eration of highly reactive hydroxyl group from
superoxide ion to H,0,. Kumar (2005) observed
a significant positive correlation of THI with the
erythrocyte catalase activity in Murrah buffalo
and KF cattle. Chandra and Aggarwal (2009)
also reported higher catalase activity in prepar-
tum crossbred cows during summer.

Lipid peroxidation is commonly measured in
terms of thiobarbituric acid-reactive substance
(TBARS). Erythrocytes, which are rich in poly-
unsaturated fatty acids (PUFA), on being exposed
to high concentration of oxygen, are highly sus-
ceptible to peroxidation damage (Clemens and
Waller 1987). The thermal stress increases the
oxidative stress in the cell, and this leads to the
increase of TBARS in the animals’ blood which
leads to increased erythrocyte membrane fragility
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(Bernabucci et al. 2002). More et al. (1980)
reported a significant increase in the serum
protein of sheep exposed to heat stress. The
increase in serum protein could be a physiologi-
cal attempt to maintain extended plasma volume.
In contrast to the above finding, Verma et al.
(2000) observed a significant decrease in protein
concentration during summer season in a lactat-
ing cow and buffalo. The level of plasma albumin
plays a vital role in the scavenging activity to
remove free radical from the system, that’s why
albumin works as an antioxidant during thermal
stress (Koubkova et al. 2002).

Although there is a good amount of knowledge
about the physiological aspects, the effects of heat
stress at the cellular and genetic level are still
being unrevealed (Collier et al. 2006). Functional
genomics research is providing new knowledge
about the impact of heat stress on livestock pro-
duction and reproduction. Using functional
genomics to identify genes that are up- or down-
regulated during a stressful event can lead to the
identification of animals that are genetically supe-
rior for coping with stress and towards the cre-
ation of therapeutic drugs and treatments that
target affected genes (Collier et al. 2012).
Identification of SNPs that are associated with
variation in animal resistance or sensitivity to
thermal stress will permit screening of the pres-
ence or absence of desirable or undesirable alleles
of animals (Hayes et al. 2009). Another potential
route of information flow from the surface to the
whole system would be via secreted heat shock
proteins (HSPs) released from the skin epithelium
during heat stress which would act as an alarm
system to assist in mobilising the acute response
to thermal shock (Collier et al. 2012). Activation
of the heat shock response in cells in many cases
leads to secretions of HSPs into the extracellular
space and plasma (Ireland et al. 2007). It has been
hypothesised that secreted heat shock protein acts
as an alarm signal for the immune system and sev-
eral measures of innate immunity are increased
following increases in secreted HSPs in blood
(Fleshner and Johnson 2005). Secreted HSPs
have also been shown to improve survival of neu-
ral cells subjected to environmental and metabolic
stressors (Tytell 2005).
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9.7 Female Reproduction, Heat

Stress and Adaptability

The heat stress drastically affects animals’ repro-
ductive efficiency by delaying conception rate of
the animals after calving. It may delay rebreeding
and decrease the number of cows regularly coming
in heat and subsequently decrease the number of
inseminated cows that settle as pregnant (Hansen
1994). The heat stress also affects the quality of
developing preovulatory follicle by fluctuating the
oestrogen and progesterone ratios which in turn
affect the intensity of sexual behaviour, oviduct
and uterus microenvironment and finally develop-
ment of embryo. Several research findings show
that heat stress compromises the quality of devel-
oping oocyte and of the follicle. High air tempera-
tures 10 days before oestrus were associated with
low fertility (Al-Katanani et al. 2002). Steroid pro-
duction by cultured granulosa and thecal cells was
low when cells were obtained from cows exposed
to heat stress 20-26 days previously (Roth et al.
2001). In goats, heat stress reduced plasma con-
centrations of oestradiol and lowered follicular
oestradiol concentration, aromatase activity and
luteinising hormone (LH) receptor level and
delayed ovulation (Ozawa et al. 2005). Cultured
follicular cells experience reduced steroid produc-
tion at elevated temperature in cattle (Bridges et al.
2005). The oocyte maturation is disrupted at ele-
vated temperature (Wang et al. 2009). It has been
reported by Roth et al. (2000) that lactating dairy
cows exposed to heat stress had increased numbers
of small and medium follicles.

The heat stress drastically affects preimplan-
tation of embryo at early stage, but the suscepti-
bility declines as development proceeds. It is an
established fact that reproduction processes are
influenced during thermal exposure (Naqvi et al.
2004; Sejian et al. 2010c) and glucocorticoids
are paramount in mediating the inhibitory effects
of stress on reproduction. Thermal stress influ-
ence on sexual behaviour (Maurya et al. 2005),
fertility (Maurya et al. 2011), embryo quality
and production is a well-established fact (Naqvi
et al. 2004). The birth weights of lambs of heat-
stressed ewes are generally lower. This could be
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attributed to the fact that heat stress may cause a
temporal impairment of placental size and func-
tion, resulting in a transient reduction in foetal
growth rate. In cattle, for example, Ealy et al.
(1993) found that exposure of lactating cows to
heat stress, when embryos were 1-2 cells,
reduced the proportion of embryos that devel-
oped to the blastocyst stage at day 8 after oes-
trus. However, heat stress at days 3 (8—16 cells),
5 (morula) and 7 (blastocysts) had no effect on
the proportion of embryos that were blastocysts
at day 8. In cows, the adverse effects of heat
shock on cultured embryos also are reduced as
they become more advanced in development
(Sakatani et al. 2004). It has been reported by
Matsuzuka et al. (2005) that maternal heat stress
resulted in increased reactive oxygen species
activity in oviducts and embryos and reduced
glutathione content in recovered embryos. Pérez-
Crespo et al. (2005) found that female embryos
are better able to survive effects of elevated tem-
perature than male mice and this gender differ-
ence has been demonstrated to be caused by
reduced reactive oxygen species production in
females. As embryo development advances, it
acquires capacity synthesis of heat shock protein
70 (HSP70), which stabilises intracellular pro-
teins and organelles and inhibits apoptosis
(Brodsky and Chiosis 2006).

The animal exposed to thermal stress during
the early stage of pregnancy has reduced foetal
growth, placental weight and placental hormone
level. The effect of heat stress is more pronounced
on the developing foetus during mid-gestation as
compared to advance gestation (Wallace et al.
2005). During heat stress, the placental function
also affects due to redistribution of blood to the
periphery and reduced perfusion of the placental
vascular bed (Alexander et al. 1987) and reduces
the foetal weight in sheep (Wallace et al. (2005)).
Similar effects of maternal heat stress on placen-
tal function and foetal development occur in
cows. It is an well-accepted fact that stress during
foetal stage can result in changes in physiological
function during adult stage.
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9.8 Male Reproduction, Heat

Stress and Adaptability

Thermal stress drastically affects each of sexual
activity, endocrine and testis functions, sper-
matogenesis and physical and chemical charac-
teristics of the semen (Abdel Samee et al. 1997).
Thermal stress decreases the ability of the male
for fertile mating. Seminal plasma provides the
suitable medium for spermatozoa which is a mix-
ture of secretions that come from the male acces-
sory reproductive organs. The biochemical
constituents of seminal plasma also play a vital
role for the well-being of spermatozoa and also
act as vehicle for sperms (Mann and Lutwak
mann 1981). Testosterone plays an important role
in initiation of the sex drive and optimal function-
ing of the testis (McDonald and Pineda 1989).
Physiological concentrations of testosterone are
responsible to induce both behavioural and phys-
ical changes necessary for exhibiting libido,
secreting pre-seminal fluid, protrusion of penis
and complete erection. Testosterone is the hor-
mone responsible for spermatogenesis and sexual
behaviour. During thermal stress, reduction in
testosterone secretion limits the male reproduc-
tive efficiency. Higher body or ambient temperature
decreases sperm count as well as circulating
testosterone levels in blood (Murray 1997).

The testes of the animals are suspended in the
scrotum outside the body, and the temperature of
the scrotum is slightly less than the general body
temperature. A complex thermoregulatory system
present in the testis exchanges heat by counter-
current mechanism known as pampiniform
plexus. The scrotum also has a unique muscle
known as tunica dartos muscle which regulates
scrotal surface area, and the position of the scro-
tum relative to the body is performed by the cre-
master muscle. The tunica dartos muscle can be
used as an index (TDI) to measure the ability of
the male to tolerate increased ambient tempera-
tures, as it reflects the magnitude of vascular heat
exchange. During high ambient temperatures, the
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tunica dartos muscle extends to dissipate as much
of the excess heat as possible from the testes. In
rams, Marai et al. (2006) used tunica dartos indi-
ces (TDI) to measure the ability of the male to
tolerate increased ambient temperatures. It is
interpreted as the distance between the testes and
the abdominal wall. This muscle thus defines the
magnitude of vascular heat exchange.

The testis is located outside the body, and
thermal stress has a direct effect on it leading to
reduced semen quality in the form of reduced
sperm output, decreased sperm motility and an
increased acrosomal damage and proportion of
morphologically abnormal spermatozoa in the
ejaculate. The spermatocytes and spermatids are
most susceptible to damage by thermal stress.
Oxidative stress is a major cause for thermal
damage of spermatogenic cells and leads to apop-
tosis and DNA strand breaks (Paul et al. 2009).
The effect of thermal stress did not affect the
semen quality immediately after exposure
because damaged spermatogenic cells do not
enter ejaculates for sometime after heat stress.
The spermatogenesis takes about 61 days in
bulls, and alteration in semen is observable about
2 weeks after heat stress which does not return to
normal until up to 8 weeks following the end of
heat stress (Hansen 2009).

During the hot summer, breeds in the tropical
and subtropical region have more decreased scro-
tal circumference, testicular consistency, and size
and weight than those of the same breeds reared
under temperate environmental conditions
(Yarney et al. 1990). This reduction in testicular
measurements might be due to degeneration in
the germinal epithelium. The intensity of sexual
behaviour and reaction time is shorter in summer
season and the longest in autumn season in male
goats. The scrotum has perfect thermoregulatory
mechanism in all the animals, but thermal stress
has negative effect on sexual desire (libido), ejac-
ulate volume, live sperm percentage, sperm con-
centration, viability and motility and sperm
concentration (Mathevon et al. 1998). Marai
et al. (2008) reported decrease in semen-ejaculate
volume during thermal stress. In several reports,
it has been found that thermal stress decreases the

initial motility of spermatozoa in hot climate
conditions. Maurya et al. (1999) reported that the
serving capacity and libido of animals vary in
individual animals in semiarid region of India.
Thermal stress reduces the body condition score
of the animals which in turn affects the sexual
behaviour, scrotum attributes and seminal quality
(Maurya et al. 2010).

The stress induced by high ambient tempera-
tures is a well-known factor that can result in
higher numbers of damaged or abnormal sperma-
tozoa, and a long duration of high temperature
with increased humidity can cause male infertil-
ity over a long period of time. High temperature
in combination with high humidity increases free
radical production. Reactive molecules tend to
affect unsaturated fatty acid-rich cell membranes
in mammalian spermatozoa, which are consid-
ered highly susceptible to peroxidation (Balic
et al. 2012). Since the antioxidant defence in
sperm cells is very minimal due to the small
amount of the cytoplasm in their heads and tails
(Bilodeau et al. 2000) in addition to this, reactive
oxygen species (ROS) is also able to stimulate
the sulfhydryl radical group oxidation in protein
molecules as well as DNA fragmentation, thereby
altering the structure and function of spermato-
zoa (Agarwal et al. 2003). Besides the direct
effect of heat stress, tissue hypoxia is likely to be
one of the consequences of heat stress since the
blood supply in the testes cannot compensate for
the increased need for tissue metabolism. Several
studies in bulls (Newton et al. 2009) have reported
the adverse effect of heat stress on sperm motility
and morphology, but the exact stages of sper-
matogenesis during which such defects occur
have not yet been fully documented.

The stressful environmental condition affects
semen at cellular level and has a negative impact
on semen quality. Stress alters cellular function in
various tissues and heat shock protein 70 (Hsp70),
which, located in reproductive tissues, has critical
roles in spermatogenesis (Kamaruddin et al.
2004). Single nucleotide polymorphisms occur-
ring in the Hsp70 promoter region may impact
stress tolerance, and haplotypes of Hsp70 were
related to cow fertility and heat tolerance (Basirico
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et al. 2011). The process of spermatogenesis takes
approximately 54 days in bulls and 47 days in
bucks, and effect of heat stress on sperm output
persists for 8 weeks in bulls and 7 weeks in bucks
after the termination of heat stress (Meyerhoeffer
et al. 1985). Normal spermatogonium prolifera-
tion continues to be drastically reduced for weeks
even after the end of the heat treatment. The
effects of heat on the spermatogonia seem to be
dependent on the method, temperature, the dura-
tion of heat application and the livestock species.

Since climate change could result in an
increase of heat stress, all methods to help ani-
mals cope with or, at least, alleviate the impacts of
heat stress could be useful to mitigate the impacts
of global change on animal responses and perfor-
mance. Few basic management schemes for
reducing the effect of thermal stress may be con-
sidered by which one can sustain the productivity
of lactating animals during heat stress.

99 Milk Production, Heat Stress

and Adaptability

Heat stress can impact animal production and
profitability in dairy cattle by lowering milk pro-
duction. The severity of stress and milk produc-
tion by a cow depends on THI, length of heat
stress period, air flow, size of cow, dry matter
intake, water availability and coat colour. THI is
commonly used to indicate the degree of stress in
dairy cattle. THI values suggest that within the
normal range up to 70, cattle show optimal per-
formance. In the warning range of THI values
70-72, dairy cow performance is inhibited and
the cooling of animals becomes desirable. Critical
THI values are 72—78, when milk production is
seriously affected. The dangerous category is at
the THI values 78—82. A decrease in milk yield is
0.26 kg/day for each increase in THI. Genetic
progress in milk production is related closely to
an increase in metabolic heat increment, which
makes cows more affected by heat stress (Kadzere
et al. 2002). Even under excellent management
conditions, dairy cows may be exposed to high
ambient temperatures, and one of the most com-
mon responses of animals to such a stressor is the
activation of the hypothalamic—pituitary—adrenal
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axis. Heat stress has been associated with depres-
sions in milk component percentages (Maurya
et al. 2013). Knapp and Grummer (1991) indi-
cated a decreased milk composition with
increased maximum daily temperature. Bouraoui
et al. (2002) found that milk fat and milk protein
were lower for the summer season. Ozrenk and
Inci (2008) reported that milk fat, protein and
total solid percentages in cow milk were the
highest during winter and the lowest during sum-
mer. The yield of milk fat of cows exposed to
thermal stress declines with decreasing milk
yield. Under hot room conditions, the milk fat
yield of Holstein cows declined at temperatures
above 27 °C. It was reported that in Haryana,
cows’ contents of milk like milk fat, solid-not-fat
(SNF), protein, ash and calcium were highest in
winter than summer and rainy season. Studies of
the fatty acid composition of milk fat under con-
trolled high temperature showed that any external
heat load that raised rectal temperature by 1° or
more caused changes in the characteristics of
milk fat. In particular, the content of lower-chain
fatty acids decreased, whereas the level of pal-
mitic and stearic acids increased. The reason for
the shift in the ratio of fatty acids is unknown.
Nevertheless, these shifts can be of practical sig-
nificance as they influence the quality of the milk
for cheesemaking.

High ambient temperature appears to have a
more marked influence on the SNF content of
milk than on milk fat. Thermal stress also appears
to bring about some decrease in percentage of
lactose and acidity in the milk, lowers its level of
pantothenic acid and lowers its freezing point. It
increases the pH and levels of ascorbic acid and
riboflavin. But it has little effect on salt balance
or the carotenoid and vitamin A levels in milk fat.
For Karan Fries and Karan Swiss cows, the com-
fort zone for the maximum milk yield is 7 °C and
25 °C, respectively, and the milk yield per day
decreased with increase in temperature and
humidity (Shinde et al. 1990). The Jersey cross-
breds were less affected by climate than Holstein
crossbreds for average milk yield per day. This
decrease can be either transitory or longer term
depending on the length and severity of heat
stress. These decreases in milk production can
range from 10 to >25 %. It has been found that
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50 % reduction in milk yield is due to reduced
feed intake during thermal stress and other 50 %
might depend on heat-related lactogenic hormone
fluctuations (Johnson 1987). Besides the thermal
stress, the decline in milk yield is also dependent
upon breed, stage of lactation and feed availabil-
ity (Bernabucci and Calamari 1998). The effect
of heat stress is more in high-yielding cow as
compared to low-yielding cow. The experiment
conducted in controlled climatic chamber says
that because of heat stress, there is 35 % decrease
in milk yield during mid-lactation as compared to
14 % decrease in milk at early lactation. The rea-
son for this may be because at early lactation the
milk yield is supported by body tissue reserve
mobilisation and less by feed intake; however, in
mid-lactation the milk yield is mainly supported
by feed intake. The calving time during the year
also affects the milk yield. Catillo et al. (2002)
reported that buffalo calved during summer
yields less milk as compared to buffalo calved
during other seasons of the year.

The heat stress not only decreases the milk
yield in the animals but it also drastically affects
the quality of milk (Bernabucci and Calamari
1998). The cow exposed to heat stress produces
milk and colostrums with lower percentage of
protein and fat (Nardone et al. 1997). In addition
to this, the heat stress-exposed animals’ milk has
lower value of calcium, phosphorus and magne-
sium and high chloride (Bernabucci and Calamari
1998). A sheep exposed to solar radiation has
lower value of fat, fatty acid and protein content
in the milk, and a goat also has decreased concen-
tration of lactose, when exposed to severe heat
for 4 h duration. The heat stress also drastically
affects the length of the fatty acid chain in the
milk. Ronchi et al. (1995) reported that a heat-
stressed cow has lower proportion of short-chain
(C4-C10) and medium-chain (C12-C16) fatty
acids and more long-chain fatty acid (C17-C18).
He also found out that the heat-stressed cow had
25 % less milk yield than the cow maintained in
the thermal comfort zone. These changes in the
fatty acid chain may be due to reduced synthesis
of this free fatty acid (FFA) in the mammary
gland rather than the incorporation of long-chain
FFA in the milk. The lower synthesis of short-
and medium-chain fatty acid may also be due to
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the negative energy status of the cow exposed to
thermal stress. Nardone et al. (1997) also reported
lower level of short- and medium- and higher
proportion of long-chain fatty acid in the colos-
trums of heifers.

The cheese yield and cheese quality are drasti-
cally affected by heat stress. The casein content
of the milk also reduced during summer in whole
milk as well as colostrums (Nardone et al. 1997).
The heat stress also had a negative impact on the
milk casein (a- and p-casein), and these caseins
have 90 % share of total casein present in milk; in
addition to this, casein has high numbers of phos-
phate group. During thermal stress and negative
energy balance, phosphorylation is impaired. The
lower content of o- and B-casein tends to increase
pH of milk and lower phosphorus content during
the summer months (Kume et al. 1989).

Since climate change could result in an
increase of heat stress, all methods to help ani-
mals cope with or, at least, alleviate the impacts
of heat stress could be useful to mitigate the
impacts of global climate change on animal
responses and performance. The effect of heat
stress on animals may be reduced by providing
suitable shelter and changing microenvironments
by mist cooling. Proper nutritional management
may also be adopted by supplying of high-energy
feeds along with bypass protein, which will help
animals to sustain their productivity under heat
stress conditions. Physical modification of the
environment, genetic development of less sensitive
breed to thermal stress and improved nutritional
management schemes help combat ill effects of
climate change. Supplementation of Aspergillus
oryzae (AO) increased dry matter (DM) digest-
ibility of high-concentrate diets through enhanced
fibre digestion (Gomez Alarcon et al. 1990)
which in turn increases milk yield in the dairy
cows. The quality and freezability of buffalo
semen may be improved by Sephadex filtration
of semen (Maurya et al. 2003a, b; Maurya and
Tuli 2003). This is an indirect method to improve
productivity of buffalo by increasing conception
rate per insemination. The recombinant bovine
somatotropin has been known for its potential to
increase milk production in cattle. Several
experiments have been carried out in the USA
and proved this fact. The product is in use in the
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USA and several other countries. Bovine somato-
tropin (bST) is a protein hormone produced by
the anterior pituitary gland of cattle. The mecha-
nism of action of bST involves a series of orches-
trated changes in the metabolism of body tissues
so that more nutrients can be used for milk syn-
thesis (Raymond et al. 2009). So it is also an
alternative way to increase milk production in
cows. During heat stress, the surrounding of the
cow may be changed by providing shade and
cooling system. In the long run, some fine strate-
gies may be adopted to develop heat stress toler-
ance breed of cows and buffaloes with the help of
upstream reproductive technologies either on cel-
lular level or by genetic manipulations. By
improving the nutritional habit of cows, decrease
in the milk yield during heat stress may also be
minimised up to some extent.

9.10 Conclusion

The climate change is influencing the humidity
and temperature level in different geographical
areas, and during the twenty-first century, warm-
ing is projected to result in decreased production
as well as an increase in the number of days when
animals will be experiencing heat stress. Climatic
fluctuation is going to affect the arid and semiarid
areas of the world severely. The climate change is
likely to aggravate the heat stress in dairy ani-
mals, adversely affecting their reproductive per-
formance. Elevation of ambient temperature
affects male reproductive functions deleteriously.
Such phenomenon leads to testicular degenera-
tion and reduces percentages of normal and fer-
tile spermatozoa in the ejaculate of males. The
ability of the male to mate and fertilise is also
affected. Thermal stress generally affects the bio-
logical function of animals which in turn changes
enzyme activity, hormonal levels, blood bio-
chemicals and reproductive performance of ani-
mals. In addition to this, climatic changes also
affect milk production of animals. The climate
change affects the performance adaptability and
profitability of animals by changing the physico-
biochemical and hormonal profile of animals.
In addition to this, adverse climatic condition
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also lowers the feed intake and utilisation and in
turn lowers production in animals. Ample scope is
there to minimise the effect of climatic changes
by feeding some additives which reduce stress
and also by providing protection to the animals
against the harsh climatic conditions. There is
urgent need to have refined and improved knowl-
edge to understand complex physiological mech-
anism, which is responsible for reduction in
productive capability of animals during climatic
changes.
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