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Abstract

Increased pressure for intensified milk production and simultaneous rise in environmental temperature due
to global warming has increased the thermal load on dairy animals. Elevated environmental temperature
combined with high humidity causes discomfort and escalates the stress level in animals which is reflected
in terms of reduced physiological and metabolic activities that results in reduced growth, drop in
production and reproduction in farm animals. Heat stress is one of the most vital environmental stressor
that has negative impact on milk yield, milk composition (fat%, SNF%, protein % etc). Construction of
Temperature Humidity Index (THI) by combining several climatological parameters like dry bulb, wet bulb
temperature along with relative humidity to quantify the thermal stress is one of the best methods to assess
heat stress on animals. Several research workers have reported that there exists a threshold THI value,
above which the negative effects of heat stress is observed on animals. Mitigation strategies to combat heat
stress includes selection of heat tolerant animals and their breeding, inclusion of heat tolerance as a trait
while constructing selection index, providing balanced nutrition to the animals and implementation of good
ventilation along with suitable cooling system in the farm.
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Introduction

Climate change is defined as the long-term imbalance of routine weather parameters like temperature,
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humidity, rainfall, radiation, wind speed and wind direction of a particular geographical area. Increased
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pressure for more milk production and simultaneous rise in environmental temperature due to global
warming has increased the thermal load on dairy animals (Polsky et al., 2017). The constant change in
climatic conditions is probably one of the foremost challenges for human beings, animal husbandry and
agricultural practices. One of the major climate changes observed is global warming. Due to global warming
the surface temperature of earth has been increased about 0.7°C since the early 20" century and has large
impact on reproductive and productive performances of cattle and buffaloes. Present climate models have
forecasted an increase in temperature by 0.2°C per decade and rise in earth’s mean surface temperature
between 1.8°C to 4.0°C by 2100 (IPCC, 2007). Elevated environmental temperature combined with high
humidity escalates the stress level in animals which is reflected in terms of reduced physiological and
metabolic activities that results in reduced growth, production and reproduction in farm animals.

Research workers have defined stress in different ways. Dobson and Smith (2000) defined stress as the
failure of an animal to adjust with its environment thus inability to express its full genetic potential. Rosales
(1994) have described stress as the combined negative effect of different factors on health and performance
of animals. According to Khansari et al. (1990), stress is the body’s reaction to stimuli that upset normal
physiological equilibrium or homeostasis, many a times resulting in detrimental effects. According to Stott
(1981), stress is the result of atmospheric forces cumulatively acting upon animals and disturbs the
homeostasis resulting in new adaptations that can be detrimental or advantageous to the animal. Among the
stressors, heat stress has been of prime concern in decreasing animal’s productivity in tropical, sub-tropical
and arid areas (Silanikov et al., 1999). Stress is the magnitude of exogenous force on the body which tend
to shift body systems from their resting or ground state. According to these definitions, high production
also comes in the criteria of stressor as production stress. When the stress is due to some element of the
environment, the resultant stress is termed as environmental stress (Yousef, 1985). Heat stress occurs when
the effective temperature of the environment is beyond the animal’s thermo-neutral zone under the
influence of environmental factors (Armstrong, 1994). Thermal stress is the major stress imposed by
environment particularly in the tropical and subtropical climatic conditions and is a major hurdle for animal
productivity. Temperature with high relative humidity further exacerbates the stress level (Marai et al.,
2007; Shelton, 2000). The thermo-neutral zone is bounded by the lower critical temperature (LCT) and
Upper Critical Temperature (UCT). Lower critical temperature is the environmental temperature below
which metabolic heat production rate increases by shivering and or non-shivering heat generating processes
to retain body’s heat balance. Ambient temperature above which thermoregulatory evaporative heat loss
processes gets activated is the upper critical temperature (Yousef, 1985; Curtis, 1981). Adverse
environmental conditions compromise the cooling ability of the animals, causing drop in production and

reproductive performances of the animals (Jordan, 2003; West, 2003).
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Temperature Humidity Index (THI)

Several ways are there to measure heat stress on animals. Constructing Temperature Humidity Index (THI)
is one of the best ways because we can get a single THI as indicator of heat stress by combining several
environmental parameters like dry bulb and wet bulb temperature, relative humidity and dew point
temperature (Thom, 1959). McDowell et al. (1976) proposed that temperature humidity index (THI) value
can be a single marker of thermal climatic conditions to assess impact of heat stress on animals. A number
of heat stress models have been developed by different research workers to estimate THI. The indices are
prepared by giving different weights to environmental parameters like dry bulb temperature, wet bulb
temperature, relative humidity and dew point temperature. The THI was initially formulated by Thom
(1958) and applied to cattle by Berry et al. (1964). Following are a few THI models developed using the
climatic parameters viz; dry bulb temperature (Tqb) in © C, wet bulb temperature (Twp) in® C, RH = relative

humidity in %, dew point temperature (Tqp) in © C presented in Table 1.

Table 1: List of THI models available to estimate thermal load

S. No. THI Model Developed by
1 THI =[0.4 X (Tap + Twn)] X 1.8 + 32+ 15 (Thom, 1959)
2 THI = (0.35 % Tgp + 0.65 X Typ) X 1.8+32 (Bianca, 1962)
3 THI = (0.15 X Tgp + 0.85 X Twp) X 1.8 + 32 (Bianca, 1962)
4 THI = (Tap + Twp) X 0.72 + 40.6 (NRC, 1971)
5 THI = (0.55 X Tgp + 0.2 X Tgp) x 1.8 +32+17.5 (NRC, 1971)
6 THI = (1.8 X Tap + 32) - (0.55 - 0.00 55 x RH) x (1.8 x Ta, — 26.8) | (NRC, 1971)
7 THI = (0.8 x Tab) + [(RH/100) x (Tap — 14.4)] + 46.4 (Mader et al., 2006)
8 THI = Tap + 0.36 X Tgp +41.2 (Yousef, 1985)
9 THI =T —[(0.31 - 0.31 RH) (T - 14.4)] (Marai et al., 2001)
10 THI = 9/5 t +32 — 11/2(1-h) (9/5t-26) (NOAA,1976)

The index constructed by Thom (1959) and Bianca (1962) uses only dry bulb and wet bulb temperature.
The model given by National Oceanic and Atmospheric Administration (1976) uses daily maximum
temperature and minimum relative humidity to estimate THI. National Research Council has formulated
three indices constituting dry bulb temperature and wet bulb temperature, dry bulb temperature and relative
humidity, dry bulb and dew point temperature independently. The formula developed by Mader (2006)
constituted dry bulb temperature and relative humidity. Bohmanova et al. (2007) compared seven THI
models in humid and semi-arid climate for their ability to detect drop in milk yield due to heat stress. The
index giving larger weight on humidity was served best to study the negative impact of heat stress on milk
production in the humid climate while index giving larger weight on temperature proved to be the best
thermal stress indicator in the semi-arid climate. Dash et al. (2015) analysed seven THI models to study the
effect of heat stress on pregnancy rate of Murrah buffaloes and found that THI model THI =[(0.4 x (Tdb
+ Twb)] x 1.8 + 32 + 15) developed by Thom, 1959 was the most suitable THI model for studying the
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effects of heat stress on pregnancy rate of buffaloes. THI model[THI = (0.55 x Tdb + 0.2 xTdp) x 1.8 + 32
+ 17.5] developed by NRC(1971) was identified as the best THI model to assess the impact of heat stress
on milk composition traits (Behera et al., 2018a) and Daily Milk yield (Behera et al., 2018b) in Murrah
buffaloes.

Thermal Comfort and Heat Stress Zones for Optimal Production in Dairy Cows and Buffaloes
Thom (1959) categorized thermal discomfort zones based on Temperature Humidity Index value. THI value
70 < THI < 74 “uncomfortable” zone, THI of 75 to 79 as “very uncomfortable” zone, THI above 80 as
“serious discomfort” zone with respect to heat stress. McDowell (1976) developed THI by using the
formula NRC, (1971) described (< 70) as comfortable, (71 — 78) as stressful and (> 78) as extreme distress
zone. Armstrong (1994) and Moran (2005) classified THI into five different groups: no stress zone (THI <
72), mild heat stress (72-78), moderate heat stress (79-88), severe heat stress (89-98) and dead cows with
THI above 98. Evaporative heat loss from the respiratory tract is viewed as one of the primary means for
maintenance of thermal balance (McDowell, 1976). Armstrong (1994) explained that THI below 72 imparts
no stress to animals and the cattle and buffaloes exhibit optimal production and reproduction. THI range
72-78 imparts mild stress to cattle and buffaloes and dairy cows search for shade and there is raised
respiration rate accompanied by dilation of blood vessels. In buffaloes elevation in rectal temperature and
respiration rate occurs as a primary response. THI range 79-88 imparts moderate stress to the animals and
there is rise in body temperature, respiration rate and saliva secretion, declined feed and water consumption
and negative effect on reproductive performances observed in cattle. In buffaloes, very high respiration
rate, reduced dry matter intake and decreased ratio of forage to concentrate intake is observed while water
intake is remarkably increased. THI range 89-98 imparts severe stress to the animals. There is significant
increase in respiration and high saliva production. There is notable decrease in reproductive performances
in cows. In buffaloes, excessive panting and restlessness observed along with lowered rumination and
urination and on reproductive performances in buffaloes is adversely affected. THI above 98 is fatal for
both dairy cows and buffaloes.

Bohmanova (2005) used the THI model proposed by NRC, (1971) and reported that the threshold value of
THI for heat stress was 72 which denoted if THI was below 72 there was no effect on milk production.
Broucek (2009) used formula proposed by Thom (1959) to estimate THI and reported that THI value of 70-
72 is like an alarm of the heat stress that is going to be observed in near future. The initial drop in milk
production is observed when THI reaches 72. THI range 72-78 may severely drop milk production. Though,
the utmost drop in milk production seen when THI is in the range of 76-78 and THI exceeding 82 may be

fatal to animals.
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Zimbelman et al. (2009) recommended that for dairy cows yielding above 35 kg per day the threshold THI
for milk yield drop should be 68 rather than 72. Smith et al. (2012) and National Pork Board, (2014) studied
the level of heat stress with corresponding THI for dairy and non-dairy cattle and recorded that THI below
69 imparts no heat stress to non-dairy cattle while THI below 67 imparts no heat stress to dairy cattle. THI
range of 70-74 is threshold for non-dairy cattle while 68-71 is for dairy cattle. Mild signs of heat stress are
evident in non-dairy cattle at THI range 75-78 but most animal can adjust to the stress while the dairy cattle
mild signs of heat stress start at THI 72-79. Moderate danger zone begins at THI 79-83 for non-dairy cattle
and at 80-89 THI for dairy cattle where some animals will be significantly affected. THI above 91 is
extremely fatal. De Rensis et al. (2015) defined THI less than 68 to be thermal comfort zone for cows. Mild
signs of heat stress begin at THI of 68 to 74, drastic drop in production observed at THI above 75. Behera
(2016) reported that months January, February, March, October, November and December were the thermal
comfort period and April to September were the heat stress period in relation to effect of heat stress on
monthly test day fat%, monthly test day SNF% in buffaloes under sub-tropical climatic conditions of
Karnal, India while periods from October to mid-April were the thermal comfort zone and periods from

mid- April to last week of September were the heat stress periods for daily milk yield in the buffaloes.

Effect of Heat Stress on Production Traits of Dairy Cattle and Buffaloes

Ravagnolo et al. (2000) compared different environmental factors (average, minimum, maximum
temperature, relative humidity and THI for predicting the influence of heat stress on milk production. The
factor with the greatest influence on milk production was found to be THI. Milk production was decreased
by 0.2 kg per unit of THI over 72. Ravagnolo and Misztal (2000) gave the idea that daily production of a
cow remains unaltered over a range of low and medium ambient temperature and there after crossing a
threshold value, starts declining. The decline in performance is nonlinear in nature, but can be linearized
by using function f (h), where h is a heat stress index. The rate of decline in milk production traits in
different heat stress levels makes the basis of classification of heat stress to different zones. Akyuz et al.
(2010) suggested that farmers should take suitable measures to minimize heat stress when THI reaches
above 72 to check drops in milk production and alterations in milk composition. Lactating dairy cows are
more prone to heat stress compared to dry cows as milk production elevates body internal metabolism
(Purwanto et al., 1990). Furthermore, there lies positive relationship between milk yield and metabolic heat
production; higher yielding cows are more sensitive to heat stress than low yielders (Spiers et al., 2004).
The THI threshold for lactating dairy cows yielding above 35 kg of milk per day is 68. Therefore, heat
stress ameliorating methods on commercial dairy farms should be instrumented earlier to prevent the
negative impact of heat stress on high yielders (Collier et al., 2012). St-Pierre et al. (2003) stated that THI
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of 70, 77 and 72 to be the degrees at which heat stress begins in dairy cows, dairy heifers (0 to 1 year) and

Hosted@www.ijlr.org L‘E-IIEJ: DOI 10.5455/ijlr.20181026073415



mailto:Hosted@www.ijlr.org
http://dx.doi.org/10.5455/ijlr.20181026073415

= Vel 10(3) Mar’20
W Jutewnational Jowmal of Livestock Research eISSN : 2277-1964 NAAS Score -5.36 (3)

dairy heifers (1 to 2 years), respectively. Tripti et al. (2018) conducted a research on 25 stud bulls belonging
to Sahiwal, Gir, Jersey cross, Holstein- Frisian cross and Murrah buffaloes for the thermo adaptability of
the above said breeds of cattle and buffaloes. The authors reported that bulls of Sahiwal, Gir and Jersey
cross had better thermal adaptability while Murrah buffalo and HF cross bulls exhibited poor thermal
adaptability. The effect of season, genetic group and genetic group X season (GXE interaction) was highly
significant (P<0.01) on thermo-adaptability of bulls.

Collier et al. (1981) reported a 24 to 48 hours delay between high environmental temperatures and declined
milk production. Linvill and Pardue (1992) suggested that milk production only begins to decline when the
THI continually goes above 74 during the previous 4 days. Summer heat stress exhibited negative effect on
milk yield, milk composition and reproductive performance of dairy cows in lIran (Zadeh et al., 2013).
Bouraoui et al. (2002) found a decline of milk production by 0.4 kg for every degree above THI of 69.
Ominski (2002) reported that milk production decreased by 4.8 % when cows were exposed to heat stress
compared to milk production of cows in the thermo-neutral zone. Kale and Basu (1993) analysed the impact
of average monthly THI on average daily milk yield in every month of Jersey and Holstein crosses reared
at institute herd of Eastern Regional Station, ICAR- NDRI, Kalyani, West Bengal. The authors declared
that THI has negatively influenced milk production and the adverse effects were more in Jersey crosses
compared to Holstein crosses under more humid conditions. In Frieswal cattle, there is a drop in wet average
by 0.29 and 0.19 percent and herd average by 0.24 and 0.13 percent per unit increase in maximum
temperature above 25°C and relative humidity above 60%, respectively (Mandal et al., 2002). Bouraoui et
al. (2002) reported that heat stress significantly reduced milk fat content from 3.58% during the spring to
3.24% during the summer. Milk protein percentage also significantly reduced as a result of summer heat
load (2.96 during spring vs.2.88% at summer) under Mediterranean climatic conditions. Pawar (2013)
reported that milk production, fat%, protein% and SNF% in Murrah buffalo decreases as THI increases.
Milk fat, protein and SNF % were estimated to be 8.3%, 3.08% and 9.08 %, respectively during the winter
which dropped down to 7.19%, 2.9% and 9.05%, respectively during summer. Behera (2016) reported a
decline in monthly test day fat% (-0.03%) and monthly test day SNF% (-0.0063%) during the heat stress

period (April to September) under subtropical climatic conditions at Karnal, India.

Strategies to Minimize Heat Stress

Selection and Breeding

Selective breeding of dairy animals for improving milk production has enhanced the susceptibility of
animals to thermal load by reduced summer production and reproduction. Cattle with shorter and wider hair

with greater diameter and lighter coat colour are better acclimatized to hot climate than their counterparts
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bearing longer hair and darker coat colour (Bernabucci et al., 2010). Bos. taurus cattle possess the above
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said phenotype making these cattle better adapted in tropical climate. Slick hair gene is responsible for slick
hair coat is associated with thermo-tolerance ability of cattle. Slick hair gene — a dominant gene is causes
rise in sweating rate, decreased rectal temperature and respiration rate in homozygous cattleas adaptive
measure in hot conditions (Mariasegaram et al., 2007).

Since dairy cows show reduced estrous symptoms during summer heat stress as compared to thermal
comfort periods, it is crucial to implement good heat detection strategies to identify oestrous cows with
marginal heat symptoms. Artificial insemination is a better option than natural service because in natural
service both bull and cows are affected by heat stress. Furthermore, there is the existence of noticeable
difference for heat tolerance and heat susceptibility among breeds and also among animals within a breed.
Uplifting dairy animal’s adaptation to heat load can be realized in two ways viz; selection of heat tolerant
animals and introgression of heat tolerant genes from a tolerant breed into a large herd (Renaudeau et al.,
2012). Identification and selection of heat tolerant animals and addition of heat tolerance as a trait while
constructing selection index in selection programme will be a boon. Several genetic markers can help in
selecting heat tolerant animals viz; slick hair gene (Dikmen, 2008). The slick hair gene when introgressed
in temperate cattle breeds, produces slick hair coat that improves heat tolerance competence (Berman,
2011). There are some other genes viz., heat shock protein family (HSP) genes, ATP1A1 gene that have
been identified as candidate genes responsible for thermal tolerance and adaptation in thermal stress in
cattle can be used in marker assisted selection of heat tolerant animals. A Single Nucleotide Polymorphism
(C2789A) was detected in exon 17 of ATP1A1 gene of Vrindavani and Tharparkar cattle. Three genotypes;
CC, CA, and AA were seen in both the cattle breeds. Genotype phenotype association study revealed that
the animals with genotype CC exhibited significantly lower rectal temperature and higher heat tolerance
coefficient than the other two genotypes (Kashyap, 2015).

Cooling the Farm Environment

Good airy animal housing system with proper ventilation and proper cooling strategies helps in ameliorating
heat load in animals. Evaporating cooling system is helpful in elevating milk production in dairy animals
(Ryan, 1992). The farm should be well ventilated. Planting of trees at the farm surrounding will help in
easing heat stress. In today’s commercial dairy industry plantation around farm is not always a feasible
option. Thus, providing artificial shade area by cloth or a naturally well-ventilated structure with open
sidewalls can protect the cows from direct sun. The other options of cooling are fogging systems which
uses very fine water droplets dispersed into the air stream and allowing quick evaporation, therefore cooling
the air around. In a similar way misting system which generate comparatively larger droplets than fogging

systems, uses the same principle to cool the air. The sprinklers are however work differently from foggers
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and misters. The sprinklers do not cool the air rather it cools the hair and skin of the animals. Sprinkling is
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a very effective in combination with air circulation. Installing fans along with water sprinkling provision
inside the farm house serves as the best indoor cooling choice. Excessive sprinkling should be avoided as
it can result into wet bedding increasing the risk of mastitis and other diseases.

In buffaloes significantly higher milk yield observed by misting and wallowing during May — June (hot dry
periods) and wallowing during July (hot humid period) and maintained physiological, metabolic, endocrine
and redox homeostasis (Yadav et al., 2016).

Feeding Management

Heat stressed animals are more prone to have lower reproductive and productive performance. Feeding
balanced rations along with high quality forages will alleviate heat stress and will enhance milk production
in dairy cattle and buffaloes. Some nutritional management tips to alleviate heat load on animals are:
provision of high quality feeds like total mixed rations, increase the feedings frequency, provide feed during
cooler times of the day, provide feed fresh as much as possible, give high-quality forage, maintain adequate
fibre content in feed, use of by—pass proteins can enhance the milk yield and protein content. Provision of
sufficient cool water is very important strategy to alleviate heat stress. (Sahu and Behera, 2017). Feeding
the cows with high quality forages and balanced rations will alleviate some of the negative effects of thermal
stress. Increasing Potassium amount in the diet can be helpful as it is the key sweat gland regulator in cattle
(Samal, 2013). Antioxidants like vit. A, selenium, zinc, etc. and ruminant- specific live yeast can be fed
that helps in minimizing the impact of thermal stress on the oxidant balance, thus boosting reproduction

efficiency and animal health (Sejian et al., 2014).

Conclusion

Heat stress reflected through high THI value is a major concern for dairy farmers because of the associated
reduction in milk production leading to economic losses. Higher THI can limit the reproductive and
production ability of the animals. Implementing proper breeding programs, selection of heat tolerant
animals, cooling strategies at farm with proper ventilation and feeding balanced nutrient dense ration can
help to combat negative effects of heat stress. During the heat stressed periods of the year with high THI
values (THI >72), proper managemental strategies should be undertaken to reduce the negative effects of

heat stress and maintain optimal milk production.

References

1. Akyuz, A., Boyaci, S. and Cayli, A. (2010). Determination of critical period for dairy cows using
temperature humidity index. Journal of Animal and VeterinaryAdvances,13, 1824 — 1827.

2. Armstrong, D.V. (1994). Heat stress interaction with shade and cooling. Journal of Dairy Science, 77,
2044-2050.

3. Behera, R., Chakravarty, A.K., Sahu, A., Kashyap, N., Rai, S. and Mandal, A. (2018a). Identification
of best temperature humidity index model for assessing impact of heat stress on milk constituent traits

Hosted@www.ijlr.org L‘E-EEJ: DOI 10.5455/ijlr.20181026073415

Page4‘ 5



mailto:Hosted@www.ijlr.org
http://dx.doi.org/10.5455/ijlr.20181026073415

= Vel 10(3) Mar’20
W Jutewnational Jowmal of Livestock Research eISSN : 2277-1964 NAAS Score -5.36 (3)

in Murrah buffaloes under subtropical climatic conditions of Northern India. Indian Journal of Animal
Research 52(1):13-19.

4. Behera, R., Chakravarty, A. K., Kashyap, N., Bharti, Rai, S., Mandal, A., Singh, A. and Gupta, A.K.
(2018b) Identification of most suitable temperature humidity index model for daily milk yield of
Murrah buffaloes in subtropical climatic condition of India. Indian Journal of Animal Sciences
88(7):74-77.

5. Behera R. (2016). Evaluation of the effects of Heat stress on breeding values for milk production traits
in Murrah buffaloes (Doctoral Thesis). Retrieved from http://krishikosh.egranth. ac. in/ handle /1/
581006720.

6. Berman, A. (2018). Invited review: Are adaptations present to support dairy cattle productivity in warm
climates? Journal of Dairy Science, 94:2147-2158.

7. Bernabucci, U., Lacetera, N., Baumgard, L.H., Rhoads, R.P., Ronchi, B., Nardone, A. (2010).
Metabolic and hormonal acclimation to heat stress in domesticated ruminants. International Journal of
Animal Bioscience, 4(7):1167-1183.

8. Berry, I.L., Shanklin, M.D. and Johnson, H.D. (1964). Dairy shelter design based on milk production
decline as affected by temperature and humidity. Transactions of American Society of Agricultural
Engineers, 7:329-331.

9. Bianca, W. (1962). Relative importance of dry- and wet-bulb temperatures in causing heat stress in
cattle. Nature, 195: 251-252.

10. Bohmanova, J., Misztal, I. and Cole, J. B. (2007). Temperature Humidity Indices as indicators of milk
production losses due to heat stress. Journal of Dairy Science, 90 (4):1947-1956.

11. Bohmanova, J., Misztal, I., Tsuruta, S., Norman, H.D. and Lawlor, T.J. (2005). National genetic
evaluation of milk yield for heat tolerance of United States Holsteins. Interbull Bull. 33:160-162.

12. Bouraoui, R., Lahmar, M., Majdoub, A., Djemali, M. and Belyea, R. (2002). The relationship of
temperature-humidity index with milk production of dairy cows in a Mediterranean climate. Animal
Research. 51: 479-491.

13. Collier, R.J. and Hall, L., Supapit, R. and Zimbelman, R. (2012). Quantifying Heat Stress and its
Impact on Metabolism and Performance. Department of Animal Sciences University of Arizona.
Proceedings of Florida Ruminant Nutrition Symposium.

14. Collier, R.J., Eley, R.M., Sharma, A.K., Pereira, R.M. and Buffington, D.E. (1981). Shade management
in subtropical environment for milk yield and composition in Holstein and Jersey cows. Journal of
Dairy Science, 64:844-849.

15. Curtis, S.E. (1983). Environmental management in animal agriculture. lowa State University Press,
Ames, lowa.

16. Dash, S., Chakravarty, A.K, Singh, A., Upadhyay, A., Singh, M., Yousuf, S. (2016) Effect of heat stress
on reproductive performances of dairy cattle and buffaloes. Veterinary World, 9(3):235-244.

17. De Rensis, F., Garcia-Ispierto, I. and Lopez-Gatius, F. (2015). Seasonal heat stress: Clinical
implications and hormone treatments for the fertility of dairy cows. Theriogenology 84:659-666.

18. Dikmen, S., Alava, E., Pontes, E., Fear, J.M., Dikmen, B.Y., Olson, T.A. and Hansen, P.J. (2008).
Differences in thermoregulatory ability between slick-haired and wild-type lactating Holstein cows in
response to acute heat stress. Journal of Dairy Science. 91:3395-3402.

19. Dobson, H. and Smith, R.F. (2000). What is stress and how does it affect reproduction? Animal
Reproduction Science, 60: 743-752.

20. IPCC (Intergovernmental Panel on Climate Change). (2007). Summary for policy makers. Pp 23.
Cambridge Press, Cambridge, UK.

21. Jordan, E.R. (2003). Effects of heat stress on reproduction. Journal of Dairy Science 86: 104-114.

22. Kale, M.M. and Basu, S.B. (1993). Effect of climate and breed on the milk production of crossbred
cattle. Indian Journal of Dairy Science, 46(3):114-118.

Hosted@www.ijlr.org L‘E-IIEJ: DOI 10.5455/ijlr.20181026073415

Page4‘ 6



mailto:Hosted@www.ijlr.org
http://dx.doi.org/10.5455/ijlr.20181026073415

= Vel 10(3) Mar’20
W Jutewnational Jowmal of Livestock Research eISSN : 2277-1964 NAAS Score -5.36 (3)

23. Kashyap, N., Kumar, P., Deshmukh, B., Bhat, S., Kumar, A., Chauhan, A., Bhushan, B., Singh, G., &
Sharma, D. (2015). Association of ATP1A1 gene polymorphism with thermotolerance in Tharparkar
and Vrindavani cattle. Veterinary world, 8(7): 892-897.

24. Khansari, D.N., Murgo, A.J. and Faith, R.E. (1990). Effect of stress on the immune system.
Immunology Today, 11: 170-175.

25. Linvill, D.E. and Pardue, F.E. (1992). Heat stress and milk production in the South Carolina coastal
plains Journal of Dairy Science, 75: 2598-2604.

26. Mader, T.L., Davis, M.S. and Brown-Brandl, T. (2006). Environmental factors influencing heat stress
in feedlot cattle. Journal of Animal Science 84:712-719.

27. Marai, L.F.M., El-Darawany, A.A., Fadiel, A. and Abdel-Hafez, M.A.M. (2007). Physiological traits
as affected by heat stress in sheep—A review. Small Ruminant Research, 71: 1-12.

28. Marai, |.F.M., Ayyat, M.S., Abd EL-Monem U M. (2001). Growth performance and reproductive traits
at first parity of New Zealand White female rabbits as affected by heat stress and its alleviation, under
Egyptian conditions. Tropical Animal Health and Production 33: 1-12.

29. Mariasegaram, R., Chase, C.C., Jr Chaparro, J.X., Olson, T.A., Brenneman, R.A., Niedz, R. P. (2007).
The slick air coat locus maps to chromosome 20 in Senepol-derived cattle. Animal Genetic, 38(1):54-
59.

30. McDowell, R.E., Hooven, N.W. and Camoens, J.K. (1976) Effect of climate on performance of
Holsteins in first lactation. Journal of Dairy Science, 59:965-71.

31. National Oceanic and Atmospheric Administration. (1976). Livestock hot weather stress. U.S.
Department of Commerce, National Oceanic and Atmospheric Administration, National Weather
Service Central Region. Regional Operations Manual Letter C-31-76.

32. National Pork Board. (2014). Transportation Quality Assurance Handbook, Version 5. Des Moines, 1A:
National Pork Board. http://old.pork.org/filelibrary/ resources/04113.pdf.

33. National Research Council. (1971). A guide to environmental research on animals. National Research
Council, National Academic. Science, Washington, DC.

34. Ominski, K.H., Kennedy, A.D, Wittenberg, K.M. and Moshtaghi Nia, S.A. (2002). Physiological and
production responses to feeding schedule in lactating dairy cows exposed to short-term, moderate heat
stress. Journal of Dairy Science, 85:730-737.

35. Pawar, H.N., Kumar, R. and Narang, R. (2013). Effect of Heat Stress on Milk Production and
Composition in Murrah Buffaloes. Journal of Buffalo Science, 2(2):98-102.

36. Polsky, L. and von Keyserlingk, M.A.G. (2017). Invited review: Effects of heat stress on dairy cattle
welfare. Journal of Dairy Sciencel00 (11):8645-8657.

37. Purwanto, B.P, Abo Y.R., Sakamoto, F., Furumoto and Yamamoto S.1990. Diurnal patterns of heat
production and heart rate under thermoneutral conditions in Holstein Friesian cows differing in milk
production. J. Agric. Sci. 114:139 https:// doi .org/ 10 .1017/s0021859600072117.

38. Ravagnolo, O. and Misztal, 1. (2000) Genetic component of heat stress in dairy cattle, parameter
estimation. Journal of Dairy Science, 83: 2126-30.

39. Renaudeau, D., Collin, A., Yahav, S., De Basilio, V., Gourdine, J.L. and Collier, RJ. (2012).
Adaptation to hot climate and strategies to alleviate heat stress in livestock production. Animal,
6(5):707-728.

40. Rosales, A.G. (1994). Stress syndrome in birds. Journal of Applied Poultry Research, 3: 199-203.

41. Ryan, D.P., Boland, M.P., Kopel, E., Armstrong, D., Munyakazi, L., Godke, R.A. and Ingraham, R.H.
(1992). Evaluating two different evaporative cooling management systems for dairy cows in a hot, dry
climate. Journal of Dairy Science, 75: 1052-1059.

42. Sahu, A. and Behera, R. (2017). Management of Dairy animals during heat stress. Retrieved from
https://vikaspedia.in/ agriculture/ livestock/ cattle-buffalo/ management of dairy animals during heat
stress

43. Samal, L. (2013). Heat Stress in Dairy Cows - Reproductive Problems and Control Measures
International Journal of Livestock Research 3(03):14-23.

Hosted@www.ijlr.org L‘E-IIEJ: DOI 10.5455/ijlr.20181026073415

Page4‘ 7



mailto:Hosted@www.ijlr.org
http://dx.doi.org/10.5455/ijlr.20181026073415

= Vel 10(3) Mar’20
W Jutewnational Jowmal of Livestock Research eISSN : 2277-1964 NAAS Score -5.36 (3)

44. Sejian, V., Singh, A.K., Sahoo, A., Nagvi, S.M.K. (2014). 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, 98:72-83.

45. Silanikove, N., Maltz, E., Halevi, A. and Shinder, D. (1997). Metabolism of Water, Sodium, Potassium
and Chloride by High Yielding Dairy Cows at the Onset of Lactation. Journal of Dairy Science, 80:
949-956.

46. Smith, J., Collier, R.J., Harner, I.1.1. and Bradford, B. (2012). Strategies to Reduce Heat Stress in Dairy
Cattle. In Proceedings of the 27th Annual Southwest Nutrition and Management Conference. Retrieved
from http://animal.cals.arizona.edu/swrmc/ Proceedings/2012.pdf

47. Spiers, D.E., Spain, J.N., Sampson, J.D. and Rhoads, R.P. (2004). Use of physiological parameters to
predict milk yield and feed intake in heat-stressed dairy cows. Journal of Thermal Biology, 29: 759-
764.

48. St-Pierre, N.R., Cobanov, B. and Schnitkey, G. (2003). Economic losses from heat stress by US
livestock industries. Journal of Dairy Science, 86: 52-77.

49. Thom, E. C. (1959). The discomfort indexes. Weatherwise 12:57-609.

50. Thom, E. C. (1958). Cooling degree days. Air conditioning, heating and ventilating 55: 65- 69.

51. Tripti, K., Pan, S., Satapathy, D., Chaoudhary R.K. and Sinha, B. (2018). Thermoadaptability of stud
bulls using heat tolerance indices under heterologous climate. International Journal of Livestock
Research 8(01):47-54.

52. West, J.W., Mullinix, B.G. and Bernard, J.K. (2003). Effects of hot, humid weather on milk
temperature, dry matter intake and milk yield in lactating dairy cows. Journal of Dairy Science, 86:232-
242.

53. Yadav, B., Pandey, V., Yadav, S., Singh, Y., Kumar, V. and Sirohi, R. (2016). Effect of misting and
wallowing cooling systems on milk yield, blood and physiological variables during heat stress in
lactating Murrah buffalo. Journal of Animal Science and Technology, 58(2) d0i10.1186/s40781-015-
0082-0.

54. Yousef, M.K. (1985). Heat production: mechanisms and regulation. Stress Physiology in Livestock
1:47-54.

55. Zimbelman, R.B., Rhoads, R.P., Rhoads, M.L., Duff, G.C., Baumgard, L.H. and Collier, R.J. (2009).
A re-evaluation of the impact of temperature humidity index (THI) and black globe humidity index
(BGHI) on milk production in high producing dairy cows. In: Proceedings of the Southwest Nutrition
and Management Conference, Arizona, pp. 158-168.

56. Zadeh, G.H., Mohit, N.A. and Azad, N. (2013). Effect of temperature-humidity index on productive
and reproductive performances of Iranian Holstein cows. Iranian Journal of Veterinary Research, 14
(2): 106-112.

Page4‘ 8

Hosted@www.ijlr.org L‘E-EEJ: DOI 10.5455/ijlr.20181026073415



mailto:Hosted@www.ijlr.org
http://dx.doi.org/10.5455/ijlr.20181026073415

