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A bstract
In the changing clim ate scenario , heat s tress is of m a jo r concern 
among livestock owners as it a ffec ts 'd ras tica lly  livestock production 
which otherw ise contributes 40%  o f w orld  agricu ltu re  G D P (gross 
dom estic product). Hence there is an urgent need fo r review ing 
the various strategies to counter the heat stress im pact on 
livestock production. THI (tem perature  hum id ity  index) m ay ' not 
be the ideal index to quantify  heat stress im pact on livestock as 
it does not take into account so la r rad ia tion  and w ind velocity. 
Hence, more appropriate agro-eco log ica l zone specific  indices 
like Dairy Heat Load Index (DHL1) w h ich  takes into account all 
cardinal w eather param eters is the need o f hour. Deve lopm ent 
o f appropriate heat abatem ent s tra teg ies depends on the type 
o f dairy operation practiced in a particu la r livestock farm . During 
heat stress, m anagem ent s tra teg ies such as provid ing shade, 
sprinklers, fans, cold water, m in im um  handling, grazing during 
early morning and late evening hours m igh t be very benefic ia l to 
im prove livestock production. C onsiderab le  efforts are needed to 
m odify the existing housing condition  according to the changing 
c lim atic  condition to im prove the livestock production. A part from  
m anagem ent strategies, nutritiona l s tra teg ies also m ust be given 
equa l im portance w hich not only w ill help the an im al to surv ive 
the stress but also it w ill ensure op tim um  energy for production 
processes. Nutritional in terventions such as additional concentrate 
supplem entation, re-form ula tion o f d ie t tha t accounts fo r reduced 
DMI, fat, m inerals, v itam ins and antioxidants  supp lem entation are 
very v ita l fo r ensuring optim um  production in livestock during heat 
stress condition. A ppropria te  health serv ice m easures needs to 
be taken to counter the em ergence o f sudden d isease outbreaks 
during heat stress condition. G eograph ic  in fo rm ation  system  (GIS) 
has to be in tegrated w ith d isease surve illance p rogram  to create 
the hazardous maps o f sudden d isease outbreaks and correlating 
them  w ith clim ate and o ther in form ation m igh t be very usefu l for 
future predictions. In addition, pred ictive  m odeling system  can 
also be used as an effective tool to  fo recast the probab ility  o f a 
disease outbreak. A dvanced technolog ica l deve lopm ent need to be 
integrated w ith su itable breeding p rogram s using m arker assisted 
selection to develop agro-eco log ica l zone specific  therm o-to le ran t 
breeds of livestock. The deve loped s tra teg ies should be user 
friendly and econom ica lly feas ib le  if farm ers have to adopt those 
strategies to im prove livestock production in the changing clim atic 
condition.

K e y w o rd s : C lim ate change; Cold diet; L ivestock; Nutrition; She lter 
design, THI

‘ C orresponding author: Dr. V. Sejian, Senior Scientist, Animal Physiology 
Division. ICAR-National Institute of Animal Nutrition and Physiology, Adugodi. 
Bangalore-560030, India. Tei. +91-9740726121: Fax. +9.I-0 8 0 -2 5 7 11420: E-mail: 
drsejian@gmail.com

Received: January 27. 2015 A ccepted: March 02. 2016 Published: March 
06 2015

Journal of 
Veterinary Science & 

Medical Diagnosis
■6....................................................    "• -  -7

4  SGITEDHNOL JO URNAL,

Introduction
In  th e  c h a n g in g  c lim ate  sc en a rio , h ea t stress is o f  m a jo r  co n ce rn  

a m o n g  livestock  o w n ers  in a lm o s t all th e  d eveloped  as well as 
d ev e lo p in g  c o u n tr ie s  [ 1 ]. D a ra m o la  et al. [2] s ta te d  th a t h ea t stress 
re su lts  fro m  th e  a n im a l’s in ab ility  to  d iss ip a te  sufficient h ea t to 
m a in ta in  h o m e o th e rm y . A c c o rd in g  to  K u m a r e t al. [3] increased  
a m b ie n t te m p e ra tu re  m ay  lead  to  e n h a n c e d  h ea t gain  as c o m p a re d  to 
h ea t loss fro m  th e  b o d y  a n d  m ay  cau se  h ea t stress in an im als. T he m ain  
w e a th e r  p a ra m e te rs  th a t  in flu e n ce  th e  h ea t stress  are  te m p e ra tu re , 
.relative h u m id ity , w in d  velocity  a n d  so la r  rad ia tio n  w hile  th e  level 
o f  h ea t stress  is d e p e n d e n t o n  th e  a n im a l’s ac tiv ity , b o d y  c o n d itio n , 
co a t cov er a n d  co lo r, a n d  d isp o s itio n . H e a t stress  resu lts in increased  
b o d y  te m p e ra tu re , in c rease d  w a te r  c o n s u m p tio n , d ecreased  feed 
c o n su m p tio n , re d u c e d  w e ig h t ga in , p o o f  b reed in g  efficiency, low er 
m ilk  p ro d u c tio n , in c rease d  d isease  su scep tib ility , behav io ra l changes, 
a n d  u ltim a te ly  m ay  lead  to d ea th . S ince th e  m etab o lic  en ergy  being  
d iv e rted  to a m e lio ra te  th e  stress, th e  p ro d u c tio n  efficiency o f  the  
liv esto ck  is d ra stica lly  re d u c e d  a n d  th u s  lead in g  to hu g e  eco n o m ic  
losses to liv esto ck  fa rm ers . I t h as been  e s tim a ted  th a t h ea t-re la te d  
even ts  in th e  M id w e st hav e  cost th e  ca ttle  in d u s try  over $75 m illio n  
in th e  pas t 10 years. H e a t s tre ss  is th e  m a in  fac to r th a t a cco u n ts  for 
th e  m a jo r  losses in  liv esto ck  se c to r, w h ich  co n tr ib u te s  a b o u t 40%  o f  
a g ric u ltu re  G D P  in  th e  w o rld  a n d  h en ce  th e re  is an  u rg e n t need  o f  
resea rch  a tte m p ts  in am e lio ra tin g  th e  h e a t stress in livestock. H ence , 
th e  m ain  ob jec tive  o f  th is p a p e r  is to rev iew  the v arious stra teg ies 
to c o u n te r  the  h e a t s tress  im p a c t o n  livestock  p ro d u c tio n . Special 
em p h as is  was g iven to cover m e a s u re m e n t o f  severity  o f  h ea t stress, 
sh e lte r  designs, n u tr it io n a l  in te rv e n tio n s  as well as the  h ealth  serv ices 
fo r a m e lio ra tin g  th e  loss o f  livestock  p ro d u c tio n  in th is review .

Measurement of Severity of Heat Stress
T he sev erity  o f  h e a t stress  can  be  u n d e rs to o d  by  calcu la ting  

th e  T e m p e ra tu re  H u m id ity  In d e x  (T H I) w h ich  is o n e  o f  the  m o st 
accep ted  in dexes fo r assessing  th e  im p ac t o f  h ea t stress o n  livestock 
p ro d u c tio n . T H I w as u sed  as a g u id e  to  assess h ea t stress by  co m b in in g  
th e  effects o f  te m p e ra tu re  an d  re la tive  h u m id ity  (R H ) in to  o n e  single 
value  [4j. T he effect o f  h ea t s tre ss  o n  livestock  is b ro u g h t ab o u t by 
th e  cu m u la tiv e  ac tio n s  o f  w e a th e r  p a ra m e te rs  like te m p e ra tu re , RH , 
w in d  sp e ed  a n d  so la r  ra d ia tio n . H o w ev er, T H I  co n s id e rs  o n ly  the  
effect o f  te m p e ra tu re  a n d  R H , a n d  h en ce  it m ay  n o t be the  ideal ind ex  
to m easu re  th e  se v e rity  o f  h ea t s tress  in  livestock. As a resu lt the re  
w ere  several re fin e m e n ts  a t te m p te d  by v a rio u s  resea rch e rs  to  develop  
a p p ro p ria te  ind ex  in c o rp o ra tin g  all th e  w e a th e r  p a ram e te rs . T ab le  ! 
lists so m e  o f  th e  latest e q u a tio n s ' to m easu re  severity  o f  h ea t stress 
w h ich  was d e v e lo p ed  by re se a rc h e rs  ac ro ss th e  globe.

Different Approaches to Alleviate Thermal Stress
A cco rd in g  to C o llie r  et al. [ I 1 ] am e lio ra tin g  h ea t stress in an im als 

is a m u ltid isc ip lin a ry  a p p ro a c h  in v o lv in g  n u tr itio n , h o u sin g , an d  
h ea lth . A dvances in m a n a g e m e n t s tra teg ies have  allev iated  so m e o f  the  
n eg a tiv e  im p ac ts  o f  h ea t stress o n  fa rm  an im a ls  p a rticu la rly  in da iry  
ca ttle  [ I ?,]. D u rin g  h e a t stress, m a n a g e m e n t s tra teg ies  such  as p ro v id in g  
shade, sp rin k le rs , co ld  w ater, an d  n u tr it io n a l su p p le m e n ta tio n  can  
h e lp  to m an ag e  th e  stress  c o n d itio n  in  livestock . A lte rin g  feed ing  
m a n a g e m e n t su c h  as ch an g e  in feed ing  tim e  a n d /o r  freq u en cy  are
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Table 1: Different equations to measure severity of heat stress in livestock 
T-Temperature; RH-Relative Humidity; SR-Solar Radiation; W S-W ind Speed 
BGT-Black Globe Temperature.

Equation

Livestock weather hazard guide

THI = 4.51 + TH I-1 .992 W S +0.00068S R

TH I = db'C -  {(0.31 -  0.31 RH) (db C -  14.4)}
HLI (B G >25)=8.62+(0.38XR H ) + (1 ,55xBGtemp) - 
(0.5xWind Speed) + (e2-4 spee0)

HLI (BG<25) =10.66+ (0.28XRH) + (1 ,3xBG) - Wind 
Speed)
When TA <22.2 then

DHLI = {52:8 + (0.06 X RH) + (0.66 X  TA) -  (0.39  
X W S )j

When TA >22.2 then

DHLI = {1.09 + (0.36 X  RH) + (1.42 X  TA) + e ’1* 5* 26)

W eath er References  
Param eters

T, RH 
T, RH, W S. 

SR  
T, RH

BGT, RH. 
W S

BGT, RH. 
W S

[5]

[6,7]

[8]

[9]

[10]

efficient tools to avo id  excessive h e a t lo ad  o n  th e  an im a ls  an d  can 
im p ro v e  th e ir  su rv ival ra te  [ ]? ] . M e th o d s  to  e n h a n c e  h e a t exchange 
b e tw een  th e  e n v iro n m e n t a n d  th e  a n im a l sh o u ld  b e  im p ro v e d  so 
th a t  p e rfo rm an ce  u n d e r  h o t  c lim atic  c o n d itio n s  can  be  en h an ce d . 
D ifferences in  h ea t to le ran ce  ex is t b e tw een  species, b re e d s  a n d  w ith in  
each  b reed . T hus th e  effect o f  h e a t s tre ss  c a n  b e  re d u c e d  by  d ev e lo p in g  
su itab le  b reed in g  p ro g ra m  u sin g  m a rk e r  assis ted  se lec tio n . W ith  
th e  ad v an ce m e n t o f  tech n o lo g y , liv esto ck  fa rm ers  have  b een  able 
to  a d a p t th e ir  am en itie s  to  im p ro v e  th e  c o m fo rt o f  th e  an im als 
su c h  as p ro v id in g  shade, in c reas in g  a irflo w  a n d  th e re b y  im p ro v in g  
ev ap o ra tiv e  h ea t loss. A cc lim a tio n  is ye t a n o th e r  re so u rc e  th a t 
n a tu ra lly  h ap p en s  w h en  an im a ls  a re  b o rn  a n d  re a re d  in  h o t  w eather. 
D e v e lo p m e n t o f  a p p ro p ria te  h e a t  a b a te m e n t s tra teg ies d e p en d s  on  
th e  type o f  d a iry  o p e ra tio n  p ra c tic e d  in  a p a r t ic u la r  liv esto ck  farm . 
E fforts n eed s to  b e  m ad e  to  c a rry  o u t d a iry  o p e ra tio n s  like feed in g  an d  
m ilk in g  d u rin g  coo ler p a rts  o f  th e  day  to  p re v e n t h a n d lin g  o f  an im als 
d u r in g  h ea t stress c o n d itio n . In  a d d it io n , co o lin g  o f  h o ld in g  p en , fly 
c o n tro l, a tta c h in g  h ig h -p re ssu re  m is t sy s tem s to  p iv o ts , co n s tru c tio n  
o f  sh a d e  s tru c tu re s  a n d  su p p ly in g  a d lib itu m  w a te r  m ay  y ield  b e tte r  
resu lts  in  re liev ing  h e a t stress  im p a c t o n  livestock . A lso, co n s id e rab le  
effo rts are  n eed ed  to  im p le m e n t d iffe ren t n u tr it io n a l  a p p ro a c h e s  to 
tack le  h ea t stress im p ac t o n  livestock . F igu re  ! d escrib es th e  d ifferen t 
stra teg ies  to  c o u n te r  e n v iro n m e n ta l ex trem es in livestock .

Shelter Design for Alleviation of Heat Stress
S helter m a n a g e m e n t is o n e  o f  th e  k ey  te c h n iq u e s  fo r re d u c in g  the 

im p a c t o f  h ea t stress in livestock  [1]. A g o o d  sh e lte r  sh o u ld  p ro te c t 
th e  an im als from  ex trem e c lim atic  c o n d itio n  w ith o u t c o m p ro m is in g  
th e  an im al p e rfo rm a n c e  in  te rm s  o f  g ro w th , h e a lth  a n d  re p ro d u c tio n . 
C o n s id e rab le  efforts a re  n eed ed  to  m o d ify  th e  ex is tin g  h o u sin g  
c o n d itio n  acco rd in g  to  th e  c h a n g in g  c lim atic  c o n d itio n  to  im p ro v e  
th e  livestock  p ro d u c tio n . H ow ev er, w h ile  d o in g  so em p h as is  sh o u ld  
be  g iven  to use th e  eco n o m ica lly  v iab le  in d ig e n o u s  m ate ria ls  to  
m o d ify  the  shed s so th a t  fa rm ers  can  a d o p t th o se  te ch n o lo g ie s  easily 
[11,13.].

Shade

Use o f  shad e  was co n s id e red  as th e  m o s t effic ien t m e th o d  to 
m in im ise  th e  h ea t lo ad  o n  a n im a ls  d u r in g  h ea t stress [14]. Shade 
reduces exposu re  o f  an im als  to sc o rch in g  su n  d u r in g  su m m er. Shade

h ow ever do es n o t have  in flu en ce  on  w ea th e r p a ram e te rs  like R H  
a n d  a m b ien t a ir  te m p e ra tu re  [14], C o n s tru c tio n  o f  shad e  s tru c tu re s  
an d  p la n tin g  trees a ro u n d  th e  shed  w ill be  h ig h ly  beneficial to farm  
an im als  especia lly  in  h o t c lim ates [ 15). S hades are  th e  m o st effective 
m e th o d  by  w h ic h  th e  im p a c t o f  h ig h  so la r  ra d ia tio n  can  b e  red u ced  
a n d  th ese  can  b e  e ith e r  n a tu ra l o r  artific ia l [ i ].

Natural Shade

Tree sh ad es have p ro v ed  to be  m o re  effic ien t a n d  artific ial 
sh a d e  s tru c tu re s  need  to  be  c o n s tru c te d  on ly  w hen n a tu ra l sh a d e  is 
unavailab le  [1], T hey d o  n o t eftectis'e ly  b lo ck  so la r rad ia tio n  b u t the  
ev ap o ra tio n  o f  m o is tu re  fro m  le a f  su rfaces cools the  su r ro u n d in g  
a ir  w ith o u t in te rfe r in g  w ith  a ir  c ircu la tio n . T he h ea t lo ad  will be 
v e ry  little  o n  a n im a l s ta n d in g  in  a n a tu ra l sh a d e  co m p ared  to th a t o f  
sh e d  m ad e  u p  o f  artific ia l roo fing . A n im als  co n su m e  m o re  feed an d  
w ate r w h en  th e  feeders a n d  w a te re rs  are  p laced  in  shad e  [16]. The 
g ro u n d  cover a ro u n d  a sh a d e  is a fac to r o f  im p o rta n c e to  m in im izes 
th e  im p a c t o f h e a l stress. T h e  level o f  th e rm a l rad ia tio n  above a grass 
field is less th a n  th a t  o f  a  so lid  co n c re te  [IS ]. G rass p rev en ts  th e  soil 
e ro s io n  an d  saves th e  trees a n d  w ith  c o n tin u e d  m an a g e m e n t p rov ides 
a cooler, c leaner, a n d  d r ie r  p lace  for an im a ls  d u r in g  p e rio d s  o f  h o t 
w ea th e r  [1.6].

Artificial Shade

S olar ra d ia tio n  is th e  m a jo r  cau se  o f  h ea t stress w h ich  en h an ce s 
h ea t g a in ed  by th e  g raz in g  a n im a ls ’ b o th  by  d ire c t as well as in d ire c t 
m eans . H en ce  u n d e r  g raz in g  c o n d itio n s  p ro v isio n  o f  artific ial 
sh a d in g  m ig h t im p ro v e  th e  c o m fo rt o f  a n im a ls a n d  th ereb y  the  m ilk  
p ro d u c tio n  [1], T h ere  a re  tw o  typ es o f  artific ia l shade: (i) p e rm a n e n t 
sh a d e  s tru c tu re s  an d  (ii) p o r ta b le  sh a d e  s tru c tu re s . M ajo r p a ram e te rs  
fo r d es ig n in g  p e rm a n e n t sh a d e  s tru c tu re s  are: o rien ta tio n , floo r space, 
h e ig h t, v e n tila tio n , ro o f  c o n s tru c tio n , feed in g  a n d  w ate r facilities an d  
w aste  m a n a g e m e n t system .

T he o r ie n ta tio n  o f  th e  sh e d  varies acco rd in g  to d ifferen t agro  
c lim atic  zones. T he p e n e tra tio n  o f  so la r ra d ia tio n  in an im al shed  m ay 
b e  p rev en ted  by  p lac in g  th e  lo n g itu d in a l axis o f  th e  sh ed  a lo n g  east -  
w est d irec tio n  in  th e  n o r th e rn  h e m isp h e re  [13,17,18]. A lig n m en t o f 
th e  lon g -ax is  o f  th e  sh ed  in  an  eas t-w e st d ire c tio n  en su res m ax im u m  
a m o u n t o f  sh a d e  to  th e  an im a ls . T h is ty p e  o f  sh ed  is generally  
p re fe rre d  w h ere  an im a ls  are  k e p t in  co n fin ed  c o n d itio n . H ow ever, in 
sh e d s w h ere  an im a ls  can  m o v e  free ly  u su a lly  n o r th -s o u th  o r ie n ta tio n  
is p re fe rred  [16 |.

R e in fo rced  c o n c re te  slab flo o rs at leas t 4 inch es th ick , w ith  a
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sm o o th  finish, a n d  g ro o v ed  fo r g o o d  fo o tin g  are  re c o m m e n d e d  
in  an im a l sheds. Space re q u ire m e n ts  in s id e  th e  sh e d  are  d o u b led  
especially  in  h o t an d  h u m id  c lim ates to  p ro v id e  a d d itio n a l o p en  area  
fo r im p ro v ed  a ir m o v em en t in  o rd e r  to  avo id  stress  to  th e  an im als 
[16]. H e fu rth e r  em p h asized  th a t th e  n a tu ra l a ir  m o v e m e n t u n d e r  a 
sh a d e  s tru c tu re  w as affected  by its h e ig h t, w id th , slo p e  of th e  roof, an d  
th e  p resen ce  of, o r  size of, th e  r id g e 'o p e n in g . Several resea rch ers  have 
re p o rte d  th a t an im al sheds sh o u ld  have  a  m in im u m  o f  3 m  h e ig h t to 
a llow  sufficient a ir  flow  to  p ro v id e  c o m fo rt to  th e  a n im a ls  [1.4]. F o r h o t 
c lim ates, th e  side w alls sh o u ld  b e  e q u ip p e d  w ith  ad ju s ta b le  c u r ta in  to  
e n su rec ro ss flow v en tila tio n  to  p ro v id e  c o m fo rt to  th e  an im a ls  [19].

Cooling Methods

A long  w ith  p ro v id in g  the  sh a d e , use  o f  w a te r  as a co o lin g  agen t 
w as fo u n d  to be  an  efficient m e th o d  fo r re d u c in g  effect o f  h e a t stress 
o n  an im als p a rticu la rly  u n d e r  d ry  h o t a n d  low er h u m id ity  clim ates. 
E vapora tive  coo ling  in  an im a ls  can  b e  a c c o m p lish ed  e ith e r  b y  d irec t 
ev ap o ra tio n  fro m  th e  sk in  su rface  o f  th e  an im a l o r  by in d ire c t 
ev ap o ra tio n  by  coo ling  th e  m ic ro e n v iro n m e n t o f  th e  an im a ls  w ith  
co o lin g  pads an d  fans in an  enc lo sed  sh e d  [12], A cco rd in g  to  U gurlu  
a n d  U zal [18], w a te r an d  a ir  flow  b eco m es th e  ag en ts b y  w h ich  the  
m ic ro e n v iro n m e n t is co o led  a n d  ev ap o ra tiv e  co o lin g  b y  th e  an im als 
is au g m en ted . N aas e t al. [20] su g g ested  th a t th e  in s ta lla tio n  o f  co o lin g  
dev ices such as fans a long  w ith  fogg ing  in s id e  th e  free sta ll decreases 
th e  d ry  bu lb  m ax im u m  average te m p e ra tu re s  w h ich  led  to  a s ign ifican t 
im p ro v e m e n t in th e  average m ilk  y ie ld  fo r (4.2 k g /co w /d ay ). S hearer 
e t al. [16] sta ted  th a t th e  m ech an ica l v en tila tio n  w ith  a ir  sp e ed  h ig h e r 
th a n  0.5 m /s  n e a r  th e  an im a ls  f u r th e r  red u ces  th e  negative  effects o f  
h ea t stress.

K alyan et al. [13] sugg ested  th a t th e  s id e  w all sh o u ld  n o t be  fully 
en c lo sed  to allow  air m o v em en t th ro u g h  th e  sh e d  an d  sh o u ld  be 
p ro v id ed  w ith  o p en in g s o r sh o r t side  w alls o f  a b o u t 1 m e te r  h e ig h t so 
as to en su re  sufficient a ir  flow. Sejian e t al. [1] an d  B ry an t e t al. [21] 
rep o rted  th a t th e  d o u b le  wall ap p ro ach  can  be used , w h ere  th e  ex tra  
wall layers are c o n s tru c te d  a t th e  en d  o f  th e  sh e d  a n d  th e  o u te r  layer 
w as p laced  10 cm  aw ay fro m  th e  in s id e  w all, w ith  v e rtica l o p en in g s 
at b o th  ends. In th is the  b o tto m  o p e n in g  a llow ed  th e  co ld  a ir  to 
enter, w hile  the  u p p e r  o p e n in g  a llow ed  h o t a ir  to  ex it s im ultaneously . 
T he 10 cm  o f  gap betw een  the  tw o w alls p ro v id es a th e rm a l b a rrie r  
o r  in su la tio n  in o rd e r  to p rev en t co n d u c tiv e  th e rm a l en erg y  from  
en te r in g  the  an im al shed.

D irect methods

Several d irec t m e th o d s  o f  co o lin g  are  availab le  like m isting , 
•fogging an d  sp rin k lin g  system s [1], S p rin k lin g  do es n o t  a tte m p t to 
coo l a ir  as it does in th e  case o f  fogg ing  a n d  m is tin g  b u t in s tea d  uses 
large  w ate r d ro p le t size to w et th e  h a ir  co a t o f  th e  a n im a l directly. 
H ow ever, sp rin k lin g  increases th e  efficacy o f  n o n -e v a p o ra tiv e  coo ling  
m ech an ism  by red u c in g  th e  a m b ie n t a ir  te m p e ra tu re  in  th e  v ic in ity  
o f  th e  an im als  [14]. O n ce  sp rin k le rs  are  u se d  to  w et th e  an im als , fans 
are u sed  to  force a ir  over th e  b o d y  cau s in g  ev ap o ra tiv e  co o lin g  to take 
p lace  o n  th e  sk in  a n d  h a ir  co a t [22], H ig h  p re ssu re  ir r ig a tio n - ty p e  
sp rin k le rs  are an  eco n o m ica l w ay o f  w e ttin g  th e  an im a ls , especially  
w h e n  coup led  w ith  fans, to  in crease  a ir  m o v e m e n t [ 1,1.7,23], H ow ever, 
co o lin g  in  co m b in a tio n  w ith  sp r in k le rs  a n d  fans are  o ften  co n s id e red  
to  be .highly expensive [17,24], Several s tu d ie s  have fo u n d e d  th a t 
u p p e r  b o d y  sp rin k lin g  to g e th e r w ith  fo rc e d -a ir  v en tila tio n  as an 
effective m eans to  reduce  b o d y  te m p e ra tu re , in c rease  feed  in tak e  an d  
th e re  by th e  m ilk  yield. F u rth e r, B ro u k  et al. [25] sugg ested  c o n tin u o u s  
a ir  flow  an d  w etting  th e  an im a ls  a t 5 m in u te s  in te rv a l to  be  th e  m o st
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p rac tica l m e th o d  o f  co o lin g  th e  d a iry  an im a ls  to  en su re  in c rease d  
m ilk  p ro d u c tio n .

Indirect method

In d ire c t m e th o d  o f  co o lin g  ta rg e ts  co o lin g  th e  m ic ro -e n v iro n m e n t 
ra th e r  th a n  d irec tly  co o lin g  th e  an im als . T he advan tage  over d irec t 
m e th o d  is th a t it m ay  n o t crea te  h ig h  h u m id ity  p ro b lem  as th a t w ould  
o c c u r  if  an im a ls  a re  d irec tly  w e tted  [11], A n  eco n o m ica lly  p rac ticab le  
m e th o d  to  coo l th e  m ic ro -e n v iro n m e n t is th e  ev apora tive  coo ling  p ad  
a n d  fan  system  w h ich  u ses th e  en erg y  fro m  a ir to  evapora te  w ater. 
F u rth e r, th ese  m e th o d s  have  a lso  b een  o b se rv ed  to  be efficient in 
red u c in g  th e  a m b ie n t a ir  te m p e ra tu re  in  h u m id  clim ates too  [ 12,13].

Nutritional Intervention to Counter Heat Stress
S helter m a n a g e m e n t s tra teg ies  a lo n e  c a n n o t c o u n te r  the  h ea t 

stress im p a c t o n  liv esto ck  p ro d u c tio n  as th ese  stra teg ies m ay  on ly  
help  to  create  a co n g en ia l e n v iro n m e n t fo r th e  an im als  to su rv ive  
a n d  rep ro d u c e . I f  o n e  a tte m p ts  im p ro v in g  livestock  p ro d u c tio n  
d u r in g  h ea t stress  c o n d itio n , em p h as is  sh o u ld  b e  g iven to  develop  
su itab le  n u tr itio n a l s tra teg ies  to  en su re  b a lan ced  n u tr ie n t  in take  for 
m a in ta in in g  b o th  th e rm o re g u la tio n  an d  p ro d u c tio n  [3], Efficient 
n u tr it io n a l s tra teg ies  su ch  as a d d itio n a l c o n c e n tra te  su p p le m e n ta tio n , 
re -fo rm u la tio n  o f  d ie t th a t  a c c o u n ts  fo r red u ced  D M I, fat, m inera ls, 
v itam in s  an d  a n tio x id a n ts  su p p le m e n ta tio n  are  v e ry  v ital fo r e n su rin g  
o p tim u m  p ro d u c tio n  in  liv esto ck  d u r in g  h ea t stress co n d itio n  
[26,27]. A lte ra tio n s  in  feed  fo rm u la tio n s  have  been  useful in red u c in g  
h ea t p ro d u c tio n , w ith  th e  ad e q u a te  su p p ly  o f  essen tia l n u tr ie n ts  
fo r p ro d u c tio n  - espec ia lly  a g o o d  b a lan ce  o f  a m in o  ac ids [13]. In 
ad d itio n , su p p le m e n ta tio n s  su c h  as d ie ta ry  c h ro m iu m  p ico lina te , 
b e ta in e  as w ell as a lte r in g  th e  ra te  o f  s ta rch  fe rm e n ta tio n  have 
fo u n d  to be  b enefic ia l to  c o u n te r  h ea t stress im p ac t on  livestock  
[12], A n tio x id a n t su p p le m e n ta tio n  is o n e  o f  th e  p r im a ry  m ean s o f  
red u c in g  th e  h e a t stress  im p a c t o n  livestock  as th e ir  ox idative b a lan ce  
are  gen era lly  d is tu rb e d  d u r in g  th is  stress  c o n d itio n . A cco rd in g  to 
M ac  A r th u r  [28] th e  effect o f  h e a t stress  can  be co u n te rb a la n c e d  by 
im p ro v in g  th e  a n tio x id a n t sys tem  o f  an  an im a l th ro u g h  n u tr itio n a l 
su p p le m e n ta tio n . T he su p p le m e n ta tio n  o f  an tio x id an ts , b o th  
en zy m atic  a n d  n o n -e n z y m a tic , p ro v id e  n ecessa ry  defense  against 
ox idative  stress  a n d  p rev en t th e  a c c u m u la tio n  o f  ox idatively  d am ag ed  
m olecu les in th e  body, w h ich  m ay  o c c u r  as a resu lt o f  heat stress 
[3], A cco rd in g  to  S o re n e t al. [27] ad d itio n  o f  e lec tro ly tes in th e  d ie t 
w as fo u n d  to be m o re  beneficial to co m b a t h ea t stress in  an im als to 
im prove th e  m ilk  yield , m a in ta in  th e  ac id  base b alance  an d  to low er 
th e ir  b o d y  te m p e ra tu re . S u p p le m e n ta tio n  o f  so d iu m  an d  p o ta ss iu m  in 
th e  fo rm  o f  b ic a rb o n a te /c a rb o n a te  also  b en efited  th e  an im a ls  in  b e tte r  
reg u la tio n  o f  ac id -b ase  b a lan ce  in th e  b lo o d  [29], F u rth e r, K um ar 
et al. [30] o b se rv e d  th a t th e  in c o rp o ra tio n  o f  V itam in  C  a long  w ith  
e lectro ly te  in th e  d ie t w as fo u n d  to be  v e ry  effective to co u n te r  h ea t 
stress in buffaloes. Several S tu d ies have show n  th a t th e  a d d itio n  o f 
v itam in s  C, E, A a n d  z in c  are  v e ry  effective in am e lio ra tin g  the  adverse  
effect o f  h ea t stress  in th e  ru m in a n t  livestock  [27], Sathya e t al. [31] 
also  o b se rv ed  th a t V it-E  su p p le m e n ta tio n  a p a r t fro m  a llev ia ting  the  
h ea t stress im p a c t on  d a iry  a n im a ls  it a lso  im p ro v es th e  an tio x id an t 
s ta tu s  a n d  re d u c e s  th e  o c c u rre n c e  o f  m astitis , m e r it  is, a n d  re ten tio n  
o f  p lacen ta .

S o ren  e t al. [27] re p o r te d  th a t n u tr itio n is t’s o ften  co n sid er 
in creasin g  th e  en e rg y  o r  p ro te in  d en s ity  o f  th e  ra tio n  d u r in g  th e  h ea t 
stress p e r io d  fo r livestock . A cco rd in g  to  Sejian  e t al. [1], an im a ls  
sh o u ld  b e  fed w ith  co ld  d ie t d u r in g  th e  h ea t stress c o n d itio n . C o ld  
d ie t g en era tes  a h ig h  p ro p o r t io n  o f  n e t n u tr ie n ts  fo r en ergy  syn thesis
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a n d  reduces th e  basa l m etab o lic  h e a t g e n e ra te d  d u r in g  fe rm e n ta tio n  
an d  m etab o lism . A lte ra tio n s in  d ie t a re  n e e d e d  d u r in g  h o t c lim atic  
co n d itio n s  to  m a in ta in  n u tr ie n t  in tak e , in c rease  d ie ta ry  n u tr ie n t 
density , an d  u ltim ate ly  to  re -e s tab lish  h o m e o s ta s is  [32]. Tire best 
n u tr it io n a l in te rv en tio n  to  m in im iz e  th e  n egative  effects o f  h ea t 
stress on  feed in take  is to  a d d  fat to  th e  d ie t as fat p ro d u c e s  less heat 
th a n  carb o h y d ra tes o r  p ro te in  [27.32]. B eatty  [33] re p o r te d  th a t the  
ad d itio n  o f  fat to  the  d ie t o f  lac ta tin g  ca ttle , d u r in g  th e  h o t  w ea th e r was 
fo u n d  to  be  beneficial in  re d u c in g  th e  h e a t p ro d u c tio n  as co m p ared  
to  o th e r  feed stuffs. F at feed ing  a p a r t fro m  lo w e rin g  h e a t p ro d u c tio n  
also  helps to  im prove th e  d ie ta ry  en e rg y  d e n s ity  w h ich  p ro d u ces  
less m e tab o lic  heat. H ow ever, th e  p ro p o r t io n  o f  fat su p p le m e n ta tio n  
sh o u ld  n o t cross th e  p e rm iss ib le  level as o v e rfe ed in g  m ig h t lead  to 
m etab o lic  d iso rd ers  [32.33].

F ib er d iges tion  m a y  s ig n ifican tly  in c rease  th e  m e ta b o lic  hea t 
p ro d u c tio n  in d a iry  cow s [1], K u m a r et al. [3] r e p o r te d  th a t  b e e f  
he ife rs  fed w ith  pelle ted  d ie ts  c o n ta in in g  75%  c o n c e n tra te  (low  
fiber) h a d  low er h ea t p ro d u c tio n  c o m p a re d  w ith  th o se  fed pelle ts 
co n ta in in g  75% alfalfa (h igh  fiber) p ro v in g  th a t h ig h  fiber d ie ts  do 
have a g rea te r h ea t in c re m e n t th a n  d ie ts  lo w  in  fiber.H o lt et al. [34] 
also  re p o rte d  s im ila r  f ind ings th a t  lo w  fibre a n d  h ig h  g ra in  d ie ts 
low ers th e  m etab o lic  h ea t p ro d u c tio n  re d u c in g  th e  a d d itio n a l h ea t 
lo a d  on  th e  an im als. F u rth e r, n o c tu rn a l  feed in g  a n d  feed in g  d u r in g  
early  m o rn in g  a n d  la te  ev en in g  h o u rs  m a y  im p ro v e  th e  feed  in take  
a p a r t  fro m  p rev en tin g  th e  m e tab o lic  h e a t p ro d u c tio n  co in c id in g  w ith  
p e a k  a tm o sp h e ric  te m p e ra tu re  d u r in g  a f te rn o o n  [35],

Improving Health Services
M a in ta in in g  an im a l h e a lth  is an  im p o r ta n t  a sp e c t if  o n e  a ttem p ts  

to  su s ta in  livestock  p ro d u c tio n  d u r in g  h e a t s tre ss  c o n d itio n . E fforts 
are  n eed  to  be  tak en  to  m a in ta in  n o rm a l a n im a l, h e a lth  d u rin g  
stressfu l co n d itio n . D ev elop ing  p u b lic  aw aren ess a n d  o th e r  h ea lth  
ed u ca tio n  p ro g ram m es to  tack le  d iffe ren t d iseases th a t  a rise  as a resu lt 
o f  h ea t stress are  th e  p r im a ry  re q u ire m e n t to  tack le  h ea lth  issues [1]. 
F u rth e r, su rveillance  a n d  d isease  in v es tig a tio n  cap ac ities  need  to  be 
s tren g th en ed . In  ad d itio n , th e  d ev e lo p m en t a n d  h a rm o n iz a tio n  o f  
a p p ro p ria te  c ro ss -b o rd e r d isease  su rv e illan ce  have  also  to be  ca rr ie d  
o u t i f  o n e  a ttem p ts p ro v id in g  h e a lth  care  to  an im a ls . M od ifica tio n  
o f  pub lic  h ea lth  p ro g ra m m e s  b a se d  o n  v e te r in a ry  a n d  m ed ical 
c u r ric u lu m  an d  assessing  th e  so c io -e c o n o m ic  im p a c ts  o f  z o o n o tic  
d iseases are  very  c ru c ia l fo r th e  success o f  h e a lth  aw areness p ro g ra m . 
A lso p ro p e r  n e tw o rk in g  a m o n g  e p id em io lo g ica l a n d  la b o ra to ry  
u n its  u n d e r  p ub lic  h ea lth  a n d  a n im a l h e a lth  se c to rs  sh o u ld  be 
es tab lished . M o st im p o rta n tly  d e v e lo p m e n t o f  p rev en tio n  an d  
c o n tro l stra teg ies like use  o f  v acc in es fo r livestock  d iseases a n d  p ilo t 
p ro jec ts , in c o rp o ra tin g  th e m  in  th e  ex is tin g  c o n tro l p ro g ra m m e s  fo r 
specific d isease are  h ig h ly  essen tia l. F u rth e r, p ro p e r  co o rd in a tio n  
has to  b e  estab lished  am o n g  th e  m ed ica l a n d  v e te r in a ry  in stitu tio n s , 
N G O s, in te rn a tio n a l p ro fessio n a l asso c ia tio n s  to  e n su re  success for 
th e  h ea lth  aw areness p ro g ram . Finally, fo rm u la tio n  o f  ap p ro p ria te  
en v iro n m en ta l, en e rg y  a n d  eco n o m ic  p o lic ies  are  th e  n e e d  o f  h o u r  
to co n tro l em erg in g  in fec tio u s  d iseases in  liv esto ck  as a resu lt o f  h ea t 
stress.

Application of GIS and modeling in prediction of climate 
change associated livestock diseases

GIS can  relate as well as d isp a ra te  in fo rm a tio n , o n  th e  basis o f  
co m m o n  geography, revealing  h id d e n  p a tte rn s , ' re la tio n sh ip s, an d  
tre n d s  th a t a re  n o t read ily  a p p a re n t in  sp re a d sh e e ts  o r  sta tis tica l
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packages, o ften  c rea tin g  n e w  in fo rm a tio n  fro m  ex is ting  d a ta  
resou rces. T h is in fo rm a tio n  is v e ry  im p o rta n t  as a m an a g e m e n t 
to o l an d  crea tes va lu ab le  in fo rm a tio n  n e e d e d  for b e tte r  d ecision  
m a k in g  [36]. G IS he lp s in  u n d e rs ta n d in g  a n d  exp la in in g  d isease 
d y n am ics an d  sp re a d in g  p a tte rn s . It also  he lp s in  in c reasin g  the  
sp e ed  o f  re sp o n se  in  case  o f  an  e m erg en cy  a t th e  in itia l p h ase  o f  a 
p a r tic u la r  d isease  [36]. G IS can  also  be  u sed  in  w ay su ch  th a t w e can  
b o th  m o n ito r  th e  level o f  stress  a n d  h o w  o u r  c lim ate  is chan g in g  an d  
h o w  it affects th e  sp re a d  o f  d iseases [1], It g en era tes  n ew  in fo rm a tio n  
fro m  a lread y  ex is tin g  d a ta  an d  reso u rces , w h ich  are  very  usefu l for 
d ec is io n  m a k in g  a n d  can  lead  to  b e tte r  m a n a g e m e n t o f  d isease  co n tro l 
p ro g ra m m e s  an d  e m erg en cy  s itu a tio n s  [36]. Tire p e r io d s  o f  heavy  
ra in fa ll as well as h ig h  m in im u m  te m p e ra tu re  can  be  iden tified  u sin g  
a spa tia l an a ly s t a n d  th e re b y  illu s tra tin g  it u sin g  GIS. Unis system  also  
enab les us to  k n o w  w h ich  p a th o g e n s  w ill flo u rish , u n d e r  a  p a r tic u la r  
c o n d itio n  [J]. A p p lica tio n  o f  G IS in  livestock  se c to r  [36] includes:
(1) L inks b e tw een  d isease  o c c u rre n c e  a n d  re la ted  e x p lan a to ry  data ;
(2) E vo lu tion  o f  d isease  o u tb re a k s  (d y n am ic  m aps); (3) R esponse  
to  a d isease  e m e rg e n c y  s itu a tio n  a n d  (4) C o rre la tio n  o f  d isease  
tre n d s  w ith  c lim a tic  a n d  o th e r  in fo rm a tio n  th a t  co u ld  be  u se d  for 
p red ic tio n s . G lo b a l ea rly  w a rn in g  a n d  re sp o n se  system  (G LEW S) is 
a typical G IS sy s tem  ex tensively  a d o p te d  by  F o o d  a n d  A g ricu ltu ra l 
O rg a n iz a tio n  (FA O ), O ffice In te rn a tio n a l des E p izoo ties (O IE ) an d  
W o rld  H e a lth  O rg a n iz a tio n  (W H O ) w h ich  assists in p red ic tio n , 
p rev en tio n  a n d  co n tro l o f  an im a l d isease  th rea ts , in c lu d in g  zo o n o ses 
th ro u g h  a llo ca tio n  o f  in fo rm a tio n , ep id em io lo g ica l analysis an d  jo in t 
field m iss io n s to  ev a lu a te  a n d  co n tro l th e  o u tb reak , w h en ev e r n eed ed  
[37,38]. In  a d d itio n , p re d ic tiv e  m o d e lin g  system  can  also be  u sed  as an 
effective to o l to  fo recast th e  p robab ility ' o f  a  d isease  o u tb reak . M odels 
have p o te n tia l to  p re d ic t th e  p ro b a b ility  o f  g lobal clim ate  change 
on  eco log ical sy s tem  a n d  e m e rg in g  h aza rd s  [ ]] . S om e o f  th e  m o st 
c o m m o n  exam ples o f  livestock  re la ted  d iseases w h ich  are p red ic ted  
u sin g  m o d e lin g  sys tem  are: B lu e to n g u e , Japanese  encepha litis , Yellow 
fever, A frican  try p a n o so m ia s  is, R ift Valley fever a n d  W est N ile v iru s 
[39,40],

Biotechnology Options
A d v an ce m e n t in  b re e d in g  te ch n o lo g ie s  can  be  effectively u se d  to 

develop  a liv esto ck  b re e d  w ith  h ig h  th e rm o -to le ra n c e . B reeds th a t cope  
u p  well to  e n v iro n m e n ta l stress  c o n d itio n s  w ith o u t c o m p ro m is in g  its 
p ro d u c tiv e  capab ilitie s  have  to  b e  id en tified  an d  su b jec ted  fo r b reed in g  
p ro g ra m s to  evolve a su itab le  b reed  fo r d iffe ren t ag ro -eco log ica l zones. 
G en e tic  im p ro v e m e n t is an  ev o lu tio n a ry  ac tio n ; evo lu tio n  sh o u ld  be 
d efined  as an  in cessan t p ro cess  o f  a d a p ta tio n  o f  th e  p o p u la tio n s  o f  
o rg an ism s to  th e  e v e r-ch an g in g  geo log ical, b io log ica l a n d  clim atic  
c o n d itio n s  [41], B ecause  o f  th e  in fin ite  n u m b e r  o f  co m b in a tio n s  
o f  e n v iro n m e n ta l fac to rs , o rg a n ism s  m u st hav e  a g rea t v a rie ty  o f  
g en o ty p es th a t  can  d ea l w ith  a ra n g e  o f  clim atic , n u tr itio n a l, o r o th e r  
p a ram e te rs . A n y  p o p u la tio n  m u s t  be  genetica lly  h e te ro g en eo u s  - i.e., 
w ith  a g rea t g en e tic  d iv ersity  - in  o rd e r  to  su rv ive  u n d e r  th e  challenge 
o f  th e  ch an g in g  e n v iro n m e n t. T here fo re , any  p o p u la tio n  in  a specific 
en v iro n m e n t co m p o se d  o f  m a jo r ity  o f  w e ll-ad ap ted  in d iv id u a ls  su ited  
fo r d iffe ren t co n d itio n s . T h is sh o u ld  be  th e  base fo r th e  livestock 
g en e tic  d e v e lo p m e n t [41]. E m b ry o  tra n sfe r  tech n o lo g y  m ay  also 
be  u se d  in  w h ich , in v itro  p ro d u c e d  e m b ry o s  n o t ex p o sed  to  h ig h  
a m b ie n t te m p e ra tu re  o r  em b ry o s  d e r iv e d f ro m  d o n o rs  o f  h ig h  th e rm o  
to le ran ce  m ay  be  used . W ith  th is  techno logy , en c o u ra g in g  resu lts have 
b een  o b ta in e d  as a m ean s  to  re d u c e  ad v erse  effect o f  h ea t stress on 
fertility  [42], K im o th i a n d  G h o sh  [43] re p o rte d  th a t g enetic  v a ria tio n  
exists a m o n g  an im a ls  fo r  co o lin g  ability, w h ich  fu r th e r  suggests th a t
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m o re  h ea t to le ran t an im a ls  can  b e  se lec ted  g en e tica lly  afte r cross 
b reed in g . H ow ever, ex tensive  c ro ssb re e d in g  stu d ie s  hav e  sh o w n  little  
h e te ro sis  fo r h ea t to le ran ce  [ 1 ]. C o llie r  e t al. [11], f u r th e r  ad d e d  th a t 
g en o m ic  an d  p ro te o m ic  s tu d ies p lay  a v ita l ro le  in  u n d e rs ta n d in g  the  
m ech an ism s o f th e rm o re g u la tio n  a n d  d e lin ea tio n  o f  gen es c o n fe rrin g  
su p e rio r  th e rm o -to le ra n t cap ab ility  in  d iffe ren t liv esto ck  species.

Conclusion
In  th e  ch an g in g  c lim ate  sc en ario , h e a t  stress  seem s to b e  the  

c ru c ia l en v iro n m en ta l variab le  w h ich  decreases liv esto ck  p ro d u c tio n  
a n d  fertility  across th e  globe. H ea t stress  h as lo n g  b e e n  k n o w n  to affect 
an im als  co m fo rt, health , g ro w th  a n d  re p ro d u c tio n , w h ich  u ltim ate ly  
h as g rea t im p ac ts  o n  an im a l w ell-b e in g  a n d  fa rm e r’s p rofitability . 
M od ifica tions in th e  behav io ra l, p sych o lo g ica l a n d  b io ch em ica l 
th e rm o re g u la to ry  m ech an ism s are  n o t  su ffic ien t to co p e  u p  w ith  the  
h ea t stress. H ence  im p le m e n tin g  a p p ro ach es  like sh e lte r  m an ag em en t, 
n u tr itio n a l stra teg ies as w ell as im p ro v e d  h e a lth  se rv ices can  have 
sign ifican t im p ac t in  am e lio ra tin g  th e  h e a t stress  effect o n  livestock  
secto r. F u rth e r, su itab le  ind ices in c o rp o ra tin g  all c a rd in a l w ea th e r 
p a ram e te rs  have to be  id en tified  to  q u a n tify  th e  im p a c t o f  hea t stress 
o n  livestock  p ro d u c tio n . This m ig h t pave  w ay  fo r d ev e lo p in g  agro- 
eco log ical zone  specific am e lio ra tio n  s tra teg ies  to  c o u n te r  h e a t stress 
in  livestock  farm s.
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