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Abstract

Livestock is an integral part o f any agricultural system all over 
the world. Optimized livestock production is depended upon 
many factors like environmental stresses, climatic factors, 
health status, nutrient availability, and genetic potential. In the 
changing climate scenario, nutritional stress act as the most 
important indirect stress affecting livestock leading to 
decreased performance, lower efficiency, increased mortality 
and it also affects the immune system. The animals in tropics 
faces the problem of low feed availability during summer and 
this .leads to severe nutritional stress to livestock grazing in the 
low pasture lands. Under nutrition reduces the quality and1 

. quantity of milk production, effects growth potential and 
reduces body condition score (BCS), induces seasonal weight 
loss.(SWL) and it also declines the reproductive capacity of the 
animals, it reduces the fertility rate, embryo quality, expression 
of oestrus behaviour, altering follicular development, 
compromising oocyte competence, and inhibiting embryonic 
development, reduced calf birth weight, reduced sperm output, 
decreased sperm motility and an increased proportion of 
morphologically abnormal spermatozoa in the ejaculate. The 
reduced nutrient availability also alters the endocrine and 
hormonal activity in livestock leading to physiological changes 
and decline in reproductive efficiency. The animals exposed to 
environmental stress are found to cope up with the adverse 
effects of the stress when the nutritional requirements .are not 
compromised. Thus in order to sustain the productivity, suitable 
nutritional interventions are to be adopted like management of 
forage for the dry period, utilization of the non-conventional 
feed resources as alternatives, antioxidant supplementations 
during the stress period, and also water management 
strategies for both surface and ground water resources, at both 
local and national levels, as fresh and contamination free water 
is crucial for animal production. These efforts will ensure 
economically viable returns in livestock farms in the changing 

1 climate scenario.
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Introductiqn
W hile clim ate change is a global phenom enon , its negative im pacts 

are felt m ore severely by poor people in developing countries, who rely 
heavily on the natural resource for their livelihoods. Rural poor 
com m unities depend a lot on agriculture and livestock for their 
survival. Further, anim al agriculture is am ongst the m ost climate- 
sensitive econom ic sectors in India. Dairy farm ing provides 
em ploym ent, sustainable incom e and. social security  to a large 
population  across the globe. C lim ate change and global w arm ing cause 
great th reat to entire  livestock population  across the world. Im pact o f 
clim atic extrem es and  seasonal fluctuations on herbage quality and 
quantity  are considered  as im perative source o f influence on the well­
being o f livestock in extensive p roduction  systems. This can result in 
im pairing  reproduction  and production  efficiency of grazing anim als. 
The extrem e heat du rin g  sum m er m onths negatively im pacts grazing 
anim als, and is capable o f inducing  nu tritionai'im balances. In arid  and 
sem i-arid  areas, livestock are often considered to be one of the m ost 
im portan t m eans of food and econom ic security for poor and marginal 
farm ers. Inadequate and  low quality feed is a m ajor factor in un d er­
production  o f anim als in arid  and sem i-arid  tropical regions. U nder- 
n u trition  in livestock can occur in late spring and sum m er due to 
increased energy o u tp u t for therm oregulation  and concurren t 
reduction  in energy intake. W hile understand ing  the science o f anim al 
nu trition  continues to expand and  develop, m ost o f the w orld ’s 
livestock, particularly , small ru m in an ts in pastoral and extensive 
m ixed system s in m any  developing countries, suffer from  perm anent 
or seasonal nu tritional stress.

Clim ate change has both direct and  'ind irect stresses on livestock 
production . The direct stresses result from atm ospheric param eters 
like tem perature, hum idity , solar radia tion , w ind velocity and rainfall, 
whereas the ind irect stresses com prises o f pests and pathogens, 
occurrence o f diseases .reduced n u trien t quality in fodder crops , low 
availability o f pasture  lands and less availability o f feed and water. 
Thus, nu tritional stress is the m ost im portan t indirect stress that 
em erges due to clim ate change w hich im pacts livestock leading to 
decreased perform ance, lower efficiency, and  increased mortality. 
Hence, in the changing clim atic scenario the livestock needs to be 
protected against the adverse effects o f environm ental stresses to 
m aintain  p roduction  and perform ance, by providing op tim um  
nu trition , p roper m anagem ent practices and health care. Adverse 
environm ents can increase the nu tritional requirem ents o f anim als 
directly  o r they m ay reduce the supply  and  quality o f the feed [ 1 ]. This 
review is an a ttem pt to collate inform ation  On different nu tritional 
strategies to im prove livestock p ro d u c tio n  under the changing clim ate 
scenario.

Impact of nutritional stress on livestock

All anim als require  energy, am ino acids, fatty acids, fat soluble 
vitam ins (A, D, E, and K), w ater soluble vitam ins (B-vitam ins), trace 
elem ents and  m acro m inerals for bo th  health and growth. W hen 
availability o f  any o f  these nu trien ts  is lim ited, deficiency sym ptom s 
occur m ost quickly in tissues with the highest rates o f pro tein  synthesis 
o r m etabolic activity. The. im m une system  is particularly  sensitive to 
n u trien t deficiency because any im m une response requires rapid
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synthesis o f pro teins for im m une cells an d  im m u n e  products. The 
nu tritional requirem ents o f  anim als play a crucial role in the  biological 
and  m aintenance activities. An anim al exposed to heat stress will 
perform  well if  op tim um  nutritional requ irem ents are m et [2], 
Therefore com prom ising the nu tritional req u irem en t will reduce the 
p roduction  potential o f the anim al. G razing anim als in  arid  an d  semi- 
arid  regions are generally subjected to  periods o f  u n d e r n u trition  
during  extrem e ho t env ironm ent due to  non-availability  o f feed and 
p o o r pasture conditions caused by low er availability o f nutrients, 
w hich in tu rn  results in low productivity . T he anim als suffer severe 
nu tritional stress in the dry-season w hen the n a tu ra l pasture  is o f  low 
nu tritional value and usually in scarce supply. D uring  this tim e of the 
year, anim als also waste a lot o f  energy, as they  have to walk long 
distances in search o f food and  w ater [1]. (Figure 1) describes the 
effect o f clim ate change on nu trien t availability and its im pact on 
livestock production . The m ajo r body  functions and  productive 
param eters that are affected due to nu tritio n a l stress are:

Climate Chrsgs

Iatw Psswt & Va'ti 
Sqsckv

tjXl?i4S4 } 
Suattptftthiy \ 
todivavn 1

| luvpaci ou Productive and reproductive performance o f livestock j

DCS

1

M as v .tij
andSNT
otts to t

1 1 I
I pstfwsw. j Ii r.tt !**£<*** i jlUproAKei*j ihmftstfaKtt. j | Ptrfcrmiscei [ j

I
Reduced Productive efficiency

___________Increased Economic burden to farmers____________ j

Figure 1: Effect o f clim ate change on n u trien t availability and its 
im pact on livestock production

Milk production
Reduction in m ilk p roduction  is one o f  the m ajor econom ic im pacts 

o f clim ate stress in dairy cattle. R eduction in m ilk yield is fu rther 
intensified by decrease in feed consum ption  by the anim als to 
com pensate the high environm ental tem peratu re. D uring  sum m er the 
feed intake reduces considerably th?n  the actual need o f  the anim al, 
w hich results in disturbing the energy balance o f  the anim al thus 
affecting the activity o f  m am m ary gland. Reduced m ilk  p roduction  
due to heat stress is a ttributable only partly  to decrease in feed intake. 
The reduction in dry m atter intake du rin g  h eat stress accounts for 
approxim ately 40-50% o f decline in m ilk p roduction  and 50-60% can 
be explained due to hypertherm ia  induced  changes [3]. O th er factors 
resulting in reduced m ilk p roduction  du rin g  heat stress are decreased 
nu trien t absorption, changes in rum en functions, ho rm o n al status and 
increased m aintenance requ irem ent resulting  in reduced net energy 
supply for production . M ilk p ro d u c tio n  in cow has been found  to be 
reduced when am bient tem pera ture  and  tem pera tu re  hum idity  index 
increases above critical threshold . H eat stress du rin g  60 days 
p repart um  period negatively affects po stp a rtu m  m ilk p ro d u c tio n  and

cow partu ra tin g  d u rin g  sum m er p roduce less m ilk as com pared to 
o th er season. Similarly, quan tity  o f m ilk protein  and  fat, som atic cell 
co u n t (SCC) and  solid  no t fat (SNF) have been found to be reduced 
du ring  heat stress in  dairy  cattle.

In general du rin g  sum m er the availability o f  green grasses o r 
forages decreases leading to increased concentra te  feeding to livestock. 
As the p ro p o rtio n  o f  the concen tra te  in the ra tion  increases above 
50-60%, m ilk  fat % tends to decline. T his is m ainly because o f the 
low er rum inal p roduction  o f acetate an d  butyrate w hich are the 
precursors o f m ilk  fatty  acid synthesis in the m am m ary  gland, 
associated w ith feeding high concen tra te  diets.. T he extent o f m ilk fat 
depression is influenced by o th er feeding practices such as frequency 
o f feeding and  feeding system . F urther, if  the concentrates are fed 
separately from  the forage results in reduced rum inal acetate: 
p rop ionate  ratio  w hich in tu rn  can result in reduced m ilk fat %.

The com bined effect o f  tem p e ra tu re 'a n d  hum idity , know n as the 
T H I index o r d iscom fort index plays a crucial role in  declining m ilk 
productivity . H eat stress affects h igher producing  cows m ore than  
lower producing  cows. H igh producing  cows eat and m etabolize m ore 
feed, this generates m ore  heat in these cows decreasing their feed 
intake and  low ering m ilk p roduction . H um idity  and  high 
tem peratu res increase p lan t grow th rate, which increases the neutral 
detergen t fibre (N D F) co n ten t o f plants and  reduces potential intake.

Growth
N utritional restric tion  leads to decline o f  grow th potential. Severe 

and  prolonged in tra -u te r in e  grow th re ta rdation  m ay result in slower 
grow th o f  cattle th ro u g h o u t life. In  cattle the  post natal grow th is 
severely affected i f  the  m aterna l n u tritio n  is restricted from  day 80-90 
of p regnancy un til partu rition . T he effect o f  nu tritional restriction on  
b irth  weight was m ore p ro n o u n ced  in heifers than  cows w hen the 
period  o f restriction  encom passed m id  and  late gestation [4,5] ra ther 
than  late gestation alone [4,6]. T he visceral organs have different 
grow th and m etabolic rates com pared  with o th er organs an d  the feed 
quality and  quantity  affect th e ir  grow th [7]. An anim al w hich is know n 
to be well adap ted  to n u tritional stress can tolerate relatively large 
reductions in body w eight [7,8]. Stress induced fat m obilization and 
insufficient fat storage results in reduced body condition  score (BCS), 
in feed restricted  anim als [2]. T h is low BCS affects the fertility and 
reduced reproductive efficiency o f livestock [7,9], T he nu tritional 
status o f anim als is difficult to  m easure, and this com plicates 
in te rp reta tion  of n u tritio n  x rep ro d u c tio n  interactions [10]. An 
anim al's n u tritional sta tus is usually assessed on changes in its live 
weight and  body condition . A nim als living in tropics are generally o f 
low body weight due to lack o f nu trien ts  during  the dry period. This 
leads to low reproductive  efficiency in these anim als and further the 
severe n u trien t deficiency leads to seasonal weight loss (SWL) [11], In 
addition , grow th an d  m etabolism  are regulated by m ultiple horm ones 
and grow th factors. A m ong these are thyro id  horm ones, 
glucocorticoids, sex steroids and  a n u m b er o f locally p roduced  grow th 
factors are very im p o rtan t endocrine  factors influencing grow th 
perform ance in livestock [12,13],

Reproduction
Poor nu tritio n  delays puberty, decreases conception rate and 

increases p regnancy losses in heifers and also leads to hypogonadism  
[14]. In n u trien t restric ted  anim als the blood flow is diverted from  the 
in ternal organs, to the peripheral tissues in an a ttem pt to reduce the
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body  tem perature  by increasing heat losses. T h is m echanism  leads to a 
reduction  o f  b lood  flow, aim ed a t in te rn al organs such as the uterus, 
fallopian tubes and  ovaries, decreased b lood  supply to these organs 
also im plies low n u trien t availability an d  therefore  low  functional 
capacity [15], C lim ate change could  alter reproductive  efficiency of 
livestock bo th  due to  d irect as well as ind irect effects. M ost o f  the 
indirect effects o f  clim ate change on livestock rep roduction  are 
m ediated through nu tritional deficiency [15,16,17]. Lam y e t al. [11] 
reported  negative im pacts o f  SWL o n  sperm  cell abnorm alities, 
testicular volum e and scrotal circum ference. Lawson and  Cahill [18] 
stated ■ that variations in the physiological range o f peripheral 
progesterone concentra tion  due to  m anagem en t factors such as 
n u trition  m ay induce asynchrony betw een the  em bryo and  uterus 
resulting.in  failure o f  establishing pregnancy. Further, u n d e r n u trition  
in ewes before and after m ating  can increase em bryonic m ortality  
w hich consequently reduces the lam bing ra te  [19,20,21]. Stress 
response consists o f the  release o f  A drenocortico trop ic  h o rm one  
(ACTH) by the posterior p itu itary  gland an d  release o f cortisol by the 
adrenal cortex [21,22,23]. H igh cortisol concen tra tion  in the system 
h inders the pitu itary  response to g o nado trop in  releasing horm one 
(G nRH ) [21,24]. Further, cortisol decreases gonadal activity by 
reducing pulse frequency an d  am plitude o f  the Luetinizing horm one  
(LH) released by the gonadotrophs [21,24,25]. In males, un d er 
n u trition  causes hypogonadism  and  infertility. T his is m ainly 
a ttributed  to the decrease in G nR H  release from  the  hypothalam us 
[26]. In the context o f nu tritional • stress an d  reproduction , it is 
im p o rtan t to understand  the role o f leptin. Leptin is o therw ise know n 
as the obesity horm one  p roduced  by adipocytes and  acts as a signalling 
m olecule in the brain  im parting  in form ation  abou t the  nu tritional 
status o f the body [26,27], U nder n u tritio n  results in low leptin 'levels 
in the circulation w hich probably  signals the b ra in  to  suspend 
reproduction  [26,28].

Adaptation of livestock to low pasture
U nder the conditions o f restricted n u tritio n  the m etabolic rate is 

reduced. Feed restriction leads to the reduced  m etabolic state and 
involves the reduction in body tem perature. T his decrease in body 
tem perature  fu rther reduces m etabolic ra te  as pe r V ant H o ffs  rule 
[7,29].. The pulse rate is an ind ica to r o f general m etabolic status and 
the redac tion  in pulse rate  could be due to decrease in  m etabolic rate 
as a result o f  restricted feeding. R eports show  that in  desert goats there 
is decrease in energy expenditure w ith feed restric tion  [7,30] and  the 
reason for this is due to decreased oxygen co nsum ption  by  peripheral 
skeletal muscles. Samad e t al. [7] and H yder, [29] an d  observed a 
decrease in respiratory rate in the feed restric ted  bucks and they 
a ttribu ted  this to the  reduced m etabolic requ irem ents an d  decreased 
oxygen consum ption. Sejain e t al. [13] reported  that the  decrease in 
physiological param eters like reduced resp irato ry  rate  in  un d er fed 
sheep and  a ttributed  th is to  the decrease in  thyroid  activity. The 
Physiological responses like rectal tem perature, heart rate and 
respiration  rate were significantly reduced  in bucks u n d e r restricted 
feeding which is a ttribu ted  to the low rate o f  m etabolism  [7], W hereas, 
norm ally fed anim als had  h igher concen tra tions o f  the am ino acids 
A lanine; Tyrosine, and  C itruline, while anim als subjected to SWL 
show ed higher concentra tion  o f Valine, Isoleucine, Leucine, 
T hreonine, M ethionine, Taurine, O rn ith ine , Lysine, H ydroxyproline, 
and  3-m etyl histidyne, while Glycine, Serine, G lutam ate, A rginine, 
H istydine, Aspartate and  Proline w ere sim ilar in  bo th  diets and also 
m yofibrillar pro tein  degradation o f  p ro te in  C and  a-actin in . T he C I6:0 
as free fatty acid in  the plasma show ed a significant increase during

u n d er nu tritio n  and  C 18:l show ed a relative decrease in m uscle fatty 
acid as inco rpora ted  in triacylglycerols in nu trition  restricted goats 
[11]. Red b lood corpuscles (RBCs), Packed Cell V olum e (PCV) and 
H aem oglobin (H b) are  good indicators o f  bo th  heat [31] and 
n u tritional [13] stress in  sheep. Sejian e t al. [13] and Sejian et al. [31] 
fu rth er added  th a t the level o f  plasm a glucose decreased in the 
n u tritio n  deprived anim als an d  the nu tritional stress o f h igher 
m agnitude decreases plasm a p ro te in  level and  plasm a album in level 
u n d e r restricted  feed cond itions [13,32]. T he reduction  in total plasm a 
pro tein  concen tra tion  was assum ed to  be due to glucose synthesizing 
by inducing hepatic  gluconeogenesis in  o rder to cop up  to the stress. 
Likewise, plasiha cortisol level was also significantly h igher in the feed 
deprived an d  h eat stress group. [13,33]. Further, total plasma 
cholesterol levels also decreased significantly in  stress groups and they 
postu lated  that th is decrease m igh t be due to increase in the utilization 
o f fatty acids for energy p ro d u c tio n  as the levels o f glucose in the feed 
restricted anim als will be lower.

In small ru m in an ts the nu tritio n a l state is closely regulated to 
ho rm onal and n eu roendocrine  cues. The level o f cortisol is less in the 
nu tritionally  deprived anim als. A ccording to  Kong e t al. [34] energy 
balance can also play a m ajo r role in affecting the decrease in plasma 
T hyro id  ho rm o n e  (TH ) levels in sm all rum inan ts as during  the  stress 
period  the level o f  T riiodo thyron ine  (T3) and  Thyroxine (T4) 
decreases, thus ind icating  the  im portance o f  op tim um  nutrition  for 
m ain tain ing  p ro p er T H  levels in sheep [31,35], C onsistent w ith this 
statem ent, kafi e t al. [36] and  Kong e t al. [34] stated that the plasm a 
TH  concentra tions are corre lated  w ith feed intake in several ru m in an t 
species. Silva, [37] sta ted  th a t the thy ro id  horm ones can directly depict 
the  nu tritional status o f  an  anim al.

Food availability is the  m ain  factor th a t influences m am m alian  
reproduction  because u n d e r n u tritio n  slows down developm ent o f 
ovarian follicles an d  reduces lifetim e reproductive perform ance in 
livestock [21,38], C hanges in d ietary  intake .prom ote variations in 
concentra tions o f m etabolic h o rm ones and  reproductive horm ones 
and  consequently  affect the developing ovarian follicle an d /o r the 
com position o f reproductive trac t secretions which provides 
h istio trophic  nu tritio n  to early em bryos. H eat stress and feed scarcity 
often occur sim ultaneously  an d  are the m ajor predisposing factors that 
cause low livestock productiv ity  in tropical environm ent. U nder 
nu tritio n  o f ewes results in  low er bodyw eight and  body condition  
score w ith a negative effect o n  oocyte quality such as low rates o f 
cleavage. In addition  to th a t the  low BCS affects h o rm one production , 
fertilization, and early em bryonic  developm ent [2,21,39,40,41], 
Reports indicate that the  level o f  feeding affects the oocyte quality in 
ewes [21,42], Pisani et al. [43] found  that ewes fed 50% o f their 
m ain tenance requ irem ents for two weeks had reduced expression o f 
glucose tran sp o rte r 3, sodium /glucose co -transporter, and Na[j/K[5 
ATPase m RNA in oocytes, while expression o f  PTGS2, HAS2, and the 
leptin  recep tor in  granulosa cells was found  to be increased. Reduced 
expression o f glucose tran sp o rte r 3 is potentially  im portan t in the light 
o f its substantial role in p o st-im p lan ta tion  em bryonic developm ent 
[21,44],

Managing feed resources in the changing climate 
scenario

A m ong the m ajo r constrain ts faced regarding livestock p roduction  
is inadequate  feed supply. Seasonal variations in feed quantity  and 
quality can cause fluctuations in anim al nu tritio n  th ro ughou t the year. 
Seasonal fluctuation  o f  feed resources in the tropics follow the pattern
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o f vegetation grow th that is m odified by availability o f rainfall and  this 
results in seasonal pa tte rn  o f wet season gain an d  d ry  seasonal live 
weight and  production  loss. A com m on p ro d u c tio n  problem  faced by 
pastoralists, agro-pastoralists as well as sm allholders is the seasonality 
in the quantity  and  quality o f  an im al feeds; particularly  natural 
pastures and crop residues. C rop residues are only about 20% 
available, relative to their m axim um , early in the cropping  season, 
peak tow ards 100% at the end o f  tire cropp ing  season and then decline 
to about 60% in the post-harvest season. N atu ral pasture  supply begins 
to rise during  the cropping season. A t the beg inn ing  o f  the cropping 
season the availability o f  pasture  is only 30% w hich peaks towards 
100% and then declines to about 50% d u rin g  the post-harvest season. 
Forage quality depends on soil fertility an d  biom ass yield depend  on 
soil hum idity  w hich in tu rn  depends on the  am o u n t o f rainfall that 
infiltrates the soil [45], R um inant livestock in m ost parts o f the tropics 
graze intensively on naturally  grow ing forages w hich are poor in 
quality. These tropical forages com pared  to those in  the  tem perate 
pastu re  usually contain less n itrogen  and  are less digestible [46], The 
quantity  and quality o f  these grasses becom e m ore  critical in the  dry 
season im posing m ore serious constrain ts to  the developm ent and 
productivity  o f these anim als [46,47],

Role of forages
Forages are the vegetative parts o f  plants con tain ing  a  high 

p roportion  of fibre. They are requ ired  in  the d ie t in a coarse physical 
form  because they: Stim ulate ru m in a tio n  and  salivation, w hich are 
im p o rtan t processes in  m aintain ing  a healthy  rum en  environm ent, 
Stim ulate rum inal contractions an d  the passage rate o f  digesta th rough  
the  ru tnen, which im proves the  efficiency o f  ru m en  bacterial grow th 
and  also they help in countering  m ilk fat depression that occurs in 
dairy  cattle when they are fed ra tions h igh in concentrates. Rations 
that contain less than about 35 % forages will result in m ilk o f low fat 
content. The m ajor con tribu tions from  the forages tow ards the ration 
are fibre and carbohydrates, w hich are a source o f energy.

Managing forage
In o rder to stretch forages and increase the grow th o f pasture, 

consider the following strategies:

Increasing forage grow th

T he A ddition o f  adequate m oistu re  and organic fertilizers to the soil 
can increase forage growth. Forage an d  pasture  grass grow th also 
depends on daylight lengths and favourable tem perature. Lim pograss, 
Stargrass, and o ther w arm  season perennials have a h igher potential o f 
grow th during  the fall period  and  will p rov ide m ore forage 
production . The d rough t resistant grasses like Bahia grass can also be 
grow n during  the sum m er. G row ing .annual legum inous fodders like 
Cow pea o r horse gram  etc in te r p lan ted  w ith perennial fodders like 
Co-3, CO-4, APBN-1 varieties o f hybrid  n ap ier in kharif and 
in tercropping  of the grasses w ith Berseem , Lucerne, etc. during  Rabi 
season [48] can be a suitable practice for m anagem ent o f  forage during  
the deficit period. Planting annual forages such as rye, oats, wheat, and 
ryegrass can produce good yields o f  h igh-quality  forages. Also crop 
residues can be used as feed. G row ing m icro-green  fodders is one o f 
the m odern  practices w hich is easy and  requires very little water, 
space, tim e and efforts. It involves the grow ing of the  fodder through 
germ ination  of grains like barley, oat o r w heat p roduces consistent 
quantities o f green th roughou t the year at the ra te  o f 6 to 8 .kg per 1 kg 
o f  seed w ithin one week period.

G razing by  ro ta tion

G razing the h e rd  on  different pastures by ro tation  instead o f 
constantly  grazing the  cattle on  the  sam e pasture  m ay have huge 
advantage o f m ain ta in ing  the pasture  th ro ughou t the year in som e part 
o f  grazing land. T his will allow a suitable period  for the rem aining 
grasses to  grow  to  p roper height and  to recover before being grazed 
again before the subsequent grazing.

Feeding hay

D uring  scarcity  period  converting  grasses in to  hay and preserving 
them  for fu ture  use is a com m on practice widely followed a ro u n d  the 
w orld. It is possible to  use the hay harvested from  pasture instead of 
buying h igh p riced  hay from  o th er sources. How ever, while preparing 
hay in-house sufficient care has to be taken to store the hay in a proper 
m an n er p ro tecting  th em  from  adverse w eather conditions.

Importance of feeding fats and concentrates
The addition  o f  fat to  the d ie t o f lactating dairy cows is a com m on 

practice, and  the  h igher energy density  an d  the potential to reduce 
heat increm en t o f h igh-fat diets m ay  be particularly  beneficial during 
ho t w eather [49], T here  are studies dem onstra ting  th a t d ietary fat can 
be added to the ra tion  at up  to 3 -5%  w ithout any adverse effects to 
rum inal m icroflora [50].The p rim ary  role o f  concentrate feeds is to 
provide the livestock w ith concen tra ted  sources o f necessary nu trien ts 
for p roduction . A part from  m acro -n u trien ts o f  energy and protein  
these also include im p o rtan t nu trien ts  such as am ino acids, fatty acids, 
enzym es, vitam ins, m inerals an d  others. T here are two specific 
consequences o f feeding concentra tes w hich are im portan t in the 
context o f  env ironm ental im pacts o f feed utilization. T he first is that 
im provem ents in livestock productiv ity  w hich are generally associated 
w ith im proved biological efficiency o f  feed use; the second is the role 
o f  concen tra te  feeds in p rom oting  bette r utilization o f roughage feeds 
for ru m in an t livestock.

Significance of utilizing unconventional feed resources

T here are m an y  alternate  o r unconventional feeds that can be 
utilized du ring  the  scarcity period. T he unconventional feed resources 
include a variety o f  feeds no t widely used in com m ercial livestock 
diets. A m ong these som e o f  them  m ay be considered  as concentrate 
feeds after processing, such as d ried  Lucerne (alfalfa) leaf meal, d ried  
cassava leaf, cassava pulp, processed  pea and bean meals, sal and 
rubber seed m eals, c itrus pu lp  w astes and  others. But the im portan t 
tiling to be considered  before the  usage o f unconventional feed 
resources is th a t m any  of these con tain  a wide range o f a 'nti-nutritional 
factors, w hich are to  be processed in o rd er to reduce the deleterious 
effect on anim als w hen given as ration. These processing will help in 
better digestibility and reducing the wastage o f  feed materials. (Table 
1) describes the  different types o f unconventional feed that are given to 
different livestock species du ring  scarcity period.

U nco n v en tio n a l feed  reso u rces S p ec ie s R eferen ces

N eem  S eed  C ak e  (N S C ) R u m in an ts [51,521

C asto r B ean  M eal (C B M ) R u m in an ts 152,53]

K uranj C ake R u m in an ts [51 .52]

C o co n u t M eal C a ttle [53]
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T o m ato  Pulp C attle [531

B an an a  rejec ts/ P ineapp le  pulp C ottle , S h eep [5 IJ

C o tto n seed  M eal(C S M ) R u m in an ts [53]

Azolld.. F ish , S w in e , P o u ltry  and  
C attle

[54]

A reca  S hea th S h eep  an d  c a ttle [51 ,52]

J a tro p h a  M eal S m all R u m in an ts [52]

Table 1: D ifferent types o f unconventional feed fed livestock species 
du ring  scarcity period

Antioxidant supplementation to reduce the 
environmental stress impact

D uring extrem e environm ental conditions the oxidative balance 
gets d isturbed in livestock. A ntioxidants are co m pounds or systems 
that delay oxidation by inhib iting  the fo rm ation  o f  free radicals o r by 
in te rrup ting  propagation  o f the free radical by several m echanism s 
[31,55], This in tu rn  helps to pro tect cellular dam age du ring  any 
stressful condition. Selenium  and v itam in  E are essential nu trien ts  that 
function as antioxidants to m inim ize cellular dam age caused by 
endogenous peroxides [56]. A n tiox idan t supplem en tation  com prises 
less m ilk waste in the form  o f free radicals as well as reducing the 
num ber o f som atic cells in milk. Cows supplem ented  w ith selenium  
were fdund  to have increased concen tra tions o f  the  oligoelem ent in 
milk. Further, antioxidants can po tentially  p rom ote  m eat tenderness 
as well [57].

V itam in E, also know n as a-tocophero l, is the best-researched 
d ietary  .antioxidant. It is an  essential n u tr ien t for the grow th and 
health  o f anim als by functioning as an an tiox idan t in various 
biological systems. V itam in E prevents free radicals from  reacting with 
o ther biological com pounds such as pro teins and  lipids, ultim ately 
protecting  m eat from  oxidative dam age. V itam in E (a -tocopherol) is 
the m ost frequently used lipid soluble free radical scavenger 
adm inistered  as nu tritional supplem ent co n tribu ting  to the  stability o f 
beef m uscle [57].

Selenium  is a key com ponen t o f certain  enzym es, such as 
g lu tath ione peroxidase, which has s trong  an tiox idan t p roperties and 
can w ork  synergistically w ith v itam in E. G lutath ione peroxidase, 
protects cells from  toxic radicals and  peroxides, thereby preventing 
oxidative damage to the  body. D ietary  supplem entation  o f  organic 
selenium  in cattle has been show n to  increase g lu ta th ione peroxidase 
activity and  im prove oxidative stability o f  fresh m eat du ring  storage 
[58]. 1

Free radical oxidation is activated in anim als u n d e r various types o f 
stresses'and  lipid peroxidation  p roducts accum ulate in various organs 
[59,60], Lower levels o f the an tiox idan t v itam ins are associated w ith 
poor fertility and p roduction  levels in ru m in an ts  [61]. A ntioxidant 
defenses in the female reproductive tract m ay have som e regulatory 
role in. fertility. A ntioxidant supplem entation  w ould reduce the 
incidence of infectious disease in the  u terus an d  also reduced 
incidence o f  Dystokia. R educing incidence o f re ta ined  p lacenta  should 
also reduce uterine infections because occurrence o f  re ta ined  placenta 
predisposes cows to  u terine  infections. A significant increase in estrus 
incidences was in sheep given V itam in E -seleriium  injections [31,62].

Significance o f water to improve livestock production 
under changing climate scenario

Clim ate change can have a variety o f im pacts on surface water, 
d rink ing  water, a n d  g ro u n d  w ater quality. H igher w ater tem peratures 
and changes in the  tim ing, intensity , and duration  o f  precipitation can 
affect w ater quality. H igher air tem pera tu res (particularly in the 
sum m er), earlier snow m elt, and po ten tial decreases in  sum m er 
precip itation  could  increase the  risk o f d rought. R eduction of w ater 
results in low er m ilk, m eat, and  egg production . D eprivation o f 
anim als to w ater im m ediately  results in loss o f appetite and weight loss 
with death occurring  after a few days when the anim al has lost 15 to 
30% o f its weight. It also leads to reducing the anim al perform ance 
th an  o ther nutrient.60-70%  o f the anim als live weight consists o f water 
and  consum ing w ater is m ore  im p o rtan t than consum ing food. Signs 
o f  dehydration  are tigh ten ing  of th e  skin, loss o f weight and drying of 
m ucous m em brane and  eyes.

W ater is a critical n u tr ien t fo.r livestock and  poultry. As with feed 
ingredients, livestock w ater should  m eet the n u tritional needs o f the 
anim al. An adequate an d  safe w ater supply is essential to the 
p roduction  o f healthy  livestock and poultry. There are several 
m easures that need to  be taken to ensure quality d rinking w ater to 
livestock in the changing clim atic condition . These include: (i) 
un d erstan d  clim ate change im pact on w ater quan tity  and quality; (ii) 
renew ed w ater harvesting technology-technically  sound, appropriate  
design and econom ically  feasible; (iii) integrated  w ater resource 
m anagem ent (iv) national adap tation  program -local knowledge and 
flexible funding.

Conclusion
Studies show  th a t anim als subjected to environm ental stress can 

tolerate the adverse effects if  n u tritio n  is no t com prom ised. T hus 
nu tritio n  is the m ost im p o rtan t factor affecting the anim al p roduction  
and  perform ance in  the  changing clim ate scenario, T he m ajor reasons 
for nu tritional stress are env ironm en ta l stress (especially heat stress, 
w here an im ali vo lun tarily  reduce feed intake) and  pasture scarcity. 
U nder the changing clim ate scenario livestock p roduction  is affected 
by low pasture  availability du rin g  the sum m er, and  changes in 
tem perature, p recip ita tion  and  increased C 0 2 levels have resulted in 
declining grain quality  o f  crops. R educed nutritive value o f fodder 
crops is one o f the  prim ary  ind irect effects o f clim ate change on 
livestock production . H ence various alternative strategies are to  be 
adop ted  to  m ain tain  p roductiv ity  especially during  the deficit period  
o r sum m er w hen the  availability o f pasture  and w ater declines. T hus in 
o rder to sustain  the productiv ity , suitable n u tritional in terventions are 
to be adopted  like m anagem ent o f forage for the dry period, utilization 
of the non-conven tiona l feed resources as alternatives, an tioxidant 
supplem entations du rin g  the  stress period , and also w ater 
m anagem ent strategies for bo th  surface and  g round  w ater resources, at 
bo th  local an d  national levels, as fresh and  con tam ination  free w ater is 
crucial for anim al p roduction . These efforts will ensure econom ically 
viable re tu rns in livestock farm s in the changing clim ate scenario.
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