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INTHIRIGTI R

It in widely acespiad that the avorage pecfornance
of liventoek of the warnm climatic arsas, zawein much lowes
by northerxn Latitude standards. SHill, there are numesous
faetors that go to favour sustained efforts to se takon
for devalspment of livestock productdon in these axeas
{ticuowll, 1972},

ihore are so many livostock enterprises cslready
estoblished in the tropical reglops of the world, which
function efficlently. .ith fast expanding human
populatdon, there will always be an inczeasing domand
for livestock producte and the Indigenous people's
sracitional teste £0z snimal products ever remalns hi_b.
andmals are pooded to provide power for agriculture and
their lmprrtance in soil apd wats® conservation are Wil
astablishad, The domestilc animais have the admlrablo
floxinility in theidr capecity for transforming feeds apd
agepicultural wastes info prooucts mecessury for the post
efficlont total agrlcultural prosuctivity of thass sozluns,
Hevewsll {1942) nas aptly stated, that what bas coen
ashioved in Ispael with dalry cows, In ~ustralla wits
sheep ond in Jordar and Tonzanis (ith poulery shows tast
it is not Anpossible 1o hwe a lovge nunbss of produciive
animal sateapslses in tho other worm climstic rogions of
the worlde sovevor, &t 4s not the question of increasing



the total nupber of animals but it is to obtuin the
opticun yleld from the totol soliegrop=animsl 9mwiron ont
complex {L.illiamson apd Payne, 1973).

The gonetie aspoctsz of animal groduction have
sipaady been axtensively studied in the zeoler zegions of
the world and there wmay noit be much use ip ropeating this
work in the ware climates since chazacteristics that
depend exclusively un the gendiyps of animals wlll bo the
sans In any envizonient. JOn te coptrory, management
practices adoptad, like houelrng ard feeding have to bo
gulte different in cooler and in wasmer rsgions 10 obtain
anywhare neasr the same lovel of gerformance, in as much
as tho expression of the full genetic poteniial of the
animals i3 hughly depsndent upon ernvirenuantal condltlons
(Salnsbury, 1965; Puquay, 19817 vangwar, 19%G4d).

Jan the bashs of raviews written over the lost
25 yoars (Dlancas 196355 Thotohar, 13745 Yoused, 1075,
Hopr and Cteinhauvs 1D75; suguay, 9813 Jabn, 1981,
Vantzer and hborcsde, i3833 Deeds and .ollioac, 19663
wahgeary 1988j, the conclusion that high envizomsental
temporauzo teducus procuceive and seproduniive officlency
of Hvontseh ie well justifled. 1ilgs, through siudles
in contrelion environ.ental chinbers, upper critical
temporatures have been establlshed for a nuuber of



production traits and these tamperaiures foll betweon

24 and 27°C for most traits and most specles {Fuquay,
1981). Gtudies in contrelled emwirorment chambers have
beon vaivable in eztablishing the basic parametars of
stress {Lontzer and lorneds, 1903), lioweves, application
of such information to fleld situation is often difficult.
Hith diurnal varfations in anbilent temperatore and
relative hupldity, with aifficulty lm controlling other
wspects of animal enviroreent and with poscible inteinsic
compensat. Ly pechardsms fnvelved, spparent imsonsistent
rESpUnges 10 Iwer SIS 2o ot weommon (.u.kay, 1981,
The wust useful infusmation relating to anlonls in n.tural
erwivonranty has besn gaimed by ihe gpplication oi sisple
padiSroationg that Peduced heat geln Jand/or facilisate acat
1gs {Habn, I961§ «dazk, 19813 Sevde ané Cullles, 19B6;
wppyear, JGBG). | ore roesocoh infosmation 1 seaded tu aid
in the wanagement of livestock under adverse cundliions
{ansell, 198i}. vracticsl mothuds to achieve the desired
lovels of production performance sry to be devaloysd
{angary 1988).

in o lLazge country like Inais wiope olimazic
conditions very considezably from place to plewe, deidining
andssl bousing neods becomes wxtzecely diffioult.
Trvostigations on aniuel houslng have alao been limited,
mainly wie w9 ths high exponditure imvolved. Lany types



of traditional snimal housing systems have beon avolved
in course of tive. Ihey noed to be evaluated in the
14ght of changing genetic sitxucture of catile population
due to cross-brseding,

Some of ine previ.us studies {.dlersma and Htott,
19653 Starz, 1984; Hahn, 1981} indicate that certain types
of aniral hauses instead of yldving thoo comfort may add to
thelr thermal stress and may lessr prosuctivity. Some
hava even Andicated th.t cattle remain mors comfortabie
under o trec in the open than inslds cattls houses (.uith,
108k ; wamiwar, 1988). 1In the prasent 3tudy an attempt has
bean made to evaluats the offect of 2 eorman type of cattle
shed on the performance 9¢ crossbred cows 2nd calves
vigegevia ovoen sonditions ofthout amy hovsing,

shoxe had beaen gleo conflicting reports with

respact to ihe guallty of the ratlion and tne proportion

of caurcentrates in the dlet on the thermal comfort and
ptomcﬁvity of cattle, une hypothesis malnly oased un

the Isracli axperience £s that o treat the dairy cow mors
or 1ess as a monogasipic anlmal witn o vexry hign propurtion
of corcontrates in the ration, Inis is expectad 4o ruduce
heat prosuction by the anlmals, tnereby reducing the heat
1cad and to pesult in higler isvals of pracuciion. .ww

faz this hypothesis hulus §o3d An che case of growtn in

croschied fielifers has ween invostigoted in this study.



qxong olimetle factors, the solar sadiation and
the wind apead haove boeon rarely suantified in field
studles carzled out in tropical reglons. Fhe prosant
study aleo aims at doilng ss and relating the results to
anlmal periormancod.



LAVELY oF LIT-RAGURE

Lrvivormantal hoat stress ircrscses oplnalls
. intenance xe-ulr wents of ensiny (Hauheimes-Tnoneich
2t 3les 19C0B) and zodutes thelr growth pote, production
and roproduciive pexformance. This leads to sizable
econcnic losses to producers of intensively maraged
livestock (Jeade and Colliex, 1986). Im tho ware clinatis
regions, the spvigercenatsl tomparatuses axcesd the upper
eriticsl teaperature of snimels during major portions of
the day. Prevalencg of chronic vare weather for seven io
nine wonths or moze in a ysar is cormon &n the teopleal
roglons. Undar such conditions, oy understvending the
princisles of the physiolagical and othex geacrions of
doestic animals, the housing, feedln; and manugemoent
conditions can be alteged in ordexr 0 bo able to kesp
anizals uwnaer sconwadsally fassible poodusiion conalvions
{Melowell, 1972},

I% is cstated that investigations intos the cffect of
2 «2rm clingte on domestic andmals are carried out elthor
in the form of fisld studles or under siuulated conditlons
in contrelled erviroment chanbers. The nast froquently
reasured porometers ae energy exchangs {body amd surtace
terparature, basal motabollsm), water balamce (intake,
evapozation, distribution, excration and secretions,,
cazdio respiratory reactions {pulse rate, gate ox Lro.thing,



vasodilatation, bleod pressurc and voluwe), blochemical
paramotars (blood componends, harmones, enzynss) and
fortility, productivity and behaviour patterns {ilerz and
Steinhauf, 1978). Iavestigations carrded out on this
aspact $n India ond slsewhage aro reviewsd in the followiny
chapterss

I. BEVIB.dewliTah HOAT DTRESS FOTORS 2

The principal climatic foctors causing heat stress
ape alr tomoepaturs, hurldity and solsr redlation. . ing
acts a¢ a partial heat stress foctor wisn enviroprsnt 1
terperature excesds body tewperature,

a) kg Senpacaty :

unJer troplocal ond subtroplcsl conditions, wmbdent
temperature has the naost decisive effect of all) climatic
factors on the animal organisw. The dirsct effect of
other fochkors such as air hamiddisy ond alr wovenont, ls
relatively insignificant. They tend, raother o bave n
indirect affect by inczeasing ar lassendny the texper. ture
effect {Viors and Steinhauf, 1578).

The effest of air tempersturs ond its zelatfonship
with air hunldity hes Dean studied, amonjyst other thinis,
in a weries of tosts on cotile and other onimals {Lclowell
2% ales 3981; Glenca, 1962; dano 2% gle. 39695 dedan a% algs



1968; Ghosal and Guhay 1974; Renner, 1976; dayer ot gl..
1980; /nsell, 1581; losman gk gle. 19833 Lolfensen

ot al., 1983; Shacms g% gles 1983). The results showed
that in genersl, below 24% aly teoporature, hunidity had
no effects on those paramelers which wero generally
measured in eonrection with heat stress. The reason for
this may bu that direct hsat cutput mechaonisas were
adequate at these tesperaturas and avaporatlon played onlty
an insignificant part {Blarca, 1965).

Seaes 24%C, the body functlons of variuus cattle
breeds aro significantly affected by alr huntdity because
avaporakisn is inhibited by the reduttion in water wapour
progsuxe gradients between sking lungs and tho air. Ibis
effect 1s pupely a physical onea. The relationship
estabiished for The rate of heat loss from ths bovine
respiratory traet indicatud that at 29% ana 60 par cont
BH, & cow was able to loose 3.4 t® of meat while at
90 par cend Bil, this was reduced by 25 per cent (fchowell,
1972), essiratory valume and svaporative heat loss wnrough
the pulsphary tract under cool conditions (18.5%) were
appreciably loser then under eillwr hot tumid {33.5%) os
hot . ry conddtions (42,57C). Under hot hurid conditi.ns,
the respiratory volume was sox thap double that of a hot
4ry enviromsant but the evaporstive heat Joss was lowar
under hot hurid sonditions (udtosal and Guha, 1974).



Acsording to Sainsbucy (1965) and Hilliger {1969),
a zolative hunidity of 20 to 90 psr cent did not affect
domastic animals 41 they wexe kept within their opiimum
texperature range. Starr (1981) had stated that heat
balance could becoms a prublen at 20%C and above when kR
was in excess of 60 per eent. Houworth 8% al{1979), in
thelr experiment, found that 3 o 4 wesks old male calves
respunded to acute heat stress only above 32.2% ot kil of
40 por conte Hazdan gt gl.(3968), while reparting a
positive correlation of yectal tenperature and respiszatory
ratos vith ssbient aly terpexatuze and humidity, feund
that the sone of thexmoneutrality for Tharperkar aninasls
was high and vaoried widely between 19 and 38%C,
Chrdstenson and ethers (1975) in Hexico showed that
eilk productlon in Holstein cows signifizantly dropped at
temperatuxe outslde the range of 3 4o 20% and B above
60 par conts Voigtlander g% 3l.(1973), Benner (1975),
Basiin snd Anojede (1975), Bayex 9t al.(1980), Igono g% fk.
(1985} and Rudistguesz st al.(i985) have all worked on the
relationship of terperature snd Kl on milk preduction
tralts in cows.

High alr huxiddty at a high epviromnental temperature
acts as & powerful neat stress foctor. Olsnca {1982)
deternined weighting factors for dry and wet bulb
terpecature and his findings Indicated that the eifect of
wet bulb torporature was approrimately twice as large as
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that of dry bulb temperature. As heat stress 1s a combiped
terperature/immidity effect, numerous indices have been
developed which include both factors « Oiscomfort Index
(Thom, 1958}, Tengerature-Humidity Index (US Weathex
Suresu), Slack=Globe Hupldity Index (Buffington st al.,
1981) end Temperature-iumidity-Sunshine Index {Thowas and
Acharya, 1981).

b solap leglation:

Undexr outdoor conditions, solar radiation is a
powerful heat stress factor, In the hotter countries of
the world, the radiant bhest exchanges ¢omprise a vory
significant part of the heat balance of animals, GSesides
tha dirsct solar beams which the animal body intercepis,
some solar radiation 4s diffusely scattexad down/asds on
12 the animal by ateasphers (Nentaith, 1973)., Furthernore,
watar vapour, carvbandloxide and ozone which absorks solar
radiation, smit long wave radiation towards the eaxth's
surface and on ¢o the animel, Shortwave cadiation 1s
reflactoq on the animal from the ground while solarx
radlation absorbed by the grourk! is amitted towards the
animal as long wive radiation (hobertshaw, 1951).

1o omphausitho significarce of solar radlation, the
table below shows the results of calculations of heat
balance of a Zebu cow in an equatorial noon sun {fluxes
1n wo™%) at an air terperature of 27% and relative humldity
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of 32 pos cont, The figures in parenthesls r. tho
porcentages of total meat dissipated oy various avonuas
of heat loss, ibe pogt striking festure of thds
compartation is the magnliude of the radiant heat absorbed
beling nrcater thsn 12 times the rasting metabollism
{fobertshaw and Fimch, 1978),

W W A AN P G WL AR B M N SE PR W TR G W M R GRS W B D R WD Y S e

" . Convgs wutaw Hesple
Sobaw dadlee 105 Haat
bolile ont  dioted CLAVe  neous ratoxy ool 4n 10ge

- p hoat heat heat o
heat he ot heat loas loss  loss raye
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80,7  638.0 073 63.6  146.2 36,1 7.6 68B.7 650.9
(57,73 (9.3) {21.2) {%.2) (1,1}
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Starr (i981) stotud that weasurerents of cean
conthly radiation levols alded in establishing and
refinlpg aszesament of Lousing needs of cattls in the
troplesa

In a 2C ysar study with rmdlk produsing 0,212
Holatelsn and Jexsey cows at the Unlvarsity of .loxide,
Sharns gt pl.(1909) obtolned results thot wers unique o
the specific climate Lmwoalvod and the charucteristice of
the climete provalled woro as follows:
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Solar xadiation

=Ran
Momeh anloam

ture
{ac)
Jamzazy 20,0
Fokruary 23,9

Kareh 26,1
fpril 27.8
Hay Wb
Jupe 2.8
July 33.3
Aspust 2.2

Septeaber 311
Qotober 28,9
Novomber 2540
Dacombar  Fl.l

{oc)

6.7
16,0
10.6
13.8
li.2
20.6
22.2
el
2646
131
1.1

6.7

Lgan

pinizus  Mean RH

LRENL A zmpuas {pax cont)
Y

48
44
38
42

L .

43
43
32

{Langleys)

High low Lean
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425
567
647
756
e
740
760
Tob
$79
365
435
A4

3

86
242
204
ke M1 )
i93
244
133
190
240
18

23
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Toe authors corcluded that the intense asjar
radlatdon rostsicted wobildty and feed Jntke of Ciw
The alr
keupecatuxe and KH bad roxalmed within tolszable 1iuits
amd salac rasiation zlone had brought sboui the desline

arlmale and vesulted in doclioes in productisn.

An produetisna

262
|34
<93
354
43
384
57
507
#26
426
354
269

- o -

Yassen (1977) studied in detall the respiratory

rosponses of Niams snd Boran cattle to the climatic
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canditions of 5iigeria. The flve year conthly avecages of
agrwwtsriolejieal data at Lalversity of higerla (.eukh
Statlon, lotitude 6% 52°1; longitude 7° 24'5; altitude
400 =) prasented were:

A R G s We Gl M e GE R R A SR Y G WP W Gk B B MR A OB O W P R @R e

zaggig, n Temperatuze X nelative

w !
IR a%::;u “’%‘:;? f aeimer  Adnimum mﬁ'{
J Y T T ™
Jamary 6 269 3 20 A
February 13 289 33 22 49
raveh 37 286 32 23 73
Hprdd 2% 293 31 22 76
tay 217 273 0 2 ]
Jupe L] =244 8 2% 33
July 148 234 P4 2 7
sugust 198 @ Y 2k w3
Septenbsr 373 253 27 2G4 a5
Uetulamd 203 283 28 2L J2
Novegbes 8 0 ks bRy 13
WA B 1 285 34 20 33

B we e O AT A M B AR R AR AR D o b AN vk OB G S e WB W O ke G GG O M

e corcluded that Zebu differsd in theixs response to
airect solar radiation ond this was the only factor tJ be
conslderad in selecting Jebu breods for itropical climate
than all other climatic varlables,
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On a comprahensive screening of the availabla
literaturs of past 30 years, it is found that only very
faw ressarchers have worked on the effsct of dirsct solarx
radiation on animal's performance. They are Harris g% al.
(1960); 3brode st 21.(i960), uililams et al.(1960),
Thompwon 3% a)k.(1964), Guthrie gt al.{1967), Shafis and
Elesheikaly {1970}, Kshoun (1971), Romen~ionce st 31.(1977),
Elsy gt §1.(1978), Ingrahaa gt al.(1579) and Colllar &% al.
(1992), iIn India, such work on Zebu and crossbrad cattle
are by nazdan et gl.(1968), Thomas 8% al.(1969), i.aomss
snd fazdan (19722, b}, Thomas g% gls(1975) and Thomas and
Acharys (1001) and on buffalos by Pandey and Roy (1969),
Tripathl gt 31.(1972) and Sestry g gl.(1973). Satyapal
and others (1973) have worked on the influence of
unshalterzed conditlions in north Indla on the water
copsusption &n buffsios, Nome of these authors had
quantified tne solar radiation in their experiments.

Thomas and Acharya (1981) have stated that measurcment
of solar radiation paosed problems and recuired sophisticated
equipments. McDowell (1972) sujgested that sethodical

ent and ding of aach of the climatic variables
prevalent in a location could 5 of atd in defining the
shelter reeds of livestock in that pacticular locality.

c) AlLgvanent

An incrsace in alr velocity will increase heat 1loss
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if the body tswparature is higher than the aubient
temperature, In tropical zomes, the advection of hot alxr
over the eninmal may increase iwat stress and in cold
locations, air motion enhances cold siress. In climatic
zones belweon these two extremes, air movenent generally
witigates climatic stress (Starr, 1981), Spavsely halred
pigs and buffalos Ipse heat wore easily by convection.
Buffalos sweet but pigs do not and sa 4n hot enviromments
buffalos banefit moare frow aly movement (Macfarlame, 1981).
Schuddtelhelsen (1972) stated that a major differerce
betwean panting and sweating Is that the panting andmal
provides its own alr flow over the cooling surfaces and the
sweating aniwal dopends on free or external forced convoction.

Giegel and Druzy (1968) demonstraied that velocities
upte 2.5 a per sec diminish the physiolosical reaponscs to
high dey bulb tsmperaturas upto a lovel of 40%; abwvo 40%
where the temperzature L5 aqual 4o or greater than bady
tanperaiure, incosasing alr velocity exacorbatss the
paysiolegical responses, However; &f tha aniwals aro
*upoged 10 the sun outdoors, radlatlion can ralse thelr
skin teaposatuze woll abovad the anbient temperature with
the xasalt that the wind has a cooling effect. A windg
speed of 2.2% m per sec is uoted by nsDowell £1972) as
idesl in hot dry day ties environcents and afier sunset,
the restoration of heat balonce is emcouraged by wind speeds
of the ordar 2,25 to 4,50 @ per s»s,



It is stated (Lindth, 1981) that im the iasdd
txopics, the use of high alr velocity 10 cool the stock
may be the only possible way of Asproving perforcamce, 4if
climate moddilcations by the various housing and landacaping
technigues have been oexhausted. whoro it is possiole o ase
both evaporative cooling and an inereased alr wolocity ic
so0l the stock, evaperative cooliny could be used until tme
indoor iU reached 70 %o 75 per cent. Following this, an
inczaased alr velscity would o the last means available
for couling on large scale, Adr velacity inside andnal
houses is affected by the venillatizn rate, and the
position, shope and size of indets (Bruce, 1981}. The
varfous f.otors in a vontilation systes tha? affect tne
alr flow patterns have beon summardsed by Larpenter (4974,
stolpe {(1077) racommended thaot a rate of alr moverent of
Q.6 i por sec was ffective a3 a woam > offsettln; e
deleteri.us effects of very high temporature in cadern
animal housing.

Sha effect of rolleving heat stress by providing
ventilation ar alr flow arrangements on thermal and
productive rasponses of dalry cows has wgon edamined in
raocent siucilos by Serman gt 3l.{1985) and lolman and
othwrs {197} In ddssissippd, notural cross ventile“ion
in a fxee gtall sheltar a3 comparsd to no cross vonuliatisn,
resuliad in signiiicantly lower rectal towparatures and

rospiration rates «Ath a nonsigniiicant trend tuwards
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higher milk production (Fuguay st gl.. 1979). In Indla,
Ludri (1979) studied the effect of air movement in a hot
and huedd climate {air temporature 26,6 to 32,6%;

R 88 to 90 per cent) on Dk consumption, physiological
rextions and milk yleld in crossbred cows. Increased
aly movement by fans decrezsed the rectal temperature,
respiration and pulse rates. The drop in oilk y‘ic_id at
the and of the experimont was much lower in the fan group
compared to the czsntmls and the average pilk yiold was
higher by 1.22 kg per cow per day.

X1s nﬁF&T QF mmm&m& HEAT STRESS F/AOTORS ONi

the zooe of thermal comfort is the range where thore
is ninimal Wmﬂwiﬂtq effort and .ia the thermal
erwirorment that an animal will choose for itself (lebster,
1974; Ingram and Sount, 1973). Outside this range, amblent
alr temporature 1s lws;nd to influence tim boéy Wramm
of aninls % a larger axum (Bazdm g& .i&w 1368; Pandey
and Roy, 19695 Thomas, 19693 Bayat £t ales 19503 Caluar
2% aley 1982; Sysnsstnder and Choudhurd, 1988; Her 2% al-»
1983; Nauheimer<ihoneick o% al.s 1988a), Thompson gt gl.
{1964) dﬁan&u‘aﬁd tmt'wp:m dairy animals were exposed
%o direct solar radiation, the skin twnperatuse and
péspiratory rate were significantly hicher in the sun
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(< G0L), yot thezmal bilance was not alterad as
indicated by normal roctal tempesrature. Thalr conclusior
was that animals attespted provonting rciss in boldy
temperature by effectivaly increasing heat loss by
accelecating breathing and raising the bady surfuce

tanperatuxa,

<ol blooded animals keep thelr hody tecperastuse
within o narrow ranjge even when tne ambisnt ltemperaturd
fluctuates wldaly. The normal fluctuation rang2 in body
tewperature &8 azound 2,5 in wost domestie livestoc: and
it Ls betwsen 38,0 and 37.3°C in adult dalty cows (e:z
and ctednhaaf, 1978},

Ldurnal vardations in body temporatures ore repurted
(Holmas, 19703 Shafie and Llwsheikaly, 1970; Sastry 9% gl.s
1973; .=akicl and Funsho, 1979; Flamenbaum gt gh., LUG6)
with the maximum eccuring in the early aftsrnion and
minimum in the eazly hours of the morning. lG.ever tha
diurnal cifferances measured wers only G.5°C Botweon ..eso
two extremes {.olfonssn 8t 3l., 1983},

Ssttacaarye and Sinch {1931), im thalr txlals .dih
crosghr.d hadfors found a sdgniflcant varlation n roctal
tanporaturs only when there wss an umivlating tenposatuge -
hunidliy cctplex. he roctal tumperatwures ramalneu const-nl
without variations when the same calves wery subjectad o 2

constant tumpsrature « hinidiiy complex ox siadlar
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magnitude, Pandey and boy (1949) concluded that buifalos
were nore susceptible to haat stress than Jebu but siudies
by fiassan £1 a}.(1979} indicatesd that crossbrod cows had a
higher recizi tomperature and respiration rate than bulfalos
under stressful environmant. Lactatinmg so.ss recorded a
higher roctal tepperature ithan mop-lactating cows (.ol
and Lonty. 1974} and rectal terperatures <ere higher in
early lactotton than in late laetotdon (hauneimeieThonedick
&t 3le0 1?3§}. Age differences (-aiz g% al.s 1972), orecd
differsnces {ohwbaita, 1934} and varlatisn in budy
tosporature reations due to diffexences in composiiion

nf dlet {3eaae ana colller, 1936} were repscied. Uhuer
Lgyptien climatds conditions, the rectal tenpezature
valuss of .resian cattle recordsd were 33,8, 38.7 and
33,5% r.spectively for sumeer, auturn and winter seasins.
In summers when those sows woXe exposed o ciyect sun idghi,
the ractal tempsrature incraesed to 39.8%C ag.inst 33.9%
of the cows kept in shade {Shafie apc Lieoghelkaly, 1970).

wontiary 10 the abuove poports, sowe zesearchers aid
nut £ing any clifwtorge An body tenperatus. Iusponsws €0
varfaztiop in climatic ond other factors. .amakird anc
Tunsho (1979} falled to find any breed difforence us .ell
as differences botweon heifers, milking cows, bulls and
calves in thelr body tempsrature pisponses,. otusies
carried out at the Merala ~gricultural University (a.a
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(Somamathan and Hajagopalan, 1383) zevealed that the

zectal tezperature of crossbred calves remalred constant
throughout the year insplte of wids varlation in the

anblent temperature and humidity levels betwsen various
seasone of the ysar. Fuquay 8% 30.{1979) in their
exparizent, with dafry cows, found inconsistent respopses
An zectal tsmperatures and respiration rates under various
treatoents and concluded that the tioe of montioring

(Stott and Llexsza, 1974) or animal activity (Hwtson g% al..
1971) accounted for some of these inconsistencies.

The tesperature of the body surface has been
measured under a variety of hot conditions by many workess
{Bfanca, 1964; wurster and LcCook, 1969; Shafie and
Eleshelkaly, 1970; Shupsl singh and Sadhu, 1970; Sastry
2% gleo 19735 Singh and Newton, 1973ap Thiagarajan 8% al..
19785 Kodlpdilal st al., 1979} Heuworth 2% al., 1979;

Axdx gt ales 39753 Bunger g al., 1982). Gurstor ang
¥eGook (19.8) studiad tiwe Enflusnce of xate of change in
skin tspperature on sweating. In 10 wale subjects, step
changes in ssbient tempsrature {60 to 37°C) proJuced rapid
decrease in skin temporature and inhibition of sweating.
A% zate of decline of skin temperature approached zers,
sweating incressed despite loworsd skin tempzrature and
declining central tenperatures {tympanic assnkrans and oral
tamperature). It s stated that a decresse in tiasue



2L

resistance on the trunk, would bs of thermal advantage
to a sweating animal in hot environcent, BSerman {(1971)
reported that the local tissue resistance on the trunk
 of Holsteln dairy cows fell from about 0.28 to 0,12 Sem™t
~when the corsesponding skin temperature rose from about
36,0 %o 29,0, The accompenying rise in body core
tesperatuze to about 39.7°C ndicated that heat could be
disslpatod theough tha body tissuc on the trunk af the
rate of about 73 Go” 2 ahen mean skin touperature on the
trurk zeached 39%, Fow published measuremonts allow
sivilar snalysis and more information would b6 neadsd on
the lozal changes in the tissus resistance of cattle in
hot srwigonment snd on the role of the diffezent body
reglons as svepues for heat dissipation (lMcArthur, 1981).

It ic shown that d.;;-éatﬁag, the thermoregulatory

- mechanlsms coma into operatlon in 2 gertain order.  Under
corditions of moderate hsat, vasodilation enables direct
teat oultput (That::hat arct Colller, 1982). At hotter

- .'temper:atuse. porspuauaﬁ gomss into effoct which is Lataz:
on ammpaﬁhc% o an :l.mwas:ng exsent by gtcsate:
‘:rosplram:y wt.iv&ty. anly when all these mechanisms no

l,mrger suffice; does the body terperature rise (Herz and
stcin!muf. 1978), This affects apoetite and thyreid gland

| ﬁi!:&ty ah!.cts Leac&s 0 a dmp in heat procuction, ?:ho_re

| s.a, hmven a na!.t beyand which thvu roactions are mo



lomgar sdeguate and the body temperature rises to such ar
extent thot the animal dies, the lethal Increase belng
4,4%, above normal body temperature in the cose of cattlo
{Terus gt 33.. 1972). This order of reactions also
applies 1o tha snargy needed, as vascdilatation reguires
only small amgunts of energy. sweating higher amounts anu
panting, the pexloum energy {NMciowell, 1972),

SuEdny nwat stress, there is 3 delay of abmt two
hours beioze the rectud tegperatuxe rises in resciion to
amblent Batses atiildas  Lootal tesporature has becone widely
ugod a8 an Indicator of heat selivarce o hoat siress in
cattle (Uilancas, 19:03)s In on atiespt Lo Adentify e
affacts ol thwomal stress in terns of systemic responie,
neuwerth 8% gl.(1979) subjectad eight iolstein caives
succescsdvaly to {ive temporature iuvels, ranging from
158 %o 37,7% st 60 par cont Bh ond measured the recsal
sod shin tospe.atures. Lhey found vhat the cdlves iosponded
0 acute hoot stress only above 32% end did mot attenpt o
geelimatize until at lesst four to five hours of uxposure
at 37.7%. imctal temporaturus of 42.2% wers recorded in
liolstedin cows which had been axposed for soveral hour: to
a temporatuze of 41°%C (Johnson ok gles 1967). Ansell {1973)
found thot cows vero able to tolerate high ractal
tapperature for long perlods with little -}Eec't on
performance but sustalned rectal temperature of 40% .a
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approeaching the limit of tolerante. sest African Shorthorn
catile wese exposed for 10 daye to direct sunlight with an
alr temperature of aver 29.5% in the shade (Kahoun, 1971).
The rises in hody tamperature evident in the first five
days graodually declined over the second five daye. Singh
and hewton (1976b) subjected four, three xonth old caives
to 18,5°C and 50 per cont Ri for & week and later expossd
10 40,5% and 30 par cant Fid in & climatic chomber for
two wesks for scclimstizetion. Skin and rectal
tesperatures increased sharply on the first day of
sxposury and then graduslly declined with continued
sxposuzd, IThe lower values were still higher than the
original values. A gracual incxease {n sweating rats was
awen sfter the second day of exposuzre, Most of the
scclismatization in the physiolegical measurements was
conpleted in the first nine to 10 days of sxposure. ilers
and Steinhauf (1978) stated, that such a resttion could
be described as acclimatization, if by acclimatization la
peant the reaching of a stable physiolegicel state. It
is known that the rectal tespersture of a csael can
fluctuste to a wide xange of 34° and over 40%, If 1t

18 expossd to thermal streas betier use i3 mado of its
heat storages for thermolysis with miniscm water loas
{Yousri, 1976). The highex body tompsrature during the
duy storss hest which is dissipatoed dizectly by physical
neans whan the environcent cocls down, during the night,
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It is, thereiore, to bHe presumed that & rise in ractal
tespo-atire 4s not necessarily o sign of fallure on iug¢
part of the heat regulating cechanisms and tosis aro
needed to fina out whether tha generally accuptad
interpretation of role of stable body temporature unuor
hoat stress is corzcets a9 3 rasult of t0sts carxded out
in ‘wstzalia {fuzner, 13723 ~llen and wopegan; 1974}, a
combination of parspiration rat, foad consumption, reztal
tewperature and rosplration rato s sugyested as a3 Lo
useful indicaotion of heat tolorence, the first two factors
being set into e.uation with positive signs anu the 15t
two with negative signs (Mclowell, 1972}

11) pespirarion.and cafdhac fates

woat 18 wsell known o augement the resplratory
activity of cattle, Jomanathan and hajagopalan (1984)
recorded onthly vardations in ths respirazory rates »f
10 to 24 ponths old cxosabred calves at Nanmsthy. o
raspiratory rates wore a maxisuw of 49.23 pexr min in
pril and a2 minimum of 30.97 in July when the ubiont
tenperatures of 35.33 ond 28.45% were the maxlowr an %hu
winimus respectively darlng the year of study. iresiam
sows mainlalned under the climstlec cendiilons In Lyyut
(Shefie ano klesheikaly, 1970) hao exiilbited seasonal
dirforences in the resplratlon ratus, the rospictive walugs

£or summer, autunh and winter belng 45.2, 3349 uia



30.1 per mln, Shottachaxya ond Simgh (l981) reesrdad
slgnificantly higher respiratory rates in crossbred calves
that were subjectied t0 a constantly high {euperature
condition than the calves that were subjected to unaulating
topperature comiltionss, In Haxlana, Tharpagkar and Lahi. al
precds, whosal and Guha (i974) {ound thel the respiratory
volumz and ovaporatdve heat loss through tho pulmonsey
trast under cosl sonditdzns (18.3%C) were approcisbly lower
than under cither hot murde {22.5%) or hot dry cinddtions
{42.5%). DBunger and othors (1582) have geported dlusnal
rython &n the rogpiratory Yetos of oesmen cresian ¢owi,
Linlficnt bresd Jiffersntes are xeportey im Ddjevia

{ wakird ang funsho, 1972). ° hizher res)iration roue in
crossboag snvs than in buffalon &3 aleo reported {.oszan
2t akee 2973)¢ o significant rise in respivation rato

in responsy €2 hot wosther «as noticed by .~1fE and [ by
{1274) in Jresian o2 in Acizona But the rosporse wad oach
more significant 4n loctating cows zhan in nonelactating
ores. In the experiment by Colditz andg Kellaway (1s72) in
asbralia, the respirstion raotes of Freslan and Brahian x
.xesfen / calves at 8L alr tampes cduze were t.dee that at
17%. . porh the temporatures, the zespivatosy rate of
Lrahtans was Lowel. «hen laclcling coss were subjeetad to
an arbiont oir tempsceture of S0 {LavhelrereThonedclh

&t ke, 10832}, the respiratory rate inereased Gy 130

pur cont of the normal.



tion alr hupidity sreatly emharces the eifoct
of tdah alr temperaturc on respiration, IZloeur-rchman
et 51.(1982) reported that respiratlen rates in
crossbrad cattle were the maximum ln the month of

Asgust when the Ril was highest,

Undes the subtzopicel climate of Centpal Toxas,
Lwilliams e gl.{1960), wozking with European and Zebu
brocds, found thot the resplration rate which was rore
consistant amonyg all the physioclogical mapcvnsos
studied, was sffected fore by dirxect solar raddostdon
than by the othsr weather influences. :larrls et al.
{1330) corsluded that 2ir temperature vaviotdon o0
the prodsodnani cause of variotlon 4n respiraidon
rato while s.iap zaifation was of conslderable
ioportance as a direct couse of ipcrvased respiratiun
rato af dadry eattle vhen thoy vere divectly sxuoaed
to Lne sun. 1he varlations in rosplration ratey at a
congeruente of exposdro iv direet solar radiatdon as

reported by a few authors are tabulatad below:
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Reapiration
sl rlu/ =in
Na' kind of animal Aathor
. Shelt~ Unshels
ered terad
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1. Laizy animal in a -
subtropical ervironments

a) Coated aluminium yoof 64.0 94.0 a:gzg:on 2t ale
b) Corrugated galvanised
ixon root G0 D4,0

¢) Corrugated aluminium
roof 68.0 94,0

4d) Natural shade under
Lress 66,8 94,0

2, Freslan catilde in .jypt 2%.k 70,2 Shafie and
Limthaikaly
{1972)
3. Burrah uffalo heifers dn 32.7 41,1 Sastry ot 1.
India {partially exposed) (1973¥

4, Sahiwal and Sahiwal x
bewnm wwkss Sull calves LB,0 22,8 Lbomas anu

in Indlas Razdan (1v73b)
S Laetiting tows in a 54,0 82.9 Homap=lonze
subtropical climate &t al.{1977)

6. Fraslan ond Brown Swiss
tenals calves in Luypts

a) Brown —wiss UDel 9949 5

Shebaita {1984)
B2 Lpesieng Tos® 107.8
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It 1s stated (Horz and Steinhauf, 1978), that 4n
cattle, whose heat output wechanisws are primarily
vasodilatation and persplration, panting may reguire a
goeater enargy expenditure and is therefores less
efificient. The change over from the first phase of
respirotory activity to the sscond phase takes place in
adult cattle at rectal temporatuxs of 40,5% (Jianca,
1965), uring the second phase, there is a rise in
cardiac rate which can be initerpreted as g sign of
dcroased body stiess,y In the exparicant wy Ziz-ur-r_hoan
ot al.(i982), tw higheot cazdiac rate in Sahiwal cattle
was pecozded when tho hil wes nigh along with bigh awoient
tomperature, surukawa g% al.(1979), in thelr atwonpl to
study the affact of anvironmental tenperatuzs on
physiological functioms in catile, adaptud i4 six to
il months old calves to i3°% for two wesks in 2 climaudc
reom, % a constant R of 70 per cent, the temparature
was raised to 30 to 33% at five or 10% por h. Tw
topparature 30 to 387 wae contiiwed for thres or six
hours and then the %emperature was reduced to 15% at tha
same rase of change on the inczease. Incgeass in
respiratory rate and rectal tempaerature acvurred in all
the animals sut fwart rate only increased greatly under
sevarest consitions (33°% for six hauzs). With the
slevaticn rates of five and 10° per h the body temperature
began tu rise at amwironsental tomporature of 27.% and
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18,0% respectively. Respirstory rate reached an
ecuilidriun {about 160 per min) within one to three houxs
of exposure to tho plateau tasperature of 35°C; body
temparatuze continued to riss for six hours after this.
The heart rate bugan to ircrease greatly only whan the
reapiration rate and body temperature reached their
equilibria.

Horz and Stednhauf (1978) stats that under hot dry
conditions, whers water supplies are at 2 minimum, it can
happen that a periocdle reduction in watip evaparation
through the respiratory passsge is advantageous, ot low
ambisnt temperatures, skin evaporation corresponds roughly
0 that of raspirstory pasaages, ab high tempasaturos,
avaporation through the skin is grester and saounis to
about 70 to B0 per cept of total watexr loss through
evaporation, ilnce Zebu cattle rely less on vespiratory
cooling than B.4ausus braeds, which breathe at a rato of
upts 200 per anin at alr tempsrature of 3%, similariy,
12 par cont of water eviperates through the respiratory
passages of Brazhman ¢ows comparced with 24 per cont given
off by Sherthorns umder the same conditions.

Blanca (196%) stated that the effect of panting,
which accountsed for only about 20 %o 30 pex cent of total
evsporation was somswhat uncertadn. In cattle, panting
wat not the mein factor in the control of body tamperature



30

and heat stress, ihe cooling effect of breathing was
probably lessened by the fact that heat was produced in
the respiretory muscles, In this way, cetile used about
four times as much emergy in thelr respiratory cooling
system than in sweeting.

Lazdan ot al.{1948) opined that respiratory raytha
proved to be a moge sensitlive index under tropiecal
conditions for assesainy the animal response to
anvivormental changes wharsas Garcla and Rodriguex (1976)
concluded that the respiratlion rate gavs the poorest
indication of hwal tolerance.

Values of cextaln physislogical functions of cattle
in thermomsutsal zone (THZ) 13 to 18%C compared to a Mot
erwirorsmant 40°C (Gangwar, 1988) axe presented below:
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Trage ™z Hot  [arcent
S W W W A W YN SR D N BE Bk W AV S5 A WD AT W S SR WD W AP K AR e G N e
Rectal temperatuze % 38,6 399 4 3.3
Skin tamperature % 33.3 379 +13.8
Pulse rate per min 64,1 57.8 » 9.8
Resplratory rate per min 32,0 94,6 +200.0
Blood pH Te5% 7,63 + 10.6
Total evapsration (g per n per h) 125,3
Sweating rate 118,0 206,0
Res xntaryzwapentlon 7.3 2542  +245.0
G per o* pax h)
Hater turnover ml per kg for 24 h 22040
¥etabolic heat productien 8410 629,06 = 25,2
(Kcal per h)
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B+ Growth:

one of the sarly and uniquely ingenious expsricents
on climatic effect on animal growth was by Hancock and
Payne (1953). They had aplit up oight asts of identical
twin calvas botwsan temparate New Zealand and trepical
Fiii and provided similar conditions of feeding ami
manzgenent in both the places. Apart from an lnivial
satback in the animals in Fijl due to transport and
quarantine, an appreéciable depression in growth rate
oceuszed only when the temperature in Fiil was at its
highest, At calving, the Fiji animals were 84 1b or 9.6
par cent lighter than the New Zealand anizals, The
retavdmant in growth of the Fijl aniwals was reasapably
uniform An so far as all body measuresmnts were affectad
except the belly girth, which was large in Flji animals
owiny t5 thelr deinking twice as much water as haw Iealand
animals,

Later on, pany more workers, in their esperiments
had shown thet waim climate did affect the growth rate of
cattle, Randel and Rusoff {1963) maintained two groups of
Fresian calves either under conirolled temperature, cycling
from 73 to 90°F or under abient winter climatic conditions
{control). The aversge dally body weight gains by
exparizontal and control groups respectively waxe 0,56 and
0.74 1b for O to 30 days age, 0,74 and 1.19 lb for 30 to
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60 days and $.55 and 1.50 1b for &U to 90 days «f ago,
the ditforonces botwean treatwent groups belng highly
sigeificant (P<0,01). Tazdan and Ray (1948) subjected
12 Tharparkar heifers aged six to 12 months, to extrewas
ot weathor under flsld eonditicns and the cuntroel group
was shielded from those extrsmes. oains wers less among
the anlimals kept undar stress,

Thomas {1959) observed that tha foed intaks and
the relativoe growth rate of Lahiwel ana Sahial % Srown
Swiss lullegalves were depssssed qurdng ine supner
season in horth west Indla, ihe bullwcalves exposed to
weatnar conditions leost their body welght significantly
5250 than the shaltered unas in ine hot-humld wonth of
July.

In hew South .alas, five ponths o1 bresian ang
Brohman X rresian Fl heifers were kept In controlled
emwironment roums. Feod Intake and growth warue assessed
during tneee perdous of Z1 cays waen the aniwmals were
walnptained at 20, 30 or 8%, with kh 68, 32 and 46
per cont zespactively. 1ha Pl animals wers supacicr
only unwer heat stress. Growth rates of Freslans ana
FL animals vere similar at 20%., with each succossive
increase in tewperatuse, live waight goins wese
sicnificantly reduseo (kellaway and colulte, 197aj).
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In an sxperiment with beef cattle in Canada (Al=-ilassan
2% ales 1975), daily live welight jalns recorded wors
1.06 and 0.82 kg zespectively in zoups exposad to
21.3% and 24,6% temperaturss with constanmt Rii of

74 per cept. iowevern, in an experiment by lLuccli st al.
{1976) 4in Sas Paclo, no welght galn differornces ceuld
be founxi in two groups of five months old Fresian
calves that wore &ither kept inside a closed ztall
heated to 30°C from 13,00 to 17.00 h or kept in a well
ventilatod stoll. Rathl and Bolaine (1996), 4n thelz
attewpt to study the seasenal effect on the growth rate
of Harlana and Fresfan, Hrown Swiss and Jersey crassbrod
calves, 2id not $ind any sdignificant diffsrerce botesun
seasons in che growth rate except during the ficst

nonth of age,

Young (1981} had surmarissd the results of
various growth studlas condustad in some of the

universitios 1o USA as belows
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ivsrage  Average

53 Porlod of tenpere daily
Ha: asudy ature gain Place of study
% kg
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1. Har to Nov 12.5 d.54
Poc to Fab = 9,8 120

Undv, of Saskaichewan
2. lay to Sep 148 1.48
Univ, of Alberta
BNoav o Max 13,6 1.1%

3. Jul o bec 12.7 1.8
Golorsdo State Univ.

4, Apr to Des 1i.7 116
south .aketa Hiate

den to Jun 3.7 1.08 Univ,
Se  ~nbmial 23.% 2@ 1.357 “kaiahoma Ctose Jnlv,
6. Anpwal ig.:g 1o 1.28 Texas A. and M, Univ,
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The annusal tempecature renge of 3.3 to 28.2%
produced the best welight galna.

o alleviate the sumpmer helt stooss on duifalo
calves by providing sheltor and water spzinkling, thoreby
1o Inprave thelr growith pexformance, teo wall plannad
axpecimonts wers comluctad at laryana Ajriculiural
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Univessity, Hissar. Tsipathi ot 31.(1972) investigatod
the effect of shelter and water sprinkling on the weekly
weizht gains and six other body measursments of .Jurrah
buffalo helfers batwean six to 18 months of age.
Significant (P < 0.03) increases in weight gains by 15
per cent and body lengths by 30 per cent were obtaired
by the treatuent given, In the other study ay Thomas

et 21.{1975), between six to 12 months of age, thersmal
protection resultsd in significant (P 0.03) increases in
heart~girth of the calves and izprovement in weekly welght
gains and sbdominel gizth measurcments by 16 and 20

par cent respeciively.

The eifoct of two types of housing end two
copcantrate fesds on growth of three months old crossbred
calves was studied sor five months at Rerala agricultural
University (vesasndranath gt gl., 1993). The calves housed
1n corventlonal type of aheds and fed wiih salf stariers
gained 287 ¢ per day which was much superior to the growth
of calves rearcd in bamboo sheds and fed with pelletsd
feed,

Baeds ard Collier (1586} corcluded that while
assessing the factors thal Jdetersire the growth of cattle
in hot countifes, it .as aifficult to dissaciate dirsct
from indizect effects and from effects that wexe not
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connected with climata, In the troplcs, as in texparate
climates, welcht galn was affected by the quality of the
irazing and by fesuln; and managementa

C. ailk production snd milk conpoeition:

with rising environpental temperaturc there is a
decpoase in voluntary feed Antake. a2 3 resalt, a hot
epvivonient, apart from affecting wilk pruouction direcily,
will alzo couse cnanges in nilkyleld and pilk composition
that may e colparable to those causod oy underfeediny or
even by starvation (Bianca, 196%; Johnson, 1978). vt
weather zcts through the aypothalasmde and liobic comugol
of both texporature and neurocrine mechanisms. i hn and
Sabuen (1070} and siabn (1U76) have construcied waps
vredicting tne likely roducstlion of ~ilk ouitpuat wurding
sunTer. They tosted animsls in controllad and natural
srvirurments, then prodicted the £ol) 4n prosuction 1l:ely
at eacn hizh bexperaturs. The prediction apresd to five
1o L7 pes cent in the field (Macfarlame, 1981}, In wuy,
tiv deprugsion of :ili praduction Jue Yo heat ranged fxron
5% kg near latitude 40% K to 43 kg on latitude 32°
{:lahn, 1969}-

2) Broggstiops
1he roviews by Laben (1963) wnd Odancs {1vey) and
later the syrposium of Toutcher (L13%4) discussed thig
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aspect in great detall. Laben (1963) stated tnst optiruc
rilk yleld and efficiency usually wero obtained wizhin
the comfort zome of 5 to 22%. uJolow 5%, ofter no
approciable declipes in nlik yield were noticed unless
tomporature deopped to about =15%., But even moderate
incroases above 23°C resulted in measurable declines in
milk production, Cbhristensen st 2l.(1979) in Lexico,
snowed that wilk yleld svorted falling sutside the sangs
ef 3 1o 2% and alse ab Hk above 66 paT cent. Hennar
(1976) sujzosted O to 6% tenperatus. ampd 70 %0 &9

per cent hul as optimal for milk production.

Sar~ cuthors Dad used varicus hezt tolarance
incicas 1o study the hoeat stress offect on rilk
productivity., Kunde and Ohatmazas {(1980) apnplyim;
hhoed, laclawe, LBemnzry and Dalery Jearch Indices, didg
not €imd any goecific trend of currelation batwesn thace
indices ond daily olly yleld of ¢rossbyod cows. .arlies,
Ingranam vt 31.{1979) found a definite relationship in
that their ostimated milk production decline per unit
insrezse In JUK was 0.32 ky. wy providing snade, they
culd incraase the dally overage milk vield to 1.0 kg
wheroae 1t .8 only 14.9 kg in unshiaded cows, Fhomas and
noharyz {1981) analysod the yearly avorages of dally
rrizum tapperature, Vapoir pressuru, fdl vaiues, TS

values and rmilking averagos of :resian and Jersey



halfbrods ot six stacioms of All Indla Cowordinatsd
Research 2Sroject op cattle located at differenmt raglons
in Indla, Thoir yesults Indicatod that THSY apd the
ruzbezr of months with THSL exceediny 75 explained
variations in milking avoragos 45 a greater extont
then individual ¢limatic factors concerned, Maximum
temporatuze and vapoug prossure considered togethex
acecounted for 38 and 14 pex cent of variations in milil
yields of Fresian and Jersay half breds rospactively
indlecating an interaction betwesn genotype and physical
envizonesnt. (hedr analysis sleo coenfirmed that oillk
production gonerally tended to be lower 4n hot hueid
rogion thun 4n hot azid o hot senleardd reulons insyiie

i a mmch bigher temperatuze 4n the later rojions,

Individual climatlic facrors® effect nave sean
studied by many workerss »ive thousand two hundrod
conplated lactation records of Cesmop Bilack rled cuws,
spread undformly throughowut the year wero analysed wilih
reforence o atmospheric temgszatura, preossuie, iud, asurs
of sunshing and rainfall (Volgtlandor anu otneks, 1s47. ).
bidlk yield had a significant corselation with alx
temperacurs (0.26), i (=0428}) ano buwurs of sunshine
{0.20), Desiin and snojeic {197J; in their thres yea:
perisd study in Yugoslovia founu vhat in Fresian cuws,
0 yield rangad from 4007 kg at thw Lowewd i of
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62 por cent and highest temperature of 23%C 1o 0434 k, R
at the hiohoat R of 33 per eont and a tenporature of
about 5°%C. walal (1979) found significant correlatisn
betweon 120 doy milk yleld with rectsl tamperatura {(=,36),
pulse rate («0.12) and bady surface area {G.38) in 296
halfbred and 3/4th brod cattle of uJanish hed, Fresian,
Jarsey and Urown Swlss cows. dassan gb gi.i1979) recarded
daily miik ylelds of 7.7C, 7.47, 5.57 ani 7.71 k3
sagpactively aurdng winter, spring, suncer ami autuom
seasons An Loyption x Freslan oxossbrd cows and tiw
variation in nilk yleld was 36 percont due to ¢limaide
foctorn, Ihe sams suthors ln .gypt, in a later swudy
{:lasson g4 gl.s 2981) confirmed thelr earlier tim Ange by
abistning similar results with dally average yields balng
7.8; Te6e 546 and 5.1 kg for the four sensons in thot
ordor vith loseied yields in surber and sutucn. bodriguez
8% 2L.(1993) used 19 yours Aoty on 22,4872 laictations of
five d~iry hresds malntalned at llordda Anxic. Expt.
Statdon in thelr aralyels. ey found that K and al.
tansacatire weru assoclated wiih 1.6 ©o 3,6 per cunc of
variaebllity in oile production. wilk yield was faund

to e affocted only sllzhtly oy increasing tec.eraturs
£r3@m 8 29 2990 but the yields declined rupldly wmeon <he
tomportture went beyond 29%. Jexcam st gl.(1085) foond
the upper critleal temporature for milk pecductivity o be
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25 to 26%C in Israeli Fresian cows. Sharma e} 3l.{1vs8)
found that optimun conditions for cdlk production wero at
maximus temperatuse bolow 19.4°G, inoreasing salar
raddation an: minlwum Bif betseen 33.4 and 78.2 per cunt
{Lool sunny days with moderate humidity). .3 lony as
topparature xemalned below 19.4%., a rise in solar
radfation or ki oply increasad milk yleld wnder Florida
climatic conddtions. Hor gt al.{i538) s.uuied the effect
of cowliing of cows by water sprinkling under Israel
clinctlie conditions. {lk proouction of cooled cuws L.a3
2.6 kg par day (¥ par eent) abovs tne control cows.

The fall of wilk yleld Jue to haat stress .5 wove
marked in aarly loctatluon thap at later stages. In the
experiment by Nauhelmsr~Thonsick ef a).(1998a), switc: inj
sver of lastating cows from ap emwironoent of 15%. am
70 per cent i to 30% and 80 per cent Ki conditions
raduced milk yleld by 30.6 per cant In eorly lactatdor and
only 23.9 pexr cont in lote lectotion.

Jdeat sipess daring gestatdun affaects oilk yledu
«f80s calving. Luiing the last triwester of pEsgnanc, .,
21 cows and 1U helfaxs wepe LAVen ne shade treatesnt, at
parterition, Lnsy wer. yrumoved 16 snade and 350 ywon
pormal mahagament {olller gt gl, 3982} ci0ie was

Yowerud Colf airth welght ana reduced lactoticn wifuinanco.



4L

The suthors corcluded that heat stress had a}}ar@d
ondocrine dyrarics during prognancy ond affectal
subse.uént milk yleld. wolfensen gt 31.{1983) roportad
that by cooling the high produclng deiry cows during che
dry pexfod sncreased pean 1%0=day milk production by

3.6 kg por day. Tholr results suggested a possible
ircrease in bloosd progostexone in late pregnancy by
coaling during hot weathex,

b) Gomeazhslons
The compusitlion of cows® wilk changed Juzirg nwat
sirass. ine inverse relavlinship knowhn 0 fsist botawen
milk yleld nd plix fat perecentage nag ailso been sauwm: i<
oporate In reduction of il yield duv L5 hwat steoss.
st elevatod tewmporatures milk fat porcentages incroased
side by side witn a reduction An f 41k yleld {lagan an.
Fdohards sn, 1933; cagsdile gt gl 950 and 1901).
NauheimnreThoneick gt gl.(1988a) on the oiher hend gid
nit observe any statlstleally signd.icant difforence in
the fat poreentago of uercan Holsteln Fresiun cows
subjected to 307 cunstunt tempurature in the climati.
chavber eventhough their cilk yleld declines by 20 to
35 per cant.
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As pight be espected, the yleld of milk fat of
cows exposed to hoat declimes with declining wilk yield
{Blanca, 1965). imilar posults wore roported by
chibaita and bukal (1979} and hauheimer-Thonsick ot al.
{19882). «ley &t 2L.(1978) did nst find any difference
in milk fat contont betwesn cows kept at 38.78 or 30,05%
black globe temperature, however they could find a
depression in fab percentage in afternsvon udlk. .uguay
et a1,{1980) subjected one set of cows o 22 to 31 ind
anothor set to 17 to 26% air temperature, ulucose,
cholestersl, progestorone and cortisol wese lowsr in ihe
streased group. AS4lk yields dig not diffex but wilk Jat
percantage was lewer in the hot stressed group of cows.
They suggested thit heat stress altered 14ipid metabolism
but the animals? compensatory mechanlsm proventod
reduction in nilk production.

Sharma gk gl.(1988}, breed on their stugles wizh
Holstoln and Jorsey cows, predicted o caximum fot peicentagy
of 3.5 in dolstefn mlik for nasximm tamporaturs balow
30,8%, mintoun B belew 85 pos cant and solar raJlstion

below L09 langleys.

Sl and protain contont of the milk were found to
docrease in the heat strossed cow {Bianca, 13863). Nh.uoves,
Lauheimer-Thonedck gt 31.(1983a) did not see any sisni.icun.
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reduction in milk protedn per cent of cows maintained

at 3%, Sahtual x Jorssy heifers showed decraases in
wilk protein yleld, coseln, betalestaglobulin and alpha
lactalbumin when subjested 1o 40°C ambient temperature

(Pan ot 2l., 1978}« The gptlmuw climatic corgition for
highax orotedn per cent in Jersey cows have been ldentified
as maximum temperatuze of 10,69 with solar radiation at
300 langleys and R4 at 16 per cent {Cool sunny days, iow
humidity) (Sharma st gl.. 1988).

i nost expariswnts An which cows weza hwat-strosced,
voluniary feed intake decreased, at the sae time that rilk
prouctdon also decressed. In the experiment by Johnson
(1977}, vhon cows woxre changed over envirsruents from 20°C
tomperature with 30 per cunt h:x 10 30°%  at 40 per e:nt L,
fead consumpticn decraased by 15 per cemt and milk §
production by 18 per sant. Nashelmer-Thonelck st al.(i9usaj
fourd that preductlon in e Intake undsr higher temperiture
~as to 1P Bane ONtAnT as reduction in npilk yield. .his
has raised the question vhesther heat stross had a dlrwct
effsct on Ll secretliun oF the eifect was & to e
Lixlirect efidet of lowered feed lntzke, Lwasur-oents of
the onergy eichanges of cows fud o libitum at 35% had
shoan that thedr sutpwt of snepgy in s 11k falls muke than
their digestible enexgy imtake falla, which su zest.a that

et sxsess hed on effoct on milk recretion ovor angd sbove
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lesser climate should prove ns barrier o successful daizy
farming. Many of the poox vesults obtained from 'exotic!
stock in the tropics might be due $0 factors othex than
temperature stress por 3¢ and he suggested a more close
scxutiny of management and mutritional factors.

Dy Hateg corsugotion:

The amount of water drunk by normal cattle in a hot
ervirsnment is govorned by the sevarity of the heat and
the amount of ¥ consumed (Blanca, 1965). Incraaas in
water consumption with rising envirommental temperature is
wall documsnted,

Wullick (1964) showed that water intake increased
38 to 40 per cent in buffalos and 75 per cant in cattle
from winter to summar, ibs water copmumption was 235.9 and
#2.6 1 in winter and summer respuctively for cattle whareas
the corrssponding values waze 31.8 and 46.% 1 in buffalos.
Sharma (1968} made a comparitive study on feed and water
consumption of Harlana hwifers imported to LEgypt with
Egyptian local cattle. .ater intake was highest in summer
in both the breede. Lclowell 3_{_@&,.(3968) studied the
eoffuct of heat stress on energy and water utilization of
lactating Fresian cows, Body surface evaporation increased
markedly at 32.2% with the water zoming mostly from a
28 per cent increase in consumptiaon and a 33 per cent
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decrease in feacal water. Martz ot 31.(1971) exanined
texpezature sifect on water intake in Zebu and Scotch
Highland heifers and found a significant breed x
tenperaturo interactlon in water comsumption, Water
intakes of Fresians wexe much higher (Xellaway and
Colditz, 1975) than those of Zrahwan x Fresians under
heat strass but the caiculated evaporative water losses
were timdlax. Io fuxrah affalo cows, Satyapal et 2l.
{1973) foumi that voluntiry and total weter intake was
roes Sukihy summer compsred to wintsr; lactating animals
reculirsd one kys extia watsxy for svary k3 nilk produced
por 160 k3 metabslic body size and the animals consumed
7% pee cent of thelr voluntary water during the perlod
from OP00 te 2000 h. ool 2t 31.(1979) did not find any
cogrelation betuwean three heat ifolerance indices and
watep intcke in crosses of Hariana with Fresian, Srown
Swiss and Jersey cat%le, Bunger s§ al.{1982) fourd in
lactating cows that were kept at 30°C and 70 per cent EH
during day and 23% and 80 par cemt RH during might that
érinking frequsncy and water imtake increased comparad
to terperate gunditlons. Orinking freguency showed s
charasieristic diurnal pattern indepeprdent of temperature,

HRtchards (1985) exposed Fresian cows tu theee
soquential climatic trestments, Tl was a three week
pariod at A4 Ao 2°¢ and 60 to 70 per cent RH; 12 was
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a similar perdou durim, which they woere exposed to
maxtmum teope. ature of 38% and Ad of 80 por cont For
saven hours and the rest 17 h in the day to 14 to 1%

and 60 tu 79 pexr cent il and T3 was a three wesk poriad
once again of thermomeutral conditions, Compared to

free and feed woter intakes ot thermoneutzal, cows un.er
12 significontly increased thelr mean intake by 12.2

pex ceht ang in 75 ey coent of ths cows, this lavolvad

a shift, of wore than 20 per coent in deinklng hadits from
hot day tice to covl night time. .otsr retention invreased
with acedmpanyling significant ircrease in live weijht
despite 2 9.1 per gonb decreass in L Inteke during T2,

6 return to thermoneutral T3; the cows exhibited a rirked
loss 4n wolght and significant increase in uripazy water
excretion over T and I2 values aignifying chat the water
retained wog extracellular. Thomas and b izdan {1974)
obsarv-o that the sxiracellular fluld volume per kg

W8 of Lant.al and bantwal x drown Swiss bull calve. was
sijnificantly highey during hot and cold seasuvns compared
to *mild' season. A positive correlation was found
botween behovioural responsoes of individual cows amd
thedr rotention of water, In the study by Noubeimar=
Thomefck g% 21.{1988a), on exposuzre to lisat stress,
ircrease in uater use by tho cows (consumed water + .ates
used by tae cows for wotting their body) ..os hi_her

during late laoctetion than in oorly lactation.



The zise in water consunption with rising
tepperatures does not manifest itself if the rising
terpe: ature depresses feed intake and with it, the milk
secrotion to such an exient thaot the decreased setobolic
requiremants for water outweigh the increased homsothermic
requiranents (Blancas 1963). 1o allow for the effect of
foad intake, several workers have related the water
consumpition t¢ the I8 intake, Little and Shaw (1978)
found that the individuasl watsr Antskes of 16 {four groups
of four) lectating dalry cows, mgasuxed on seven
consecutive days were significantly cozrelated with
intakes {range 4.6 to 14.4 kg per day) and nmilk ylelds
{range 13.7 to 3.0 kg por day). Thers was no significant
coprelation with Gb content of the feed (range 933 to
898 5 per kg), body weight (range 400 to 620 kg) or meun
alr temperature (range 7.0 to 20,0%). Applying multiple
regrassion analysls of the dats, the following relaticnship
were obtsineds water intske (kg per day) = 2.15 { + 0.413) x
i intake (kg per day) + 0,73 (+ 0.197}) x wilk yield
(kg pec day) + 12,3 (£ 5.57). after adjusting the data
for varfations in Ui Antake and milk yleld, there uas no
significant difference butween the mean daily water intakes
of individual cows. Thers was however a significant
dayetomday variation in the asan water intakes of the
groups of four cows (P 0.01) which was not explaimed by
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variation in il intske, milk yield or meon daily
temporature, Lurphy gf al.(1983) zecorded the following
results in 16 lactating cows caintained st 13.60%C ambelins
alr tomporature {kg per day)s:

woter intake ¢ BP.24
1 intake s 13,98
41k produstion ¢ 33.09

Al tlonal Q.90 &y of water was consumed for ocach ky of
milk prodused. wates intake increased oy 56 ¢ 2C ml for

@ach additional g of sudiur fede

It is oiwicus that the coocling effect on b animal
of the water consumed doprnds on the way the water is
being used in the body, If the water drunk is cool, .he
high water consupption may lead to an appraclsble cooling
of the body by conduction. Steers, which after a pe.iod
of watar restriction, dramk 50 1 of cold water (1370}
axpesien.od a precipitous £z11 An rectal, skin and
subcutanesus tompaxature of about 1.7°C (Dlanca, 1364).
Jaysr gt 3l.(1280) f.und the drinking fre.uemcy of Ge.map
rresian cows to increuase when tiwy wore subjected to
stress conditions at 30°C and 70 par cent Ry and fre.uent
dripking l2cd to local cooling of the hwad reglon.
Anderson (1985) studied the eoffect of four drinking -uter
temparatuzes, 3, 10, 17 and 24°% on water intcke, fecd
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cunsumption, milk yleld and compositiun and tucdination
in tied up cows under barn tenperature conditions of
10.2 to 23.7%, She found the water intakes to bo

7560, T5eT, THP and 71,5 ) per day for the four
respective water tomperstuzes, the Iintake of ihe warmest
water ciffering significently (P G.0L) from othexs. 1ine
corcesponddng fiqures for milk yleld were 25,39, 25,93,
26453 and 26.09 kg st 4.0 per comt KON per uay wilwk: a
't test showed significance of P4 0,8 bitween O and 10°,
PL 0.01 botuaen 3 and 37°C and PL 0.0 botweon 5 ano 28%C
of wator torgeratwres The feed comsumption, milk
eomposition, live weijht and rumimilon woro oot
affected by traatment.

Tha amount of water eliminated through the duny i3
important in rolatlon to water oconowy. Jomer e% al.(196v)
studied the water balomne in Sablwal and Sahiwal x Sxawn
Swiss Fl bull calves. it was found that water intoke ..as
significantly diffezent in two broeds both durdng sum ox
and wintor and <130 under sheltercd and exposed
emwironmontse Gater cutput through the dung was
significantly sffscted during the twds seasuns, the
sxzcretion being mich less in summer. Insonsible watex
loss wos affected mosty bedng more durlng surxer.
Sweating rete was maximun in Sahl.a) exposed to Jigect

solar radiation,
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Restricting cows on pasture, to drink water only
twice dally had no effect on thelir performance. Payne
{1963) werking with ldentical dwins in Tanganyika found
that 4=days water deprivation reduced the output of water
in urine and feaces and that this effect was more
pronounced in Zelu than in H.iaurys catile. Effact of
zetricted access to water supply smi sheitex for a
perlod of 20 days wos invastijated in Murrah tuffalos
(Satyopal st ales 1975} uwhen water was Idstiicted o
twlesmamiday and oncewgeday s¥silability, the voluntagy
watar Intgke was reduced by 20 and 3 per cant respectively.
Restrictod water supply slightly increased silk yield in
the sheltered group and decreased in unsheltered.
Voluntacy fesd intake, DR digestability, body wel;ht,
uring pH, ucire chloride content, rsctsl texparature,
pulse xate, respiration rate and nilk fat percentage wer:
et significantly affected by the frequency of watezing.
The study {ndicated that restricting sccess to water for
a short while (20 days) had no apparent i1l effect on the
physiology and production of buffales.

IX1. EFFECT OF HUISING AND OTHEE MANAGEMLNT.J PRCTISES:

heviaws on this subjest ircliude thuse of Blanca
(1965), Sainsbury (1965 and 1967), dclowsll {2972),
Johnsors {1976), Clack (1981), Hahn {(1D8L) and very
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recently in India, by Gangwar (1983}, All these workers
have discussed the design of livostock sheltars in
relation to matesrological vardables., Starr (1981),
while signtfying the housing nesds of livestock has
questioned the wisdom of providing shelters in areas
that are hot and humid, For umdd tropics, it is
suggested that the more suitable system wwuld be to
provide access o shade durlng the warmer part of the
day and to leave the animals in the opén after sunszet
to promete loss of heat accumulatod in the animal body
{Caroetostas 9% gl.s 1965; Wiezsna and Stott, 1965).

inimals genexally produce less under heat stross.
Hahn {1981) has stated that, however, sdeguately fed
anixals can usually compensate for suppressed production
through compensatory ylelds in subsecuent favourable
weather unless management restrictions de not permit the
tine flexibility needed for recovery. His contention
thereforo, 4s €0 limit the shelter requiremants to shades
or othex mesns just ade;uats to inwura survival of the
animals.

in tropical regions; uuring summer, a sizple
sunroof could ceduce the radiant heat lowd upto 30 por cant
and hay or straw proveg the goulest of sevaral matagials
testad for sunroofs (Ganguar, 1988). The el{ficiency of
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metal roofs as radistion shields has been impruvad by
painting the top side white (ioman-ronce et al., 1977)
and underside black (ieryusan, 1970; .illiamson and Jayne,
1972}, by insulatlon {iLaniel et al., 1973} and by
sprinkling with watex (drown et al.e 1973; Fuguay 2% dles
1979). ine temsperature and movement of tho ulr woxe
essentlally the zame in the sun and under a sun roof Lude
of gogrupated galvanised steel and palnted uhlte on dop
but the radiant terperaturs nmeasured with a slude
thermomoter a3 much lowar under the sun roof {than in
the sun, 43° compared with 82% (2oren ok ales 1961).
Macfarlane {1H01) stated that where solar radiation wos

a major svurce of heat, white walls and roofs alded tie
comfort vi animals. 4 hite wall heated only to 55 ¢
60% in the sun woercas a dark wall or roof ueated to 70
to 50% according to its peflectivity, lhe ambient
tompurature recorded at animal level inside the h.uuse
roofed (iih alumindum .as 1.0% lower taan the house with
jalvanisec izon roof ouring sumwer in radras (Thiagacsjan
ard Jdchael, 1978).

Swmith (1981) suyjested that the radiant heat load
goula furtaer be seauced .~y spading the puildin, with
trass and shzubs. ~§ soun as the ground surface was
covezad Witn vegetatlon, the neat absorbing suxfoce,

pravizuely tho soll, was Bransferred . thye iop of tns
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plants. Solar radiation absorbed by the follap was
laxgely carried awsy by forced coiweetion, For vamlatmg
shelters, Gond (1967) recomrended wood whieh had Lowest
thermal diffusivity, whieh substaniially reduced short
wave radiation and slightly of long wave radlation. Uex
cosmon construction materials, thermal diffusivities are
in the order woeod  asbestos(eenent oncretes steel
 alupinium (Hassall, 1973). Otarr st 31.(1978) raported
that concrete floors acted as a thermal mass amd | helped
in cooling if wet.

 Thomae and Dagdsn (1973b) feund that provision of
sheltax -mé a heat preserving effect duking i:é.wu months
and a heat preventing #ffect during sunusr, Crossbred
¢alves housed 18 @ tinezoofed welleventilated shed gained
highes body weights then the salvas housed ia thatched
shed wlith wwen bambod sides and sloited £floor in Kerala
(Siseendcanath eb dl.s 4983): Shivprasad gt al.(1986) did
net fing growth differances in crossbred calvas aliotied
10 thrée different nousing management treatments,
Provision of shade (Razdan and Bay, 1968 nazdan 8% 3l.,
I963; Pandey and Roy, 1969; Eley 2% gl.» 19783 Ingraham
ot ales 1979; Geede 8t 3l.. 19615 Collier o% gl.. 1982),
shade with lasulation '(E‘imm?w. 8%k &les 1977} and shade
with roof sprinkling {Fuquay gt gl., 1991) lsproved animal
comfort, feed eafficlency, growth znd wilk production.
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Thero were no significont differxsrcesin perforrance .
the experiments reported by Thowas s 3l.{1969), Taom s
and Razdan {1973a) and Thomas and lazdan (1974) botween
shaJe and no shade trestments., Thus tiw results obtaineo
by shading treatment appears to be inconsistent.

sopdnkling followed by snads waoxk more effsctive thun
shade alohe in promoting ;rowth rate of calves (Iripaihd
at gl., 1972), Juffalo bull calves kept in sheltox and
sprinkled with weter xecorded foster gains in body weisht
(15 par cent) and length (30 per cent} than thw contiois,.
wprinkling reduced various heat fasponscsg in Larran
hoeif.rs {.astry 2% gle» 1973} ard weekly live wed it
galns were 2.93 ky in siwltered + sprinklea group cospared
10 2,53 kg in unprotected group (ihomas gk al., 3975},
The veekly increase in chest clrcuamfarence wus C.79 versus
0,68 e (P 0,05) raspectively. Mebhta (1976} and
wulyeni (1984) hove worked with she~buffalos and foupnd
substantial increase in their reproductive efficiency .hwean
woter spraying and walloving facilities were provided.
Lactating crossbrod cows sprayed .dih water twica dolly
during the sutxer in .odras consuped significantiy less
amount of vater {(PL0.01) and recorued lower valuas of
body and skin tompezatures (2 0.05) compard 4o nons.rayed
grap (Ihiagarajan et al., 1978},
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Observations wade with Brown Swiss x Sahiwal cows
in North India {Ludri, 1979) showed that body temperature
and other physlological responses could be kept practically
normal by fanning the dalry cows in ithe sheds, where the
ambient temperature ranged from 26,6 ta 32.6° and Ri 88
te 90 por cent. The average milk yleld was higher in
animals housed in sheds with fans than the contrel by
Le22 kg per animal per day end variable expenditure and
frcome statement indiceted that the animals kept urier
the csiling fon returned an extra amount of Ke.l.42 per
animal per day than the controls. In the experiment by
Folman 9% al.(i979), cows provided with forced veniilation
in susmor ylelded 4416 kg milk compared to 4183 kg in
controls. Jeroan &% 3l.(1985) exanimed the thermoregulatory
furction of 170 Xszaell rzasian cuws over a perioed of two
yeurs by providing forced vettilation. Une set of cows
weze farceevéntilated to produce an alx veloclty of 1.9
t0 3.0 m per sec from G500 to 2206 h snd tho control side
had a poor alr veloelty of 0.2 m par ssc. udthie 10 to
24%C ais tomgerature range, €orced ventilation increased
rectal tomperatuse by 0.02%C per kg KM in animals
producing above 24 kg pdik per day. Betwesn 26 to 36%
alr tenpersture, the roctal % mperaturas incgeased with
increasing air tesperaturcs in both groups but rate of
Fise wag halved by forced vontilatlon., iIn this range of
alr tepperatuze, rectal tenperature increased with rising
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milk yield as in the lowex alr tomperatuge range in both
high producing and low producing cows in forced
ventilation group.

Gangyar {1988} has furnished the following
considegations for praviding shades in warm climates:

- W Y B AR AN W S NS WY b IR W M AR e W AR G W AR B R R WD s W e e
Hot dey Hot hurid
ervironmont  environment

e AT NP M G BN W W WM Ou M A AR AR B WR R GE SR e O SR tR WS TR e W W G

Jaior

1. Chada desirable for

animal comfort Yos Yos

2, Desizable type of shade Shad izees

3, Construction:
z) Height (m) o7 10 4¢3 2ed to 3.7
b} Orientation hortheSouth  Horthesousth
c) Flouring Earth Concrote
d) haof type Sloping A type ulith

E
@) Coveriag aduninium Show fan.o
{or) straw

4, Shade with fogper or Yes .
sprinkler

BHe dvadd with desort couler Yol K%Y

A W e B T W W R AN e e AP W W W e W EF e N 6 kAR M TR o @B o MR

Iho offect of sprinkling could be enhanced by
fanning { waki et al., 1985; Izono gt gl., 1985;
Flamenbaum o gl.. 1936; <olfensen g% al., 1083; lor
ot al., 1938). ~rvaki gt a1,(1985) studied the effect of
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sprinkler + fan cooling on vaginal temperature of daixy
cowe. Igomo gt 3k.(1999) usad a Digital Dataloger with

thermocouples sttached to Boumatic flaw meters to rescord
the milk tomparature as it came out of cows udder after
spray cooling. The spray cooled cons gave 0,70 kg per
day nore 2ilk than the controls. Flamenbaum st 31.(1986)
devised a mathod for caoling dairy cattle based om
repeatad watting to attain maximal water trapping in the
coat followad by its rapid evaporation by using forced
ventilation, «han cows wexs coolad five times a day for
30 min the rectal tewrperatures were maintalned within
38,2 to 38,9% which were significantly lower than those
not coolad. wolfensen st 31.(1988) attempted cooling by
a combination of wetting and forced ventilation from
G600 to 1800 h of dry cows until parturition. Cooling
irncreased 150-d milk production by 3.8 kg per day. Ilor
et 31.(1988) obtaired an ircreased milk produstion of
2.6 ks par day (48 per cent) by sprinkling of dairy cows
for 30 sac followed by forced ventilation for 4.5 min.

Tha provision of cooled drinking water has improved
milk produetion in dafry cows (Ingraham, 1968; snderson,
1985). Gold water in the rumen had increased intake by
24 per cent and lowered both rectal and tymphanic membrane
tempsratures {Bhattacharya and Jarmer, 1968). Cooling of
water by mechanical reirigoration may bs too expensive and
hence this method has not recelved such attention.
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with whe ald of evaperative coolers, air temperature
in shelters could be reduceo but the systom nad the
drawback of Ancyeasing the air mucidity (lhicgarajan
&t ale, 1973). Tho use of evaporative coolex has inprovad
production in lactating cows, and has been sconcmically
feasible in orizona {(Stotit and wiegfsma, 1974). UQther
responses to svaporative cooled studies have rangsd from
no response in ukalshoma (Nelssn af al.. 1961} to a vu.leole
respanse over thres sunmers in Adssissippf (Orown @b wles
1974}«

suncor alzeconditioning hias gerwrally boan
beneficial to the lactating dalry cows {(Stowart gt ules
19663 ishn, 1969; Hahn @t al., 1969} but the cost wakes
it Impractical. Thatcnar {1974) claimed that elthen
contimcus or day time aireconditioning of cow houses
inciressed avorage daily milk vield fpon 14.20 to 15437 kg
and raduced expected summer ticw docze.ses in fortilicy in

the calry herd maintalned in clorids, UWa.

The potentlal of inspired alrwecooling systems has
been demonstrated for lactating cows in pilot studies by
Hahn gt 21.(1963), Loussel and Beatty (1970} an. Canton
et al.(1982), -n evaporativo sooliny device for cows
fitted with constantly wetting paus through whivh
ventilatlion wos forced by mancoolors which piovived

comfort conditions inside cow housas in supwr was
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described by Kollpillai gt al.(1979)s .« 2ecow inspiren
air coolin; device for the allevaation of hsat stress in
lactating dairy cows in subtropical conditions is suuge te.
angl deseribed by Canton g% 31.(1982). fsarked responses to
inspired air temperaturs of 20,0 and 13.5% were obtoimad,
including increased feed intake and milk prosuction witn
aceconpanying decrease in roctal tamperature and
respiration rate. The dasign was to cool only ths cows
head ard neck, thus cooling the ingplred zir. A shode
strusture was alse provided so thit analysis eculd include
comparison of alr cooling with chading and n> shadiny
tretments. It was conflrmed that ip hot weather
cenditions witn no shade, affoctive redustion of recislt
temperature and respiration rate was achieved with
inspired alr %treatments, Hocever reduction oi th:
raddant tinporature by a well desigred shade siruciure

«as more beneficial econpomically in reducing heat streus
than inspired alr cooling. mshn (1981) had stat-d shao
the present hijzh enargy costs nad dulled intwiest in tne
davelopmant of loprovaed field moudels for use aith catile.

IV, =FPRLT OF TYPE Vb Fr-wING3

Thornal stress pffects purture of animals by
airectly altering the absoluts requirements of specific
muteients, by affecting physiological processos and
metabolism and by riducing total feed comsumption
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{Bayer gt al.s 19BO; NAC, 1981; Boede and Collisr, 1986),
Redustion in voluntary intake near or above the upper
critical temperature of the animal ix widely acceptsd as
a major negative influerce on productivity (Silanca, 1965;
Thomas, 19693 Mchowell, 1972; Johnson, 1977; Beede and
Collier, 1986; Nauheiser~Thomeick st al«, 1983a), Other
climatic factors such as wind velecity, humicity and
radiation also directly affect homeothermy under natural
conditions and tius ere interrelated with smbient
temparature in afiesting fewd consumption {Beede e% al.,
19853 Gangwar, 1988).

Handel and Kusoff (1963) reporisd significant
differences in daily grain and hay Dk intake between
Holstein calves maintained under amblent winter conditions
and those that were subjected to cycliny tempsratures of
75 to 959F. ihomas e} 31.(1969), conducting an expezivent
with Sahiwal and Sahiwal x Z3cown Swiss crosshied calves,
reported that DM intake was sigaificantly less in suumser
by 0.59 kg Okt per day per 100 kg body weight compared to
winter. Ths 1D intake was also lower by 426,% g per day
per 100 kg Lody weight during surmer. Shibaita and iukal
(1979) reported lower i and ToN Amtake in Holstein cows
kept at 30° with 60 pex cent R compared to 18%
tazperature. The expsriment by Holews et 31.(1980) also
agreed with the above findings with a significant decrease



in fecd intels ard griwth ratoe of Ifreslen and Srahman X
rresion calves that wozro oxposad to dizect salar radlation
at 32% alr semperatuze, Secontly, Nouhalmerlhsneick

£t al.(1983a) zeported that in lactating cows, at 3%
ambiant terparature, the U Antike was reduced by 30,7

per cent in aarly and 24,6 per cent in lata lactatlons,
compazod to 15%. This was refiected uniformly 4n all
feed componants, narely hay, lucerme peliets and
concontpate mixture pellets, all of which besn ovailuble

sd 3bitur.

with lactatirg daley sows, N {1981 suygested
that greater the proporiion of rouzhage in the diet, the
orecter and nore rapld was the reduction in &1 consumption
as spvironaantal tenpoerature J:nc:easec’.. In an Anteresting
oxperimont by Sherma spnd Talapatra (1963}, keeplng
concentratd apaunt sane, when wheatsiraw feeding was
rostrictad to buffalo yoarlings, they ceased o grow
whoroas those fod gd libltun straw goined wedght at the
rate of 4.8 1b per days There was 18 par cent utilization
of absorbed nitrogen in restristed seu jhage feodin: and
40 per cont in cthose on ag libitum roughage feeding.
Amble {1965}, based on application of lirear prograuming,
stated that the most sconomic way of maating tho foad
snost Sall a3 59 go in for growlns and foeding wultritliocus

greon fodder o catile in India. In a teo year experiment
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with milking cows and buffalos, Singh et 3l.{1972) foumd
that with gd libitus sorgum forage feeding, 250 g of
corcentrate supplementation per kg of willk wes sufficient
to maintain five to 1C 1 per day oilk producticn, Gir
heifers lost weight when they were fed wheat atraw alope
whereas soncentrate supplementation at various levels
supportsd gain in walght (Sharma and Jhanwar, 1973).
Buffalo calvas supplemented with concantrates recorded
higher body weight gains by 41 per cent than those not
supplemented with comcentrates {Thomas st zl.s 1975).
Cloveswgrass silaga sid concentrates wers fed in the
ratios of 10010, 73:25, 50330 and 253175 to fouxr groups
of Black and White breed heifers (Sejrensen and Larsen,
1977)e It was fourd that with fncreasing amount of
concentrates dally galns also increased. Dally gains in
Zeby cattle were significantly better on 30 per cent
roughage diet than on 50 per cent one (OfDonovan, 197%).
The feasibility of feading reduced concentrates after
providing unlimited supply of forages,; wae explored in
an experiment with growing crosshred heifers at Manmuthy.
The results of 12 months observations on body weight,
height, length and girth &ndicated that reduction in
concentrates by 30 per cont did not affect growth,
provided forages ware supplied aq libityp (Thomas anc
Nair, 1982), An investigation was aimed at finding the
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sconomically optioum level of corcentrate supplementaticn
in the ration of growing buffalo heifers, with basal
ration of berseen and wheat straw. Gains in body weight
and measurements were significantly (P <0,01) enhanced by
a eininum Jevel, €.2 par cent of body weight of
concentrate supplementation and further increases in
corncentrates did not produce any further econcmic benefit
(sharma and Thomas, 1981), Thres groups of lactating
Murrsh buffalos wers fad zoughageiconcentrates in tha
ratics of 23175, %0350 and 75:2% and milk production among
treat-ents did not vary (Mudgal amxt sallikarjunapps, 1986).
In another experiment {Hawab Singh st ale, 1987), Lurrah
buffales in milk wers either fad green fodder ad libitum +
corcentrates, or i/3 grean fodder, i/3 dry fodder + 1/3
concentrates or wheat straw 3¢ libliysm + concentrates,
There were no significant differences in rilk yleld
betwaen treatnents,

Bhoszekar gt ak.(1967) gave the conclusion that
productive ea:ttlt could be maintaiped on roughage feeding
with minimum concantrate mixture allowance provided good
quality roughages weres avallable throughout all seasons,
Razdan and Ray (1968) stated that ths depression in feed
intake noticed during heat stress was asscclated with
qualdty of fodder, Thomas and Razdan (1973a), in their
studlies on the foeding behaviour of crossbred calves and
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the sffect of sheltsr on 4t in a subtropical environment,
Tound that the animals rade a day=townight shift in
feesing regimen during susmer. In winter, they ate

8.5 por cant more of dry watter during day than during
night. In summer, they ate 12,4 per cont moroe of fead
during night and coolexr hours of the day, thus maintaining
normal growth. Lragovich (1979) stated that the xeduction
in cigestibility snd palatablility of grasses during late
summer appuarcd to be of greator importance in influencing
production patterns than the direct effects of stiressiul
temporature=hurddity conditionse seede and Collier (1936)
suzgevted that intonsively managed ruminants aro less
delaterivusly affected by rising aghisat temperatures
thap are grazing animcls bocause reduction in fesd intake
was due mainly to reduced forage consumptien r.sulting
from reduced grazing astivity and attempts to maintain
heat balance,

Reducing dry matter intake and thoreby heat
generatod during ruminal formentation amd body metabolism
atd in malntaining heat balance, Jdditionally, elevated
regpiratory rates and water Aintaoke resulting from increased
anvironzental temporatuxe lead to concumitant reduction in
dry matter consumption (RomanePonce gt gl 1977; Kallonee
ot alse 1983)¢ An assoclated effect &5 reduced gut
motility and rucination which alony udth increased sater
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intake lead to gutfill, Lates of ruminal contractions
are reduced at high environsental tenperatures {(Attebary
and Johnson, 1969). Also, reduced rates of passaga of
ingesta in steers fed forage diets during thermal stress,
increased gutfill, depressing the sppstite (varren ot j4l.,
1974), « direct nsgetive effsct of elevated tezperetures
on the apoetite centre of the hypothalasus is also
repoxted {Baile and Forbes, 1974).

ihermal siress affects the dynamic characteristics
of digestion and neurosndocrine factors influersing
digsstion. A rumber of studies assossing sffacts of
increasing environmental temperature on digastibility have
besn summarised in JBC (198l)., In general, in more temperate
regicns; as enviromantal temperatures rise, digestion of
roughages by cattle increases (Colditz and kKellaway, 1972;
McDowell, 19723 Lippke, 1975; Shibaita and bukal, 1972},
However, in sheop experiencing severe thermal stress, dry
matter digestibility was depressed (Bhattacharya and
Hussain, 1974), Lippke {1975} had reported significint
increases in cigestibilitles of dry matter and fibre
coxponsnts of alfalfa pellets fed to stesrs houssd at 32°
comparcd to 29C. This phencmenon appsars to be dissimilar
betwesn cattie end sheop.
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A varlety of factors as rate of fewd consumption,
feed quality, nutrient conposition, rates of passage and
volures of digestive organs affect digestibility (Ellis
ot 2les 1984), All the above factors are influenced by
ambient temoeratuse, Feod consumption and forage (uality
are depressed by high envirormental texperature and could
alter digestibility, with zocuced intake increasing and
poorer forage quality decreasin; digsstiblity (NFC, 1981).
Hiowever, increases in digastibilty are not solely due to
lower rates of intake. uhen dry matter intakes werc e ual
among heat stressed cattle and those at tharmopsutral,
digostiblities were nigher among heat siressed cattle
{varren gt al.» 19743 Lippke, 1973). Some reports in.icate
that thermal stress tay alter digestiblity by causing
transient ox longer lastiny changes in rates of passage
and digestive tract volume {.arren st 3l., 1974; Schnelder
2% al.s 19848). In gersral, rotos of passage of ingosta
are slower and ruminal \miuun are greatsr allowing for
greater residence tiwms to digest potentially digostible
feed, Ihase alteraticns in digestive functisn woulu be
helpful particularly for animdls consuming higher forage
diets; to digest ingested feed more compleiasly, Howaver,
this advantage is cffset largely by lowsr fowd tntake,
rosulting in loss net total mutrients belngy avallable ta
the therralwstressed animal (Beede and Celller, 1986).
Thermal stress is associated with reduced thyzold activity
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(wale, 1973; Johnson, 1976) which alse reduces gut motility
and rate of passage.

The avbeorption of putrients along the slimentary
canal is retagded during thermal stress. A major
adaptation 1o therpal stress is peripheral vassdilatation
0 accoamadate svaporative and corvective heat losses
{ Thatcher and Callier, 1982} concomitantly xeducing blood
flow to intornal osgans {Oakes 8% Zhes 1976; Bomar-Ponce
@k ales 1978}, .ngelhardt and Hales (1977} have uantified
distzibution of capillary bload flow o the massular and
mucesal layers of the stomach when animals experience
varizis lavels of thervoreguistory dapands, bkxposurs to
thermal stress at 40°% dry bulb and 27°%C wet bulbe decreassd
blocd flow in mucosa of gumen by 32 per cent and reticulum
by 31 per cant, compaxed with ‘mnzmneutxal envirorment,
Evidence also suggests that blood flow to the digestive
tract is influenced by level of fesd Lintake {Lowmax and
Baird, 1983). iowrefore, the seduction &n bLlood flow to
the digestive tract, during thermal stress may e s direct
effect of tapperature or a combination of temperature and
reduced feed consumpition. Hegasdless, L1f blocd flow is
decreased, concentration of nutrients absorbed per unit
bloed volume must increase, AL absorption 1s o be
mzintained normal. Englehardt and Hales (1377) have
exphasized the importance sf controlling the thermal



&

emvivonmont of animals since there wexe marked changes in
blood flow in mucoss during even oild thermal stxass,

Both agute and chronic thermal stress reguirse
wetabolic adaptations to accommodate altered rutrient
utilization caused by the stress., GEecause the endocrine
systems is involved heavily in coordination of metabiolism,
it 1s nét surprising that tiwrmal stress zesults in
alteration of harmore concentratfons in blood. Among
harmones associated with adaptation to thermal stzess
are prolaciin, growth harmone, thyroxine, glucoccorticuids,
antidiuretic harmone (ALH) and sldosterone {Ceade and
Collier, 1986). Soma of thess harmorss, such a3 prolactin
and jrowth harmone are izplicated in mutrient partitioning
and homezstasis (Bauman and Currie, 1980), Uthers s.ich as
Al and aldosterone are assoclated with homeostatic
regulation of specific nutrients; /scute thermal stress
increasss blood concentration uf prolactin (welteman and
Tuckez, 1974}, AL (Eil-Nouty gt al.. 1960), aldosterone
in non-ruminants {Lipsett 9% al., 1961} and catecholamines
and glucocorticoids in cattle {Alvarex ond Johnson, 1973)
while decresases in aldosteroms cccur im ruminants
(Collder st gl., 1962).

As cattle adapt to chronic thermal stress, their
energy matabolism decreases; while water and electrolyte
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ratabolica increase {(Johnson ot ol., 1967; iciowall

ek ales 1968; Collier gt gl 1962). Thesa adoptatiins

are reflactod in lower concentzations of setabolic harmoras
such as thyroxine (Blanca, 1363; wollier g% al.. 1782,
growth hazmope (kitra et al., 1972; Kitra and Johnsor,
1972} and corticolds (LomarwPonce 6% 31., 1981). ..Athouzn
aldosterone concenirations also are lower Lln chronically
heat strassed cattle, it is a reflection of nead to
increase urinary Ne 1loss to cunsesve Ke Gullectivoly these
rosults indicate thot lovered energy metabollem is a major
adaptaticn in chronic thormal stiess, Likewise, Increasec
water ond elecirolyte metabolisn are assoclated with
ajaptatian %v therma)l stress as evaporativa cooling

ryuirenents increase Ath higher amblent terpesatures.

Ntteopts to maintuin homeostasis during tavgmal
stress may alter requirements ror some nutrients and ensi.,y
compaysd witn norootnorilc aniticlss e vast majusduy of
motabolizoble energy avallable to rucinant animals is
througn volatile fatty acids {via) from rundnal
ferpentation L.andson and (xmstrong, 497C). Inoiial
stress reduces yuantity of V.a prodwetion in Je samen,
Lower ruminal comsentactlcns of Wis are zelatod t. seduced
fecd consumption {Sanpler gb iles 19703 Lastz g% gl.», 1971).
dchowell (1372) «lso 3ported racwetions in iusical

corcwncrations of acevate and gpooplonats in thawoal ssroscel
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cattle. Although digestiblity of dietary energy and fibre
are enhanced in a hottor environment, efficlency of
utilisation of amexgy e reduced (licDowsell, 1972:
Nauheimer<Thomeick s ales 1980a). This 1s due to
higher maintensnce zecuizsmenis of thermal stressed
animals resulting from elevated body metabolism andg
activity to alleviate excess heat losd. Accalerated
panting incrsases paintenance reguiremenis from seven to
2% par cont {Blanca, 1968). Incteasing digestible snergy
density of ruminent diets in intensive managwment systens
durdng tharmal stvess 1s an effective managrment strategy
for eahaneing provuctivity (Seeds and Collier, 1988},

rormaiating divts with lowex heat increments :arx
thermal strassed animals is advantagesus, iilgher
comcentration of dletary fat may -ffer such an auvantage.
Fafd (1979) reportsd lmpioved ensrgy balunce by adilng
9.0 pex cent tllow to dists for laying hens housed at
29% and increass in wetabolizable energy consumption.
However, incrsosed enexgy balance gesulted in greater body
tissue deposition and did pot snhaticw egg productlon ox
efficlency (fsld, 19723 Cell, 1979). Inconsistent rosulte
have occurred when fat contributed about 30 per cant of ME
in diete fod to thermsl strassed brodlers (Cemniglia si gl..
1978 Lale and Fuller, 1980). Inciusion of “fat &n dieks
for heat stressed xuninanis was evaluated by Moody gt gl
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(1967)s Loctating cows wore exposed 15 to 24% va 34.2%
while fad dists contalning Oy 10 per cent soybdan odl ax
10 per cent hydrogenated vogetable fat, for two weeks
perdod, o Deneficlal resulis could be obtafned exsept
for fcproved fGhi prowction vith soybean oil fesding,

Jnly three to five per cont added dletsry fat is tolesated
typically by ruminal microe-grganisws (Palmyulst and Jenkins,
1980). lowover now nutritional technologies such as
formaticn of calecium sesps of fat (Palmguist and Jenlinc,
1982) or coating fot with formaldehyds ireatsd proteirn
(Scott ane Cook,y 1970) effectivoly reduced toxie uffactc
of fat on rusinal fereantaticn. 4lk proJustiosn and
effdclency hove bean enhanced by feadiny protected i, ids
at 20 t» 30 per cent of :.2 intake (urenn gt gl., 1776;
MacLeod 2% al., 1977; uines g% ol.s 1978; Jromfeld @3 3le.
1980).

Hatidoldan stuiiles have Indiuutod that acutely
heat otressed catilc oxe in oo, ative nitzogen blame
{kanal an. JQhnson, 970; Kella.ay and Lolditz, L975) wue
to neduced ration consumption, In this situation,
increasing prtein In th.e diet will be advantageus,
Houevar, because of reduced enexgy consumption and
increased energy maintonanco reculrement durin heat
stroas, supalemental natural protein may be metsbolized

to meet eprxgy reguiremenis, Ihis nappens in nornotnermic
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animals in ensrgy ceficit (Cranpton and Hagris, 1969).
Howaver, srink and Aces (1973) notud that in sheap, .he
thermil snvironment had 24tile effact on protedn neaded
+o meinteln nitrogen equilibrium, HRC (1981) sJ,gested
that with thermal streased rucinants, dist formulation
should be to meet protein and amery neels saparately
ignoring the cornventional concepts of protein-toeanergy
ratio. This stoncea was basea largely on the wurk of . ies
&t 21.,{1980] on heat stressed fesd lot cattle und shesp.
cfficiercy of dletary protein utilization above

maint nance .as imorovod by teducing protein consurption
to meet prodicted decline in jxo.th rate from thesml
strass (Lmes z% al., 1975}, /verage delly gains wore not
disferent for animals fed on the proteinerostricted
regimen or o NC {1975 and 1976) protein reguirements,

faring thermal stress, bocause of roduced {eod
intake, the mineral intuke may be less thar opilial,
relative to potential prosuetivity., also, assiclated
mtriticnal-physiologisal rawisications say offact
poexomineral needs {Collier at al., 1982; ueede of k.,
1983; schnedder @t al., 1984b and 1989). JIncraased
sweating duriny hyperthercla increased loss of K in skin
secretions {Johnson, 1970; Jerkinson and vabon, 1973;
singh and tawion, 1973b; weads g% sl., 19B3). Jenkinson
ans kaban {197.) olss not.d marked increases im rates of



74

loss of {w, bg, C2 aml G}, DFox lactating cows fed
complote mixed diets, supplementation of K (Licllonee
£t ale, 1983) and K anu Na {Schnwsider g al.. 1986)
ab.ve the recommended luvels (144, 1978) curing beat
stress raosulted in tnree to 1l per cant increases in
milk yield,

wola and drody (1994) first cneracterised
alteration in scldebase balance durlng thermal stress in
cettles Famlficitions of this moy imciude blocd acli-sase
imbalance plus a decrease in the galivary bicarbonate sool
avallable for runinal buffexing. Tyodcdlly; runinal pd
is lovered during therral stress (Jdles gt s}., 1980).
Schawider st al.{i984b, 1986) showe.l enhanced lactati.nal
parformance of heat stressed lactating cows fed high
concentrate diets (50 to 70 per cant) by providing 0.8%
to 1.0 per cent dietary sedium bicarbonate, buffering the
rumen ond madntaining a hivher zumiral pH. Kronfeld
(1973} sug; sated sup.lementation of an acctogumic agent
1ike amoonium chloride or ammoniusz sulphate to coxreci
alkalosis ifn.uced by thermal stress amd higher respiratoxy
activity.

Theoe general apoarcaches have been proposed fux
enharcing productivity of livestock experiencing tharaal
straes, They are physical proisetion, particularly by
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intorcepting incominy solar radiation (Bong ef gl., 1967¢
Buffington gk gl., 19833 forsma g% gl.. 1984), goenstic
development of lose heat sensitivs breeds {Fimch, 1984)
an: matyitionsl strategies {Basds and Colller, 3986).
Physical protection with natural or artificial shace
presantly offors the most=imradiats end costweffective
approach for ephancing produstivity. Levelopmont of new
ratritional technolagies, for emasple, protectedefat
feeding, pay offer partlcular advaontages dn wapmer
ervironments, odjusiling dietary protein intake (.uas
&t ales 1V80; Nawsbsingh 98 8les 1987} may not result in
pakimum production, however, most cost effective
produetion oay e replised. bLeductlons in foed intake
wayby ¥dcovused partlally by Inoreasing ok and matalonts
sensfiles of tha diet Af procuct price 40 congonirate
pkiea ratlos aks fivousable (Vau durn, 1984). uihey
simpia Miritionsl managoment stratsgies alse could be
instituted. Imcrsasing the musber of feedings par dhy
may entice apimols 0 toke mexe and heep feed {resies.
Placepent of foed and wator in tho shade {Bulfingtun

8¢ ale. 1983) minintsss stross ot feadin, Wme. Total
doily feed fntske gould by increased 1f the munbex of
nosturnal fecdings were cope froquent (Lutson @t gl
1971; imboveldl, 19723 fhovas and bazdan, 1973a3

rmsell, 2981},



SECTION 1 = CALVES
KATERIALS AND METHODS

Experizantal desian:

Tha exparimgnt was conducted et the Univarsity
Livestock Farm of the Kerala Agricultural University,
Manruthy, in Trichur distsriet, Kerala State. It was run
for four months from 22388 t0 24=T=88 with a
pre«gxperisental period of four weeks and a recording
period of 14 waeks,

Twenty, weansd crossbrad heifer calvos, in the age
group of six aonths 10 one year weze selected for the
study. Thess calves were grouped inte quadruplets on the
basis of similazity in body welghis. One cali from each
quadruplet was assigred at random to ons of the followiny
treatments:

Treatswnt L3 Frotscted from direct solar radiation and
concentzate orlentad feeding (shaded,
concentrate«fed)

Troatment 23 Liposed to direct solar radiation and
corcentrate orlented freding (unshaded,
concentratasfed)

Ireatzent 3: Protected from direct sclar radiation and
roughage orlented feeding {shaded,
roughagewfad)



Treatment 4: Exposed to direct solar radiation and
roughags-oriented feeding {unshaded,
soughageefed).

The tatoo punbex, date of birth and initial body
weight details of the calves utilised in the experiment
are givern belowt

- A G PP P N AR GRS L G M) e WO NS R WY S AR AN G A U W W S0 W W e

Tatee iate of Initial

Sel0s  fumber birth bady wt, Aawacks
i 2 2 )
o W Y e - e e
1. 300 3linBT 8743
2. 269 L6m09-BT 51.8
3 210 S2m04ei? 7545 Trestment 1
4. 183%  2le04e37 6.0
Sa 189 040487  100.0.
6. 288 14w)GuB7 57.0
7 287 0uL1~87 3840
8. 252 270787 72.9 Treatment 2
9 144 T3umBT 76.0
10. 217 220487 90,0

+ 266 22=03=87 56.3

12, 19% 18=06-57 GGwd
13, 165 2104087 T2.5 Treatnent 3
14, 224 16w0T=87 T7.0

15, 242 300487 9.0
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P T R T L
16, 270% FowliwBT 5245
17. 286 25a09=87 63,3
g, 218 330787 71.5% Treatment 4
19. 205 200487 85,9
20, 233 290587 88,0
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* Calves died during the recordiny perlod

Irsatnenia?

The groups that wexe exposed o dirsct solar
raglation were kept loose in on anclosed opan paddook
with fio shade, day and night. Tie protecsicd groups were
hausal $n 5 conventional ¢alf pen with opsn ventilation
and tiled roof, Toese calvaz wepe not exposed o Liw sun
during the sxpariment, Doth the lcations were adjacent
to sach ¢ther amd had comenteconcrete flooring.

The body sl ats of 1l the calves ware yacorued
iniclally ana further welghoonts «ere dong every fortnight
on a platform scale and the usishts recor.od In kge .he
daily (CF reguirements were arrdved at for individaal
calves, 2ased on thelr curzent bady weijhis, follouing th:
standii.s proscribed by Jen end lay (1960}, Far iha

concontratomorientod feeding groups, all the L2 rau.repanty,



was set by Individually feeding them with weighed
quantities of concentrates. For the roughage ariented
feeding group, half the datly ICP requirsment was xet by
supplying then individually with weighed quantities of
the concentrates and the rest of the LCP requirement was
mat by supplying esch with 3 kg dally of fresh Leucasna
lesves, obtatned from the fams.

7o all the calves, green grass was fed 3¢ 1ibitum
and when raen graes was not svailable, paddy straw was

suppited.

The coptentrate mix was ebtainad from “Lilms®, the
Kersla Livestock iavelaopment and hilk Karketing Board.

tha analysis rosults of the gonceptrats mix and
isucaena leaves fed to the expoximentsl calves wage ay
followss

e A TE AR B s WY R AR MR T W B e e A W KB AR S N S A W e S e W
Crude {-rude Nitrogen

. - protein  content
oistm  GIY,. BTl uicamt percant

an on d
pezgent  pereent (gi;s{s"‘ igttﬁiy mattes
basis) busis)

s B e R WD RE E D RE MR S WD W WE N D U D AR R Y W T W S W W W

Concentrate
nix 3,84 36,14 1707 L7. 7% 2.84
Leucsana 50 .84 .16 T.81 19 'g“ 3,19
leaves

{Frasn)
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Eecogding of datas

ns golf sach from treatment 1 and 4 died durin
the axporiment and for the purpose of analysis, missing
plot technicue was applied to arrive at the nlasing
fortnigntly values of hody weight and body measursments.

Physiologdcal variables like cardiae rat.,
raspiration rate, rsutal topperature amndd skin tempszoture
of the individusl calves were measured and recorXwsd t.uice
in @ doy ot C800 b and at 1400 h on & fixed awy in a week
ang for 14 weeks of the study.

The capdlac rate and ths resplration tols wore
directly cotermined by counting for & mimute, using a
stathescope and & stop watch. [ecoraings were done for

indivicusl calves vdth cdnimun of disturbance,

The rectal teoperature was neasussd with the help
of & zlinlcal thormomets:r insertud 4o standard depth und

raccrded in dugres ezlsius for each of the calwes,

The shin tomporstors was yecorded in degres celsius
using an Y.plad' make therpister telethermometer anl whw
skin probos supplied aleng «dih 1t. ror eath of toe
calvess the skin probes were lsft in contact with the
skin tor 20 sec in two locations, one at the dorsal ond
posterior aspeci of the abdomen of the calvos and the
ather anterior and vertral., Ihw averages of hess twy
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zegordings ware taken as the skin tempecatuge, Un rainy
days; resordings wers either suspended or dore during
subsaguent days of the week when dry weather prevalled,

The body weights and body measurements were recorded
for individual calves onze in a2 fartnight at a fixed tine
in a day. Body welghts were racorded in kg by imdividually
welighing the zalves in & starcard platform scals meant for
this purpose and with 200 g aceuracy., Ihw bady measursments
1ike the height, length and girth were xwourded in em using
standacd procedures, individually measuring aach of the
axparivental calves, on tha same day at tha time fixed
for wealghtoent.

The climatle data were recorded dally, throughout
the sxperimental pesrliod, once in tha morning at 0800 h
and again in the afterpoon at 1400 h. These recordings
were dons at animal leval close 1o the animals both
ineide the calf pen and in the opsn to quantify the
microerwironment preovalant arcund the calves, in both the
toeatient groups, nanely, the calvas exposed to direct
solar radlation and the group that was kept protesied
from cirect selar radiation by housing.

The climatic factors recorded inside the calf house
were the daily saxisum and slnisue temperatuzes, relative
humicity, wind velocity, black jlooe tepperature, and
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vapaur prassure, The climetic factoxs pecorded in the
open were maxigun and minimue tesperatures, solar
radistlon, ralativa humidity, wind velecity, vapour
pressure and rainfall.

The raximum and minimum temparatures were recorded
once dally at 0BOO h in degrees celsius foxr both the
loceaiions, namely inside the aAsuse ant in tha open with
the halp of a Six's Maximum-Minizun thermopeter (2Zeal make)
hung at animal level Inside the shed and gutside, guardsd
in 5tevensen screan.

The relative husidiiy was measurad using a Whirling
psychromater twice dally in the roxnlng and afternson &n
botly the treatment locations using standard proceduxes,
The psychrometric tables wezre used © arrive at the
relative humidity in percontage anxi vapour pressure in s
of porcury, using the wet and dry bulb readings,

The wind velecity was directly measurcd in seter
per sec using sAnasmotherm sir meter (USA pake) that was
earlier standardised with s Blue Kata Thermometer, Toe
measur.usnts wece made twice dally, in the mornings and
in the afternoons 4in both the treatzent locaticns at
apimal level,

A *Black Globo Therwmomster” (Casolla make) was used
to record the black globe temperaturc inside the celf house
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in the nornings and the afternoons. ihe globe was hun,
at animal lovel and left undisturbed for 30 min fox
sensitization before the recordings were done. The mean
radiatisn temperature of the surroundings was ricorded in

degrees colsius.

x continuous recording ®volar radlatlon balamce
wetert {Or.lenge, Zerlin) vas installed te racaxd the
selar radiavion in the open paddosk, contirmisusly
throu thout tne experiment. This instrurent resorded
radiacion zrom the uppsr hemisphere and lower hemisphere
sep iotely both day and nijht in o ;xaph moented 2n a
rotating systenm. .Ath the automstic tecordiag in ihs
araph, hourly tradings wore obtalnsd am ihese volues
were flitced into the fellowiny formula o arrive at the

hourly upper ana lower radiation figures in mﬁcm‘z.

a} Uppex heuisphere:

Gt @ Fy xBu - o*Tg“’
Jh2rey

3, 1s 2,033

o 35 D566 % 1077

Tg is terpesature yecorded +273%
b} Lower hemispher.:

Rl = Fy xAu ¥ c/rg“



WileLe
i"g is 2,195
o 15 5.666 x 1077
To 4 temporature recorded +273%

The means of hourly rocordirgs obtainsd from 0700
to 1800 h 1s token as the day time radiation and 190U to
2400 h amo 0000 hi to Q600 h as night time radietion.

waily rainfall data in va were obtained from ths
recoxJs of the LNateordlogical department of the Collugw
of lerticuldure, Kerala Agricultural University.

For tha convenience of presentation, all climatis
factors wore worked out as weekly means and rainfall
data as weekly total.

apalvsis of datas

The statistical azpalysis of the experimomtal dita
vae caryried cut as par tne mothods suggested by Sredecor
and Cochran (1967). :he computer avallable with #he
Intograted Centrs for (wricultuze .tatlstics of sexala

Agpiculturel University was utilisod far analysis,



BESULTS

I. CLUANTIC VORIABLEGS

The weokly means of tne climatic variables rocorded
in the shaded and unshaded locaticns of tho experiment at
OBOD and 1400 h for the recording peciod of 14 weoks from
15=quild 10 24w7=88 have been tabulated amdd presentod in
Table 1.1,

In the shaded location, the mean weekly maxiour
temperatury recorded ranged from 25.37 to 32.24% auring
the experivant. The maximum temperatures were above 3.,0°
for the f£irst five wmeks and for the rest of the perivl,
it was always below 30.0°%, Ine wean weskly uinimui
tensarstures ranged from 21,28 to 27.43% Curlng the
exparimental period., ihe mean weekly black jlobo
temporatures that prevelled at 0300 and 1400 b
respectively were a minimum of 26417 an. 25.83% uring
the idth weok of the experisent and a oaximum of 30.4.
and 34,30°% during the fourth week of the study, .ne
relative hupdaity rungoed from 76.43 0 93.14 per cent 4n
the mornings and 56,37 to £7.60 in the afterngons, e
hishost values in both the rangos falling on the i3th
weeks Bix oub of 14 wvoelts had prictloally 0o als ravement
during GBUL I recording time and the rest of the weeks hac
a meagre wingd velocdty of 0.007 to 0.03 m per secs, Iy ths



Shaded
Maximum temperature ©°C
Minimum temperature °C

Globe temperature °C
- 0800 h
Globe temperature C
- 1400 h
RH percenxage - 0800 h

RH percentage - 1400 h

Wind velocity m/sec
- 0800 h

Wind velocity m/sec
- 1400 h

Vapour pressure mm of Hg
- 0800 h

Vapour pressure mm of Hg
- 1400 h

Unshadea
Maximum Xxemperature °C
Minimum temperature °C

Radiation upper day -

mWecm
Radiation upper nights
mWecm-
Radiation lower day -
mWecm
Radiation lower night-
m*/cm*
RH percenxage - 0800 h
RH percenxage - 1400 h

Wind velocit/ m/sec
- 0800 h

Wind velocity m/sec
- 1400 h

Vapour pressure mm of Hg
- 0800 h

Vapour Dressure mm of Hg
- 1400 h

Weekly total rain fall mm

The weekly means or the climate variables
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17 33
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24 0
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.11

45

98

53

50

22

51

24

86

57

57

05

37

35

54

.60

Hot period

3

31.40
25.09
29.93
34 00
83 43
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aftarncons, there was rocordable velocitles during all the
weeks, ranging from 0.02 to Q.47 m por sec, iThe vapour
pressure in om of mercury rangod fxom Zl.41 to 25,40 at
GB00 h and 21.92 to 25.1% at 1400 h recording time,

In tho unshaded Jocation, the maxlioum tecperature
ranged from 29.36°% to 37.79°C and the minismm 22,33 to
28,93°%C. The maxisum temperature was about 5%“ more than

what was recorded in the shaded lbca;i@n@

. Tho average solar radiation miasursments separately
for the upper and lower hemisphores and day and might have
been prosentad in Table Ieds It can Do genorally seen

0 #hat hicher values of tho lowexr hemisphere ars associated

with hizhor valuss of the upper hemfsphere, A similar
ralationship axists betowen day and night velues also with
yespect to both the necisphaeres. It appears that lower
values dspend on upper values and dey time values influence
night time volues and all the four vaviables are
intosrelateds I8 Is also dmtozesting to noto that i the
same fousth weck 'of the experiment wion the rodiation
figures in the unshoded ludation ore the parimn, tho

globe tempersiuie recordings in the shaded locatdon have

© aine toughod the maxiavs. ' ‘ S o



The rolative humddity xevopaed in ithe open arca at
0800 b rangod £rom 73.97 to 91.57 per cont apgd at 1400 h
ranged from 55.00 to 87.00 por conte The relative
humidity $igures in the mornings were highor than the
AfLOENGING

wuring the 10th week of the axperiment, at 0300 h
recording tice, there was no recordable wind velocity,
In the rost of the weaeks, the wind velocity ranged frop
0401 to $.34 © por sec in the vcoreings and 0.13 %o 0.97
o per sec in the afterprons. The gepoxal tzend was that
wind velecities wore slways highet in the aftern.ons. It
is also obsezved that wher the wingd volesity touchod the
maximim, tho gelative humldisy recorded was the olnimum
and this s true for both the locations nasely the
emvironoant inside the house as well as in the open.

e vapour préssure in om of mercury ranged fxom
2195 19 25,76 at OBU0 n and 22.02 to 2598 at 1400 h
FOCORAANgS «

Tho total waekly ralnfasll was poor for thoe fizet
five vweoks of tho axporicent anounting to 7.40, 40.60,
8,40, 4,00 and 180 mn raspectively. ctual rainy season
startad from sixth week of the experimont onwards whicy
was foumd to imasdlotely bring down the amblent femporaturo,
radiation torperawrs inside the nouse and radlaclon valyes
in the opon.
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it of 14 weeks of recording of climatic variables,
ouring the first five weoks, thoe rainfall wos scanty and
the maxlpun temperatuxes recoxded in the ghaded area was
above 30% and in tho unshaded aroa; above 35°C. fov the
rest of the period the rainfall wan hish and the maxicum
tomporatuze was below 20%. in the shaded ores and belds
3% 15 the unshadsd agea. lionce the fizet five weoks
pezhod -ias Daan clasxdfied as hotedry perlody onu tho
remalolns 33 rsing.

Il. BAYSIULOLICAL BEACTIVNSS
a) hockal toposraturct

ihe poean values of recgtal torperature in degress
celsius, skin temperature i dogrees cuelsius, yespiration
rata z8 packer per odmste and cupdiac rote as purber por
wdmste of thy experdsentel calves undex treaiosnts 1, 12,
T3 ard T4 rocorded at OBOO Ty and 1400 h during the hotedyy
ard rainy periods along with the results of anolysis of
variance botu«gon itreainent moans are prosented in
Table 1.2 and Figure loi and 1.2.

Tiw peon pictal temperztures of the calves zoc.rasc
at GBOG b of she four trecisent groups T, 12, 13 and 4
wore 30.21, 0,20, 53.33 and 40,15% respectively during
the huledey pe.iode. DOy cholysis of varlanee, highly

significant Aifozerces (P <0.0Ll) wze found in xectal



Table 1.2

Mean values of rectal and skin temperatures, respiration and cardiac rates of the calves under treatments Tl, T2, T3 and T4
recorded at 0800 and 1400 h during the hot-dry and rainy per ods

Physiological Rectal temperature °c Skin temperature®C Respiration ra = En /min Cardi»c rate No /min
g:iiggzers/ Hot-dry Rainy Hot-dry Rainy Hot-dry Rainy Hot--rv Rainy
Time of recording 0800 1400 0800 1400 0800 1400 0800 1400 0800 1400 0800 1400 0800 1400 0800 1400

Concentrate fed. __
Shaded T1 39 21 39 69 39.23 39.35 39 22 3982 39 0L 3883 47 38 60,38 39 70 48.16 65 69 78 22 69 N0 77,00
Unshaded T2 40.20 41.51 38 99 40.52 41 34 42 38 39.42 40.57 77.33 121.75 42 52 80.11 87.92 126 08 72 71 89 40
Roughage fed.
Shaded T3 39.33 39.95 39.21 39.30 39.34 39.92 39.09 38 34 47 33 67 96 37 00 48 44 67 06 79 26 65.25 76 80
Unshaded T4 40,15 41 50 39 04 40.56 41.20 42 4L 39.40 40.62 69.09 110 60 38 57 77 72 84 09 117 80 66 07 87 86
e *% % il ** X% * * B * o * * % #%
F Value 17 42 83 57 286 3892 58 67 102 88 4 52 18 97 ll 46 60 91 1l 54 21 87 9 79 7n.56 4,16 8 86
CD for comparison
bet~een means.
Tl and T2 03 029 0.19 0.26 0.42 0 39 0.27 0 64 12 79 10.94 - 10.51 8.39 8 40 4.63 6.37
Tl and T3 0 33 0 28 0.18 0.24 0.40 0 37 0.26 0.61 12 11 10 35 - 10.04 8 41 7 95 4 45 6 09
Tl and T4 0.36 0.3l 0.20 0.27 0.43 0 42 0.28 0,68 13 09 11 49 - 11.20 9.10 8 33 4 87 6.79
T2 and T3 0 34 0 28 0.18 0.24 0.40 0 38 0.26 0 61 12 38 10.38 - 9.%6 8 60 8.13 4,45 6.04
T2 and T4 0.37 0.3l 0.20 0 27 0.44 0,42 028 0.68 13 34 11 70 - 11 14 9 27 899 487 675
T3 and T4 0.35 0.30 0.20 0.26 0.4L 0 40 0.27 0.65 12 69 11.16 - 10 69 8.81 8 57 4 70 6 48

- - e e dm m G w4 am e mm = e wm me = am wm e s 8 M et = M mm e e mm = ew s Aw wm o em = > w
- em e e em e e ma e o e m == o = = - - —- e e e = o ew o = o -

*%S1gn1ficant at 1 per cent level (P 0.0Ll)



* RECTAL AND SKIN TEMPERATURE
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tepperatutes betwmen the treatment groups; the roctal
temperatures of the calves in the unshaded lecation T2
and T4 boing oumch highsx than the calves in the shaded
lacation T1 and I8. The afternoon valuss (140G h) of
39469, 41.51, 39.95 and 41,50% respectively for
treatments T to 14 showed highly significant differences
(P <0.01) batween treatmenis with upshaded location having
higher values than that of sheded location,

Larang sue rainy peilod, the rectal tomperatures
resorsed at 030U b wera 30423, 30,99, 37.21 ond 39.04°%
fur tae treatmente I1 ¢9 T4 in hat 2wder. omalysis of
variance revealed highly significant differences (°<C.GLy
botween the rocorded neans of the four treaitents. .ra2
hiyiwst value was obtaiped in conc.ntrate feadlny shaded
group (71} which was significantly highor tiap conconirot”
feading unshaded group (32), Wt no sipnificant diffusence
due to shade existed in the roughage oriented feuding.

The 1400 h mean values for the ralny period were J7.95,
40,52, 3950 and 40,96 respectively for treatzents Li,
T2, T3 ond T4, There werd significant diffoxences { ¢ Q.JL)
betwoan the treltments amd by cr.tlc.d daffexruncs, tow
ractal tegporature of tho calvis In tn> unskaoes akel wer2
significantly higher than those of shaded locatlon,
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b) Skin temoscatares

Thw meah values of skin tomperatures for tha
hot-Jry portod for the CGO0 b rcoording werc 39,22,
41,34, 39.34 and 41.20% and for 1400 b racording were
39482, 42,38, 39.92 and 42,41% respectivoly for the
traatrents Ti, 72, I3 anu T4, uy analysis of varifance,
highly significamt differences (2< 0.GL) botwesn
troatoents were found in tho skin terperatures both in
the mozrings and &n the afternoons. 4y sritical diff{erenca,
1t -ics faund that the skin tomperatyr-s of the culves in
the unzhaded location were significantly highox than the
housed c.ulves gt both tiros and irrespective of the tye
of fasding. Similar obsorvations ware rade durin; tne
rodry perlod alse with the respective values at 090U &
beiny 39,0k, 23.42, 39.09 and 39.40% anu values at 1400 i
bedng 38.83, 40,57, 38.84 and 40.62° for treatments 1, 2,
3 and 4, lhore were significanmt (P O.0L) diiferarces
bat.oon tho treatoent moans of thw skin tempoeratures during

this s2080n also,

¢) Lespitiiden rate:

Luring the hot=dry perdod, ths respiration rates
rocorsed for the four dreatnent groups Tl, .2, 13 and ¥4
vare 47,38, 77.33, 47.33 and 63.09 per cin in the cornings
and 60,28, 121,73, 67.96 and 110.60 por min in the
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aftexmoons, analysis of variance rovealed highly
significant difforences (P< 0.0L) betwesn treatments

and critical difforence had shown that calves undsr
unshaded location had significantly faster respiration
rates almost amcunting to panting compared to calvas
under shaded logation. Tihm type of feeding did not seen
to influence the respiration rate.

waxing the raimy perlod, the analysis of variance
cf tiw respizalory rates in the sornings between
Lroatients had not revealed any significant difference
and the cespective rospiraticn rates woze 39.70, 42,52,
37,00 and 38.37 per min for Ti, T2, I3 and T4, Leither
the housing nor the type of feedin; seen to influence the
respiration rates of the calves in the moreings. In the
afternocn, there wos a highly significant differsrce
(P< G 01) 2in the respiration retes, the unshaded calves
having & higher rete of sespiracdon, but the type of
fecd odd not seem to Influsnce the respiraticn rate,

d) Gapdiac zote:

Tte cardlac rate was found to be significantly
highex in the unshsded calves comparsd to the shaded cowes,
both in the sornings and in the aofterncons, irrespeciive
of tho type of feeding during the hotwdry pe:icd. For the
treatients Tl to T4, the rospeciive G800 h cardlss rate



aur win were 63,49, 3292, £7.06 and 84,09, Lorrcesponaing
ratrs ab 1400 h oexe T3.23, 126,08, 77.26 ard 117.80.
Hnly sionificant differencos (P< 0.01) botwsen the
treatrent ooans In cardloc rates werze found by analysis

of variance.

Surin the ralny season, the average cardiac ratrs
recaxded in the nmornindgs were 69005 72,71, 69.25 ani
£6.07 por nin for the galves under tyeatm.nts T1l, 12,

I3 anl T4. gy analysia of varianco, highly siznificaint
gifferanses (P C.OL) ara founy bet man tae treztmenta
ond By oritical difference, the capdlac rate of the
unshoded calves under councontrote feadirg (7T2) wis
significantly higher than the other tnree groups. In
the zEt-rnoons, the wean haart tates of calves unduer
traateonts T to T4 wexe 77,00, 81,40, 76,30 and 37.86
pag odn and analysis of vardance showad Righly 22 nidffsant
difforomcas (P C0.0L) botween thase means. Gxidical
gifferorce analysis showad that pewvlsion of a slipie
tilad roof sipnificantly (P G.01) xeduced heast rpate

in cross=brod calvas,

1% orectentwise compacacive mean ructal
tenperature, skin tumperatusc, respiration and ¢ardiac
ratos of the calves upder shaded argd unshaded troatwonts
duzing hot-dry and railny perlods for the G800 and 1400 h

rugsrdings along with padesd "2 test values ape tabulatod
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and presentad in Table L3,

By padired ¥t' tost, hijzhly significont differences
{P<0,01) were found in the rectsl tamperaturcs of the
calves of the shaded group compared to unshaded group,
wiring the hote=dry perlod, the unshaded ¢alves had
recorded significantly higher valuas of 40,17 and 41,%0%
for QBOC and 1400 h roadings 8s agalnst 30.29 ond 39.83%
in the shaded grwip., Suring the ralny perlod, in the
sornings, the opposite 43 tyue, the snaded calves huve
rocorded significantly higher rscial femperature of 37.21
compared to 35.04% in the cpen. however, in the
afternoons, once agailn highez rectal vemperatuges were
found with the colves in the open (40,597°C 28 agatnut
394527 with shaced onss).

Toe respective skin fompa.ature peany of 41,27,
42,38, 29.39 anl 40.60°C of tho unshaled calves were oll
significantly {2< 0.01) highor than the means of 39.26,
39,06, 39.05 and 33.83 recovded with the calves in the
shade.

The rospization zat. s of the shaded and unshaded
calves were 47.23 and V2.1 for Q800 h zecureing curing
hot-dey porlod, 6444 cng Li%.40 fur MAG0 b recusding
dardvy hot-doy pericd, 36.2¢ and 40.V4 fox GU00 h
r.caopuing of the rolny porlod and 48.32 and 79,00
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per nmin for the 1400 h ruscxding of the reiny periocd.

By paired %' teat, the differences in the respiration
rates between shaded and unshaded calves were found to be
highly significant (P <0.0L) excopt in the case of 0800 h
recording during rainy period.

Likewlse, no significant differences could also
be founa in the eardisc rates of the calves subjected to
shadad and gnshaded treatments in the sornings of ralny
days, the cerdiat rate recoxded for the former being
66,57 and later 69.54 per min. Jtharwlse, highly
significent difforences (P <L 0.0L) were found among the
4reatzent groups during hotedry seasson.

In general, 2ll these varlables in buth the periods,
showed higher values in the af%erncons compared to the
mornings. The only exception was that skin temperature in
the housed environment wcuring rainy period showesd a lower
value of 38,83 in the afternoon compared to 39.05°%C
recorded im the morning during that perloed.

The trsatoentwise cumparative mezn rectal
temparature, skin temperaturw, respiration rate anl
cazddsc rate of tne calves under comcontrate feeding and
roughage feading treatmonts during hot-dry and redny
pexdods alon; with the palrved 't* 4ast rosults are
furnished in Table 1.4,



Table 1.3

The cotparativ. oean rootal teoperature, skin tomporature, rospiratlon rote and cardiac sate of the
calves under shadesd and wunshaded treatooants during Bot-dry and ralmy periods

. St WA x e e B ER AU KB W SR D MR NG G W MR WK AB S D W NN G W MR R NR UK M M W P M YR R s R U WK RS M 4 A ue W TV G W A e M e w45 e

Ractal tomperature °C Skin tepperature % fesphration rote No./min Gardise rate ho./min
eatoant siotedry haduy dotedry Rainy Hotwdpy halay Hotmdry Rainy
0300 1400 0800 1400 OR0C 1400 0800 1400 OBDO 1400 0QBOO 1400 O8O0 140G (800 1400

-k MmN NA S W W Th U M AR SR mh A OR N Sn e OB ML RA R VR AR AR W U B R K AR W T W W W N S WR T IR e W W W AR OB S W TR s N e e WD e

haded 390259 0487 3.2 F.5: 39428 37,86 37,05 30,83 47,53 64,48 30.24 43,32  66.42 73,78 66,97 76.28
shaled 4017 41,50 39,01 40.33  41.27 47,38 39,39 40,60 7i.2l 116,43 40.74 79.06 G3.47 122.54 (9.54 00.72

=2 a9% bad [ &3 Ll 80 LA »2 4.4 % L L e x5 *n
3 volue  7.20 15.61  2.91 11.06 13.33 17,66 3.4l 7.6  7.04 13.05 1.28 5,04  5.45 14.37 1.48 3.17

- A s W e D e W W MM NG R T M e R R N WP W Bn WK VR W R GG M TR W W e WP W5 M TR I 4 ME CE Y AR B A e W G A MR e e G e R G e O

whil nificant ab 1.0 per cemt jovel {v< uJil)




Table 1.4

The comparative mean roct.l temperature, skin Reupeiature, respiration rate an? cardiac rote of the calves under
concenirite Fasding and roushage oriented feedlng treatments during hoete-dzy and rainy peslods

Ve NI M MR WB N MM e TR S M Th W WG W AR WP PR Ak MN A R RD M MG O B W R W K GBS AN a) B R M BE 4 AR M R W AD e R N e e M R G e e R W e

ectal tongeraiure °C Skin tespera.ire °C hespiratiun rate 1o./min Sardlac rate N2, /min
tment Hotwicy Ralny Hotmdry Kainy H.otwdyy LAny Hotwdry Raloy
B0 1400 4800 1400 0BOOD 1400 O8O0 1400 OBOC 1400 08G0 1400 0800 1400 OACO 1400

o G wm o ws M M A P M W N SN EH MR T W M M MK SR P S Gr h AR WR T T A AW SR W NS W KO IR WD AN ki e A e SR W e we Op R KD S AR s W e B B

entrate

ha
idiﬁ; 3967 40,57 30,14 33,92 40,12 4C.9) 39.21 39,54 56,02 85,080 37.64 39,51 74,26 95.08 65.44 81,13

L3 L2 )
value 0,84 C.20 0.37 0.83 Ted2 Uedd 0.3 0O.62 0483 .73 1.80 0,98 0,87 1.20 3.2% §.87
- s e AN W MR WL M e W OB e MW G WS W TR S WS OR W MR AN WD W R R WS W WY BN SR N W MR N W S R R AR TR B S WR TW AR e A e W el R ae W W e
#% of nificant at 1,0 per ¢.nt level {~<0.01}
® Significant at §.0 per cont level {B0.05)
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The avaerage ructal température durding hotedry
perlod for 0BQOU h rocording was 37.69 for concentrate
feeding group compared to 39.67°%C for roughage feeding
group. The avorage values at 1400 h during hotedry
period for comcentrate feeding and roughage feeding
groups were 40,55 and 40,50% . The sane were 39,11
and 29,14 at 0300 b and 40,03 and 39,92% at 1400 h
durdng rainy pericd for consentrat: and roughage groups
raspectivelye.

The zospactive shin tonpesature walues for
corgentrate snd roughage fesdin; groups were 40,23 and
40,12 at C300hracording of hotedry perlod, 41.04 and
40,91 for l4GOhracording of hotedry perdod, 39.26 and
39,21 at 0800 h pecoxding of rainy pezlod and 39.71 and
39.94% at 1400 h recording for rainy periods

The respicvation ratos wers 58,96 at Q800 and
89,83 at 1400 h of hotedry period and 41.12 at 0800 h
and 64,35 per pin 2t 1400 h of rairy perlod for the
concentraote fed calvas. For the calves under roughage
orlented feading treatment, the rasplration rates reccrded
respactively were 36,53, 85.01, 37.64 and 59,91 per win.

For the concontrate feeding groups the cordiac
rates were 72.96 at 0800 h and 101,40 per min at 1400 h
during the hotedry perliod and they were 70,91 and 53.28
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per min respectively during the ralny pexliod. For the
roughage oriented feading group, durdng hot=dry perlod,
the heart rates were 74,26 at 0800 h and 95,08 per min
at 14,00 h and during rainy perlod, they werc 65,44 st
0800 h and 81.13 per nin at 1400 h recozding,

In the paired 't' tost, it was found that the
8,00 Adis hwazt rate of the calves fed roughage oriented
dist, was significantly (P < 0.01) lower compared to
concentrate-ted group uring relny period {(6%5.44 vs
70.91). Sieilarly the worning respiration rate during
rainy pexlcd was alsé lowsr in the rougnage oriented
feeding group {37.64 vs 41.12).

III. GROWITHS
a) gedv gdohks

The initizl body weights in kg of the imdividual
experioontal calves and the fortnightly welghts from
first to seventh fortnights, under the four treatment
groups with treatment wise fortnightly mean body welijhts,
the CD values and the F values as obtained by analysis of
covariance are furnished in Table 1.5 ana Plgure 1.3,

The mean initial kody weights were 71.76, 72.24,
72.68 and 67.28 ky respectively for the four treatment
groups namely corcentrate~fed shaded (T1), concuntrate-fed,
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Tadle 1.9
The fartnightly body wwights of the czlves in kj
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unshaded {T2), roughage-fed = shaded {13} and roughage-fed
= unshadad (74).

The meany of the first fortnightly body weights
word® 77.34, 73.47, 73.19 and 76,16 kg for the treatnents
Tiy T2, T3 and T4 respactively with calves under T1
recording the highest body weight. 8y analysis of
covariance, it was found that the diffaerences in the
body welights between the treatment groups were
significant (2< 0,08) indicating the effect of the
various trestments on the growth rate. By critical
difference it was seen that the calves that were given
full eoncuntrate ration and kept in the shade (T1) had
batter live welight gains than the other three treatment
proups 12, I3 and T4 during this fortnight.

During the second fortnight, the mean body welghts
recorded for the four treatments I1, T2, T3 and T4
respectively wer® 92,30, 76420, 77.54 and 81.90 kg
By analysis of covariance, though no significant
differences could be obtained between the body weights
undexr the different troatients, thd calves under 1) were
found to nmaintain thelr supexiorcity.

The respective mesans of body weights for the
treatments T1, 72, T3 and T4 wero 83.66, 73.57, 81,27
and B82.1%6 kg during the third fortnight. 7The calves that



were given concentraty fxati@ﬁ and housed f’in the shade
(T1) had recorded the highest body weight and they
continued to grow faster than the other thxee groups.
Analysis of covarlance of the body welghts of calvei
revealed a highly significant (P<0,01) disfexence
betweon the treatment groups ongte again indicating
definite effect of the various treatments in the
sxperioent on-the growth rate. By cpitical differernce,
it was ' found that the group of calves T2 maintained on
-aemﬂnt‘mie‘ réﬁan ‘and sxposed to the direct splar
radiation recoxded stgniﬂaantly (2 4@.9&} lower mean
weight {?3.97 kg) than all other qmaps.

During the fourth fortnight, once again there was
no stat;st'ic'ai.-, difference in ths mean body weights -
between the treatuent groups but, howsverj calves under
Ti ¢ontlmed o maintain the superlority, recording a
mean body ws&g%- of 88,41 kg and calves under T2 recording
the lowest at 82.11 kge The other two tteatmats T3 amd
T4 xaccrﬂod 83,47 and 86.78 kg nzp:ctivuly.

Analysls of. g;o.vm:umt of the fifth fortnight body
. mights‘ betwoen the f‘c‘mz treatments kﬁw;iad‘ a highly
signiﬂaant differenco (» < 0.0L) in the growth rates due
to the influerce of the treatnents gimn.. _ buring this
fortnight, a uniform reduction in the weights I.wa@ seen
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comparad the earlier fortnightly weights, all the calves
loosing welghts ranging from 3 to 7 kg. By critical
differsnce it was found that T1 stil) maintained its
superiority and calves under zoughage feeding and expased
to direct solar radiation (T4) was catching up with 1t,
with respective weights of 85.79 and 893.67 kg Tiw
treatoent groups T2 and T3 remained inforior with 75.80
and 76.60 kg only as their mean body weights,

No statistical differsnce between tho body weights
in treatment groups could be found during the sixth and
seventh fortnichts. The best body weight gain was cbtained
in treatment Il where the calves were fod with full
corcontrate ration and kept protected from direct solar
radfstion, The calves exposed to direct selar radlation
and managed with roughage oriented feeding had also fared
relatively good, The other two groups fared not so well
and the treatment with concentrate feeding and exposed to
direct solar radlation had resulted in recording the
poosest growth rats,

b} Hejabt: )

The Initial height mwasuroments arkt subssquent
fortnightly measuremont values in cm of all the experimental
calvas under tiw differcnt treatment groups, the fortnightly
means and the rosulis of the analysis of covariance are
tabulated and prosented in Table 1.6,
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It 4 seen that the calves had started with an
initlal fwight of 87.8, 8%.0, 66.4 and 85,2 en under
treatzants Tl, 72, T3 and T4 respactively. Ouzing the
first fortpight, there was a amall increase ip the iwights
of all the groups #xcept in T1 where thuxe was a descrease
of 1.07 en, Such reductions in the heights was noticed to
eceur now and then in other gqroups also which might be an
error An zeesurement.

The respective finishing heighte of the calves were
90,18, $1.59, 90.03 and 92,04 ¢m for the four treattents,
with ths calves in the treatment group roughage oriented
feading and unshaded (T4), xecording the maximum height
of 92.04 ¢m though they had started with comparatively
lowsr helght of 85,20 ¢a. ouring the couxse of the
experizant of seven fortnights, the calves in treatments
1, 2, 3end 4 had grown in helght by 2.38, 6459, 3.63 and
6.54 cm, the maxinum growih Being recorded in ihe growp
under roughage orisnted fveding amd exposed io dirsct
solar radiation. Howwwver by statistical amaiysis, no
significant differsnces hetween treatment groups were
found at any stage of the experiment.

) Lepgth:
The initial and fortnightly body length measurewents
of the calves in cm for all the tgeatment groups, forinightly
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moans of the length and the results of covariamce analysis
are presented in Table 1.7,

The inltlal body length n;ammnts were 84,0,
86,0, 84.2 and 86.0 cm respectively for the ireatments
Tl, T2, I2 and T4, Luring the first fortnight, thw calves
had attained a bedy length of 87,29, 85.65, 86.24 and
85%,05 e in that order. Dy anaiysis of ecovariance, ¢
sionificant cifforence (P<0,08) was found between the
body length of the calves in ths four treatment groups,
the calves under the treatwent of concentrate feeding and
protectad from direct solar radiation rucording the highest

values.

Thore wss a gradual increase in the bady lengthe
of the calves in the subsequent fortnights in ail the
treatments, the calves under troatment Ti always maintaining
a lead, though by statistical analysis, no significant
difforences could be found between treatmonts in the body
lengths, Juring the course of the expariment of seven
fortnights, the calves had grown in length by 12,30, 8.64,
10,29 and 6,40 cm respeciively with the Il calves uncer
concentrate feeding = protected from direct solar
radiation ending up with the highest value of 96,50 cm
and calves under roughage ariented feeding = unshaded
treatment ending withthe lowest value of 92.60 cm. The
other two groups, namely concentrate feeding « unshaded
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and roughage orlented feeding = shaded had recorded
intermediary values of 94,69 and 94,49 cm.

d) Gigths

The initial and the fortmightly girth smasurement
as rucoxded fox ipdividual expecimental calf for the
sxperisantal perlod of saven fortnizhts along with
treatment wise fortnightly mesan value and statistical
analysls figures are tabulated und pressnted in Table 1.8,

The calves had started with a mean yixth measurement
of 101,4, 101.0, 02,0 and 95.4 cr respectively for the
ireatments T1, T2, T3 and T4,

At the closure of the experiment, calves under Ti
with corcentrate feeding and shaded treatment had
recorded the highest mean girth reasurement of 10%.dl cm
and others had 106.3L, 105.85 and 106.96 cm as top girth
weasurement in the order of treatwents 2, J snd 4.

Girth increased gradually during the exparimantal period.
Statistical analysis did not reveal any sijnificant
difforence due to treatients in any fortnight. However
the trend appeared to be similar to body welght gain.

o) Lompazdson potwesn sheded and unshoded tresioentes
The fortnightly comparative mwan body weight,
beight, length and the girth of the calves under snaded
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and unshaded treatments and pailrxed *¢' tost results
comparing bstween treatments are furnished in Table 1.9,

The mean bady welghts from first to seventh
fortnights un.er the shaded treatments were 76,55, 80.75,
83.20, 856,63, 81,98, 94.24 and 91,79 kg whereas the same
under unshaded treatuwent were 73,93, 78.22, 79,33, 83.73,
78.95, 89.41 and 87,71 kg, By paired 't! test, it was
found that there was no significant differance in the
weight jains of the calves botween the treatments.

The mean height of the calves under shaded and
unshaded groups were 37.4%9 and 25.%50 ¢ for the first
fortnight, they weze 88,40 and 88.25 cm for tha second,
88.72 and 89.14 cm for the third, 89.29 and 88.65 cn
for the fuurth, 89,38 and 89.22 ¢ for fifth, 90.03 and
90,47 ¢m for sixth and 90.65 and 91.27 cm for tne eeventh
fortnight respectively. Dy paired 't* test, no
significant differences could be found duxing any of the
fortnights in calf haighte between ithe treatment groups.

In the same way, no stotistical differerces could
be found between the body lengihs of the calv.s under
shaded und unshaded treatments by palred '1' taest, Tiw
mean body lengths recorded for the calves under shaded
treatmonts were 85,82, 88.33, §9.97, $L.22, 91.8%, 93.99
and 34.94 c¢m for first to seventh fortnights respectively
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and the same for the unshaded yszoup wexe 86,30, 86,72,
89,33, 89.79, 90.51, 91.48 and 93.18 ¢m in that order,.

The shadad calves had recordes the fortnightly
mesn body glrths of 102,30, 103,19, 104,38, 104,47,
103,78, 103.48 and 108,20 cm for ths first to ssvanth
fortnights and unshaded calvas 98,20, 102,03, 101,53,
102,01, 1UL.55, 105,04 =nd 106.17 cm respectively, FPalred
1Y test had not revealed any significant difference in
body girths of the calves between the treatmenis.

f) comcapison.keiwecn concentiate snd souchage feeding
Lreatmentss
The comparative mean fortnightly body weights,
height, length and glzrth of the calves under concentrate
feediny and roughage feeding treatments with the results
of analysis by paired "t' test are presented in Table 1,10,

The mean body weights wexe 76,46, 79,93, 80.42,
89,95, 8l.44, 92.36 and 90.25 kg respectivaely for cne to
seven fortnights in the concepntrate feeding group and the
respective welghts for the roughage vriented fesdin; group
were 73.62, T3.04, 8l.11, 84,51, 79.49, 91,29 and 89.29 kg,
By paired *t' teat, no significant differsnces could be
found between the treatment oDeans.
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o galves in the comconirar. feedin; treatoent
had recorced for tho firxat o seventh forinights mean
helights of 86.99, 80.22, 87,32, 49,28, 89.68, 90,33 anl
91.09 cm and in the roughage ordented feadding group,
86,00, 88,46, 83,54, B80.65, 82.92, 90,17 and 90.87 cx
raspactivaly. otatlstical analysis did not reveal any
significant difference in nsizhis between in culv.s under
the two ilrsatmonls.

The first fortnichtly mean body length measurements
in the comecontrate feediny Jroup and roughage oriented
fecding group respectivoly were B86.42 anc §95.70 omy the
same were 87,53 and B7.93 co for the secund fortniint,
89,17 and 89,15 cr for the thlrd, 90.52 and 90.49 cm $ox
fourth, 91.19 and 91.20 cm for fifth, $2.09 and 92,76
for sixnth and 94.54 and 93.38 ¢ for the final and
sevonth fortnight. Tho difforences in the wein body

lzngths betveon the treatments were not significont.

The rispectdve glrth measurvnents for the
cuncontrate feeding grouy and roujhage ordentod fesding
group were 104,40, 103,59, 103.48, 103.97, 105.88, 106.0%
ot 168.40 o fox one L0 sevonin fopbninhil and 99,10,
101.05, 102,43, 102.91, 1l01.65, 104,44 ind 105,97 ¢i: in
the same order. ~falred %' tust analysis botoesn the

traatnent oeans did not reveal ony significant differunce.
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In all the above four growth porameters studied,
the type of foeding had not shown any significant

influence,



DILGUSSION

1, CLINATIC V Gul-BLES:

Tho daily maximam alr terperature that prevailed
in the unshaded location durdng the hot-dry parisd was
above 35°C and in tis shaded locatlon, abwve 30°C, a8
supported by literature, this range of temperaturze is
sufficient tu cause ncat stress on the axperimental
animals. The typs of housing provided in this stwdy hes
somewhat helpsd in reducing the szblent aivr femparsture,
by & wmoderate 5%. <uring the ralny perioc, the maximum
tegporatuse rangod from 23,37 %o 29,31% under the shads
and 29,36 5 33.50°C in the unshaded location which
cannot also be considered "comfortabla™. In the present
stody, based on the alr temperature prevalled, it can be
sresumed that the shade had proviesd a oild degree of
thermal protectlon to the growlng crosshred calves.

Toe xolative minddity hod rangsd fpom 76 wo 93
per cont in the moraings snd 55 to 88 per cemt in the
afterncons in the experimental arecsa and ~ith this nizh
rangs of hupidity, the erviromment can ba clasciiled as
humid. ot no one timw, the difforomce in rolative
humddity betweon the housed ewiroscent and open
ervironment was mope than five psr cent whiech incicated
that there was free exchange of alr in the calf house
chosen for the expgeripent {Sailnspury, 1985},
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Curding moot of the duys, the wind velocity in the
Sornings was cither zero or very twagte inside the colf
house as woll as in the cpen envirzommwont. In the
sfterrocns, thore were recordable windg velocities in both
the locationas OStolpe (1977) recompended 3 rate of adr
moverent of 0.6 m per sog inside animal houses to
alleviate the detrimantal effect of oppressive
ervironment but in the present siudy, the wind velocity
inside the aniral houss had nover reached that level,

In the opan epvironent a veloeclity ranging from 0.13 t9
0.97 @ por sec was rucorded wnlch cost likely would have
contributed towards the tnexmal coufort of calves housad
outslde duzdng the afternoons,

the vapour prescure ranged from 25.98 to 21.41
mr: of Hg in both the exporimental locations during the
pariod of study.

The meon radlation temperature of the sursouniings
recorded by the black globe thermomster in the shaded
1ocation anged from 26.17 to 30.42% at B8*u clock
recorddng to 25.83 to 34.30% at 24th hour xecorudny.

The black globe temperstures were found o be 2 to 5%
above that of ale t.aperatures as a zesult of radiation
effect and was also high on tho days when solar zadiatton
valaes An th> unshaded location reccrded higher figures,
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The solar radiation values as recorded by
radlation balonce meter a8 as high as 221.45 saen™e
during doy time for tho upper hemisphare and the sate
vas 160,22 @ .em™2 during night time. The lowsr hemisphore
values wore 169,63 durdng day time and 124.45 o™ for
the night. .ll these figuges hal ocourred auring ono and
the same veek when there wos very poor rainfall. 7ihe
radiation flouzes rexe founa w reach the ninioun wasn
it had beon contlmucusly and ceavily raining for teo
weoks wng hors again all Jhe losast values ocourzed in
ope and the same week., Thic leads o prosume that the
diiforent couwponsnts @f radliation values cbtalned as
uppsr and lower and may time and ndght oine values are

all interxelated.

hegular rains sticted from the sixth veek of tie
expezriment and it was 8 maxioum of 210,30 o of veekly
total £.infoll duclng tho final wsok of the experigent.

11, PHYSICGLUGICHL RuACTINS:
3) Roctal temperature:
fae rectal tempezsatare of the calvos in tho unshaded
location wae signiilcantly higher than thoso of tas shaded
ones (#<0,0L) bouh for the mdrping anl 2a2ly afternoon
recordings durlng the hwt-dry period. 7w colves in the

shaded group ware malntalnimy an avorage rectal taipexatura
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of 39,5°C, which may be considered normal (Herz and
Steinhauf, 1973). 7The unshaded calves >n the atrer
nand had an average rectal temperature of 40.8°C which
may indicate thermal stress. The typs of feeding had
not influenced the rectal tempezatuzré in both shaded and
unshaded treatments. Many authors have suggested (N,
19813 Van lorn, 1984; seeds and Gollier, 1986) that for
theromally stressed animalsy the mutrient density in the
diet is to be increased, reducing the quantity of
roughage t¢ bring down the haat that will be generated
during fermentaticn. As per thelr assumpiion, the boedy
tenperatune of the calvas fed with more guantlty of
roughage pust be higher; but in the present study, such
an effect ..as not noticed,

Significantly lowsr value for rectal tomperature
vias obtalned for the concantrate fed unshaded calves
during the morning recording of ralny period. 1Tne calves
under housed environment had higher gectal taumperatures
than the unshaded omes in the mornings in the zalny
seasane. This was most likely due 1o the coaler emvironment
in i@ cpen in the wornings (Table 1.1} In tho
aZternuons, Signdficantly bigher values for zectal
temperatuzes ore recorded in the unsnaded group which
might b xesultlng out of more savexs temperature and
radiation stress in ihe unshaded location.



T afternoon roctal C.mperatures wru Jwumd o
ba hishe: than the rorning valuss dndlceting a dluixnal
ryths as reported by livlwes (Ls70), iiowsvaz, the
difforences between morning and afternoon tunperatures
Jore core than 0.57C o @specially in the unshizded calvas,
witdeh does not agree with Holmes (1370} who stat:d that
the differonce between both extremes was less chan 0,5%,

b Skin kampes 2,3

A2 of the intavesting phenmensn noticed in tne
present study was shat the skin femperaturs of the
exporir-ntal calves wis aliays highez than the gectal
tomporatures in all the cases except in ihe shaded calvus
on ralpy cays. This mey be bocause the animals .er. still
not makin, use of cutanocus evsporation four thermolysls as
the range of effectivc amblent tempezature miynt net vave
bacome strossful encugh to trigier sweating. «tile cae
skin terpasature remolned nigh, the rectal tsmporature
might have beon biought down sligaily by otoskr thermolytle
avamuese The skin surfoce alse would navo absorbed
radiat~d heat. %uch radiatsd heat ..as 1o the mionimue
extant Insice the shed durlng ralny days.

Significant aiffer.nees (HCO0ML) woxe §.ufd
bet.ean the skin tempesalures of wr walvus In vaslius

sreatmonts ik tne present stedy indicwsuiing thy Lalluainge
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of treatments. The unshaded calves had recorded
significantly higher (P <0,01) skin temperatures than
the shaded cnes during the hotwdry and tho rainy perlods,
the difference almast ansunting to 2% except during the
mornings of rainy days wihere the difference was only
around 0.3 to 0,4°%C.

Thompson g% £l.(1964) demonstrated that wnen dairy
animals werz expozed to direct solar radistion, ine skin
temperature was signiiicantly higher (£ 0.0L) yat
thermal balance was not altexed as indicated by normal
rectal tomperature, They concluded that animals atterpted
increasing heat loss by accelorating breathing and raising
the body surface temperature. In the prosent study also,
the skin temperatures of the calves were found to be
hizhor and even excoeded the emvironmental temporatuses,
vhich provided the calvos with the physical advantage of
connective hoat loss and belter acclimatisation.

The type of feediny dld not gseen t0 influsnce the

skin tomperature of the experiuwntal calvos.

c) Respirazion pate:

waring the hotedry period, the rospiration rates
ware significantly higher {#< 0,01} in the unshaded yroup
compared to the shaded lot for the morning recordinys.
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The othor treatment, nadely the type of feeding did not
influence the respiration rate, In the afternoons the
highost respiration rate of 121.75 per win was recorded
in the concentrate feeding unshaded group T2 which was
significantly differcnt (P <0,0L) from the other three
groups and the respiration rate in the roughage~fed
unshaded group was significanily lower than 12 ut
significantly higher thon both shaded groups Tl and T3,
Ihe finding thorefore was thot providing shade for the
calves reduzed the stress and amung the calves that were
maintained in the open, the calves that were provided with
more roughage appeared to be enjoying botter comfirt than
the calves fed uith comcentrate ration, This finding is
contradictory to tho views expressed by many authors

(MG, 1951} Van iHorn, 19684; Oeede and Collisr, 1986},

The respiration rates of calves in the afternoons in all
the treatmonts were foumdd to be almost double of what was
recorded in the morningse 3unger at gl.{1982) roported
diurnal rythm in the respiratory rates of German Fresian
cows. Horz and Steinhauf (1973) geported s respiratory
rate of 200 per min at 38%C air temperature in S8 fiurys
cattle, Furukawa g% 2).(1979) stotsd that the resplratory
rate reashed an equilibrium of 160 per min within one to
three hours of exposure of catile to 3500. In the pr.osent



114

study, with ambiont air tomperature above 35% durin the
hotedzy period in the unshaded location and rolative
humidity also high {(about %5 per cent), the calves had
roecorded only a mean respirstion rote of a waxlmam 121,75
per min cvon under exposure to direct sclar radiation,
This is indicative of tho botter adaptive ability of the
calves used in the prosent study.

suxing the ralny period, the respiratery ratos of
calves in all the treatient groups were siwilar without
statistical diffcrerce between tiwm in the rorpaingse The
af{ernoon rospiration rates were found to bo highsr tuan
the moknings ard significantly disfexent {9 <0,0%)
betwecn tkoatments with the unshaded calves recording
higher volues,. Thore was nu effect due o type of
feeding.

d) Cardigc gate:

Hidghly significant differences (P<L 0.0L) in the
cardlac rate of the calves botusen treatmonis wore found
both for the morning and afternoon recordings during the
hotedzy as well as tho rainy periods, the unshaded calves
gencrally rocoxding higher values than the shaded ones,
when cows aor subjectod to heat stress in tho climatie
chauber, the hoart rote decreases, (Nauholmor-Thonelck
8t al., 1988a). Gontrary to this, in most of the field
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trials, cordlac rate has been found to increase under
heat-streas {(Thomas ami hazdan, 1973b). In the presont
study alse, exposure to higher amblent tomporature and
solar raglation in the gpen has been found o ipcrease the
hsart rate significantly in comparison to shaded calves,
The picturo is slightly different in the mornings during
rainy days where only the concentrate fod unshaded group
had pecorded a significantly higher cardiac rate than the
shaded. lidwevep, tho same trond was obsexrved in the
roushage=orianted-feeding groups also.

in goneral, the cardiac ratos are found to be i jher
in the afternoons, in all the troatinent groups than in the
pornings, ven the snaded calvos had shoun a regular
increase in the afternoons which may be a physloleglical
phensmencn. «urlng the hotedry perled, ina cavdiac rotos
abtainad in the afterncons waro 126.08 and 117.80 par min
which was even higher thar the rospiration ratas.
Purukawz gt a1.(1979) found that the heart :ata started
increasing only whon the respiration rate and body
tomporature reached their equilibria. Jissurerahnan
et al.(1982) noticed the cardlac rate teo be high when the
atmosphoric humidity vas high. Thomas and [azdan (1973k)
reportad an increase in the heart rates of cross-brod bull
calves oxposad 10 sunmer conditlons Jhich tney attributed
pertially t@ docrease in blosd voluma, she incroased
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cardiac rato oshserved in the hotedry perlod and in the
afternoons can thus be Interpratad as a reaction of the
animals to thermal stress. The cardlac rates are lower
auring the rainy period than the hotedry perlod which wmay
bo due to lesser stress during the ralmy days.

e) =ffect of hoysing/direct soler radiation on
eivsielosdcal zeacidons:

ildghly significont varlations (P< 0.0L) in all the
physiological reactlons measursd were notlcad bitwesn the
housed ana unhoused treatiments, the calves oxposed to
direct solar radlation rescording higher values of rectal
and skin tomperatures and respiration and cardiac ratoes,.
Thero are, howevor, a few excseptions. In tha mornings
of rainy days, in rospiration and cardiac rates, thore waxo
no variations botween troatments, Lecondly, the reetal
temperature of the unshaded calves .are signiflicantly
lowor (P 0401) than the shoded calves in the mornings of
rainy dayss, It 1s but lojical that the envircreent in
the open, during the sornings of ralny days is nuch wore
coclcr than tho environment inside the calf house.
Eventhough thore wes o significant difference hatuween
the shed and open yard in oinfmun topporature, drenching
in xaln and exposurc to more alr movoment .as rost corialn
to facilitate groator thermolysis in the sxpoesed calv-s.
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This seoms to hn reflected in the physiolugical reactions
in the reiny ped od mornings. JIn all other days the
exposure to dirsct solar radiation added to the thermal
stress and resulted in enhanced physiological reactions.

The higher physiological reactions of the caives in
the opdn can be atiributed to higher effective temperature
causad by direct solar radiation as stated by Willlams
&t 21.(1960), Harris gt al {1960} and othezs. uhlle the
unshadad calves, during the hot dry and roiny pericds
were subjectod to a mean total rodiation of 36%.16 anu
297,57 mien™< respectivoly during the day-time, they
were subjected to 267.66 and 236,00 mdcm™ during the
night. It can bo seen that durlng the nights also, the
animals were subjocted to much radlation. This night be
due to long=wave radlation omanating from ¢he ground and
a puches of bulldings surrouniing the open arva and the

siwde

£) yffect of type of feeding:

Geoparing the moans of the physiological resctions
betseen cencontrate feeding and roughage crientsd feeding
treateente, botihh for the hotedry and rainy seasons, no
significant vardations could be found except with
rospiratisn and cardiae rates in the wvornings of rainy
period. Ihe respivatlion and cazdiac rates erpe found 22 be
significantly higher in the concontrateefed grups.
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Howover, the magnitudes of these increases in the
corgantrate~fad groups in the nornings do nst have ouch
physiologieul significance as the values in all ths four
groups in the mornings are within normal range during
the ralny perioad,

IIX, GRXTH:

The forinightly values of live weight, body length,
body height and girth wers subjecied to analysis of
covariance. [t vas obgserved thaot right from the first
fortnisht,; differences in gains of those paramsters
existod hoet.mon treatment groups., Tiw analysis ravealed
significant clfferences in cortain fortnichts only.
lieverthelaesz the trends remalned the sams duilny all the
fortnights. Table 1.1l represents the initlal value,
final value and the galns obtained in these variables.

It can be seon that waximum gains in live weight, hei jht
and glrth were obtained by the ealves exposed to solar
radiation and fed roughage oriented ratlon (Fig.l.4).
Ho.ever, the gain in length was the least in thls group.
The rext best was the nuused and concentrate~oriented
feading group which had the highest gain ia lenjth secund
highest gains in live weignt and girth, but the lowest
gain in heizht. These findings may seem contrary to
norimal expectaiions especially wnile taking inio account
the physiolojical reastions obsexved. It appears that
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The initial anl flnal bedy welzhts In ko and body measurepents in cm of the
four treatoent jroups JAth lotal gains
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GAINS IN BODY WEIGHT AND BODY MEASUREMENT

FIGURE 1 4
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under housed conditions concentrate-oriented feoding

and undar exposed conditisns rouzhage~orionted feadiny
favour hetter growth. It will ke very diffifcult to give
the reasons for such findings without investigating rucen
fermontation, rate of passage and avallability of
thye-pass' protains. It may bs that exposure to solr
radiation changes the rumen formemtatiun in such a way
that thoe protedns in cuncentratos oxe wasted 1o a greater
degree thon the leaf proteins .vallable in roujhages
oriented fecding.

It 1s also intoresting 1o note that gains in length
ond haight bohaved differently hetusen the yroups.
Heifors that remained Ainside the shed {uroaps Il and T3)
had higher gain in body length but lowsr gain in body
heizht compared to heif .rs kept unsheltored (Croups 12
ard 14). .hether it is a real differoncu dus t3 tho
treatcants and 4f so the reasons for the same can only be

known by nore detalled lmvestigations.

verall, 4t was observoed that housing in opsn
conditions increased physiclogical reactlons significantly.
But these incresases were not physiologlcally moaninful to
cause rotardation of growths Under exposed conditions,
calves seenm to grow faster on a foujhags-arisnted feoding
incorporating leguninsus forage thun on conccnirate-
oriented feeding.



SECTION 2 = COuS
BATERIALS ARD AETHODS

a) gesicn of experiment:

The experiment was comducted at the University
Livestock iarmg Mannuithy, f2om §=3e=BB 10 Bwlle88, comprising
of eight perlods of one romth each. The rocording of
climatiec data started from 22«3«88 and presented for 30
weeks till 8-11=88, 15 weoks for early i:zectation period and
18 weeks for late lactation period.

Tas crossbred cows avallable in thoe faim were
utilized for the study. Eight co.s that had calved within
one month of commancement of the situdy were seiected.
Tihase cows uvere divided Into two groups based on their
milk yleld. i particulars of the cows utilized in the
experimont are furpished oelow:

W W ey Gn N T AR W AN B VB YR Wl Ay Ge TR VL A W NS Oh e W e N ws MW @

=adly sdlk
droup S, Cow wate of sate of yvield in k3
- LN Ko, birxth calving at the time
of grouping
] 126 CPu0B=81 05288 6.7
2 096 03=05=80 132288 5.4
I3 653 07-05-75  07-02+88  12.9
4 1%  08=12-84  19-02.88 6.9
5 290 11e04-82 150258 2.5
1z -] L 2T=04=83 22«02«88 6.9
7 080 17-03-80 13=02-88 8.8
8 231 12w0bwBL 110288 12.4
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Tho cows of group I werc kept in tho open exposed
to direet solor radliation while group IX cows ware housed
in a tile-roosfed shed. . the end of every month the
groups were intorchangad and the whole expeximent was
planned in a switch back desian.

b) Linguemonts

T cows that wors expused to direct solaz radiation
treatoent, were tethered in an open paddock day amd night
without shade. The protected qooup, was tled in a
conventional typs of cow shed with tiled roof and open
ventilation.

The cows under both ths treatmants were provided
with welaghod uantity of corcuntrates &in individual fsod
troughs twico daily. The concentrate raticn .as the
cattle food mash supolied by "uilma®, the Kerala Live tock
Levelopront and LALk harketing Board., 7ho Guantity of
feod suppliad wos as per the standards prescribode Tue
cows wora given 2.0 kg of conconirstos daily to oeet
malnitenance reyulrements. In cddition, .or every 2.9 kg
or part thereof of milk prucduced, 1.0 kg of cupecntrate
was glven., waily cornconérate requiremoent ..as worked out
evory fortniubt based on average nilk production duxing
that period,
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Drinking water w.s provided twice dally after
corcentrate feeding in individual water troughs,.

Creen grass obtained from the farm was fed
ad 1ibitum to all the cows twice daily.

#4lking was by hand milking with treined wilkaen
and was done twice dally, once at 04G0 h and agaln at
1530 he uring loter stagos of lactation, milking was
for only onca a day 2t 1100 he The calves were weaned at
the time of birth,

All the cows were individually weighed overy
month on the day when they were switched over to the
next treatoont,

¢) Begoriing of daka:
The procedurs fir yecording of climatic dota was
as exrplaired in sectlon 1.

The physiologleal variables like the cardiac rate,
rospiration rats, rectal tempcraturc and skin temperature
of the ingividual cows were measursd and recorded twice in
a day, once at 0800 h and again at 1400 h, two days in a
week. Tho procedurs folloused is explalned in Hectlon 1,

The twico daily milk ylelds of tne cows .ere
measured by individually weighing the .uantity im kg at
aach milking,
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The concentrate feed consumption was calculated by
feeding the cows with prescribed quantity by individually
weighipg the feed twlce daily and feeding to soch of the
cowss There were no left svors,

The watexr consupptlon was meosurad two days in a
week by providing measured guantitles of water in
iniividual buckets to each of the cows end weasuring back
the laft overs. Lieasured guantities were ropeatedly
supplied till the cows refused water.

The grass consumptlon o3 ossessed twe doys in a
weok by providing weighed guentities of frxesh grsen grass
to individual cows and welghing back of left overs of the
morning feeding in the afterncons and aftexnoon fesding
on the next day morning.

hilk samples were collectd once in a wask for
laboratory analysis, separately for individual cows and
at sach milking, following standard procegures. The
individual milk samples were lmnadiately analysed for
fat and protein contents.

For milk fat analysis, Gerber's method was followed.
Zach of the cow's milk was analysed gseparataly, carrying
out duplicats analysls wherever necessary.
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Li1lk proteln content was detexmined by the dye-
binding method using the spectroph.otometer avallable in
the laboratory, as suggested by Dolby (1961). In.ividual
cow's milk was analysed separately for its protein content

argd recorded.

d) dnalysis of the data:

The statistical aonalysls of the climatic and
physilologlcal variables wesre carrled cut as per the
mothods sugjestad by Sredecer and Cochean (1967},

Tho producticn dota were analysed by the method
suggestaed for vevorsal designs by L1l (1973).

To find cut the effect of climatlc variables on
physiologdcal rosponses, the multiple linear rogression
analysis (Heady gt al., 1964) was used.

Ihe_fupctional podgl:

Tho physlolojlcel reactions such as cardias rata,
rospiraticn rate, rectal and skin tomporatures were
consideraed to depsnd on tho provaiiing air tempsrature,
solor radiation, zelatlive humddity, wind volocity,
vapour prossure, and rainfall (Blanca, 1965; bc.owell,
19725 Clark, 198l1). ihe variables that vere incorporated
in the modsl to estimate the factor-product relaticnship

weres
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cht Cardiac rate per min rocorded at QBCC h and at 140C h
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for individual cows and computed at arithmatic mean,

respiration rate per nin recorded at 0800 and 1400 h
of the individual cows and computed at arithmatic mean.

rectal temperature of individual cows recorded in
degrees celsius at 0800 and 1400 h and computed at
acithmatic mean,

skin temperature in degroes celsius rocorded for the
individual cows and computed at arithmatic cean.

envizonmental temperature mcasured dally in degrees
culsius, computed at the arithoatic cean of maxioun
and mindmum of day tempurature,

total radiation in m.ci™?

of the Jdpper and lower
hemispheres taken at hourly inturvals severy day and

corputod at the arithiatic nean.

tempuraturc moasured daily in celsius with g black
globe and computsd at the arithmatic mean of tho
0800 h ond 1400 h recordings.

relative hunidity weasured dally in pexcontage and
computed as the arithmatic wean of 0300 and 1400 h
2oeordings.

wingd velocity in m per sec measured dodly and

compuied at the aritiusatic mean of the zacordings
done at 0600 h and 1400 h,.



V3 vapour prossure measursd delly in mo of Hg and computed
at the arithmatic mean of 080C apd 1400 h recordings.

ks total weekly rainfall measured in mes.

The linear form was speclified ass
CRﬂafblT +h25+b3H+b4l‘oe~b5V -rbsi’s-tu

whero the variables were as defined varlier and a, by, by,
boe bas by, and by were the paramiters to be gstimated and
u the ervor term. Similorly, the dapsndont variable
cardias rate (LR} was replaced by other depordent
variables, hii, 1T and &T in the serles of analysis, %o
find the affect of the explanatory variables on cach of
the abovo. Tho function .ae estimated by Jedinary Least
Seuare (ULS) method with classical normal assumptions
{Gujorati, 1978). The ULS method jives k<, the
coofficiant of multiple dotermination wilch explains the
propurtions of variation in tho deperdsnt variable as
explained by the sot of explamatory variazbles. It peruits
easy application of covariance analysis te test the
homogenicity of set of rogression euations and alse has

computationol convenlence and whde application.

3 apd 'F* statistics wero usegd ro evaluate the
procision of ostimat.s of porametors and siinificarce
#a8 evaluetzd at five ond one per cemt lovels of
probability.



RESULTS

The conthly recording of body weights of the
axpericental cows tiken at each of the trogtment switch
overs are tabulated and presented in Table 2.1,

The experimental cows had started with higher budy
welights and curing tho course of the experiment, thore
was a uniform reduction in body weights of all the cows
\‘as lactation prosressed and towards the ond of the
experinent, the cows had shown a tendency to regain body
weljhts lrrespective of the type of treatment given.

Ia GLIUKIIC FOTORSS
a) sagly lactatien perdod:

The weckly moans of the climatic factors racorded
during the early lactation perlod and tho resulis of
paired 't' tost between the shaded and unshaded locations
for the cllmatic factors are presented in Tuble 2.2 and
Flgurces 2.1 and 2.24

-~

The pean maximum temperature recorded in the
shaded and unshaded locations were 30.36 and 35.72°%C
‘rospaetively, the difference batween lacatlons being
highly significant (£L0.0L}s The cinimums were 23.83
and 23.37% for the two locations in tnat order, with no

stotistical difference.



Table 2.1
The body eight in kg of the experimental cows

M M W e W G AR I MDA A AN S M B Ek U B WE AR SR GD SR D we W EE G T ap W Mk G N B TR A e WS G W e W

Cow wate of welghment
Ko. Ba34B8  Tede88 10.3,88 U.5.,85 9.7.80 9,3.88 9.9.88 9.10.88 9.11.88

Y M L W M M NV ES P MR WD 4 OB SH AR Ay M SR WD G N BN o WS W Er om OB S MR W Ak W WY OB W W W e W W W

126 295.0 279.0 275.2 258.8 275.0 280,0 285.6 274,6 275.6
096 325.% 283.0 307.8 292.0 280,60 258.0 9.0 3.0 9.0
633 281.3 256.8 257.2 244,0 263.4 2%36.0 264,0 27C.8 261,.2
15% 267.0 249.6 245.0 230 250.4 229.8 234.4 235.6 238.0
290 260.0 250.2 262.8 251.0 260.0 261.4 26842 259.0 247.4
031 27548 47,0 BB.4 252.6 262.0 298.2 254.8 250.2 242.0
80 272.,0 250.6 234.0 43,0 252+ 241,6 247,06 242,0 234,0
231 305 <87.4 83.6 27240 298.6 300.0 298.0 280.4 276.2

W M MR W T M e R el M MR WD M TS R A TR WR MG SR TN M G YR e R U TR AR Gn B AR W M R W AR W AR e W e

\



Weekly means of the climatic factors recorded

Table 2.2

during the early lactation period in the shaded

—~—

and unshaded locations

Air temoerature (°C) Rela?ive humidaty Wind velocity Vapour pressure Globe tempe- zgigiyrggif 5222iy
per cent) (m/s) (mm or Hg) rature (°C) ation rain
Z 10 micm™ 2 ;;11
u Maximum Minimum 0800 h 1400 h 0800 h 1400 h 0800 h 1400 h 0800h 1400h day naght
w
o o O o o o o 0 o © ° o ke T o - ° -
/2] oun n ow w0 ow wn o0 %] Dw 1] Dow [92] D wn [%] oDow n S@ Sa
1 32 51 39.83 24 66 22.24 74 57 72.86 49.33 47 83 0.007 O 160 0.180 O 580 22 45 22 66 20.50 21 46 30.00 36.42 163 74 117.16  2.10
2 32 24 40,20 24 56 21.16 75.71 73.57 54 57 54.29 0.007 O 040 0 280 0.890 23.29 23 75 22 05 23.47 30.43 35 57 194 88 122.64 0.00
3 33 16 41 27 23 69 20.07 70.00 74.43 58 29 55.57 0.007 0.080 0.170 0.460 23.32 23 67 23.22 23 24 30.00 35 00 172.56 128 79 47.80
4 3L 64 40.10 23 70 20.70 82.57 78.7L 62.40 60 40 0.000 0.030 0.800 0.470 23 65 23 88 24.33 24.69 29 14 34 30 160.70 117 69 85 80
S 32 24 37 79 23 56 23 56 79 43 76 86 60.17 55 50 0 030 0.340 0.020 0.240 23.34 23 50 23 29 23 98 29 57 34 17 178 77 126 93 7.40
6 31 78 36.53 23.44 24 50 76 43 73 57 64 86 63 57 O 020 0.050 0.110 0 370 22 45 22,35 23 98 24 54 29 50 33 64 170 22 129 19 40.60
7 3140 35 57 25 09 25 79 83 43 8L 00 67 67 64 83 0.000 O OL0 0.240 0.550 25.40 25 76 24 87 25 98 29 93 34 00 180.45 13l S1 4 40
8 3L 46 35 57 24 87 25 29 79 7L 78.00 60.80 58,60 0.030 0.150 0,270 0.790 24 79 25 32 23 22 24 31 30.43 34 30 195.54 14~ 34 4 00
9 31 74 35 86 25 36 25 93 78,29 78 29 56 57 35 00 0 007 0.240 0.470 0.970 24 21 24 77 21 92 22 58 30.21 34 29 187 98 139 21 1 80
10 29 51 33 50 27 43 24 57 84 00 82 57 70.57 68.29 0.020 0.070 0.130 0.560 24 10 24 33 24 56 25 04 29 29 31 86 174 48 128.80 195 40
11 27 SL 33 07 22 86 24 07 88 00 86 00 8L 00 78 33 0 000 O 020 O 080 0 250 23 49 23 52 24 56 24 87 27 29 29 50 170.35 13" 74 174 50
12 26 94 30 93 22 40 23 50 89.57 87 57 82 16 82 66 0.020 0 050 0,150 0 540 24 18 24 4] 25 15 25,12 27 57 29.00 99.70 83 78 184 40
13 28 17 32 21 22 65 23 57 86 7L 84 57 80.33 79.00 0.000 0 007 O 120 0.300 23 75 24 21 24 33 24 46 28 07 29 50 135 7o 1 0.95 56.80
14 27 11 31 36 21 61 23 00 88 57 86 57 79 57 78.86 0.000 0 000 0.030 O 130 22 76 23 34 23 6o 24 56 27 14 29 36 143 75 126.59 209 30
15 27 71 32 00 21.60 22 7L 85 43 84 00 75 00 71 OO O 00O O 030 0.140 0 350 21 41 21 95 23 09 23 55 26 64 30 00 187 36 124 14 29 90
Nean 30 36 35 72 23 83 23 37 8L 96 79.90 6o 89 64 92 0 010 0 072 0 213 0 497 23 50 23 83 23.52 24 13 29 02 32 73 167 75 124 64 69 61
V;I;e =12 ]18%* 1l 14 9 367# S 63%% ~2 Cgr#t 4 3%+ -6, A5%* S 58%#*
*#¢ Significant at I per cent level (P <9 01)
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The ralative hunldlty zecorded at 0800 b in tho
shaded location was 81.96 por cent comparad to 79,90
por cent in the unshaded location, &t 1400 h recording
the mean relative hunidity obtained was 66.89 and 64.92
per cent ragpectively. oy pailred *t' tost, it was found
that the difforences in rolative humidity provailed both
at 02G0 snd 1400 h botwsen the shaded and unshaded
locotions voxe highly sigrificant (P<0.0L), with tho
values recozded In the unshaded location lo.er than that

of shaded lecation.

The moans of the wind velocity were 0,00 and
0.213 1 per z8c in the shaded lacation at 0800 and 1400 h
respeetivaly, The saue were highor in the unshaded
location tAth means of 0.072 and 0,497 m por sac at 0800
and 1499 he Sy statistical analysis blghly significant
{p<0.01) Jdifforences ware found in wind volocitios bhalween
locations at recordings both at 0300 and 1400 h.

The vapour prossur. Deans uere 23.90, 23,83, 23.52
and 24,13 mn of iy for 0BCO h recoxding at snaded and
unshaded and 1400 h recording at shaded and unshaded
locations rospeciivoly. OStatistical analysis revealad
highly significant (P O.0L} cifferantes in vapour
prosouse betuean locutlons, both during morning anu
afterno.n recerdingse
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The mean globe tomperatura rscorded in tho shaded
location was 29.02% at (800 h and 32.73% at 140. h.
The globe temperature valucs were found to be aliays
higher by approximstoly 2.0 to 5,0°C tain the ambiont

alr tempozature,

The hourly moan total radiation {inclusive of jong
wave infgoersd) recorded in the unshaded location uns
167,73 ruer™2 quring the day and 124,64 mict™@ guring
nizhts.

at of 10 woaks of recording during the early
lactation porlod, the total weekly rainfall rangod fxom
no raing durinj the second ueek to 209.30 me curing the
l4th week. The pean weekly total rasinfall recorded was
69.61 .

k) Leke lectatlon perdods

The weokly means of the climatic factors recorued
during the late lactation poriod from 16th to 33 weeks
and the rosults of palred '1' tost betweon the experirantal

locati.ne are prosented in Teble Z.3 and Flgures 2.1 and Z.2.

The pean maxioun temperawre in the shaded location
was 27.80°% and the same was 32,18% in the unshaded

lo;atisn. The cean cinirum tomperature wes 22,03 in



Table 2 3

-

Weekly means of tne climatic factors recorded during the late lactaticn period in the shaded and unshaded locations —

- m m e e e M am e W v s e e w am E am e wm em em we W m e Sn m mm e e e ew e em MR M e mm en em v w am e w mm em mm em = ma e
- - - e m m m - = = .

Hourly mean Total

Relatave humadity vind velocity Vapour pressure Gl
Axr temperature (°C) p pressu obe tempe- total radi- week]
(per cent) (m/s) (mm of Hg) rature (°C) ation rain Y
%) in memr—? fall
£ e mm
w Maximum Minimum 0800 h 1400 h 0800 h 1400 h 0800 h 1400 h 0800h 1400h d3ay night
m o © o o ° o © o] o © o o o ° i) kol © © o
= Q (] Q a ] [ Q [ Q 7] [ ] 3] a 7] [ [ Q [
T ke o el el o © el o] o © o © o e o] o] el o
@ | . ] ] @© aQ t © @ | m © | @ © 1 © a I © © 1 @© o] [ ] ] ®
el o] < c. < c.c < cC e cC = c o < C.C e o.c e cc c.c
] Dwn 0 Dw (%3] Dwu 0 Sw n Dw 7 Dw 0 =X (%2} Dw ) Dw D

- w me mm av - e s e e am e em s m m ow e e = mm aw ms e s me e Mm aq W o wm = e wm o mm M e m tm e o e o wm am = vm w  am em -
- - - e = e wm = e ey . = ..

16 27 86 32 07 22.10 23 29 84 43 82 14 74 86 72 86 0.030 0 070 0.140 0.370 22 02 22 35—22 66 23 67 27.29 29 93 174 49 135,27 45.50
17 25,37 29 36 21.76 22.93 93.14 91.57 87 60 87 00 0.030 0.070 0,110 0,470 23.C9 23.09 23,37 23 85 26 7L 27 50 134,65 122 12 193 90
18 25,47 30.42 21.28 22,33 88.8C 87.20 87.25 86 50 0.C00 0.Cl0 0.100 0.540 22.33 22.35 22 22 22,02 26.17 25 83 118 60 97.67 210.30
19 26 96 30 93 22 33 23 57 88.25 87.75 82 17 80 67 0.Cl0 0 030 0.140 0.330 23.62 23 72 23.19 24,18 27 00 28 93 186.C9 '45.26 74 50
20 26 96 30.71 22 40 23.43 92 14 91.14 85.14 82.14 O 020 0.C40 0 280 0.450 23 67 23.44 23 65 23 98 27 00 28 57 157 S1 125.09 74 20
21 26 42 31 16 21 20 23 00 84 00 84 57 79 29 76 71 0 007 0 070 0 100 O 140 2L.38 22 12 22 78 22 99 26 71 28 79 178 42 144.52 80.2
22 26 60 30 62 21 60 23.12 87 20 86.C0 79 00 76.CC O 200 0.C90 0,360 0.360 23.22 23.21 23,06 23.85 27 30 28 80 142 72 120.56 168 70
23 27,55 32 75 21,00 22 25 82 50 82 00 78 30 77 50 0 130 0 500 0.450 1.C00 22 07 22.45 23 19 23.55 27 00 29 50 191 55 135 C4 139.8C
24 27 30 32 07 2L 79 23 2L 8l 00 76 CO 66.00 66.CO 0.050 0.1CO 0.220 0.310 20.59 20 96 19 22 19 89 27 50 28 90 180 17 129 23 214,50
25 27 71 32.21 22 21 23 57 88 233 87 67 70 50 62 53 0.C40 0.070 0.590 0.670 23 Ol 24 38 23 37 23 95 26 93 29,79 183 15 131 06 57 40
26 27 26 32 07 21 96 23 21 91 CO 89 85 82 50 79 €3 0 C40 0,040 0 160 0 220 23 75 23 55 24 43 24 99 26 93 29 08 159,27 117 S4 208,40
27 26 65 31 29 2L 93 22 50 92.43 93.14 80,20 79 60 0.C07 0.007 0,540 0.440 23 19 23 19 24 16 24 48 26 21 28 50 157 67 127 09 220.50
28 27 87 31 93 22 0C 23 21 88 86 85 29 74 17 75.33 0 030 0 050 0 800 0,860 23 42 23,31 23 01 22 55 27 21 29 75 182 99 126 82 70.10
29 28 81 32 71 22 26 23,50 88 29 87 29 73.33 72 83 0.010 0 C40 0.320 0,410 24 27 24 57 23 65 23 93 27 71 30.33 18l 68 123 73 2l.4C
30 31 10 35 80 22.30 23 00 76 50 76 50 63 50 63.CO0 0 COO O COO 0.130 0 180 23 19 23 19 24 71 25 12 29 50 33.50 172 93 107 59 0.40
31 29,96 33 79 22 63 23 o7 82 83 85 17 62 57 64 67 O 020 0.C30 0 480 0.510 23 19 23 52 22.43 23 55 28 50 30 67 176 60 121 57 6 80
32 30.26 35 21 22 13 23 00 75 86 78 29 68 40 65 60 0.C80 0.110 0.C70 0.110 22 86 22 19 22 76 22 94 28 71 31 60 179 03 124 58 61.00
23 30 24 34 14 23 67 24 29 78 CO 77 €6 63 17 6L 33 0 1.0 Q0 310 Q 100 0 260 2L 71 2L 64 22 76 22 40 28 79 33 58 156 39 117 35 6 80

Mean 27 80 32.18 22 03 23 17 85 75 84 97 75 45 73 89 0 C46 0 126 0 283 0 424 22 81 25 96 23 03 23 50 27 40 29 64 167 44 125 62 103.02

Itl
value 39 19#= 22 25%+* 185 3.10%* 1 98 3 6ow* 1 58 5 Cco¥*

- o e o e o e s e e e e mm s mm em e m e e e mm s M ee @ e o e e e o e e e w m = s e e w e e e = e e e = e
- e = m e m o  w mw ee = e

**51gr1© cant at I per cent level (P™ 01)
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the shadod ond <3.17°%C in the unshaded place. by paired
Y tust, highly significant differercos (PL0.0L) ware
fourd bet.eon shaded and unshaded places in both naxiouw

and oindmun tempouratures recorded.

The pean ralative hunidity provailed at 0800 h
recordin; in the shaded location vas 85,75 par cont compared
to 84.97 per cent in the unshaded location. There wais no
statistical difforence batwesn locatiuns in relative
runkdity percentage in the cornings. ot 1400 h recording,
the relative humidity valuss wers 73.45 and 73,89 pex cent
respectivoly for shadad and unshaded places, the differema
being hiuhly significant (P< 0.0L) amang locations, with
the relative humidity around the animals in the shavded
place showing higher values in the afterncons.

Ho mean wind velocity was 0.046 n per sec at
0800 b and 0,283 13 per sec at 1400 n in the shoded place,
The r.ospecuive values for unshaded place were 0.126 and
0454 o por set. Statistical analysls Aid not rovesl ny
sionifizont difference Lo wind speed Dotusen locaticns at
0800 b roecwpling but this diffeorence was found Lo be
highly sijnlficant [P 0,0L) during the 140y h rcoording,
the alr volocldty in the wnshaded location belng slwmost
d.uble oo that of the shaded place in the afvermoons.

Thoere was no significsnt diliogence li vapour

proscure rocorded at 0800 h petuecen locations, the mean
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valuos being 22.8% and 22.96 ma of Hg in the shaded amd
unshaded lo:ati-ns respactively, The diffexance in the
mean Vapour pressure values of 400 h recoxding between
lacations was highly significant {P<0,01), with mean
vapour pressure of 23,04 and 23,50 mm of Hg respectively
in shaded and unshaded places.

The gleoba temperature at 0800 h in the shaded
location ranged from 26,17 to 28,79 with a mean of 27.40%,
The range _for 1400 h racording was 25.83 to 33,58 and the
rean was 29.64°%C.

In the unshaded locatiocn, the hourly cean total
roddation during day time was 167.44 anu during night
time 123.62 mice™=,

he minimup rainfall r.corded during the late
lactation pariod was & weekly total of 0.40 mu guring tha
30th weok and the caximunm amount of 220,50 e of rains was
recorced during the 27th weak of the experisent. in
general, thore was gorxe raln during the late laetaticn
period coppared to early lactazion pexiog With a mean
weekly totol of 10S.02 mne

X1, PHYSIOLOGLOAL RBALTIVNS?
a) zazly lastation peried:
The means of the curdiac rate, despiratlon sate,
recxal tomperawuxe and skin tempecabtuie of the experimental
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cous for the 0300 h and 1400 h reccrdings durlng the
early loctatlion pericd, aslong with the results of
statistical analysis are prosented in Tables 2.4 to
2,11 and kdgure 2.3¢

The mean cardiac rates of the cows recorded during
the forenascns were 60,73 and 63,12 per min respectively
for shaded and unshaded cawe with no statistical
difforenca botimen them. 1he caxdiac rates in the
aftornoons wora 74.41 and 835.93 per min respectively far
the cows remaining in the shade and for those that wore
in the unshaded location. LY statistical analysis, o
hiphly significant (P< 0,01) diiference was found betwe:n
trsatments,

The npeans of the respirati.n ratos during the
forenoons were 32,25 for shaded cows and 37.83 par min
for the unshaded cows, the difference bot.acn troathonts
being significant (P<0.,05). .auring the afternsuns, the
respoctive volues were 49,86 and 94.65 per min, with the
cows in the unshaded location rocordiny uJouble the
respiration rate than that of the shaded omes the
difforence botieen troatwents, being highly signiflcant
(P< 0.0L).

«aping the forenoons, thée mean reoctal temporaturcs

rocorded were 38,69% for the shaded cows and 38.49% for



Table 2.4

Lean cardiac xates per minute of the cows on the forenoons
durling <he sarly lactation pericd

AR S s N GE M R R W TG G WY B SR AR N WS A T M R W N G WA A N M S S A W

Pexsod L Pordod 2 Pariod 3 Pexiod &
Unshaded ‘Shagad Unshaded Skaded

B SR A NE W R MW W W N WP G W N G0 YR Sk SR WS W M MR WD D W Gk R W W S WD WP W

o

Growp  Gow Lis.

126 71,0 65.0 63.3 59,0
096 56.7 53.5 53.3 5646
1 635 59,0 57.5 57.5 56.8
1% 63,7 60.0 60.0 5946

G Wk e W AR N AR A SN AR G WG MG W N A W R G U I W

Shaded Unshaded Shaded Unshaded

M A NS AR UL NN BN NS s W A Wy G W W dm WD AR WL WG W B W

290 65,3 74.3 72.3 66,4
, 091 57.0 4.8 65.5 62,0
3 080 3.7 67.3 63.8 61.6
23k 57.3 64.8 63.8 62,2

PR OE aR W m Gk W AR AR TR SR A W AR AR AR Sh NG WS AR W e S A A A W NS WX W W
Lean values: Shaded & 60.73
Unshaded : 63.12
' valus: 1.36



Table 2.5

Lo p cardlac rates per minute of the cows i the aftsrno.ns
augping the early looctation pericd

MY e R AR VS G} A AR WK NP 4B ME AR AR W 4n

Gr up Qi o,

- o o W e

-

- A ew

“© an ov o

G S AR P AR B O B A MR W W M dw LA

126
096
i 53
1%

296
(31
<X 930
23l

roxiod 1 seriod 2 Porfcd 3 farios 4
Unshaded Shaded Unsheded Shaded
96,0 785 82.3 71.8
83.7 70.0 7.3 T1l.6
g4,.0 6.8 T2.8 63,2
BZ.3 1.0 81.3 T2eB
Shaded Unshaded Shaved Enshadad
72.7 1i3.3 31,5 83.3
66.0 373 B0.% 73.5
T3.7 154.3 83e2 87,6
63.3 12%.8 §2.8 BG.2

A Wb R ST WE R S R NG We Hh GF M B B W WR GRS B M S A MR B S

{2 vo uest haded
dnshaaes
Lk AR

4
i 89.53

74,48

3. 2TH7

- e W 4w aw



fabls 2.6

Soan respiiation rates por sdmwite of the cows on tho fogencons
dquring the early isctation perlsd

o b Pericd 1 Jexri.d 2 Peziod 3 Feziod 4
LIvap O Ide L
tUnshadad Shaded Unshaded Shaded

W KR G e W G R A R AR BT W GR M W S B S SE SN R B YR W W ) A S e W e W

126 3.0 36.3 41.5 =348

6 347 3.3 3L.8 28.6

z 655 43.0 31.0 35,5 20,4
lﬁ? “‘5‘3 27-5 3300 2804

Shaded Unanaded whaded Unsiaded
W KR AR h W N AW PR YN wE AP W OR AN W A we W MR DR M o W

pratls] 3243 Beed 0.0 308

(5128 3l 41,3 39.3 4.6

i1 030 34,7 52.0 37.3 26,8
231 31.7 45.5 345 23,0

W NS WA GR D MR G WS S S e Ow MR N GE BN M W OO MR WE MR R S D TR SR A0 W TR W o A

Leuwn valucst Sneded § J2.29
Jochaoed @ 37.93
L viluel <.30%

-
S, e T S U A T AR L Gy



{able 2.7

beon respiration rat-s per sinute of the cows on the aftcrncons
during the sazly lactation pesrlod

e WE G e TR WS A G0 TR MR A WP S WU @ MR W W GR GE R R R MR ke A M M W O ik AR W

Peri.gd i Pazdod 2 kari.d 3 Pegdced 4

wioup Cow hoe

unshadeu Shaded Unghaded Shadad

126 100.3 B33 73.8 33,2
096 0D 45,8 68.5 43,0
I 655 9143 45,3 65.0 42.4
1% 8%.7 43.5 69,8 41 .4

W R A G i AP TR &Y A9 & A SN W MR A BE SF W W O e e W

Shaded Jushaded haded uhzhaded

230 5.7 163.3 54,5 834
91 32.C T35 &9.5 69.3
1 08¢ 56,0 103.3 43.5 73.4

Y WS TS WM B ON M WK N MG WS AR W SR OB W TR AR D W NS Ml E A O T R B TR ge W eb o

Lean valaes: onadad @ 58.86
whzhadey @ 34,60
TEY LaluBe DalDWe

-
e

Yo

~

grdficant ot 1 v coer ool 0T, 1y



i:ble

2.8

hean pactled dcuparature in degrees colslius of the cous on the
forencons of e¢arly laszation period

W AR wWR e WE WD M WR WR WP @C W MW G W RR LS YR W el el e

SELUP Cow I,

B A NP TR NP i Gl e N N

€ G MR AL D MR W Ne W W Wk VE MR RE GW M S s e S e A

126
96
i 655
159

290
31
i U0
bay

verisi 1 Paciod 2 Pariod 3 Porfod 4

Unshadsd Shaded Lnshaded Shaded
33,78 3945 .65 33,89
38,32 33,55 38.34 38.85
33,36 33.26 38,29 n.27
33:"53 323.5!. 36-35 -3»3059

Tsniced  unshaded | Snaded  Unshaosd
38.97 36,70 38,55 36.5%
23.08 33,55 38.88 38,76
I3.43 3553 35.54 37.69
33.93 35.96 33.30 B.37

B Ne e IR R W W By MR SR A wh am W T e

Gull ¥ L 1USS o

- B ML A Am A S e

RUSTITT H
Yushadeo
ot voluest

e
32,49
1.37

-y

e Ge W B em



Table 2.9

Lean ractal torperatuze in decrees celsius of the cous on The
aftarpoons of early lactation period

M Wy wn ey TP ON TR W N D WM R Wr @ AR GF M e ME G WK NN N NP D we M AR MR SR e ww O

feriod 1 Laricd 2 Pegdod 3 Faricd &4
REDUR LOW Dwda

Jsnshadad Shaded uUnsnaded haded
126 40,32 39429 33.83 38.94
096 40,48 39.46 53469 39.32
1 685 41,17 39.08 2.85 38,90
i3 40,53 39.43 39.85 39.25
Shaged Unsaaded Shaded wshad:d
299 33,43 40,68 .28 40.16
X 080 39.23 40,18 dJedl 39,26
Z3L 39,57 41,64 43,03 40,35

B e Im B WS W G G0 MM e Co G B A WE BR HP NP M Y AN G AR A BE N M R AD MR 4N GRS

58 1 values e Thaded 3 A2
oashadea 7 40,31
ety lue: 5,084

wlpildene t03 o%er ornt lov Y (D<Lek;



Tabls 2,10

kaan skin texperature in degress celsius of the zows on the
forepoons during the carly lactation perlod

Gp W WE @Y SR G R S B AV R B TH VS TR W I OF Gk WP TR ST me W R W e T AR e e e e

Pezdod L Partd 2 Pexriocd 3 Parfod 4
Unshaded Shaded Unshadesd Shaded

W W YR M AR MDD MR TR BN WE AR OB YR SR W S ME WA MR K UM M N AR N W e WP e B o o

Lraup Gow o,

126 39,75 39,03 99,00 .18
096 39.96 39,12 39,07 29,50
: 655 29,88 .07 .13 39.28
159 40,00 39,26 39.28 39.3%

W N om M WS YN W S MR R OGN M SR NE WD AR W WY um W R e

Shaded bnighaded Shadesd Unshaded

M ma E A G W YVE G WP TR MR W OR h GR G Gh NN G A e M WY

290 8.5 40,07 2.3 .33
091 38.71 46.07 .25 .44
i 080 .17 40.38 .38 39.23
231 39,25 40,26 39.93 .28

W GR ME AN NN Y W WA BRI GV UE WP W R Wk WE A5 WS WE WR M eE WS A W W A W mE @ A e

dean values - Shaded 3 39.19

Unshaded : 39.63

YLt vulue: 3,388

#u3icrilicant at 1 per ot lovel (PL0.0L)



Table 2.11

Loan skin temperaiurs im degress celsiuz of the cows on the

afLernoons during

R P MR W R S W TR Sk N W AN SR GR T G M A W W A

Croup CUW e

eerly lactation pericd

- ae s w w ea

LR R

M e D W e M My MR WY Y WR B R N EE W SR WS e

126
096
1 639
1%

20
Wi
080
231

i1

AR N mn M MR AN Wk AR W G G NG G G W M M SE M e

Paciod 1 Period 2 Periocd S Peried 4

Unshaded Shaded Unshaded Shaded
42,04 40,47 40,88 39.75
42.2% 40,50 40,91 40,10
42,04 4G, 38 41,19 .95
4).96 40,50 AL.0T 40,20

Chuded  Unshaded  Shaded  Lnshaded

40,719 41 .63 39.91 40,70
45,84 42,07 40,19 40,47
40.88 41,83 40.16 40,63
41,25 41,97 40.47 40,9

Llexn values = Shaded 1§ 40,39

Unzhaded ¢t 41,38
o volues  §,23%%

#1534 niflcamt at 1 per cent l.vel {(2<G.01)
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the unshaded cows, the diffsrence bet.wsn troatmants
belng nonwsignificant. In the afterncons, the rectal
tecperatures recorded were 3¥.42 and 46,31% respactively
for the shaded and unshaded cows. Jy stetistical analysis,
the difference in rectal tsaperatures between treatments
wero found to be hishly significant (P< G.0L).

The unshaded cows had recorded a higher mean skin
temporature of 39,63% compared to 89.19° of the shaded
ones during OBCO h recording and this difference was
found o be hichly significant (P< 0.01l)s The afternoon
recordings revealed maan values of 40,32 and 41.38% for
shaued and wnshaded cows and this difference wag also
found 1o he highly sionificant {PC 0.,04js

b) kate Jactatdon perfods

The reons of the above physiologlceal reactions
moasurad durding the lats lactation periocd ars presentad
in Tables 2.12 to 2.19 and Figure 2,4.

The shaded cows had a rmespn cardlac rate of 55,80
per rin and the unchaded, 98.63 during the ferancons.
Statistical analysis did not roveal any significant
dit fereneo.  wuring the afternoons, the caxdiac rates of
the unshaded cows wore higher with a mean of 72,24 corparsd
10 64,33 per pln of the shaded cowss & highly signiflcant
difforence (P {0.01) was noticed bestwsen the treatmants.



Teble 2,12

Gean cardiac rates peor minute of the cows on the faorencons
duying ths late lactation period

N W e MR R N AP M w AR W A TN W B W A B M MR m W B R MY e Re AN an WR A W

Perivd 5 Pordlod 6 Pariod 7 Perdod 8
Unshaded 3haded Unshaded Chaded

MR Wy G A WA M aw W R S WL S R IS Se WO Gm DR WP KR AR G S WY W AN U W W N e W

SELup Ca e

126 57.0 56,7 59,4 62.3
095 5.5 84,7 51.8 52,0
1 653 93.0 50.0 50,0 57.0
139 53,3 93.3 53.8 55,0

N YR OGN S o UE YR WL SD AN UM Gh W ae BN M WP D B W WD M e

Shaded Unshaded Shaded Unshaded

AR N W R R W W T e i MR R e A OB M A @b M ek YA e

250 63.3 62.7 60,6 63,5
091 56,3 8.0 53,0 61,0

B 080 52,5 64,0 5046 70.3
231 58,5 60,7 56.4 57.0

M N W e W M B WR BR B W M Gk WD My A WD W N G W WS O AN S S TR SE W W W B W

akean values:« Shadao s 55.80
Unsnaded t 58,63
't value: 1.73



Table 2.13

Kzan cazdiac rates per minute of the cows on thu afternoans
during the late lactation pericd

A G G EE A% A B SR €Y G AR SR WD Gp U3 AN WS BE An S Wn W me G W M Gk NS AR BN R W

Perivd 5 Pericd & Period 7 forizd 8
Unshadaed Chaded Unshaded Shadsd

Ay BX W W GE Ak ar VB AR G YD W W My A W MR WO TR SR M GF TR N PR W W W W A o me W

SEoup Cow Koe

126 62,8 63.7 74.2 €3.0
096 64.3 55.7 73,0 $0.0

i 635 50,8 59.3 75.8 63.8
139 5348 58.0 72.8 65.5

. S G A A WE A AR WS WE A TR T W W W IO ws A KR A W WY

Shaded Unshaded Shaded Unshaded

e wm M e T me U R W R R WO R WY W B WP e O S D we W

290 68,5 77.3 6946 74,3
091 63,3 72.3 6744 77.8

1t 080 63,8 75.3 63.6 80,3
231 67.8 75.3 T0.4 7503

| M M G T W W N G Ok A W S A WR M TR A M R M WO S W B A M BN G ST Ay W aR

lean values .~ .haded ¢ 64.33
Jnshaced 3 72.24
et value: 4,369
#e5ionsiicant at 1 per cont lovel {#<0.01)



Table 2,14

+aan respiretlon rate por minute of the cows on the forenoons
of the late lactation pesriod

W e WS e W B W A G MR W WS WD AR AR RS e e W WS W K R W AR W A WR D ae AR e

fordod 5 Peglod 6 Pozled 7 Parixd 8
aroup Cow o
inshade chaded Unshaded Shaded
A W A o W ME MR A B R W NE AP N M YR S B WD RE B WO W MR A G S W e AR W mE a
126 24,3 19.0 24,0 23.3
96 19.3 13.7 176 22,0
L 635 1943 15.7 19.2 22.3
% 21,3 16.7 18.8 17.5
“onaded  Unchaded | Shaded  unshaded
TR A RS WM WE T WR A W SR M R B G WF Gk A W W OR W S
290 23,0 23.3 18.0 53.5
091 20,8 19.3 16.4 33,0
i w80 20,0 18.6 14,8 48.5
2al 23,0 17,7 17.6 3645

A s MM AR mA s e MR GR AN T I M A S WD aF A W W M HE D Bk W S Wy SR AR MR S e

{san voldesiw- Shaded 1 18,98
unshaded 1 29,90
£f values 2.37%

»sisnificant at 3 per cent level (P< 0.05)



Tabie 2.1%

¥eon respiration rats per afnute of the cows on the afternmoons

of the late lactatiun psried

MR e W Ve T AR W N W AP M WS Wh Wk NS A W S TR WM AR TR BB AP e W W

e o ey es we

Perlud S Peziosd 6 Period 7 Perfi-d 8
LR Cow ke
Unshaded Shaged Unshaded <haded
326 48,0 24,0 84,2 40.8
96 44.5 22.0 81.0 30,0
1 635 38.3 27.0 83.8 38.0
159 39.3 20,3 TTe2 2843
Snaded Jnshaded Shaded ’:‘In-;h;dod-
290 36.0 763 32.2 193.%
091 393 45.7 26,0 8l.8
n 080 37.5 71.0 2640 103.8
231 3Fe3 63,0 2642 109.5

W M B GE T U W WA MR MR D W We Gkl S5 TR M M e AN un W M e Ge we W

P T3 ¢ a\ildsi&’:’ S .aged H 3018:‘.
dnshaded ¢ 72.06
Yo' v lus: B.76%

ww ioniflcant at 1 pexr eant lavel {(P< 0,01)

- o e e W



Table 2,16

tean rockal tompesatuss in degrees celsius of the coss on tho
forencons of late lactation perlod

R W MR M AE AR NN U GR R A MR U K E AN W GRS A W A AN A R AR S TR SN S e e

“erlod 5 Poriod 6 Pariod 7 reriod 8
Unshaded Shaded Unshaded Shaded

G M e R M TS L AR MR RS MR AR R WR WP Mr Gk WD ae S W Gr W M R oAb W AR We ar W AR AW

Group Cow how

126 38,43 38.77 38.16 38.83
096 33,41 28.30 37.97 38.54

i 635 37,76 27.97 37.40 38,06
155 37,99 38.27 ar.74 38,40

W e A WS Ea GG N W LS SR B Gk W W M AR WR M W AN e A W

Shaded Unshaded Shac.ed Unizhaded

W GE MRm TT Ee N AB MK R W WK OR G W AN B ML YR W A6 A W me

290 38.74 38.23 .83 38.55
_ 091 18.54 28.07 37,97 33,56
ii 080 37.94 37.87 37.89 28.11
23l 58.65 33.00 38.31 43,50

WS MR UE AP SR ENAEER WY AR MG SR NG G W N P TP MO W W M WS GA A W e B e W o W W

W n VIl sle Choned 3 33.37
Jrshaded @ 38,10
et valuat 2,18

*oinificant at 5 per cont levaol (P C.05)



Table 2,17

isean r.etal tempesaturs in degrecs celsius »f the cows on the
aftarnoons of late lactation period

W s Lk e WA VS M AR AN R YR Aa R S AN sp MR D Gh WE W S0 A AD WP M AN M MR AR @k % an

Perlod 5 Peslsd 6 Pexriod 7 Jezdcd 8
unghaded Shaded Unshaded Shaded

W AR AR O VR S e TR G WE AT MR NS N TR W SR R MR WD Wr S PR W e A W AN e v W e e

Grasp Low Rae

126 39,19 38.73 39.9% 39.56
096 38,95 39,03 39.80 39.21
1 655 38.46 37.97 39,48 38.64
159 3y 45 38.63 40,05 .04

W NP M R UK WK S AR G MR Sk 3R W W W GE W aR W e WR R e

sSauded Unshaded Shaded Unshaded

W me WO G wn wn am e WD AT WS MR WS SN B VR WA WS A M W

290 39,00 3.93 39,10 40,06
1 38,89 39.53 39.02 4G.31
11 080 38.45 39436 38,31 40,19
231 39,13 40,03 39.00 41,09

W W M G MR R W U BE S MR W TE W MK AL N D Er e ek MR TS se W S SR W O S W e e

~oan volueste Shaded @ 38.85
“nchaded : 39.74
£ yalue: 4,83%%
##3i-nificant at 1 per cent lavel (P 0.04}



Table 2.18

ean skin temperature in degrees colsius of the cows on the
foramoons during the late lactaticon perlod

MR G e e B G G AR EE WR W W MR 4B WE SU Nk GV WL AN SN WS NI AN MR S MR G Sk Ne A AN W

porlod 8§ Pexiod 6 Pextod 7 Pexdod 8
Unshadad Shadged Unshaded Shaded

e NGB R WM WK WS YE SR O M R I MR G AR A MR R SR Wk O S W AR SR AR R B a2 W W W

Lraup Gow o

1% 38,47 36,33 38.38 37,75
) 096 38,56 35,42 38,20 28.06
i 655 38,28 36,50 38.25 38.00
159 38,50 36,33 37.83 37.88

“onaded | Unshaded  Shoded | Unshaded

- N am R ER A A AR W A G WA B AF Mk N SR B W W W A S
250 32.41 38,42 37.8¢ 29441
o1 33.31 33.30 37.95 39.30
22 080 38.22 37.75 33,08 39,60
231 38,41 37.75 37.85 39.50

W R A W G G NG NE W TH e W O% G MR R M B AR WD GBS we MR A AW A A W% NP e e 3% e

Lean voluesiw Shaded 1 37.64
Unshaded : 33.%6
LY walue:  3.60%8
#4851 nificont at 1 ger cent lovel (P<U.0L)



Table 2,19

uean skin temperature in degrees celsius of tne cows on ihe
afternoons during the late lactatiun period

Ve s WE M U W R M A A W MR RS SR WK Wk AN BE W W W W R R W G W M R AR AP YR MW

Perl.d 3 Period 8 Period 7 Period 8
«TQUD S 1D

Unshaded  Shaded Unshaded Shaded
126 39,57 38,33 40,73 39.41
096 39.56 38,00 40,535 29,60
1 655 39,35 38,67 40,58 39,35
159 39450 38.33 40.65 39.38

“haded  Lpshaded Shaded Unshaded

o we my Wy B B e W M B AR R TN AR MK B MR MDD W W M R N
250 39,47 30,67 39.43 40.88
91 39.47 38.90 29.40 43,66
11 08e 39,32 38.25 39.23 41,16
231 39.47 38,25 32,40 41,19

M M e b X WD N W WR e S AN AN b Gk AR B W Gb SR AN A BB W0 Wl W e ME BN R Nk R W
he.n valuest= Shadad : 39.14

Unshadad 51 37.88
g volue: 2,%56%

#sicnificant at O wer cont lavel (P<LG.09)
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The mean forenoon respiration rates were 18,98 and
25.90 per min fur ghaded and unshaded cows respectively
with significant (P <0.03) difforence betwesn them. The
afterncon respiration rates were 30,81 and 72.07 per cin
respectively and the difforence hetwsen treatments wus
highly significant (P<O.0L),

The mean velues of rectal temperatures at 0800 h
recogdings for the shaded and unshaged cows \sre 38.37
and 38,10% respectively. By statistical analysis, it
was found that the difference ln rectal temperaturcs .ue
to treatment was significant (F< 003}, with the shaded
cows rceording higher rectal topporatures 4n the rpornings
than the unshaded ones, Luring the 1400 h recordirng, the
shaded cows had Jower mean roctal temperature {33.85)
compared to the unshaded (39.74°%). 1ne diffcrence
hotween troatments was highly significant (P<0.0L).

The mean skin temperatures recorded for the shaded
and unshaded cows .Jere 37.64 and 38.56%C in tho forenoons
end 29.14 and 29.86°C in the afterncons respectively. |
Statistical analysis revoaled significont differences
hetvecn troatients, both for OBOOU and 1400 o recur._ings,
the eows that remzineu in the shade always rosording
significantly louer skin temperatures.



Table 2,20

Mean weokly milk yleld In ky of individual cows during the early
Lagptition pa.ilod undexr shaded and unshaded troatments

W W WD W W B MR W e W N B M MR e N N M AR D e WR e WS M W S AR MR B W e

Sezio ) Prefed 2 Poricd 3 ceriod &4

GXOUT Cow Twre

Lnoaced Shad Unshaded Shaded

126 46,47 44,03 41.83 36,30

w6 47,50 39.69 34,70 30,86

1 655 35.03 31.38 27,85 27.08
15% 42,07 37.28 1.85 28,83

W GR w m MD W XH MR WL W R NS W S AR U R M ke SN G G N

Total 175,77 152,33 136.23 123.14

W AN G DI AR NE UR GE WS NS W GF W U ME e e G W G S AR UR W R UE M R aR W S A W

e W W W SR G MK A ML W S W AB M B TR MM MR U SR B BN ae W

Shaded ulishaded <haded wnishaded

W ew WA es MR U MK M MR TR 3B s @R WE G W e e A R N A SN e

290 32,70 25495 2990 23.8C
091 44.50 43,68 3,18 31,45
i1 fete) 43,17 38,23 .15 32,53
331 43,27 40,38 31,53 32,43
1otal 163.64 iSl.24  191.36 azo.al

waan eokly odlk yleldie Cosded 3 35.06
Unshoded § 36.47

L vuluer 2.458%

*.ignificant at S per cunt leval (P C.03)
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111, MILK PUSAKCTIANG
a) Early lactation period:

The oean weekly total milk yleld in kg of tha
individual cows during the early lactation perivd with
rosults of statistical analysis between shaded and unshaded
traatmonts are presented in Table 2,20 and Figure 2.5,

The woeon weskly total milk yields of the four cows
of group I unen they were expoused to direct solar radlation
in the unghaded locaticn during pericd 1 and period 3
respactively were L75.77 and 136.33 kg, These cows, when
thoy were shaded during perlcds 2 and 4, their milk ylelds
were 152,39 and 123,14 kg respectively, The second set of
four ¢ows in group 2, during pesdods 1 and 3 whon they
wore shaded, thelr weekly nwan tolal milk ylelds were
163,64 and 131.36 kg respectively and the same were 1351.24
and 120,21 kg <uring pericds 2 and 4 when they wers in the
unshaded location, exposed t9 direct selar radiation.

Tho wean weekly milk yleld of all the cows when they
had remained in thse zhade was 35.60 k3 and in unshaded
locatlion 26,47 kg. Gtatistical amalysis revoaled a
significant {P< 0.08) differenc. in milk yields batween
treatmants during the early lactation period, the exposed
cows ylelding more milk.
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b) Late lactation periods

The mean weekly total milk yield of the individual
cows in both the groups during the lats lactation period,
undor shaded and unshaded conditlons and the rasults of
statistical analysis are prozented in Table 2.21 and
Flgure 2,5,

The rean weekly total milk ylelds under unshaded
condition of group 1 cows durlng periods 5 and 7 ;van
88,70 and 42,96 kg and for group 2 cows during perlods 6
and 8 zespectively were 66.77 and 42,30 ky. Group 1 cows
when they were shaded during pericds 6 and 8, their milk
yields were 77.19 and 43.00 kg and for group 2 cows
during % and 7 shaded periods 91,90 and 46.02 kg
respactively.

The pean weekly milk yleld of all the cows during
perdcds when they were shaded (36.13 kg) was higher
compared to thelr ylelds under unshaded conditicns
(15,04 kg)s By statistical anslysis no significant
diff.renge in milk yleld due to the effect of treatment
could be obtalnod during the late lactation period,

IVe BILK DAT AND MILE PROTEIN GONTENRT S

a) Early lactatbon periads
The zeriod wise mean fat content of the morning milk
of the cows when they were subjected to shaded and unshaded



Table 2.21

tsan weekly mlik yleld In kg of Individual cows during the late
loetation period undoer shaded and unshaded treatmants

WK Ke MR W W e e ma St W AR W T G R WS A G MK A TR W WD B W Mt B e G e G e

Poriod B Ferlod & Period 7 Daricd 8
dnghadeu Shaded tinshaded Shzdad

N G W W e W M MR Nk MR S TR WP M NN T WS AR AR WA TR TR OWE NE UR W D T SE MO e W 0w

Group (ol 28 5 1

126 25,02 21.45 11,26 10.9¢
. 096 12.14 14.8 12.04 12.9¢
55 28426 21.38 9.30 9.85
159 23.28 19.98 10,26 9.35

Total 23,70 77,19 42,96 43.00

M M dw SR GG PR AR MR AN WR MR G VB SR €O WS YR B G S am b NP B AR WK 4B M 06 A8 W W e

W@ W Wk M WS M WP W AR BE YR GR mE KT AR NP WD WS N U W R W

Shaded Unshaded shiaded Unshaded

AR e e R A AR WY BB R W By MR AR SR G SR NG e am ey W um E

290 17.70 9,78 3,40 2,57
) 091 26,48 25,33 18,48 17.55
i 080 23.64 14,68 9,82 12,83
23l 24,08 16.98 12,32 9,33

fotal D1.90 | B6.TT  A8.02  42.30

M e AR K AR WS W AR ML W N S AR T R TR R M G R W R AR GE W W G TR N MR W e

heay waokly milk yleliie Shaded ¢ 16.13
whshadad 3 19.04
et vale 2 2,306
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treatoents groupwise during the early lactatlon pericd,
along with statistical analysis results <re presented
in Table 2,22 and Flgure 2.6,

The group 1 cows, when they were protected from
direct solar radiation by housing, recorded mwan fat
percentages of 4,70 and 5.25, uhereas when they ware
laft in tho open, tho fat percentages obtalned weres $.33
and 6.13. For group 2 cows, fat pergentages in the shade

v wore 4.93 and 6.3% and in the open were 4,13 and 3,33,

The wean values of fat percentuge obtained for the
entire early lactation perlod while iIn the shade was 5,31
vihereas for the unshaded treatment it was 5.23. By
statisticul analysis, the differance in the fat percentages
botwecn traatwents were found to be highly significont
(P< 0.01) with the fat contont of the milk of protected
¢ows higher than the exposed.

The individual cow's miik fat content in the
afternoons during the ea:ly lactaticn stoge and the
rosults of statlstical analysis are presented in Table 2,23
and Figure 2.6.

The group 1 cows, when they usre in the unshaded
location duxing periods 1 and 3, rocorded 4.63 and 6.05

per cent silk fat, The same cows Jhen they wire kept under



Tablo 222

cor fab content i pourcuntage of Coening ndlk of the
covs suwjuctad o shadeg and unshage.) traatoonts
carddg the  arly lasiation p rixd

AT WD G A BT W KR UG WS WD KB M QA @F W RN MW SR W O Al s mo wp U B0 MK A L v W s

fariad b Poried 2 doplud 32 vdoe 4

¥ WP Goss wde
Lnsii..ded «hxdag Llighia.sal Znzdsd
B "I WP 4B O WS WR AP W W ¥O W 3 RS WE PR Sy K5 4% TR M S8 O A0 v ws I8 G0 W A G N e
16 S 4 e 6,7 5%
313 4.4 Bod 9.8 Seté
- 535 6.1 4.0 6.0 3.3

10 5.1 8.7 6.0 G4

-~ W3 BB M ke N SR SO WS W AR YR W e € AR CH G v W

taon 5.33 G Gel3 2625
W e R OF 6 e WS Mp SP KF G UF Ry 4% G5 S CH S W AD WS @R M 48 Mk W O eR T Sk A W uR W

B ot e Em R SR SR T W AR G < GO N e AP OO WS ow we &S W

w2 i WS AUl Shawecw w2 shndsd

290 4.7 4.3 5.G Dadh
Gl B 4.5 (5sG B3
80 Sod 39 7.1 5.4
231 4.7 3.3 2.7 4.5

&3
]

- PR %GR e SN W W OGN AP MR e e O N W e M A

SR N 4.93 %.13 5o 3% 3433

g T KD TE O WE e SO R W WY 00 U S OG AR WS SR G E W B WS e M S uR A WY AR e ax en BB
- . s 1 2 5,41
Y [ RIS0 IS DD
fad
d 8 9.23
WIE 2eT

RS STV SOV AN T IO YU S [ <k-n<tl)



Table 2.23

kean fat content in parcentage of aftcrncopn ellk of the
gaws subjectad 4o shaded and unshaded treatments
durlng the early lactati~g perdod

Y R W Oh G A AN W N dn W MR N YD WP AR W W M S Gk AN AP D R WS AN AR AN B TR

Porlog 1 sesiog 2 Perfod 3 Parlcd 4
Unshaded Shaded dnshaded Shadad

e oA G MR e W MR M SR W AR GRS GN TR ML S W W AR B Ve AR T W W W 98 SR TR WU W

GEous Cowr hade

126 5.7 4.8 6.8 6.7
096 4.1 645 6.0 4.8
1 655 4.6 $e2 642 6.0
159 4,1 4.5 5,2 5.9

W AR WR T R WA m AR W A A Ge W B MR S A SR O SR NS SR W

Kaan 463 5.25 GO0 585

WP GE wn A e WS W WS MR OK SR B e N S TR B AN B P Y SR G SR AR M WY WP W5 MR e B

W W WS AN WD W WP dh WS B AN A AR WL GR WP MR SR W SE O Wt o

Zhaded Ynshaded Shaded Ynishaded

R N WG R MR NP MR R WS AN W W WS S G NS G MR M W W IR N

290 4.6 3.6 5.8 5,3
o2 4.5 3.9 5.9 5.4
i1 8o 4.5 3,7 60 5,3
231 4.3 4.1 4.3 4.6
[nan #.43 #,33 5456 513

W A M Gy W M W S WS D M WSS e AR R AR M W AN G W AN G P G TR SN AR W B W W
“ean viluss: haded 227
Lngnadel ;3 HaO4
12 valuag 7,40%e
resignificant At 1 per comi l.vel {PFU.01)

TR {3
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houssd conditions, durlng periods 2 and 4, had fot
content in nilk of 5,2% and 5.85 per cent respsctiively,
The fat percentage of yroup 2 cows for the perioads L to 4
regspectively were 4,48, 4.33, 5.50 and 3.19, the values
for periods 1 and 3 being under shaded itreatment and
values for perlods 2 and 4 for unshaded traatment.

The nean valyes of fat content in the afterncon
nilk guring early lactation for all the four perlods put
together were 5.27 per cont when shade was provided and
5.04 per cont when unshaded. Oy statistical anslysis,
the milk fat contont was found to differ significantly
{P<G.OL) botweon treatmants, the milk fat por cont
remaining higher when the cows were housed.

Table 2,24 details tne perlodwise mean proteln
content in percontage of morning oilk of the experimental
cows durlng early stage of lactation and alsc the results
of statistical analysis.

o1 periocds 1 to 4, the protein contents ir mworning
nilk of group 1 cows respactively werc 2.52, 2.82, 1.98
and 2.11 por cent, perdods 1 and 3 bedng unshaded and
2 and 4 shaded treatrconts. For group 2 cows, the protein
contents in nilk were 2,50, 3,00, 1.96 and 2.23 per cent
In that order, pericds 1 and 3 being shaded ankl periods 2
anJ 4 unsnaded treatments.
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e-g peotedn content in percentage of Lorndng mdak of the
cows subiectad to shaded ard unsheded traatments
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The overall mean protoln content was 2.34 per ¢ent
for shaded and 2.41 for unshaded treatments. Statistical
analysis did not roveal eny significant dliference butween
treatnents in the merning milk protein content.

The early lactatian afternoon milk protein content
of the experimental cows with results of statistical
analysls have been presentad in Table 2,25,

uring unshaded treaiments, the group 1 cows in
periods 1 and 3, recorded a mrcan protedn content of 2,72
and 2.14 por cont and group 2 cows in perlods 2 and 4, a
mean protein content of 2.%0 and 2,12 per cent in the
rdlk abtalnasd in the afternoons, The protein content
values during shaded treatment for group X1 cows in
periads Z and 4 were 3.05 and 2.0B per cent and group 2
cows in periods 1 and 3, 2.61 and 2.20 per cent

respoctively,

The overall mean milk protoin content in the
afterncons was 2.48 per cont for shaded and 2.37 per cunt
for exposad cows. Iy statlstical analysis, 2 highly
significant (P<0,0L) diiferance was iound between tha
traatmonts.

b) late lagtatdon porjods

aurdng the late lactatisn period, the cows .sere
milked only once a day in the rornlngs and the detalls of



Table 2,25

%o ar, pratein content in percepntape of afternoon wllk of the
cows sucjected 1o shadsd and unshaded treatments
during the carly lactation peziod
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nilk fat content have been furnished in Table 2.26 and
Fijure 2.6, and milk protain content in lable 2.27.

Yor group 1 cows during perlod 7 and for group 2
cows during period 8, both being unshaded treatoents, the
mean milk fat contonts wore 6.9% and 5,20 per ¢wnt. For
shadad treatments in porled 8 for group 1 and period 7 for
group 2 the milk fat contants rospectively were 6,13 ang
6423 por cont. The ovorall meazs fat content during the
late lottation period for shaded treatment was 6.20 and
unohaded treatment 6.08 per cont. Statistlcal analysis
did not reveal sianificant difference betwean treatoents.

ine gwifference in cdlk protein coptent curing the
lats lactatiun periog cue to the sifect of treatwent was
also found t0 be not signi\ﬂ:ant. The ovarall means of
eilk protein contopts wore 2.55 por eent for shaded

and 2.52 pezr cont for expased cowse

Vo FEED, ATER Add ChASS CSUIPTION:

a) ka ac 3 2

Pepilodwise, moan, per doy, comontrate feed, wator
and gross consusption during the early lactation pericd
of the individual exporipental cows under shadod and
unshaded treatoenis with statistical asnalysis results aove
been prosenttd in Tables 2.28 to 2,30 and Floure 2.7,
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Fean fat content in percentage of the milk of cows subjected
to shadesd ard unshaded treateants ¢uring the late
lactation pericd
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Table 2,27

«ean protelm content in percentage of the milk of cows
subjscted 12 siaded and unshaded treatcents during
the late lactatl.n poriod
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Table 2.29

Haan water conssupifon per day In litre during the early
lactation pariod unde: both the treatments
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FEED, GRASS AND WATER CONSUMPTION
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ihe mean feed consumptlion per day in kg of the cows
in group 1 during the periods i and 3 for unshaded
treatients ore 5,00 and 3.00 kg and periods 2 and 4
shaded troatments were 5.0. and 4.85 ky. [for the group 2
cows, for periods 1 to 4 respactively were 5,13, 5.00,
5,00 and 4.89 kg, periods 1 and 3 belng snaded and 2 and 4
baing unshaded treatmonts, o statisticsl analysis; tne
facd consurption bsiween ftreaiments wore fournd to be
highly sionificant (PL0.0L}.

Jaring the unsiaded treatment periods of 1 and 3,
the group 1 cows consumed a mean quantitypf 28,75 and
19,46 Litr> of water pexr day and during shaded treatment
pericds of 2 opd 4, the mean cater consumptions per day
respectivoly werxe 17,70 and 9,07 litrs, The group 2
cows consuned 24,77 and 21,60 litre for shaded treatment
periods L and 3 and 26,98 and 15,94 litre per day of water
for unshaded treatnont periods 2 and 4. The overall mean
water consumption per day during shading tresatiment was
18.29 litre per cow whoraas it .as 22,16 litre when the
cows wore expassd. 3y statistical analysis, these
diffcrencos sere found to be highly significant {(P<0,01).

In gcneral, an increasing trend was observed in the
quantity of grass consured pexr day in both the groups of
cows as perlods advancede For pexiods L to 4, the
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respactive msan grass consumption par day of group 1
cows ware 15,57, 19.67, 19.81 and 24,18 kg and for
group 2, they were 13,49, 18,83, 19.73 and 23,79 kg in
that order. The unshaded treatment was given 4o group L
cows durdng perdods 1 and 3 and group 2, during periods
2 ard 4. The overall mean grass consusption during the
entire aarly lactation perded unilor shading treatment
was 19.23 kg per day per cow compared 4o 19.45 k) for
unshaded. Stotistical analysis rovealed this difforence
to be highly significant (P<L 0.01).

b) Late Jactation pericds

The porlod wise mean corcentrate feed, water and
grass consumption per day of all the experimental cows
during the late lactation pericd alony with the results
of statistical analysis are presented in Tables 2.3%F tu
2,33 and Figure 2.7,

The mean concentrate feed consumption per day of
the group 1 cows during pericds S and 7 of unshaded
treatmonts ere 2.94 and 3,00 kg and for perdods 6 and 8
of shaded treatmeénts 3,30 anc 3.00 kge The graup 2 cous
had 2 mean feed consumptd.n of 4,06 and .+25 kg for
persods 5 and 7 of shaded treatment and 3,50 and 3.0C kg
for perlods 6 and 8 £ unshaded treatments, The ovorall
cean dadly feed consunption for shaded cows uas 3.42 kg
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Teble Z.32

Laan watey consunption per day in iitre ourdng the late
lactation perl.a unuer both the trsatment:
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and for unshaded 3.36 kg, the differency betwean
troatmonts baing not significant,

The water consumption pattern revealed considerable
variation. The group 1 cows consumed 4.82 and 11.84 litre
of wator per day during perlods 5 and 7 of unshaded
treatment and 10.04 and 8.67 litre durlng periods 6 and 8
of shaded treatment., The group 2 cows consumed 3.00 .ne
8.90 litre per day during periods 5 and 7 of shaded
treatoent and 9,90 and 17.74 llire during periscds 6 and 3
of unshaded treatment. Tho overall mean dally water
consumption was 8.90 liire ' for shaded amd 10,98 litre
for unshaded, btatistical analysis revealed significant
difference (<L 0.0L) in tha water consumption batwean
treativni Groups.

The mean grass cunsumption pal cow per day for
perlods 8, 6, 7 end 8 for group 1 cows respectively wese
23,90, 25,44, 23.98 and 21.02 kg. Ths same for group 2
cows were 23,18, 25,96, 23,10 and 19,17 kg. Tha unshaded
treatment for group 1 cows wero durlng pericds 5 and 7
and group 2 cows & and 8. The overall mean dally crass
consumption of shaded cows was 23.19 kg per cow comparad
to 23.29 kg wnen thoy were exposed to direet solar
radiatlone The difference betveocn troatments was not
statistically significant,
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Lie Q| twec ¥ 2
piysloloaical reactiong:
a) unsheltogod conditionss
The parawetors of the ectimated linear functions

and the corresponiing test statlistics are prosented in
Table 2.34.

In 1ho case of cardiac rates of tne oxperimental
cowg, the I%z valug as oxplainod by the variables taken
for the study w.s 66,00 par cent with the variance ratio
highly si;nificant (P 0.01}). The solax radiation exerts
significant (2< 0.08) nogative influency on the cusdiac
ratos of the cows, with overy unit imcrease {n solar
radiation decreasing the cardiac rate by ©.l7 units. The
wing velocity had positive and hijhly significant (P< 001}
influenco on the cardiac rate with cach uplt increase in
wind velocdty resulting in 0.65 unit increase in cordi ¢

rato.

Tho total variatdon K2 was 67.00 per cont dua to
the ¢limatic varlables obsezved in the study in tho cose
of rcopirotion rates of the couws amd the variomce ratlo
Jas highly significent (PL0,01). wind velocity alcne
had a nmagative and highly significant {2 <0.0L) influance
on the rospiratlon rate indicating that increase in wind
valocity reduced the respiratory rato of tho cows.
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The rectal apd skin teoperatuges also weze found
to be i{nflusncud (P <0.,01) by the wind velocity in a
regative manner. one unit increase in wind velocity
reduced rectol temperature by 0.32 units and skin
tomperatura by 0.33 units. In both the cuses &f rectal
and skin tomperatures, the total variation 8% as
explained by the independent climatic variables amounted
10 53,00 per cent each and tho varlamce ratlos were
highly significant (P 0.0Ll).

b) sheitexed condfitions:

The pazamotors of the ostimated linsar functlons
an? the corzesponuing tost statistics for the housed
treatmont, aro progented in Table 2.35.

The total v.riation K2 explained by all the
explanatory variablés such as air tsmperature, black globe
topporature, RH, wind volecity ani vapour prossura in the
cases of cardiec rote, respiration rates, rectal temperatuxe
and skin tomperature, respsctiv.ly were 22.00, 59.00, 7.0C
and 10.00 par cent. The varlance ratios weze found to bo
highly significant {P<0,0L) in the case of rospiration
rato only.

lione of the climatic variables chosen had any
sigrificont influemce on cardiac rate, rectal teuperature
and skin temperatury of the cows under the housed condition.
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The black globe temperature alome had a positive and
significont (P <0.03) influence on respiration rate.



DISCUSSIN

I. CLIMATIC EACTURS:
a) Early lagtatien pesiod:

The maximum temporatur.s recorded in the shaded
location zongod from 26,94 to 33,16% while it rangag
from 30.93 to 41.27°% in the unshaded location. :he
overall means for the 15 weeks of the eaxly laciation
period were 30,36 for shaded and 35,729 for unshaded
location, the difforence between locatlions being highly
significant (P<0,0L). This indilcatod that providing
housing had considerably reducuad the ambient alr
temperature, The minimum temporature ranged fron 21,60
to 27,43 with a mean of 23,83% in the shaded location
and 20,07 to 25,93 with a mean of 23.37°C in the unshaded
locotion, oStotistical analysis had not roevealed any
significant diff ronce in the minimum temperatures
recopded betwsen the locations. However the alr
temperatures prevailod in the open was slizhily lower
than what vas prevalent undaer housed gonciticns auring
the cooler hours of the days in gonsral, the air
tomparature prevalled durlng the peorlod was higher than
what was reported as comfortable or idecl for bettor
livestock production (kcDowell st sl., 1961; Bionca,
1965; McDowell, 1972; Bernan et gl., 1939).
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Highly significant (P<0.0L) differences were
found betweon the shaded and umshaded lecations in tho
ralative hunidity levels izocorded both at 0800 h amd
1400 h imdlcating that relative hucddily recorded
inside the cow house was always hijher than whot was at
large, For shaded and unshaded lecations, the ielative
humidity recorded ruspoctively was 81,96 and 79.90
per cent at G300 h and 66.89 and 64.92 por cent at 1400 h
with a difference of about 2,0 per cont, This nay
probably be dus to aceurmlation of wodsture in the
atmosphere inside the snimal house resulting out of
intorferance with frec axchangs of air by housing
arrangerents, This way, part of the benefit obtained
due to reduction in amblent air temporature by housing
«as lost due to increase of relative humtdiiy of the
amblent air. Starr (1961) while signifying the housing
nesds of livostock has questioned the wisdoo of pruviding
shelters in arcas that are hot and humid. Carowcostas
et 31-(1965) and Jlersma and Stott (1965) have sujgested
that for humld tropics, the maore sultable system of
management would be to provide access %o animals o
shade ouring warmer part of the day and to leavo the
animals in the opon aftor sunsot to promote loss of hoat -
aceurmlatod in the body. Ganguwar (1988) stated that
shade was cesirable for animal comfort in hot humid
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environcents but the shade was to be in the form of tree
shade and not the shade provided by sheds,

In goneral, the relative humidity recordes in ihe
pruseant experiment was always higher than 30,00 per cent
and sometimes evan crossing 90.00 per cent. Starr (1981)
suggosted that heat balance could become a problem at
20°% and abave, when relative humidity was in excess of
60,00 por cants with such high busddity levels pacorded,
the local climate can well be classified as humdd and hot
(Sainsbury, 1965; Mchowell, 1972).

The npaan vapour pressux: gecorded in the shaded
location was 23,30 at 0800 I and 23,32 mm of lig at
140G h, ior the unshaded locaticn, the respective fijures
were 23,82 and 24.13 m of Hgs The difforemces in vepour
prascure batween the locations, both in the morning and
aftornoon recordings were found to be highly significant
(PL0.0L) indicating that the atmosphere inside the cow
house had significantly lower lovels of vapour pressure

thraughout the day compared to the open.

It oay be seen that inside the shed, inspite of a
lower v.pour prossure, the ralative hw idity wus higher
due to the lower ambisnt temporature. In the open, inspite
of slightly higher vopdur pressure, the higher umbient
tenporature caused the relative huniiity v be lower and
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thereby afforded scope for greater evaporative cooling
to the animals,

The wind velocity recorded in the shaded locatiocn
was very mcagre with practically no weasurable alr muvorent
in the nornings durlng six out of 15 weeks and the owarall
mean wind veloclity was 0.000 m per sec. In the afternoons,
it was slightly bigher with a rwan of 0,213 m por sac.

The unshaded location had higher wind velocities with a
mean of 0,072 at 0BOO h and 0.497 = per sec at 1400 h.
Statistical analysis rovealed highly significant (P (OU.0L)
gifference in wind velocitlies between lecations. Urce
again the benefit of housing, thoreby a reducticn in
amblent air temperature has been partially offset by
reduced wind veldcities which rosults in roducad comfort
of the housed animals. Ihe wind velogcitles recorded in
the present experlment géenorally were lower than what

had been supgested as 1desl for tropical animal hushandry
{Mocoovell, 1272). Stolpe (1977) recommended that a rate
of air movoment of 0.6 @ per sec was effective as & peans
of offsetting the deletsriocus effects of very high
temperatures in nodern animal housing.

ihe globe temperature recorded in the shaded
location at OBOU h ranged from 26.64 to 30.43% and at
3400 h, from 29,00 to 36.42% . It was found that the
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temperature rocorded with the olack globe thermometeyr
was always highsr Dy 2.0 o 5,0% than the air temparature
viilch gous to show that the animals housed in the shaded
location were under sdditional stress due §o the radiatad
heat fron the surroundiings apart from experiencing stress
of the high alr tempoeratures The overall wan of the
globs temuoraJure zocorded in the progent study ..as only
32.73% cquzing the 1400th h recorolige the hotter part of
the day which wos lower than the globe itoppegraturs of
45°C roporteq by dozen g 2l.{i961) under a sunrdui made
out of GI sheet, The wean globe temperaturo gecorded ot
0500 1 wis 29.02% which #.s unly abuwut 3,0°C les. then
what wos rocorded at 1400 h.

she same ghencaenon was onservsd with tne tetal
radiatlon moasured in tho unshodeg location alse, both
the day and night radlation values remaining egually wigh
with unly 2 snall Jifferuncs botweon then, Ihis troicates
that even in the abserce of the sun, its radisadt heat
continues to exist malnly oue to long wave radlation from
the heated ground and surroundings. .uring the first 15
weeks of carly loctatlzn perdad, the mean huurly total
radiation Jduging the day tibe ranged from 99.70
195,44 Dick™> and curing night time from 83,78 to 142..4
aré.cm"‘z. e wvorall mesn for day time total radiation
was 167.75 an: for the night 124,64 micm™2,
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This goes on to show thot during the 12 "nisht?
haurs, th» total radiation load on the animsl in tho
hot=hundd troplcal sucz er was only 25 per cont loss in
a brick paved paddock surroundced by 2 half wall and
bulldings.

The zainfall dietribution : as not undform duting
the pexiod of study. Ihcre was no ralnfall during the
gocond week of the expuriment and Zurlng the rest or tne
wesks, the .ogkly totil rainfall runged from 1,80 ne. to 2

paximus 0f 207.30 o whih an overall wean of 62.61 tm.

b) Late lagtation perfods

Jazds s the Lot lestztlon porlod of 16 ta 3D vedks,
the alr toopesaturo rocorded a8 absut B‘O%/lwor thon
what was racored duriay early latatisn ;aesrija:,-a., ihixe
agaln, provision of housing had helped 5 reduce ths ar
terposatuze by exouni 5,09 during the hottos .art of the
cays. h2 séang of the paxioum temperature recar.ed in
the shaded ond unsheded lecaticns respectivoly were L7.80
and 27,18% an3 tae means of tho oinlmun were 22,03 and
23,077,  .iatistical anolysds by paied 't test sov.aled
ishly si niflcant {.7¢ G.01) diff.remses in bath L axioum
and mioloun tempera.ures recoracd Dot.een the Jocations
indicating the favourcble influapsa of housing throughout
tho day in reduecing the temnaraturc of the anblent alr.
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There wis no significant differarcs between the
relative humldity recorded at Q800 h in the ghaded and
unshaded locaticns, the respective means being 83,75 and
84.97 per cant. Tha difference in relative hurddity between
locations for the 2400th h recording was hi jhly signif{icant
(P 0,01} sidth the mean relative hundcity in shaded lucation
higher, 75.49 par cent compared to 73.89 por cent in the
open. ine hurdilty levels during the late lactation period
had generally remaipod higher compared %o the early
lactatdon porfud which might have resultsd out of regular
rainfalls during this periods. luring this perled also, the
relative hunidity reveined bigher by sbaut 2.0 pex cent
inside the animal h.use compared 1o what was in the
unshaded location.

The overall mcaps of the vapour prescure woye 22,81,
22,96, 23.04 and 23,30 mw of i respectively far 0800 n
recording for shaded and unshaded locatiuns and 1400 h
recording for shaded and unshaded locations in that order.
Bo sisnificant diffgrernce was founa betweon locatlons for
the 080C O weasuresent but this ciff. zoncs for the 1400 h
woasuraonant ..ag highly siznificant (PL0C.01L), to indicate
that the voapour pressuls wag highor in tho unsnaded
logation compared to the shaded location.
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A% 4in the case of early lactation, the lower
relative humldity and higher vapour pressuze in the
unshaded conditions can be explained by the prevalenco of
higher ambient temperature. Thus, the higher ambient
tempexature by lowering the relative humicity gives
greater scope foav evaporative cooling.

iamring the 30th week of the experlment there was
no measurable wind velocity at 0BOO h in both shaded
and unshaded locations. Otherwise, compared to early
lactaticn stage, the neans of the wind velocitles rucorded
gurdng the late lactation perdod were slightly better with
0.046 and 0.126 n per sac at 0800 h recording and 0.283
and 0,424 m per sec for the 1400 nh recording respectively
for shaded and unshaded locatlons. Jtatlstical analysis
gld not roveal any significanc difforence in wind velocity
botueon locatlons for the 0300 b rzcording but there uas
a highly significant (2 0,01) difforence for the 140C h
measurenent. ouring the afternoons, the interforence by
housing ariangezent had almost halved the benaficial wind
mov.ment to the disadvantage, of the h.used animals.
Under botn tha locations the wind velecity provalled was
mich bslow the recommended levels (McDowell, 1972).

The means of the black jlobe temporatur. recorded in
the shaded locations wepe 27,40 anc 59.64% respectively
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for CA0G h and 1400 h rocordings and thess temperaturas
continued t3 be higher thun that of alr temperatures by
2.0 %o 5.0%C.

48 in the previous periocd, the solar radiatisn
contimied Lo be high, dayetime radiations ranjing from
118,60 to 191,99 cicr™> and night-time from 97.67 to
145,26 micr2, Ifhe ovorall mean values obtained were
167.44 G.cr™? for the day and 125.62 miwcu™2 for the night
radiation and these volues were slightly higher than the
values rocorded for the carly lactatiun perilod inspite of

more rains duriny this perlod.

the waekly total rainfall ranged from 0,40 to
220,30 m. with 3 overall mean of 103.02 ra which was
marginally highar than what . as regorded in early
lactation perded.

IX, PHYSIOLUGICAL REACTIUNS:
a) Larly lactatdon period:

The expsrimental cows in the two treatoent locatiuns
had not shoun any significant differencu inm thelr cardiac
rate during the 0800 h recording though the mean cardiac
rate of tho cows remaining in the unshaded location had
shown slight tendency to be higher than that of shaded
ones. In the afterncons the cardlse rates .ore significantly
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higher (P 0.,01) in the exposed cows (89,33) compared to
the housed (74.41), significant difforences (2 C0.09)
wore found between treatments in the respiration rates
recorded at 0800 he In the afternoons the unshaded cows
had a respiration rate aliost double that of sholtered
cuws, the gifferonces being highly significant (°<0.0L),.
With rectal tomperaturs, no significant differences was
found butween treatuents for the 080U h recording. The
rectal temperature recorded at 140. h was higher than the
values obtained for 0800 h recording and a highly
signiticant aifference {PL 0.01) «w&s also found petwean
treatments. ihe skin temperature of the cows while thay
were in the unshaded location was significantly (P 0.01)
highor than when they wsre housed for both 0800 and

1400 h rocordings.

b) Late lactation perfods

The posults obtained with the physiclojical
raactions of the cows during ths lato lactation poriel
had given a similar plcture like the @arly lactation
pericd, The cardlac rates were not significantly difforaent
batweon troatments for OBOU h rocording whercas for the
1400 h recording, the difference -.as highly siznificant
(< 0.,08)s Ibe 4iff rences in respiration rates betweon
treoatoonts wexe significant at 5.00 per cent lovel in the
mornings and at 1.00 por cent levul in the afterncans as
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was noticed during the early lactation periud.
Interestingly, in the mornings the roctal tomporaturze

of tha unshaded caws was significantly (P 0.05) loues

than the shaded, Iuring tho afternsons, tho unshaded

cows had significantly (P< 0.01) hijher rectal terpe:atures.
The skin temperature alse had shown a highly significant
(PLOLL) diiforence betwsen trestmonts in the forenoon

and a significant (P 0,03) difforamce in the afternvon.

In gensral, tho physiological variables reacted to
the treatzents given, in prodictable mannexr. it 0300
some of the physiological rsactions like respir.utory rate
and cardiac rate showed elightly higher values amony the
exposed cows. Lven ckin terperaiure wes higher in them,
But roctal tempazatur. was not affecteds It wug even
slightly lo .er in th: forenoons., This showed the e foct
of cooler conditions during the sdght in the epen as well
as greater wind spead. In the afternoons, however, the
exposes cows had higher values in all the physiclojical
variables studied Including rectal temperature., Juring
tha nights the exposed cows not only dissipatod this
axcoss hoat, but by increased heat loss duc to cooler
emwwlronment brought back the rootal temperature lower
than cows kept sheltered.
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In both the trocatment groups, sll) the physiclogical
pararetors recorded were on tho higher side than the
normally accepted standards o denote that tho cows,
whether housed or not, remalndd under stress in the
provalent hot-humid climatic conditions. The observed
reactions were definltoly diurnal 4n naturc as reported
earller by Holuwes (1970), Shafie and Gl-Sheikaly (197C),
Sastry gt g1.(1973), Amakirl and funsho (1979), dunger
2t 4b.{1982), rlamenbaum gt g1.(1986}, ~olfensen ot al.
{1988) and many othors.

Jne of the intoresting cbservations .os that the
cows hao the physlolojical ability to bring the skin
tompesature on par with thelr bouy tesmperatuze and
sometines aven higher than that of the tempoerature
racorded in the roctum. «lso, the mworning rectal
terperaturas of the cows, while they wre in the unshaded
location, were significantly lover than the rxactal
temperatures thay rocorded when they remained housed.
Thompson at g1.(1964) demonstrated that when dairy
animals wore axposas to 'lrect solar radlation, the skin
tomperature and resplratory rate ware sign:flcantly
higher in the sun (P 0,01}, yot thermal balance was not
altored as inzicated by normal ractal tomperature. They
goncludad toat anlmals attemptod preventing rise in body
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temperature by efifectivoly increasing hoat loss by
acceleratod breathing and ralsing the body surfuce
temporature, Ihe same phenomenon was observad $o occur
in the prosent study.

Herz and Stedmhauf (1978) suugested that higher body
temperature during the day improved dirsct heat output.
Carow.ostas gk al.{1963) and ulersma and Suott {165}
put forth the idea that in the hunid troplcs, the suitable
systom of housing of animals would be to privide iccess to
shade during the warmer part of the duy and €o leave the
animals in tho open after sunset so that tho hont
accumlated An the body was easlily lost, to the coslexr
atmospheze in the spen.

IIX, &ILE PG AN

In the 15 weeks of carly lactation the eight
experimental cows had a woskly avorage milk yield of
25,66 kg during the period when thwy wore hiused comparad
to 36,47 kg when they semainec in the opens Statistical
analysis revcaled significant (P 0,05} differance in
milk yleld between treatments, indicating thot the milk
production was significantly highsr when the cous vere
unshaded,

The samd cows during the late lactati.n stuge
{15 45 33 weeks) had a weokly .verage milk yleld of
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16413 kg woen sheltered and 15,04 kg when unsheltered.
Statdstical analysis did not reveal signiflcant
differenco in milk production botween treatrants.

The type of shed provided, eveathough, kepi the
raximmn aublent tsmporsture lower, could et contiibute
to hisher productivity. Lventhwigh the respiratscy and
cardbac rotus were hijhor throughout and ruetal and skin
temporatures higher in the aftornoons, the cous when in
the open seem to cotpensate duxing the night and bring
down thelr body temperature to the level of shaeltered
and eat as ouch or rore grass and feed. This rasult.d
in sirdlsr nilk yleld in late lactution and slightly
higher yleld in carly loctation vhon cows werc kept in
the apen. Under hot hupmid cunditlons, the hijher wind
velocity in ihe open seams o fovaur the cows cunsiderably.
The genorczlly held view that under hot humid conditions
voentilation 1s most dnportant and andmals oo not necd
much olaborate hwsing gots further strengthened from
these finiings.

IV, lsliis BT ARD MILK #hoTell COTENT2
a) karly lactation pordods

The poan values of fat pereontage in the oilk
obtained at 0400 h milking were 5.3l when the cows ware
gshaded and 5.23 whan tho cows wero unshaded. {or the



161

1830 h rilking, the mean fat pexcentagos were 5.27 anu

5.04 for shaded and unshaded treatoents rospectivoly.
Statictical analysis rovealed a highly significunt {P< 0.C1)
difference in fat percentages between treatnents for both
morning and afternoon milk obtained from the experimental
cows, the milk fat contont being significantly lower in
anipals when they were &xposed to direct sslar rodliation.
The axposzd cows, though theoy had weintalned hoir milk
proJuction highexr, the milk fat cuntent had dropped.

Tne pean values for oilk protedn contsni were 2.34
per cent when shaded and 2.41 per cent for unshaded
trea/tmnts for the nilk obtained at 0400 h milking.
Statistical analysis did mot reveal significont Jdiffeience
betseen treatments. The values for the nillk obtainsd at
1930 b milking respactivoly were 2.48 and 2.37 per cant of
protein in ollk. 8y statistical cnalysis a highly
significant (P 0.01) difference had beon found between
troatments in protein content of the afterncon milk
ingicating that exposure of cows to day time stres: in
the open sun considerably altersd milk composition ani
roducod the protein percentage.

Shibaita and jwkal (1979) racorded 20 por cont less

fat 4in the wilk of cows axposed w2 30°G. COumpared to CoOWs
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at 18% acbient alr temperatuze. In the experiment by
Fuquay gt 31.(1980), ono sot of cows .ere exposed to 22
to 31° and anather to 17 to 26%,, oir temperature. /ilk
yields did not differ but milk fat percentage was lower
in the hot section group of cows. Pan gt 31.(1973)
raportad decreasse in milk protein yleld whon Gahiwal x
Jersey crossbrod cows were subjected to 40°% ambiont
temporaturc. Jandarcnayaka and dolmes (1976) foun! that
when cows werc changed over from an envirentent with 13°%C
alr teoperatura to 30%, the milk fat declined by .3 and
1.0 per ¢ont vhereas the milk yield was not affected by
the tamporature. ihese authors consluded that the elavated
temperatuze caused changes in metabollism which affecteg
silk compositlon irdspendently of feod intoke amd nilk
yisld.

b) Lot loctation pexdod:

Jurdng the late lactaticn period, milking was domo
only once in a day at 1100 h. The respective fat and
protein contents recorded wers 6,20 and 2.93 per cent for
shaded treathent and 6.08 and 2,952 per cont for unshaced
treatment., [Hare ageln both fat and protein content in cilk
wore lesser for the unshoded treatment but statistically
there were no sijnificant diffcrerces bhotween treatments.
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Vo FEED, GhioS AMD WA\TR CASUMPTIONS

a) Ear 3

The overall wmean concentrate feed consumption per
day per cow was 4.99 ky for the shaded and 4.96 kg for the
unsiiaded treatment groups. “he cows were fed concuntrate
mixture according to thoisr requirvments calculated on the
basis of body welght, milk yleld and milk fat porcéntage.
They invarlably consuwed the whole guantlty yiven.

tho cows ate slightly moie gr.ss wiwn in the open
{19.45 kg) comparad to what thoy ate when housed in a shed
{19.20 kg). 1inese uifforences wore significant at 1.GC

per cent level,

The overall mean water consumption under shaded
sreatment was 18,29 1 por cow por day whegeas it was
22,16 1 when the cows .ere axposed. by statistical
analysis, this ciffereme was found to be highly
significant (# <G«01). lLearly 21.0 per cent more wotor
was consunag by the cows when they were subjectied to

stross under direct suler radiation.

Jhservativns on physiclogical reaccions revealed
that ths cows in the unsheliured condiiion 1 ade
pnysiclosical compensgtions through increased
clrculatory and rasplratory activities and by physical
moans derin: tae nigat to briny down the roctal tewper.ture



164

in the morning to rormal lovels, ihe fact that the fead
intake was not much affected, rathoer the grass consurptiun
.35 slightly highor inithe unsheltored condltion fusthor
shows that tre cows vhen kept unsheltered could adapt ell
t0 the situation. ihis is agoln substantliatod by sld htly
hizher cdik yleld by the cows when they ars unsheltered.
The unsholtered cows drank 21 per cent wmore water. lhis
hisher wator consunption cay imdicate a highor water
wurn-ovar rate. The hijher wind velocity obsorved in the
opan yard nizht have favoured highor surface ovaparation
and wat © tarn-over in the cows when they were unsheltered.

Thonas (1969) and Thomas gt 23.(1969) foun. thot
provision of shelter apporently nad a nejative influence
on feed intake, Thoy rsported that unsheltered animals
consuned {(PC 0L} more of dry catter and TON than the

sheltesad onass

{lany authors have roported the wat.r intoke to
incragse when cows wepe subjsctod $o heat stress dlanca,
1963; Lopawell gt al.s 1693 Sunjer g% gh., 1002).
fmlifek (1UG4) shawed that uater intoke increased by 38
10 40 per cent in buffales and 75 per cont in cat.le fiom
winter €3 sunrar. Satycpel gt pl.{1973) olso faund that
in Lurroh buffalos, tho woter intake was significantly
hdghor durdrs surmer thon in winter. lichards (1383)
reparted a 13.2 per cent increase in water consuipti.n oy
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cows when they were changed ovor from a thermopeutral
erwvironment to an environment with 38°C air temparature
and 60 por cent rxelative humidity., In tho present study
water copsucption had increased by 21.0 per cont due o
exposura. e raxioum amblent temperature in the open
was on an avorage 35,72°C compaged to 30.36° inside tho
shed.

b) kate lactation pexfods °

During the late laoctation period, no significant
difforences were foundd in thoe cansurpition of grass and
concentrate feed by the cows batueen trestuants. 4 highly
significant difference (PC 0.01) was found only with water
consugption, 1heo overall mean fesu consumption and griss
consucption respectively for shaded treatmant wore 3.42 kg
and 23.19 kg and for unshaded treatments, 3.36 kg and
23.29 kge The wean water consumption wis cnly 8,90 1
for snoced treatm:nt and 10,98 1 for unsheliersd cows.
In the upsheltered conditlon cows drank. about 23 par sont

BoOre viators

The rosults in general followed tho same trend as
in sarly loctation, Inspito of higher amblont tempersture
ang direct solar radiatisn during the day dme, the cows
when tethored in the open could cope up with the situstlon

and oatntaln thedr concentrate feod and grass intakes and
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milk ylelds similer to what they ate and produced under
a shelter inside the shed.

Im relationahie of giimatls factors with the
physholegicol. xosetionss

a) Unsheligrad sonditiongs

The solar radiotion was found to exert a mejauive,
signiiicant (£ 0,05} influency on the cardiac rates.
Thermel stress is known €2 roduwse hoart rates (Hauhelzar-
Thonedek 8¢ gle, 19832j. This nas ween explained to be
dug t0 an expansion of blood velume (Thooas, 1969).

The irfluence by wind voloeliiy on heaxt ot was pucltive
and hishly significunt (P Q.0L). :idsher wind velocity
may result in groater surfoee ovaporation, riduced bleod
volume ond cunsoyuently hisher heart rate. Thomes ans
hagdan (1973b) olso observed higher heart rate in
bull=calvas kept unsheliersd and subjected t5 highex

wind volocity, The respiration roto was offectad by

wind volocity alone in o nojative and highly signiifcant
(P {001} monner, This is understandable bicause hijher
wind valocity 1s known to enhunsc surfuce eovaporation
resulting in enhanced thorrolysds and conseuent thermal
copfort. 4n tiv same way, tho rectal and skin temperatures
aleo wore influenced significantly only by the wind
valocity, tho offect belng negative and highly signiticant
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(P<0,0L), Thiz further relterates the belief that
higher wind velocity resulted in greater therpal confort

to the cows.

. ind velocity was megatively correlated with
recpiration rate, rectel tomperaturc and siin temperature
wnezcas it wis positively corrslatex with cavdiac rate.
This highlishts the beneficlal effects of alr rovecont in
a hot=herld environsait.

b) Sheltered conditions:

The physiolegical variables studied had not been
inflvenc :d by the explanatory variasbles chosen axcept
in the case of rozpiration rate which was posisively and
significontly (2 C0.05) infiuvenced by blauck globe
LOmPOrItUrA,

1he xelatisnshizs betweon climatic varlables and
animal rosponses were n.i as intonse when they ware
houged as when they revailned exposed. Ihis is but notural
bocause the housing has beun found t0 roduco extretes in
maximin ond mindsun tenpeyatures, Ho. over, tne black jlobu
therpometer resdings which represent the combineu influence
of acbicnt tepperaturs, wing speed and s»lar cadlation, wis
found to havoe significant inf iuence on the raspirailon r.ote.
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This uay indd ate that the olick ylobe theiromot o
desatves i3 ba us d »oze esxtensively for ovaluliiing

thermail chasocters of andral enwir.nmento,
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sn exporivent was conducted to evuluate the
perfarransc of crossbred calves and cows, h.used in a
coradn ty.e of cattleli shed vis=gevis open cundiiions
without any housing, under the prevailing climaiic
canditions of ..amwthy in Kerala state. ihe effect of
substituting corcentrates partially with rouvhages on vhe
growth rate of houssd and unhoused golves suring the sutier
ant rainy seasans was also imvestigated. importunt
components of climate, such as salar xadiation, mean
radiation $emperature of the surzoundings (black giobe
temorature) ond wind velociiy were quantifiod ang these,
aleng with avwbiont termerature, relative humicity, vapour
prossure and rainfall were gelated to the responsos of
the experinental stock,

of: o part of tne experimant, twenty wsaped
sroashred bedfor calves «god six wonths 45 one year .ers
grouped inio quadruplets and one calf from soch ¢r.up was
subjected €2 one of the following trostoonts. ihe culves
in froptoort T (T4) more protected from dixect solar
roddotion by h.using iR a common type of calf shed anl fed
with ernc.ntratomariented gration. In treatuent 2 {12)
salv.s WweEe oxuposed to direct silor roalation inm an open
padlack srd fod with cxwonmtzato-ariented ration vhilo in
trectnent 3 (T3) colvoes were protected from dirvct solar
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radiation ar  fou with p.dgnag =orientol savdia g L
trcatoont 4 (T4) calves wore uncholtero. ond £0d

o naguesriented dlot,

T ca.diae rotoy roopicaidun rate, soctol
tecpouature and skin tomwporaturo ond tnu gradth porar toiy
1ike bady odjuat, lon,th, noluht any gicth (are rea.arzd
ay5tc: 3eloally for all cho salvos undur the s.r trat.acid
GEowgSe 0D wlimatic foctors opo aznecosd w.ily ot WG
and 1400 D odnsi 9 the cols saed and im b omen | 243 L.
0 exgoriront o o oxun {0y threo ponths Jdth th Cisse
fiva vo.hs of poc=vy pordzl on  the rer.dnlng cevon . okeo

cf ruiny sosind.

80 ¢ axiean adf tomQu.oturo rocar.da in h2 opgen
ped lock rang.u £xor 3DWT o 27795 Lardng tal hoteary
garndan amd 02,236 to 33.50% cnrdng La Poediy perlisa, .00
sar~ unde  shaded euniildons Wo0ro Ll.40 2 L lezd R L oe 30
Lo 29,512 rasgectively. s B solng rovi.aald hod solaown. .
helpad r podueing the rorisue aoblont ter soratuse by o
Fodcz b 57 . i ovaEy tar range of torgarature apov il
d glpgy i edprzimencd goziod cac algh on wyh 1 € wso
heat oz o~ on 1@ e lvt,  Tho o ladbve owr 2oy asld

tans - £2o. e Y2 Qv por conl dnovh o rorniry 2 3D 4 o

Aty

pas cine & che % romans opd L 3th ic 0d b oEonal o

hurd dity, tToe onvizonmt ¢ wl' bo ele 4040 . as wodd.
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curimg pust of the days, the wind velocity :n the
DOLNLIYGS .o Sither zerc or very Leagre. .miy in the
afterncons thore were recerdable wind velecitice which
runged £200 Vel2 t2 U047 . pex soc inside the colf sned
a8 agalnst 013 e OGu97 m por scc 4n @ open pad.ock.
08 bihe. wind velucdid.s recorded in the .pen had
guntributea t.iards toe wegmal cowfort of tng unshaded
CulVoga 07 VePOUR ProcuuEG 2amyTd from 21,41 0 25,243
eo A 5. Insice th, shed, th» blogk globe tor seraturss
rapg & fron B.B3 4o 34.30% anicn was 2 o 2% W A
thop ¥ olr teopor teres.  ihe Rlack aliabas toraercwras
wrr hizh o he days hon zalar radiatiom dntoncity s
slea Biche 1 meen ssl.r railotin salues wrs 110.73

r o2 Jaring dwy tine anl 00,11 P

25 pi At Wirae
fer Uy ouc.er hendi’phae o .no )loser herdechere va'hes
era 169,65 durirg the . ay and L 4.45 o2 £ar tas
nizhte o w23 sboervel thot curing the night also, th
radiatl o values were bijh Lhich v a8 due €0 lon ~wwas
radistien smapating froc he ground ang a nwunbet of
bullodngs sudsounedng Wi wsen of 2 ond vhe shels sho
maxdrun s kly wtol rolnfall of 210030 td. wus Xecar v

wardrg e tinal week of bno experivent.

Aiopean reat.l ¢ orpcrstur o th o colves In o

unshuded loo tlon, Al the hebs 7y noed d s 7,17,
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which was significantly (P< 0.0L) higher than the shaded
ares (39.56%). Luring the rainy peciod, the rectal
temperatures of those calves at G300 h rocording was
significantly (P< 040L) lower {39.01%) than the housed
omes (39.21%.) which was due to zolatively a cooler
envirorment that prevalled in the open. wvrenching in the
rain and exposurs 1o free air movoment had also facllitated
greatexr thermslysis in the exposed celves, wiurnal
variations of more than 0.5%C in the rectal temperastures
were recozded. The skin temporature valucs {41.27 at

0800 h and 42,36% at 1400 h) recorded wer: alsays higher
than the rectal tampeératurzes which may e bocause the
calves were still not zzking use of gutansous avaporation
for thermelysis wharvas the body temperature had been
braught down by othor thermolytie avenues. The calves

had atteoptad incraasing heat loss by raising the skin
temperature, even oxceeding the envirompental temperature
which had provided the calves with the physical avenue of
comvective heal Josa. The cean gespiration rote of 121,75
per min was highest in IR grouwp which was significontly

(P< 0.0L) gdifferent from the other three gruups. rentiugh,
both T2 a2nd T4 were ralntained urhoused, 74 calves that were
supplied wdth roughage fecdiny had lower respiration ratss.
The unshaded calves alse had significantly (#< 0,.0L)

hisher cardiac raths. The cardias rates during tho hot-dry
perlos wss highcr then during the rainy period. In goenopal,
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the hizher physislagical reactions of the calves in the
axposed location cuuld be atiributad to highor effective
terperature caused by direct solar radiation.

The moxioum galns in live weight (24,98 kg), height
(6.8 cw) and girth (11.6 cm) were obtalned by tho calves
{T4) exposed to direct solar radiatisn and fod vwith
roughagowariented ratlon. Ine pext best was tho housed
and ~oncentrote-fed group (T} which had the highest yain
in length {12.5 ci}, second highest galns in live weight
and girth and lowest goln in helght, Thas, un.er haused
conditions, concontrate feeding and under exposed conJiilons,
rauhoge feedirg had fovouzed botter geowth. This is
comtrary to normal expsctations ospeclally while taking
inte account the physiolojiceal rooctduns obsorveds It is
difficult to give the reasons for such finding without
imvostigating rvoen fermentation, r.te of passage otc.
Houover $t is concluded that exposur. to solar radlstion
wsuld have changsd She rumen formentation in such a wvay
that the protidns in the congcontrate wexe wvastod to a
greater degrer than the leaf prstein supplled for the
roujage group,. ihs galn in length and height had bobaved
oifforently botween the groups. lleifers that were hwaused
{TL, T3) has hizher guin in bagy len,th but lower goln in
height cacpared t» heifors kept unsheltored {12, T4).
whether §t 1s & real differency due 1o the treatoent and
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if s0, tho reason for the same can only bs known by more
datailed invostigation.

Herall, It was obsozved that hausing in tho open
conditions Incroased the physiological reacticns
significuntly. But these increases werc pot physiologically
weaningful to cause retardation in growth.

Thoe sesongd exparimont with a switch back desiygn was
done on odght crossbred cows that had calved within .ne
month of commancoment of study. They were equally divided
into 4o arcups based on thodr milk yield. o grsup at
random w0 .5 kapt in tho opsn exposed to diruct salar
radlatlon while the other group was kept housed In 2 tiled
shed. AL the end of evory month, the groups wers intere
changed. iho exparirent was gopducted for elshé months
comprising of aarly and late lactation paciods, iho
clizmatic exponents, the physiologisal reogtions of the
cows, the cilk yield, mllk fat, milk protein and fecd,
water anc grass sonsucptlion were ceasured suring the
treatoont perisds Analysis of variance .a5 catried st
o difforontiate physiolojics) responges bolweon troatcents,
the prosuctlion Jata uore subjected to double reversal dosign
ahalysis, @9 find out the relationshlp of climatic
vakisbles with physisloical resp.nses, the rultiple
1inear reJjression analysds was usode
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The avorall mean paxisum tesperature for the early
lactatlon parisd was 30.36°C for shaded and 33.72% for
the unshaded locotion and the respective mean minimun
were 23,83 and 23,37%. These values were higher than
what as rocwuimended as comforsable or 1deal for pro.ucti.ne
ldghly significomt {P< 0,01) difforsnces wore faund in tho
relative hucliiity levels bet.san the locatlons, values
inside the cow shed (81.96 at 0800 h and 68.89 per cont at
1400 h) hi_har than whai was at large. ith air temperaturs
always above 20°C and relative humidity 50 por cent oz
EO¥a, tae local climate could well be classified as hote
humids Ine vepour prossurs neasuresents inside the shed
angd the epen padaack showed a ploture opgosite to that of
relative hunmldity in that the vapour prescuse was
significantly (7 0.0k} lower inside tiw shed compored
to the paddeck. It was secen that lnside the shed, inspite
of a lower Vapour pressurd, the relative hwr idity was nigh
duo to lower alr temperature. In the apen, inspite of
slightly uighorx vapour pr.ssuxe, the higner anbicnt
temporature and incroased alr velocity had helped to lawer
the relative humidity whicn afforded scope for jreater
evaporative couling to tne animals. Comparcd %o inside
the shed, the unshadud locatiun hao significantly {#¢ 0.01)
hizher winu valocities of 0,072 at 0300 h and 0.497 o er
sec of 140. h. The wind veloclty recorcad wis gonorally
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below uvhat ms sugzgrsted to be ddeal, iho bluek 3lobe
torperstez s (22.02% at 030u h and 32.75% ot 140, L)
inside th ociwd amre hi_her by 2.0 t 5.0 toun wwe
ambiant tunerature indi.ating that thore ..as lot of
radiant heat load on tne hwused cows alss, ihe ddurnal
gilfference in black globe onpuratule wae naprow so alsy
the silar ridiation viluoe In tue cpan, e weoXall noun
for diy tiwe wotal raviatien in the open wes L67.75 and

for the nijht 124.64 x::.‘sn“z. ~von during nisht bours, W
wial rocdetdon luad un fhe snimal in wthe hobeauwde waileal
U AL 2% 2nly 20 per cent less, e wverall aelkiy tocal
rainfoll ran d Exon ne raing 0 <09.30 1e. QUring the vacly
lactation poriod. .00 opbient Toopsradur.s an. . Sutdon
valu.n resocds. sldjhily lowmy values gurirn; the lats
lactnel noseziod ard zolszdve hurd ity, wine v.locdty oo

rrinfoll bi her valuess

Seting the eqily l.octo<don porlec, the vanciae g.tag
Jer significontiy hizhar (/< 0.0d) in 499 eyrdosed o .
{81.93 per wind comprarse to the housed (74.41 sor riv).
In e wognipgs the mesplratosy aates 2.0 cOws Mo
exuposed (47.33) were only slionely high thom o
sheliered (J2.20)e i tie aftermions, e unshided co s
vagd . Eospirvadion ratt (38.40 por ednl) Llrost asaodlo L d
of 190 saudod cows with a hijhly cinniflcauw lf.esiome

W BOL) e sor reetal toruoratules, no cleadPens 8 Godl
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be founs hetuewn troatments for 0800 h recording wheroas

at 1400 h, the unshaded cows rocorded & mean of 40,31%C
wnich was significantly (P < 0.0L) higher than shaded
(32.42°%C). The zkin temporatures also remained significantly
(¥ <031} higher in the unshaded cows boih for 0800 h
{39.63%) and 12400 h (41.38%) deasurements.

During the late lactatlon pexlod also, the plcture
was almost similar excopt for in the cornings, when the
unshaded cows had significantly (P< 0.03) lower rectal
tepperatures than the shaded ones.

In ganeral, the shysiclogisal variables roccted to
the traqtmonts given in a prediciable camner. .t 0800 h
the cardiac rate, respiration rate and the skin tecperiture
showze¢ 3 slightly higher values in tha exposed caows but
rectel tunperature uas significantly lower than the
shaltored cows. This shuwed tho effect of cooler conditions
during the night in the open as well as groater wind syeed.
In thw afterncons, all thase physlolagicol variables,
inciuding tho rectal temperature recordad hijher values
in the expused cows, .uring the nizhts, the unshelter.d
caws ciuld not only dissipate this excoss heat but also
bring back the rectal tomperature Yower by increased heat
loss cue Lo cooler envircn.ent $n the open paddocks ine
cows also had tha physiological ability to bring the skin
teopecature on par with their body temperature or saoetices
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evan higher than that.s The cows hai not allowed their
body tompesature to go very hish by effectlvely increasiry
hewat loss by accelerated Droatudng amd ralsing the body

surface tecporature,.

Luring the early lactatlon periocd of 15 weeks, the
€sw4s in lotal, produced 4615.12 k3 mllk of which 2281.32 Lg
was whon they were sheltered and 2333.8 kg was wien they
were kept in the open. Tho clfforence betwoen tre sinents
was significant (P 0,05} inileiing better nllk pr.duction
when cows were unshsltored, In the late lactatdon period,
there was n. significant difference in L1k yiold betwecn
troatrents, The iype of shed srovided, evenchough kevt the
aubient temperature lower, it ¢ould nct sontribute to
higner pro.uctivily. .dth higher casdiac and rosplratosy
rates throughost and rectal and shin tomperataris hisher
in the aitarnoons, the e@xposed cows seem Lo caipensate
durdng <he night and bring down thelr body temperature in
iovel .1th sheltered cows and eat as much feed and grass.
This could probably muintain simllar cilk ylasld in lage
lactation and nisher yield in early lactation in
unsheltered cuwse Undar hot-humid cornoltions, algher
wind veloclty In the open seens to favour the cows
cunsldesably, .hs penerally held view that undo.
hot=hurld conditiaons, vontilation ls most important and
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animals ¢® not need much elaborate housing gets further
strengthened from these findings.

The pilk fat content in (ne sheltered arxl unsheltered
cows during the early loctation 1.8 5.31 and 5.23 per cent
for morning milk and 5,27 and 3,04 for aiternuvon cilk
respectivoly. The difforencos between treaiments were
highly sijnificant (P 0.0l}, the expused cuws, tnwgh
they had maintalmed their wilk prosuction higher the fat
cuntent had droppad. The difference in rilk protein
cuntant in the afterncum 41k was significant (P< 0.01)
potween sinded {2.48 per coent) and unshaded (2,37 pes cont)
cowge LRpusule of cows 1o day tlne airess in the open sun
reducad the fac and protedn contont in 1ilk. Ouring late
lactation perdod thore was 6o significont effect of
treatromts either on milk £at or on rill protedn contant.

wignificant difforonces (P Q.0L) were absarved ln
feed, grass and water consumption of the cows botween
traatuent oroups during the early luctotion perlod. ihe
cong ntrate fead consumption (4.09 kg per day) .as slijntly
more in the sholtered cows, grass consumption {17.45 kg
per day) ..as highor under expased condi.ions ond . ater
consucption (22.18 L per day) was 21 pes cent hi_hor in
the cows exposcd w0 Clrect solar radlatleon. wuring the
late luct vtion stage, tho foed and Jxass cunsucstion
bot.een trectoonts rorained sioilor, whoreas wator
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consucption continued to be significantly (P 0401)

high with the cows, whil? unshelterxed, drinkiny 23

per cent more water, .Jbsorvatlons on physiclogical
reactions xevealed that thoe cows in the unshelter.d
conditions made physiological compensations through
increased circulatory and respiratory activitios amd by
physical nwans to bring aown the gactal tarpesrature in the
morning 1o normal levels. ihe fact that tho fead intike
was not cuch 2ffuctad, rather the grass consumpticn wis

814 htly highex in the unsheltornd candizion further a
shxad that the coas when kept unsheliered could ada.t

well +o the situation., This was again substontiated by
slightly higher milk yield by tae cows when they were
unshelterod, ihese cows had also signifisontly increased
thelr wator consusption indicating a higher uatar turn-over
rotse The high wind voloeliy obsvrved in the open yerd huad
f.vour g higher surface evaporation and wator turpeover in
the cows while unsheltasred, .uring the late lacteti.un
alsa, insplts of highor aobient tomporature and Jiract
solar radisztlon during day tiwo, the cows when tethored

in the open could cope up with the situation and maintain
their feec and grass Aintakes and milk yield eyual tu v.iat
they ate or pruduced under a shelter insids the shad.

the malwiple lineus rugression onalysis roveales
that undez unsheliored conditiong, the solac radlacien had
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exerted o negative and significant (P<0.03) influence
and wind volocity had exexted positive and highly
significont (< 0.01) influence on cardiac rates. Jhe
rospiratory rate was affected by wind velocity alone in a
nejative and significant (P< C.CL) mannes. In the same
way, tho roctal and skin tomperaturcs also wsre influenced
significantly only by wind veloeity, the effect beling
negative and highly significant (P< O.ULl}s Wing velacity
waz negatively corralated with resplration rate, roctol
tempecature and skin tomperature whorsas it was positivoly
correlated with cardiac rotses This had highlightod ihe
eneficial sifects of air movomont in & hotehunid
snvironrent..

Unuor shelterad conditions, the black gloke
terporature alore was found 1O exert a positive and
significant influerce on respiration rate, ihen the
animals wors housed, the relationship betusen climatic
variables and andmal rospanscs were not as intense as
when they remalned expssed since huuslng had reduced the
extromss in rmaximum and rdnioun temperatures. (lowover,
tho black globe thermometcr readings which reprosented
the combined influence of ambiont temperature, wind spaed
and solar radiation was found to have a significant
influence on respirativn rate. This had indicated that
the black globe thermomstor descivad 0 be used more
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extensively for evaiuvating the thormal character of
snimal environzents.

The findings from the two experiments 1n gomexal
indlcate the beneficlal offects of *open aix® housing on
growing and lactating erssabred cattle, while inturprating
thase results in tomms of actusl management procedurcs,
ather aspects of nanagoment such as comfort of men
abtendirg the apimals, hyglene aend disoase problems and
wet and slushy condltlions due %o rain cannot be overlooked.
Becausze of thess, one ¢annot recomuend to dispose off .Ath
housing wotally. Instead, wa pay recommend sispla shaded
areas with roofs supported on pillaps affording maxioun
vantijation. GSimple open type loose houses having paddocks
with trees into which animals have access at will, day and
pight, secms an ideal systenm of housimg for hotehumid
tropical roglons.
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ABSTRACT

Axpls eviderces are avallable on the poor psrforxcance
of livestock inhablting the tropical reglons of the world,
comparyd to thelr counterparts in the tsmperate zones. By
and larges the menagement practises adapted in the varwer
axeas arn to bo quite difforent from cooler rogions to
reach optimum productivity, smony the managoment practises,
housing end feeding aspect needs to be glven coze euphasis
in bringing about the much desirod results 1o meet the evor
ircxoasing demand for livestock producis.

In the present work, an attempt has beon made to
irvestioatc the effscts of housing and feeding inter alla,
on the gro.th and production of B.iwyrus x B.indicus
crosshyad catile. Desides these, soma of the important
clipatic components, such as solar radiation, moan
radiation, Sempezature of the suzrounding and the wind
volocity, the factors which havo hith.orie bean wigely
neglected, wese tried to be methodically gquantified and
presentod in relation to thelr direct sffect on the
physiological and productive responses of cattles

70 assoss the effect of shelter and the tyse of
ration un the physioloplcal responscs and growth
performancoe of crossbred cattle, an experioent involving
20 weaned heolfexr calves, was cunducted at the Unlversity



Livestack Farp (KA}, lLonmuthy. sbe experipent included
four treatmants encoopassing protection and exposure to
solay ragdiation, and concontrate and roughageeoriented
feading in dl:forent combinations. The sclected calves
were distzisutod equally to the fuur trestoonts, cbserving
the stondard statlstical procodures,

Physiological variables like cardlac rate, réspiration
rate, rxactal temperature and skin tomperature were soasured
and rocoxded for all the calves twice o day on a fixed day
in ¢ weok and for 14 weoks of tne study by using steniard
aguipmonts and proceduzes, Thw body welghts and body
roasurancnts wor. pecorded once in a fortalgnt at o fixed
time in 2 day. e body measurements incliudoed holsht,
langth and girth., Ali the measur meats were cade on
individual calves,

iho elimatic data, atmosplwilc temperaturo, relative
humidity, wina veloelity, black gleobe temperoture and
VIPOUTr Drossuse wepd rocorded inslde the shed and
atmospheric tompozatur. . solar radiation, ralativo
hunidity, wind volaclity, vapour prossure and roinfall
wore recoxded im the open padiock. A continuous rocording
"Golar fadiztion Balance laeter® was used o record the
solar radiation coptlmucusly throughout the oxperinent.

iho avorage dolly maxirun alr gemperature that
prevalled in ths unshaded locationm curing the hotedry



period vwas 38% and in the shaded location, 30%. .uring
the rainy pericd the maximus tesporature ranged from
22,37 to 29.31%C under the shade and 29,36 to 33.50% in
the unshaded lucation. The relative hurddity ronged from
76 to 923 por cent in the mornings and 55 to 88 per cont in
the sfternoons. The wind velocliiy ranged from D.,13 to
0,97 i per sec in the unshaded arva and almost zero in
the shaded area. Ihs vapoupr prescurc ramnged from 21.41

to 23,98 mo of Hg.

ne roctal temperature of the calves in the unshaded
location was significontly higher than those of the shaded
omes (P 001} during the hotedry period, Signiflcuntly
lower value for regtal tesperaturs was obtalnea for the
cupeontrate~fod unshadesd calves during the morning recirding
of roiny periocd and nigher values were obtalned in the
aftornoons incicating a dlugpnal syths. The skip tepperature
of tho colves was always highexr than the yectal tomperature
in all the casos excopt in the shaded calves on ralny days.

During the hotedyy pericd, the respiration satos
wore sigmificanmtly highsr (P 0.(1) in the unshaced gioup
corpar.d to the shaded lot £or the murning rucordlngs and
in the afteynoons, in all the trezivent:, 1% wus aluost
double of what wos recorded in the morningse In gunoial,
the cardiuc rotes were found to 38 hisher iIn {ihw afteznoons,
than the pornings and lower during the roiny perisd. llighly



significant voriations (P< 0.01) in all the physiolojical
roactions roasured waro noticed batween the housod and
unhoused traatments, the calves exposed to direct solar
radiation rocozding higher values of pectal and skin
tomperaturc and respiration and cardiae rates, with fow
axcoptions. The higher physiological reacticns of the
calves in the open could be attributed to higher effective
torpazature caused by Jiract solar radiation.

The analysis of gro.th parsimeters indicated
significant diffoxencos in coriain fortmights only. It
was observad that waximuo gsine in live weight, height and
girth were ootalned by the calves exposed to solar
radiation ant fod roughageeoriented ration but the gain
in length was the leas? in this group, The next best was
the housed and congentrate orlented feeding grcup which
had tha hishest gain in length, second highest gains in
live walzht and gixtn, but the lowest gain in height waich
implies that under housed cunditlsns cuncontrate-ariented
faadiny ond urder exposed cunditlons roughage~oriented
feeding favour betiter grouths In gereral, 1t vas obsorved
that housing in open cunditions increased physioloaical
raacticns significantly but these increases were mot
physiologlcally meanl\ngtul to cauge retardatisn in jrowth.

with a view to study thoe cifects of housing on cows
with gospect to mill producticon and other traits, eight



cows woxc subjocted t0 s switch over trial in which shelterad
and unsholtered conditions altarnated. The experlsent ran
for eight paricds of ore month ocach and in total, rdlk
production for 3. wesks woere partitionsd inte 15 weeks of
early lactation and the remaining 15 weeks of late lactation
periods. The cows were divided into two groups based on
their silk yleld. 119 cows of one of the groups at random
worae kept in an opem paddock exposed i diroct solerx
radiation whils cows of the other group were housed in 2
tilewroofed shed., 4t the end of svery ronth the groups

were intepchanged. For faseding the cows, assquate nsasurss
were tolk.n 19 peat both maintermance and production requiremcnt
and roquircments woxe worksd out every fortmight.

The physiclogical variables like the cardlac rate,
respiration rate, rectal tenperature and skin lemporature
of the fndividual cows ware miasured and rucorded twice in
2 doy, two days in a wack, by following standard proceduros,
The twice daily milk yilalds af the cows wero measurod by
individuzlly welghing the quontity in kg at each milking,.
milk fat and protein wore esticated from samples collected
with due preccoutions ot overy ecilking., The feed, grass and
watcr consuinption were meosured for individual cowa,
Standapd gtatistical sethods were employed to analyss the
data, faliiple xegression analysis was rasoxted o £ind
eut tha relationship of climatlc variables with
physiological xespunses,



Highly signiflcant (P 0.0} differonces were found
butween tho shaded and unshaded locations In Uw rola.lve
anrddity luvols, ihis pay probably bo due %0 sccunul.tion
of codsture i tho atmosphore inside the unimal hiouse
zesulting et of intexfersrce with free exchange of air by
houalng arsangomonits.

Analysis also rovealed hignly significant (P <w.0L)
difference in wind velocities betwsen lecations. 1ne wino
velocities racovrdod in the present experiment gonerally
were lower than whai had been su,;ested as 1deal for
tropical animal Pusbandey. She anolysis of climatic
factors rovealed that the animals haused In the shuded
locatlon iere under additional stress duo to radiatsd lwat
from the surroundings apart from experiencing sizess of
the hich alr tmperaturxe. The same phenomenon was obsazvel
in the unshadad locati.p also. Doth the day and night
total radlation values regaloed high. The roinfall
distributi.n as not unlforn curing the period of study.

In th2 early lactation perlod, the gardiac ratos,
rospiration rates, rectol temperature and skin tomporotuyre
of cows under exposed condltion wexe hich in the
afternoons. Llmilar trend was observed in the lete
lactution porlocd also. In both the treatmont groups, all
the physiological paranotors recorded were on tho hijhor
side than the norwmally acceptod standords, i cows had



the physiclosical abillty to bring tho skin temporature
on pat viih roctal terperature and sometimes oven hi jher
than that.

The cows in the open seam to compensate during the
night and bring down their body temperature to the lovol of
sheltered and eat as much or goxe of grass and fsed. .his
resulted in simllar milk yield in late lactation amd
slightly higher wilk yleld in early lactatlon. Under the
hot humid conditions, the higher wind velocity in the apen
seaz o favour the cows considerably. the genorally neld
view that under hot hurid comditions ventilation is cust
dmpartent and anigals do not need much elaborate housing
gots furthor strengtiwnad from these findings.

Il .a% observed that the fat percentages vorlea
significantly {£ < 0.0L) between isaaicents £io0 both
worning :nd afternion rdlk obtained from Lhe cowsg the
mdlk fat contont beiny lowor when they wese exaposed o
d4rect solar radiaticgn. ihe exposed cows though they fad
maintained their milk growuction bigher, the mill fat
content hay sxcppeds A highly significont (M 0.0L)
difforence hed been {iund betuzon troatr.nts in protein
content f the aftern.on ilk lnileating that exposure of
cows o day time stresc in the opan sun consice.zbly
altored cilR composition and reduced tne protein polc.ntuce.
<arping ot lactation pordsd, both £at and grotedn c.ntont



in milk . eze lesser fur the unshaded treatment but
statistically there .as no significant differonca botween
treatments,

A highly {P<0.01) significant differencc was
observed in concuntrate feeu intake between shaded and
unshaded treawnunts during early lactatiop and the rovorse
was obsorved in the case o grass ednsucption. The
difference in svorall mean water consunption under snaded
and unshaded corkdirtdon was highly (PL0,.01) significant,
cows r.maining in the open pad.ogk delnking 21 0 23

per cent wmors watar,

Gbhservations on physiologleal roactions revealed
that the cows in the unsheltared conditlon cade
physiclogical compensations through increased circulatory
and respiratory activitiss and by physical peans during
the night o bring down the rectal temperature in the

morping to normal levels,

«~uring the late loctation perlod, no significant
differences wore foumi in the consumption of grass and
corconirate feed by thoe cows betiwen treaiwents. . highly
significont gifforence (P Cl.01) was found only with water

consusption.

Jufing the eerly lactation, the solar radlaiden waco

found to axert a nejative, significant (P C0.00) infiuvnce



on the cardlac rates but tho influence by wind velocity
was positive and highly significant (P 0.01). In the
somk way, the rectal ard skin tcoperatures also were
influencod significantly only by the wind velocity, the
effact being negative and hizhly significant (P 0.0L).
waring the late lactation stage, the physiclojical
parareters studied had not been influenced by the
explanatory variables chosen excupt in tho case of
respiration :at; which was positively and significantly
{P<0.03) influenced by blsck globe temperatures, Ihe
relationships betwe.n climatic variables and animal
responses wake not as intense when they were hoised as

when thoy reneinsd exposed,

However, the black globe thermometer readin;s which
repeagented the combined influernce of amblent temperature,
vind speed and solar radlation, was found o havs siyniidcant
influence on the respiration rate, Ihis ray indicate that
the blick globe thormometer desesvos 0 be used mote
extonsively for evaluating thercal choracters of animal
environcents.

Tne results of tho study clesrly inmdicate the
beneficial effocts of ‘opunwair' conditions in a hotehunid
tropical epvironpent, [actors such as comfort of men
tending animals and hyglene pezclude cattle keepiny without
housing structures, The result of these experiments



Lo

ho mver polnt to the advisabllity of louse h uszie) sysienm
in uhich catile hovo contipuaous aceess 2 an apon padldoshk
shaaed by treas. by sheltsiod arsa of .he lovse a.usos
also choulle bBo sicple zoofs on pillaxs allladng maricm .
veptilation and alr rovemoent. It was alse fzungd that
Jeodn, hedf s eoan be malntalned equally well on a

rusghagoeosientad fe.dirg schodule.
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