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ABSTRACT 

Two Fnesian heifers and t1vo Sahi\val x Friesian (Fl ) heifer 

calves were subjected to 33°C air temperature in a climate 

cha.Ji,IJPr for 12 weeks. Another two pairs of ea 1 ves were kept 

in a 'control' room maintained at 15.50( ambient temperature . 
Al I hei fers were fed hay during the first 6 weeks of the trial. 

A concentrate diet was fed the following 6 weeks. In each period, 

records were ta ke n during the last four weeks only. 

The measurements taken tw ice da ily in c luded , the voluntary intake 

i i 

of water (VWI) and feed (DMI); the rates of sweating (SWR) and 

respiration (RR); and the rectal temperature ( TR) of each animal. 

Liveweight gain and growth rate of the hair coat were calculated fr om 

measurements taken at the beginning and at the end of each peri od . 

The experiment was repeated using the same calves, but e xc ha nged 

between temperatures. Concentrate feeding was carried out during 

the first hdlf of Trial 2. Hay was then fed for the following 

6 v.1eo:? k s. 

The data were analysed using the multivariate analysis of var iance 

technique for repeated measurements. The results indi cated that 

high ambient temperatures increased significantly the rec tal temper­

ature, res pira tion rate and the vo l unt ary intake o f  water by a l l 

calves. Inta k e  of OM and  DE were s i g n i f icant l y redu ced ( P < 0 . 05 )  

by the exposure o f  c a l ves to a hot  env i ronmen t .  The ra te o f  

l i veweight  g a i n wa s reduced from 0 . 67 k g/day a t  15 . 5°C t o  0 . 39kg/day 

at 330C . ( P  < 0. 05) 

The Sahiwal x F ri es i a n he i fe rs were le s s  a ffec ted  by hot cond i t i o n s  

t h a n  were Fr i e s i an s .  They h a d  s i g n i fi cant l y l ower T R  (r< 0 . 05 )  

a nd dra nk  compara t i ve l y  l es s  wa ter tha n d i d  the Fr i es i a n  he i fers on  

expos u re to 3 3oc amb i e n t  tempera ture .  Thei r  RR wa s lower than  

tha t of  the Fr i e s i a n s , however the  i n te ract i on between the e ffects  

of  amb i ent  tempera ture and  breed on RR, wa s not  s i g n i fi ca n t .  



The greater heat tolerance of the Sahiwal x Fr iesi an heifers as 

compared with that of their Friesian counterpa rts was associated 

with their faster rates of sweating. Greater rates of sweat i ng 

were suggested to facilitate faster evaporative loss of heat from 

t he body. 

Of a l l the variables, DEI showed the greatest response to diet 

treatment factor. The heifers consumed more digestible energy, 

under concentrate feeding than when hay was fed. As a result, faster 
rates of LWG were achieved during concentrate feeding than during 

hay feeding. Further analysis demonstrated that the declines in DEI 
were responsible for the slow rates of LWG, achived on  exposure 

of animals to high ambient temperatures. 

The analysis of the growth  rate of the hair coat indicated 

that exposures to cool conditi ons resulted in fdster ra tes of 

i i i 

growth of hdir, than observed under hot conditions. The effect was 

probably associated with intake of dry matter. lt was found, however, 
difficult t.o justify th is  suggestion  because of the confounded 
effects of photoperiodicity. 
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CHAPTER ONE 

LITERATURE REVIEW 

1 . 1  I NTRODU C T I ON: 

1.1 . 1 Effects of high ambient temperatu res on  the p roduct i v i ty 

of animals. 

The e ffects of high ambient temperatu res on the performance of  

animals have been reviewed i n  many pape rs . Ma ny experime n ts ,  

in both field and controlled environments, su ggest that  high 

ambient temperatures affect productivity of ani mals di rect l y  

through effe cts on the physiology and metabo l i sm of  t he an i ma l s 

( see reviews by Th omp son 1973; Bia nca, 1965; and Holmes, 1979). 
Of particular i nterest here a re the c h a n ges i n  the i ntake and 

the metabo lism of food e ne rgy, prote i ns and body Fats which occur 
dur i n g  e xposure to hot condi tion s . C hanges in the intake and 
metabolism of water have also bee n reported  (Wincheste r and Morri s ,  

1956) .  Production p rocesses such as l actation ,re producti o n ,  

1 

growth a nd even surviva l  of a n i ma l s, have  bee n rep o rted to be  

threa tened by expo sure of animals to hot environme nts . Consequently, 

production of animals in the h ot tropics is l ik ely to be l ower 

than ac h i ev ed in the temperate climates,due to the effects of 

hot ambient temperatures . 

The hot ambient temperatur�often reported i n  the tropics also 

affect livestock productivity indirectly through their influence 

on the production and availability of quality pastures. Growth 

of pastures in the hot tropics is highly seasonal, with rapid 

growth rates during the rainy seasons. During the dry seasons, 

high ambient temperatures encourage lignification and maturation 

of the pasture crop. The standing herba�e becom�fibrous and  

unpalatable; -and often deficient in digestible energy,digestible 



pro tei ns (Russel , 1966 ) and key mi nera l s, pa rt i cu larly phosphorus 

n i trogen and  su l ph u r  ( Brumby , 1974;Kemp,1978). The digestibility 

of th i s  dry-season pasture dec l i nes l�a p i d l y ,  and  ma kes it 

impossi ble for the a n i ma l s  to d i gest enough  n u tri ents to ma i nta i n  

thei r body wei g ht .  The end resu l ts a re that net produ c t i on  is 

affec ted . To ave r t  these effects, pastu re improvement i n  the 

t ropi cs may be necessa ry to i mp rove the pro d u ctivity of a n i mals i n  

these regions. 

Another i nd i rect means t h roug h wh i ch hot  c l imates affe c t  the  

p roduct i v i ty o f  l i vestoc k  i s  d i sease; part i c ularly tho s e  

assoc i ated wi th  pa rasi t i c  i n festa t i o n . Pa rasi tes of maj or 

i nterest i n  the hot trop i cs , are the t i c k  a nd the tse- tse 

fly which have made l i vestock production unec onomical or impossible 

i n  some areas in Africa. Finelle(1974) has  for example, est i mated 

that  a bou t 7 mi l l i on squa re k i lometers o f  ( the 15 mi ll i on km2) 

l a nd sui tab l e  for g razi ng in Afri ca  ,i s not util i sed because 

of tse- tse f l y i n festa t i o n. Finelle (1974) observes that 
deforestra tion to c ontro l tse -tse f l i es alone, costs Nigeria about 
$4 , 200 per km2 per year . The f l i es are c a rrier agents for 

trypanosomes re s pon s i b l e  for ' Nagana' i n  the  tro p i cal Africa. 

2 

T i cks ar-e, l i ke tse-tse f l ies, respo nsi b l e for grea t l osses o f  ani mal 

p ro duc t s  i n  the t ro pics . They contr i bute to unthrif t i ness a n d  

a naemia by exsangu i nat i on of an i ma l s . They ca use dama ge t o  the 

h i des, but most i mporta nt of a l l , they h a r bou r and t ransmi t 

d i sea s e  agents  responsible fo r bov i ne a n a p l asmo s i s ,  babes i oses , 

the i l a r i oses  and  hea rt wate r . The se d i sea ses  a re wi del y sprea d 

i n  the hot trop i c s  ( see Bram , 1975). Spr i nge l l (1974) suggest s  

tha t t i c k  d i sea ses  cause  a l os s  of U . S. $8.50 per  bea st  a nnua l l y  

i n  the Austra l i an economy .  In the U .S . A. ,  l os s e s  amount i ng  to $98 
woul d  be achi eved for every $1.00 l es s  s pent  on t i c k  control .(Bram 

and  Gray , 1979). 



The above effects associated with feed production and parasite 

population, suggest that the effects of hot ambient temperatures 

on the productivity of animals, are not simply of a direct 

cause and effect relationship. Hence improvement of animal 

productivity in the tropics Deeesconsideration of the effects of 

hot ambient temperatures on the nutrition as well as the health 

of the animals. 

1.1.2 Improvement of Productivity of Animals in Hot Envi ro nm en ts. 

Research workers have tried in different ways to improve the product­

iv-ity of animals in the hot conditions. The techniques adopted ha ve 

been 
( 1) to modify the thermal environment of the animal 

(2) improve the quality of feed 

(3) to improv e productivity through cross-breeding 

Reduction of heat load on animals in the tropics may be 
achieved by modification of the microenvironment, so that the 

effective ambient temperature is lowered. Pr ov i s i on of shades, 

use of water sprinklers, or wallows have been tried to reduce 
heat loads on animals, and hence improve production ( Bond and 

Laster, 1975). Clipping of coats of animals has also been 

tried (Turner, 19�2), however its practical value has not been 

rated. Provision of an adequate supply of water is an important 

aspect of livestock production in the hot climates. The success 

of the above techniques depends upon the financial costs, and 

are unlikely to be adopted in the tropics.Most farmers cannot 

afford to provide sufficiently clean drinking water to their 

animals. 

To improve the quality of available feed, improvement of pastures 

may be necessary. Brumby,(1974) and Thomas (1973) have discussed 

measures of improvement of tropical pastures. It seems likely 
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that the  u s e  of  p rote i n  conce ntra tes to i mprove  the  N content 
o f  daily rati ons  may be nece s s a ry under these trop i c a l  conditions. 

The s e  w i l l not on l y i mp rove the d i ge s t i b i l i ty of fee ds  ea ten b u t  

may als o  all ev i a te t h e  effects a s s oc i a te d  with heat i nc reme n t s  

of the d i ets . T h e  f i nanc i a l  tos t s  of  concentrate feed i ng may 

4 

retard  the adopt i on of th i s  tec h n i qu e  i n  the mo st  developing countries. 

The t h i rd  a l terna t i ve to i mp rove produc t i v i ty of  a n i ma l s  i n  hot  

environments is by  c ro s s breed i ng. These results are likely 

to be adopted in the  trop i c s, s i n ce they i nvolve pe rmanent cha n ge s  

i n  the geneti ca l c on stitu t i on of  the a n i mal . Cro s s breed i n g in 

the  trop i cs has ha d the obj ect i ve of c omb i ni ng the qua l i t i e s of  

hea t to l era nce o f  Bos  indicus a nd the h i g h e r  product i ve poten t i a l  

of�_�a u ru_�· I n  t s e - tse  and t i ck a rea s ,  bree di ng and se l ection 
for tolerance to trypanosomes (Munay ��- a l , 1979)and also to 
t i ck bo rne diseases (Hayman, 1974) have been tried. Succes .;--

ful p rogrammes , have be en reported in Kenya, and also in 

Australia. 

Although success has been re ported , very few papers have attempted 
to desc r i be the physiolog1cal bases of hea t tolerance or the 

d i sea s e  tolerance of the tropical a n i ma l s .  Controversies have 

been  noted where c ompa r i s o n s  we re made  be twe en per forma n ce of  the 

two breeds of catt l e  (Turner, 1975). 

1.1. 3 Obj e c t i ves:  

The  objec tives of the pre sent exper imenta l s tudy were the refo re:-
a. to review the l i tera ture and  d i scuss  some phys i o l og i ca l  

fa ctors  that may contri bute to the heat  to l erance o f  the Bos 

i rldi cu s  a n i ma l s.  

An  e xper i ment  wa s carr i e d  o ut to  compa re some characteri s t i c s  

s uc h  a s  swea ti n g  ra te, coat  we i ght , a n d  re spi ra tory re sponses  

of Bos  taurus and  Bo s i nd i c u s  x Bos  taurus cros s bred he i fe rs 

exposed to hot e n v i ronment . 



b .  to study t he effe c ts of hot amb i en t  t emperatures on 

i nta ke of dry ma tter by c a t t l e of the two breeds . 

The  responses i n  l i vewe i ght ga i n  a nd wa ter i n take we re a l so  

stud i ed .  

c. To study the e ffects of  feed i n g  co ncentrates i nstead  of  hay 

to a n i ma l s  e xposed to hot e n v i ronme n ts . The p u rpose here 

was to compare responses to heat stress by a n i mals fed hay 
or  concentra te rati ons . 
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1 . 2 DRY MATTER INTAKE '-------

1. 2.1 Effects of hot conditions on intake of Dry matter . 

1. 2.1 1. Introduction 

The effects of exposure to temperature above and below the 

comfort zone for animals have been d i scu s sed  i n  many review 

papers (Balch, 1 976 ;  Baile and Forbes,1974; Thompson, 1 9 7 3; 

Bianca, 1965). The mos t common and direct effect reported is the 

increase in the intake of food by animals i n  cold conditions 

and conversely, a decrease in the intake of food by animals in 

hot environments. 

'Hot' and 'cold' are, however, relative terms with reference to 

the zone of thermal comfort for an individual. Consequently 

differences within and between classes, breerls �nd even specie s 

of an i ma l s are likely to be encountered. Some differences between 

animals in dry matter intake wi l l  be associated with feed 

ch aracteristics; w h il e some will depend upon the physiology and 

s tate of production of the animal. 

The following review discusses some of these fac to rs in relation 

wi th ex pos ures of animals to hot condi t i on s . 

1.2.1. 2 .  Experi me nta l  ev i dence wi th Cattl e . 

Stud i es  w i th cows (MacDona l d  a nd Bel l ,  1958), heifers (Colditz 

Kellaway, 1972; Ke l l away and Co l d i tz ,  1975) a nd with steers 

( Ki ng, 1978) ha ve demons tra ted that  feed  i ntake decreases wi th 

i ncrea ses  i n  the amb i ent  tempera t ure . 

Ragsda l e  e t  a l  . ,(1948) stu d i ed the i nf l uence of  i ncrea se s i n  

amb i ent  tempera ture from 4oc to 4QDC on feed i ntake  by l ac tat i n g  

cows a n d  he i fers . They observed that the a n i mals exh i b i ted some 

depre ss i on i n  appe t i te at 240C a nd a marked decl i ne at 3ooc .  

Al though  s ome breed d i fferences  were noted , all an imals v i rtua l ly 
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s topped  eat i n g  a t  40°C .  Johnson et a l  . , ( 1 967 ) a l so  reported 

s i mi l ar re s u l ts.  

Table 1 . 2 . 1  s umma r i z e s  some data reported i n  e xperi men t s  i n  

wh i c h feed i ntake  by a n i ma l s .e xposed to d i fferent tempe ra ture 

co n d i tions were comp a red  

TABLE 1 . 2.1: Dry ma tter i n ta ke  by c a t t l e u nder hot cond i t i on s . 

7 

Author C l a s s  o f  An i ma l  
, ____ __;__ Temperatures DMI* Temperature s DMI* 

Joh n s o n  � t  a ]_ . , 1967 Hol s te i n cows -
l a cta t i n g  

1 5oc 21 . 4  2 9 . ooc 15.6 

John son e t  a l . ,  1 9 6 3  Ho l s te i n  c ows ----
l a c tati n g  

Ragsda l e  et  a l  . ,1 948 Ho l s te i n  c ows ­
l a ctat i ng 

Ragsdale .§.!_�. , 1948 Hol s tei n cows -
l a cta t i ng  

Ke l l  away and  
Co l ditz 

Ki ng 

1 9 7 5  Ho l s te i n h e i fers 

1 9 7 8  Frie s i a n  steers 

Rag s da l e  �� a L . , 1948 Je rsey cows ­
l acta t i ng 

Rag s d a  l e  et__cD_., 1948 Jersey cm,ls -
la c ta t i ng 

Ke l l  awa y and 
Co l d i tz 

Ki n g  

B ra hman X 
1 9 75 Fr i es i an  he i fers 

1978 Bra hma n X 
Fri e s i a n  s teers  

9 . 3  32 . 00C 

14.0 3 7 . o0c 

1 50C 13 . 0  40.00C 

2 0°C 8.6 38 . oo c 

16 . 9°C 3 . 9 34 . 50C 

1 5°C 9 . 0  3 7 . 0°C 

15°C 9 . 0  40.o0c 

8.1 38 . o0 c 

1 6 . 9°C 

1.  2 .  1 3 .  Exper i me n ta l  e vidence wi th P i gs - Other Spec i e s 

The effects  of ambi e n t  temperature on dry ma tter i ntake  by p i g s  have  

been we l l demons tra ted in  re ports by Hei tma n and  Hug hes , ( 1949); 

Fu l l e r ,  ( 1 96 5) and  recent l y  by C l ose  and  Mount , ( 1 978); C l o se , 

( 1978 ) a nd C l ose e t  a l . ,  ( 1 9 78). 

Hei tman and  Hughe s , (1949 )  observed that  feed  consumpt i on by 

6 . 3  

0 . 5  

1 .  0 

3 . 5 

2 . 6 

1 . 0  

2.0 

6 . 0  

4 . 1  

pi g s  dec re a sed as  the  a i r  tempera ture wa s i nc reased  from 4oc to 38°C .  



The decrea se was more ra p i d (per un i t  of ° C i nc rea s e )  at h i g h er 

temperatu res tha n  at  l ower temperatures . C l o se  a nd Mount , 1 978 , 

reported tha t  i nta ke  of  feed by p i g s  dec rea s es w i th inc rease s  

of  temperature from 1 6 7 . 5g of food DM/ k g 0.75p er day a t  1 0°C ,  

to on l y  103.9g of DM/ k g0 . 7 5per day at 30°C .  Cl o s e  ( 1 978) ,  

l ater demonstrated a s i gn i fitant qua drati c rel a ti o n  between 

ma i ntenance  energy requi reme nts a nd ambi ent temperatu re . T h i s 

s uggested tha t dry ma tter i nta ke a nd ma i nten a n c e  e nergy req u i remen ts 

by p i g s  dec rea sed w i t h  i nc rea s es i n  the ambi ent temperatu re .  

1 . 2 . 1. 4. Experi menta l  ev i dence with Rats 

Hami l to n  (1963) u s ed ma l e  Spra g u e-Dawl ey rats  to s tu dy the 
rel a ti o ns h i p  be tween food  i nta ke , body temperatu re and ambient 
temperature . Food i nta ke decrea s ed a s  the ambient temperature 

wa s increased from JOC to 35°C .  The dec rease i n  fcod intake per 

u n i t increase in the  amb i e n t  temperature was greatest a t  temper ­

ature above 32°C; (see Fig . l . l ) , and a t  35°C food intake was 
al mo s t  reduced to zero . 

30-

7 23 29 32 35 
Ambi ent  tempe rature ( DC )  

F i gure 1 . 1 :  Food i nta ke  a s  a funct i on of  e n v i ronmenta l  tempera ture 
( Hami l to n  1 96 3 ) 

'· 
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1 .  2 . 1  5 .  Di scu s s i on of  Effects  

Mos t of  t h e  l i te ra ture ava i l a b l e ( s ee rev i ew by  B a i l e  a n d  For b e s ,  

1974 ) tend to s ugge s t  that  e l e v at i on i n  the ambi e n t  tempera ture 

i nf l uences  the i n take  of fe�d thro ug h  sys tems wh i c h  re g u l ate  

energy b a l a nce i n  t he a n i ma l . 

When  e n e rgy i s  i nge sted  a s  food , a t  l ea s t  part  of i t  wi l l  be 

converted i n to heat  as  a re s u l t of  the i neffi cie n c y of t h e  

n1e tabo l i c  p roc e s s e s - vJh ·i c h occ u r  when food i s  d i g e s te d , or  

when the  a b s o r b e d  metabo l  i te s  a re t :onverted i n to o ther  

b i oc hemi c a l  compounds  e s sen t i a l  for  the  we l l - be i ng  or  g rowt h  o f  

the a n i  ma i . 

I n  co l d c o n d i t i o n s  a n i ma l s a re for c e d  to i n c re a s e the  r a t e  o f  

h e a t  p r o d uc t i o n  b y  s h i v e r i n g  o r  b y  non - s h i v e r i ng t heme - ge ne s i s  

( Ho l me s , 1 97 9 ) . I n  hot  cond i t i o n s , howe ve r ,  a n i rnn l s llla y f i nd 

i t  diff ic u l t to d i ss i p a te all the heat  p rod u c e d  i n  the body . 

Thu s a ny a dd i t i o n a l i n p u t  of e nerg y t h ro u g h  d i e t a ry c o n s ump t i o n  

wou l d fu r t h e r  i nc re a s e  the h e a t  l oa d  o n  t h e  a n i ma l . I n  l�e s pon s e , 

t h e r e fo r e , the an i ma l s decrease  the i r  i n t a k e  o f  feed when e xpo s ed 
to stre s s fu l  hot  cond i t i o ns . 

I n  pro l onged  expo s u re s , howeve r , a n i ma l s may deve l op some a b i l i ty 

to pre s e rve homeothermy a nd i nc re a s e  the i r fee d  i ntake . E a r l y  

work re ported by J o h n s o n  e t  a l . ,  ( 1 967 ) , c l ear l y  demo n s tra tes  

th i s  e ffect on dry Ho l s te i n s  exposed  to  29oc t empera ture condi t i o n s . 

Feed i n ta ke by the s e  a n i ma l s dec l i ned  ma rked l y  ( See Ta b l e 1 . 2 . 2 ) 
after e x po s u re to 2 90C .  The l ea s t  va l ue of  i n ta ke wa s reached  

duri ng  the  second  wee k of expo s u re . There was a g ra d u a l  i ncre a s e  

i n  i ntake  the reafter ,  a n d  a ma x i mum stab l e va l ue of  i n take  wa s 

a tta i ne d  dur i ng  the  fourth  and  f i fth  wee k of e xpos u re . The l atter  

va l ue o f  i n ta ke wa s h owever s ti l l  l ower than  e xpec ted a t  18DC . 



TABLE 1 . 2 . 2  Average d i f ference from expected va l ue s of  i ntake  
a t  1soc for 10  l ac ta ti ng  a nd 2 dry cows d u ri ng  heat  
exposure . ( Johnson  e t  a l . ,  1 967 ) 

-----------

Wee k s  

1 

2 

3 

4 

6 

7 

8 

9 

Feed i nta ke Kg /day fo r 

Lac ta t i ng 

-·5 . 4  

-4 . 9  

- 3 . 1  

- 2 . 3  

-0 . 8  

- 1 . 4  

- 2 . 5  

- 2 . 1  

- 2 . 4  

Dry 

- 2 . 0  

-4 . 6  

- 2.8 

- 1 . 3 

- 1 . 0  
- 1 . 4  

- 0 . 4  

-0 . 2  

-0 . 5  

The results of these exper i me n ts , a nd of those re porte d  by 

Ham i l to n , ( 1 963 ) on ra ts , s ug ge s t  that  a per i od o f  a t  l ea s t 

4 1veek s  may be req u ired to es tab l i s h  the dry ma tter  i n t a ke  

o f  an  a n i ma l  unde r heat  s tres s .  

The i n f l u e nc e  of h o t  day tempe rature s  on  the i n t a ke o f  d ry 

ma tter by a g ra z i ng a n i ma l , may no t be e a s i l y recogn i s ed over 

a per iod o f  t i me . Cowan  ( 1 97 5 )  demo n s tra ted  tha t on  hot  days , 
g ra z i ng  c a tt l e ate l e s s  d ry ma tter than  they d i d on co l d days .  

E hren r i ech  a nd �J ug stad , ( 1 966 ) a l so showed a s i m i l a r  effect wi th 

c a tt l e gra z i ng trop i c a l pa s tu res . Mugerwa e��· , ( 1 9 7 3 ) , s uggest  

that  the  effects of hot  day temperature s  on i nta ke  of  d ry matter 

a nd produ c t i on by the a n i ma l s  a re not ofte n dete c ta b l e beca use  

t hey compen s a te for  the  reduced day gra z i ng by i ncreased  graz i n g 

a t  n i g h t . I f  a n i ma l s were not a l l owed to graze a t  n i g h t , the  

effects of  hot  day tempe rature s  cou l d  be  severe . 
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1 . 2 . 2. O ther  factors wh i c h  may i nfl uence the re sponse  i n  

i nt a ke of food by a n i ma l s e xpo sed to hot  c o nd i t i o n s . 

1 . 2 . 2 .  1. An i ma l Factors . 

1 . 2 . 2 .  1 . 1 .  B reed : 

D i fferences  be tween  breeds  i n  dry ma tter i nta ke a t  h i g h  ambi ent  

tempe ra tures have  be en reported i n  ear ly  wo rk by  Ra g sda l e et a l . ,  

( 1 950 , 1 95 1 ) a nd re cen t l y by Ke l l away and Col d i tz ,  ( 1 97 5 ) .  
The l a tter  a u thors  repor ted  that  feed i n take by F r i e s i a n s  and  
Brahman X Fr i es i a n he i fers  were s i m i l a r  a t  20° C , w i th s u cces s i ve 

i ncre a s e s  i n  t empe ra ture ( Ta b l e  1 . 2 . 3 . ) the fee d i nt a ke a n d  

l i vewe i g h t  ga i n  o f  F r i e s i a n s were s i g n i f i ca n t l y  re du ced . The 

depre s s i on i n  i n ta k e  a s s o c i a ted w i th t he i nc re a s e  i n  amb i e n t  

tempera ture  from 2 0° C to 38°C wa s muc h g rea ter for t h e  Fr i e s i a n 

t h a n  for the  Brahma n , c ro s s  Fr i e s i a n he i fe r s  wh i c h were u sed  

i n  th i s  e x pe r i men t . 

T.l\BLE  1 . 2 . 3  Re sponses  of F r i e s i a n  a nd Bra hma n X Fr i e s i a n  he i fe rs 
to hea t  ( Ke l l away and  Col d i tz ,  1 97 5 ) 

---- -----

Genotype  Fri e s i a n Bra hman X Fr i e s i a n  
Tempe r a t u re z ooc 300( 380 (  zooc 300 C  38� 

Feed i ntake kg/  100 Kg BWT 2 . 9 2 . 4 1 . 9 2 . 7  2 . 6 2 . 2  

L i vewt . g a i n /day ( g )  1 1 80 7 30 280 1 1 90 900 820 

Wa ter i ntake  ml / Kg BWT 86 244 252 68 1 3 8  1 74  

Recta l  tempera ture ( OC )  38 . 6  39 . 8  40 . 3  38' . 4 38 . 9  39 . 3  

Ki n g  ( 1 978 ) wo rk i ng wi th Fri e s i a n  a nd Brahman X Fr i e s i a n  s teers 

a l so  observed s i gn i f i c ant  reduc t i on i n  dry ma tter i nta ke from 

4 . 28 kg/day per a n i ma l  a t  16 . 90C to 3 . 00kg/day per a n i ma l  at  

34 . 50C . Co n trary to work reported by Ke l l away and  Col d i tz 

( 1 975 ) , the i nteract i on  e ffects  of  tempera ture X Breed on  

i n ta ke i n  Ki n g 1 s  exper i ment d i d  not  reach  s i gn i f i cant  l evel s ;  

a l though  the re su l ts d i d s ugge s t . h i gher  i n ta kes o f  dry matte r  

by Bra hma n X Fri es i an than  by t h e  Fri es i an steers a t  34 . 50C .  
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Ki n g  d i d n o t  ex p l a i n  th i s  d i s c repancy . I t  may , howe ve r , be 

s ug g e s te d  from Sa uwa ' s  wo rk ( Sa uwa , 1 9 78 ) t h a t  the  F r i e s i a n s  

a c c ommo d a te d  a comp a ra t i ve l y  h i g h d ry ma t t e r  i n ta ke a t  t he 

e xpe n se o f  t he i r b o dy he a t  l oa d . They e x h i b i te d  h i g he r  

r e c t a l tempera t u r e s  i n  t h e  h o t  room t h a n  d i d t h e  c ro s s b re d  s te e r s . 

The i n tera c t i on of t h e  e ffe c t �  o f  breed a nd a i r tempe r a t u re on 
rec ta l t empe r a t u re were i n  t h i s  c a s e  r e p o r t e d  t o  be s i g n i f i c a n t . 

( p < 0 .  05 ) 

T h e r e  i s  a l so a be l i e f t h a t  B o s  i n d i c u s  c a t t l e h a v e  a more e f f i c i e n t  

d i g e s t i ve sy s tem t h a n  B o s  ta u r u s  a n i ma l s .  Th i s  stems f rom the 

o b s e rva t- i o n re p o r t e d  by Howe s et  a 1 . ,  ( 1 96 3 ) , tha t o n  1 ow p ro t e i n  

d i e t s  B r a hma n d i g e s te d  more p r o te i n  a n d c o n s umed more d ry ma tte r 

t h a n  He reford s .  

Rec e n t  s tud i e s , ( Ve rc o e , 1 96 7 ; C o l d i t z  a nd Ke l l away , 1 9 7 2 ) h a v e  

recorded no d i f fe r e n c e s  i n  t h e  d i ge s t i v e  e ff i c i e nc i e s o f  the se  

a n i ma l s .  I n  fa c t ,  a fte r a dj u s t i n g  f o r  t h e  d i ffe re n c e s  i n  i n ta k e , 

Ke l l a way and C o l d i t z  ( 1 9 7 5 ) o bserved that  t h e  OM d i g e s t i b i l i ty 

wa s s i mi l a r for  a l l b reed s a t  d i ffe re n t  tempe r a t u re s .  C o n s e q u e n t l y  

d i ffe r e n c e s  be twe e n  bre e d s  i n  d ry ma t t e r  i n ta k e  a t  h i g h  amb i e n t  

tempe ra t u re c a n no t b e  e xp l a i ne d  by the  d i f f e re n c e s  n o t e d  i n  d ry 

ma t t e r  d i g e s t i b i l i ty .  

O ' Ke l l y  ( 1 9 7 3 ) ,  re p o rted a n  e x p e r i me n t  i n  w h i c h  c a t t l e o f  d i f fe re n t  

bree d s  s howed n o  d i ffe renc e  i n  DM I when t he i r re c ta l  tempe r a t u re 

h a d  b e e n  i n c re a s e d  by t he s ame amo u n t . Howe ve r , i n  o r d e r  to 

get i nc re a s e s , fo r e xamp l e ,  of  1 . 30( i n  re c ta l tempe r a t u r e , i t  

wa s neces sary to ra i s e the amb i ent tempera ture from 2 1 o c to 3 3° C 
for Fri e s i ans , a nd  from 2 1oc to 380C for B . i nd i (U S  counte rpa rts  

Th i s s ugge s t s  tha t i t  i s  the heat  l oa d  i n  t he body that  l i mi ts 
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further con sump t i o n  o f  dry ma tter by an i ma l s e xposed t o  hot  cond i t i on s . 

The d i fferences  betwee n breed s i n  dry ma tter  i ntake  wh i ch occ u r  i n  

res ponse  to expo s u res  to hot cond i t i on s  may pro ba b l y  be due  to 

the geneti c d i fferences  i n  mec han i sms  fo r heat d i s s i pa ti on . These  

d i fferences a re d i s c u s sed  i n  1 . 5 . 2 .  



1 . 2 . 2 .  1 . 2  Age and Wei gh t  of  An i ma l s :  

Vo l untary i n t a ke of feed d ry ma tter  i s  known to i nc rea se  a s  the  

a n i ma l  g rows and ga i n s we i g ht . Thi s concept stems from the 

fac t  tha t g rowth i s  a s soc i ated  wi th i nc rea s e s  i n  body s i z e ,  a nd 

hence i nc t·e a s e s  i n  the me ta bo l i c  requ i rements . McDona l d  e t  a l . ,  

( 1 966 ) have s u ggested that  ene rgy requ i red for ma i n ten ance , fo r 

exampl e ,  i nc reases  l i nea r l y  wi th  i nc re a s e s  i n  l i vewe i g h t0 . 7 3 . 

To re l a te energy i ntake to bodywe i ght  at  d i ffe re n t ra t e s  of we i g h t  

g a i n ,  t hey deve l oped a general  equa t i o n  that  

I =  aw0 . 7 3 +bG 

where i s  ene rgy i nt a ke 

w i s  1 i vewei g h t  

G i s  l i vewe i g ht g a i n  

a & b a re coeff i c i e n ts for  e s t i ma t i n g the  q u a n t i t i e s o f  food 

e nergy u sed  for  ma i n tena nce  ( a ) a nd fo r ga i n  ( b ) 

For  a g i v en d i e t ,  I i nc re a ses  w i t h  amo u n t  of  feed e a t e n . The 

a bove equa t i on s u g ge s ts therefore , tha t ,  a l though  the  amo u n t  of 

d ry ma tter consumed i nc re a ses  as  the  a n i ma l  g rows , i t  doe s not do 

so i n  a d i rec t  pro port i o n  to bodywe i g ht or age . The a bove 
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e xponent i a l  re l a t i o n  i s  o ften met i n  l i terature ; ( P i cka rd �· , 1 969 ) 

Bi  nes et a l . , 1 969 ) .  Norma l l y  the e xponent i s  wri tten a s  LWO · 7 5 

for  mathema t i ca l  s i mp l i c i ty ( McOona l d  et a l . ,  1 966 ) . 

There has been a co ns i de ra b l e d i s cu s s i on a bout  the actua l  v a l ue  

o f  the exponent to  be u sed  under d i ffe rent cond i t i on s  of  feed i ng ,  

o r  for di fferent c l a s se s  of  l i vestoc k . Ho l me s  et  a l  . , ( 1 96 1 ) , for 

e xamp l e ,  observed that the dry ma tter i ntake by g rowi ng  a n i ma l s  

wa s l i nea rl y rel a ted to BW0 . 62 , rather than BW0 . 7 3 . Hodg son a nd 

W i l k i nson  ( 1 967 )  reported a va l ue o f  0 . 6 1  for g ra z i ng  he i fers . 

Rogerson et a l . , ( 1 968 ) reported tha t a va l ue o f  0 . 5 0 for the 

exponent cou l d be u sed fo r Here ford catt l e ;  b ut  fa i l ed to s how a ny 

l i near  re l a t i ons h i p between l i vewe i ght0 . 5 0  a nd dry matter i ntake 

by zebu catt l e .  Both B l axter  ( 1960 ) and Bri e rem ( 1 960 ) have 



exp re s se d the i r v i ew t h a t for g rowi ng r um i na nts , vo l u n t a ry i nt a k e  

of dry ma tter i n crea se s wi th  l i vewe i g ht 0 . 60 ra ther  than  

l i vewe i g h t0 . 7 3 . 

Recen t  work  a p pea rs to s ug ge s t  g rea te r  va l ue s  fo r t he exponen t .  

Gra ham ( 1 97 2 )  su gges ted tha t Bw0 . 90 wa s a mo re s ui ta b l e  

un i t  o f  me tabo l i c body s i ze t ha n  e i ther 0 . 7 3 o r  0 . 75 .  Expe r i ment s  

re ported by  P l ayne ( 1 978 ) have  a l s o i nd i c a te d  that  i n take  of  hay 

by bot h  c a tt l e a nd s heep wa s more c l o s e l y  re l a ted to  Bw0 . 9 than  w i th 

sw0 . 7 5 . Thu s  u s i ng  the exponent  0 . 90 for l i vewe i gh t ,  reduced 

s pec i e s  d i fferences  i n  d ry ma tte r i ntake  than d i d  the  exponent  

0 . 7 5 .  

I t  i s  s u g ge s ted  t h a t t h e  use of 0 . 7 3 exponent  for we i g h t  s ho u l d  
not  be  a dogma for 

c l a s s e s  or s pec i e s  

i n t a k e b y  a n ·i m a l s . 
tested  for l a c k  of  

compa ri s on o f  i ntake  be tween a n i ma l s  of  d i fferent  

- u n l e s s  i t  b r i n g s  the l ea s t  error  i n  e s t i ma t i n g 

The best  re l a t i o n s h i p  s hou l d be der i ve d a n d  

b i a s  for e a c h  c l a s s  o f  c a t t l e u n d e r s t u dy . 
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The e ffe c ts of a g e  o n  d ry ma tter  i n take b y  a n i ma l s h a ve been d i s c u s s e d  

i n  t h e  work r e p o r t e d  by Lan g l a n d s , ( 1 968 ) ; La ng l a n d s  a n d  Hami l ton  

( 1 969 ) and  by Sa u b i det a nd Verde  ( 1 976 ) . 

Lang l a n d s  ( 1 968 ) e s t i ma ted t h e  vo l unta ry i n take o f  pa s ture dry 

ma tter by ewe s ra ng i ng i n  age  f rom 1 1  to 7 1  month s . He obse rved 

a s i gn i f i ca n t  a l l ome tri c re l a ti onsh i p be tween  i n ta ke  a n d  age  of  

s heep . 

i . e .  DOMI Kg LW = 0 . 246X + 0 . 0 0 1 6 1 X2 

whe re X i s  the age  i n  mont hs . 

Al tho u g h  the above work demo n s t rated breed d i fference s , the i nfl uence 

of we i gh t  wa s not exc l uded from the equa t i on . Subsequent  work  wi th  

cattl e ( Sau b i det and Verde , 1976) i nd i c a ted tha t DMI wa s more 

re l i a b l y e s t i mated from age tha n l i vewe i g ht of a n a n i ma l . At the 

same age , l i vewe i ght  d i ffe re nces , i n  thi s e xperi men t ,  accounted 

for 43% of the vari a t i on i n  DM I . On the other h a nd ; a g e  d i ffe rences  



a c counted fo r 6 5% of va r i a t i o n  i n  DM I by a n i ma l s of  the  s a me 

wei g h t . The e q ua t i on s  were : 

YW = - 7 . 6 09 5  + 0 . 1095W - 0 . 000 1 6 1 W2 for wei g h t  

a n d  

Y A  = 1 9 . 82 7 1 + 0 . 0990A - 0 . 00677A2 for age 

Where 

YW = DM I k g / day corre c ted for L i vewe i g h t  

Y A  - DMI kg/ day co rre c ted  for Age i n  wee ks . 

I t  i s  i n tere s t i ng to note t h a t  a t  a cons tant  age , an i ma l s o f  t he 

s ame b reed a n d  s e x , b u t  d i fferi ng  i n  l i vewe i ghts  con s ume d the  

s ame amo u n t  o f  feed pe r u n i t me tabo l i c  bodywe i g h t . T he l i g h ter  

an i ma l s  were  s ugge s ted  to  have  a more fa vourab l e energy  ba l a nce 

than the hea v i er o ne s , owi n g  to the i r l ower ma i n tena nce req u i re ­

ments . 

Leve l s o f  produ c t i on  a n d  env i rmme�a l dema nd for ene rgy p l ay a n  

i mportant ro l e  i n  de term i n i ng i n ta ke o f  d ry matter  by ma t u re 

an i ma l s .  T he i n fl uence  of  age  on  DM I by ma t u re ca t t l e  i s  a l mo s t  

neg l i g i b l e  ( Jo urnett  a nd Remand , 1 97 6 ) . 

1 . 2 . 2  1 . 3 Effec ts  of  Body Cond i t i on :  

I ntake  of dry ma tter i s  re l ated  to b ody s i ze a s  we l l a s  to b ody 

cond i t i o n . The  effec ts  o f  body c o n d i t i on on  i ntake  of d ry ma tter  

are  probab l y  we l l demo n s trated under graz i ng cond i t i o n s  where 

dramat i c cha nges  i n  t he body cond i t i on of  ca ttl e are  l i ke l y  to 

occ ur . 

��ork i n  l a bo ra tory cond i t i on s  ( B i ne s  e t  a l . ,  1 9 70 ) h a s  demo n s trated  

that  t h i n cows of l ow body cond i t i o n  score s  cons ume more d ry 

matter pe r un i t o f  t he body wei g h t  t ha n  do fat cows wi th  h i g h  

condi t i o n  s c ores . B i n e s  e t  a l  . , ( 1 970 ) noted i n  a n  exper i me n t  
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tha t th i n cows c o n s umed 7 6 %  more hay a n d  52% more concen trate s 

g i ven  per u n i t o f  metabo l i c  body we i g h t , t han d i d  fa t cows 

c on s umi ng  s i m i l a r d i e t s . T he o b serva t i o n s  re ported a re s umma r i s e d  

i n  Ta b l e 1 . 2 . 4 .  

I n  a prev i o u s wo rk , B i ne s  e t  a l  ( 1 969 ) ,  h ad  s ug g e s ted  tha t the  

th i n  cows m i g h t  h a ve had  h i gher  ra tes  o f  DMI , bec a u s e  of  the 

g reater  ra te o f  u t i l i sa t i on of the d i ge s t i on prod uct s ,  part i c u l a r l y  

the  l i pogen i c  s ub s trates , to rep l en i s h  body fa t i n  the  th i n  

c ows . B i nes  ( 1 9 70 ) , l a te r  s ugge s ted t h a t  extens i ve fa t depo s i t i on 

wi th i n the a bdom i n a l  ca v i ty ( e g . mesenter i c and omenta l fa t )  

red uced t he e ffe c t i ve c a pa c i ty of the ca v i ty , a nd th u s  m i g h t  h a v e  

re duced  ro u g hage  i n take by t h e  an i ma l s .  

TAB L E  1 . 2 . 4 :  Mean d a i l y  i n take  of Straw , h ay and hay a n d  concentra tes 
by s i x C O\"' S when fa t a nd wh en  th i n ( B i nes �.!-� 1 96 9 ) 

--�----

D i e t  Tot a l  d a i l y  i n take  of 
d ry ma tte r ( k g )  

Fa t Th i n  D i ffere nce 

Strav1 3 . 6 3 . 4  - O . L  

Hay 6 . 3  8 . 2  1 . 9** 

Hay + Cone 9 . 5  1 1 . 7  2 . 2**  

** The d i ffe re nce  i s  s i gn i fi cant  P<  0 . 0 1 

Tota l da i l y i n take o f  
d ry ma tte r ( g / k g sw0 . 7 5 )  

Fa t Th i n  D i fference  
-----·--�-- - --··------

30 . 8 38 . 1 7 . 3 

50 . 9  89 . 7  38 . 8** 

74 . 1  1 1 2 . 6  38 . 5** 

The di ffere nce i n  i n take of dry ma t te r  by a n i ma l s d i f fe r i ng  i n  body 

cond i t i ons  are l i ke l y  to i ncre a se on expos u re of the a n i ma l s to 

hot  condi t i ons . T h i s i s  due to the fa c t  that  both l i postat i c and  

t hermos tati c mec ha n i sms of contro l  of i ntake  wi l l  be  operat i ve  i n  

the fat an i ma l s .  H av i ng h i gher  l evel s o f  body fa t a s  we l l  a s  

ene rgy ba l an ce , t h e  a n i ma l s i n  the fa t cond i ti on wi l l  s u ffer the 

e ffects  o f  hea t s t re s s  more t ha n  wi l l  those i n  l ow body cond i t i o n s . 

Body fa t ,  parti c u l a r l y  a t  s ubcu taneo us  l ev e l , act s  a s  a n  i n s u l a to r  

a ga i n s t  heat exchange s ; ( 1 . 5 . 6 . 1 )  a nd  hence  becomes a burden i n  

hot env i ronme n ts . 
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1 .  2 .  2 .  1 . 4 Sta te o f  Produc t i o n : 

a .  Pre gna ncy : 

Pregnancy i nfl uence s i n take  o f  d ry matte r by a n i ma l s p robab l y 

thro u g h  i t s effe c t s  o n  t he hormo n a l  sys tem and by reduc t i o n  o f  

t h e  e ffec t i ve vo l ume of t h e  g u t . 

Penzhorn  a n d Me i n tj e s  ( 1 9 72 ) ,  fo r i n s tance , s t u d i ed t he d ry 

ma tter i nt a ke of Afr i cander  h e i fer s  and  cows a nd noted  t h a t  feed 

i n ta k e i nc re a s e d  from a bout the 32nd  wee k preca l v i n g to the 8th  

wee k  before c a l v i ng .  The  DM I fe l l  from then  on . The  l owes t  

va l ue for i ntake  wa s recorded d u ri ng  the two wee k  pe r i od befo re 

ca l v i n g . Afte r c a l v i n g i n t a k e  i nc reased . 
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The i ncrea s e s  i n  d ry matte r  i n t a k e  dur i ng th e oe r i od betwee n  the 32nd  & 

8 t h  wee k p re c a l v i ng ,  c ou l d  be e x p l a i n e d  by t h e  i n c re a se d  d ema nd o f  

n u tr i e n t s  fo r ma i n te n � n ce a n d  growth o f  t h e  foe tu s . 

The d e c l i ne i n  i n t a k e  i n  t h e  l a te oreqnancy h a s  a l s o  b e e n  r e p o r te d  

i n  s he e p  ( Fo r bes , 1 96 8 ;  F o r be s , l 'J 6 9 ) . I t  s e e m s  l og i ca l  to 

s u g ge s t  that t h e  e ffe ct i ve g u t v o l ume may be re d u ce d  by the i nc re a s ed 

bu l k of a bd om i n a l  fat  a n d  u te r i ne v o l ume . No q u a n t i t a t i ve e v i d e n c e  

h a s  b e e n  pro v i de d  fo r catt l e to  s u p port  th i s  cl a ·i m .  

Mo reove r ,  H u nter  e t_�-· , ( 1 970 )  have  reported ten fo l d  i n cre a s e s  i n  

u r i n a ry e xc re ti on  of  oe s tro g e n s  a s  p regnancy prog re s s e s  i n  

a n i ma l s .  

E ar ly  work by Tarttel i n  ( 1 968 ) a n d  by Forbe s and Rook  ( 1 9 7 0 ) 

demo n s trate d  i n  goa ts that  h i g h  l ev e l s of  oe s trogen  �onte n t  i n  

b l ood depre s s e d  d ry ma tter i ntake . O ' Bri e n  e t  a l . ,  ( 1 968 ) a nd 

B l o s s  e t  a l . ,  ( 1 966 ) a l s o  repo rte d  i nc rea sed  dry ma tter i nt a ke 

by oes trus  h e i fers  whe n the i r oes trogen secret i on wa s s u p pre s sed  

b y  app l i ca t i o n  o f  Me l en g es terol  ace tate ( MGA ) . 



I t  i s  a ppare n t , therefore that  the dec l i ne i n i n t a k e  i n the l a te 

p re g n ancy may res u l t f rom changes  i n  t he ho rmo n a l b a l a n c e  as we l l  

18  

a s  from c h a n g e s  i n  t h e  e ffe c t i ve vo l ume o f  t h e  g u t . T h e  s i g n i f i c a n c e  

of t h e s e  c h a n g e s  w h e n  o e s t ru s  o r  p re g n a n t  a n i ma l s a re e x po s e d  to 

h e a t  ha s no t be e n  e x p l o re d . The i n f l u e n c e  of oe s t rog e n s  o n  

i n ta ke of food b y  h e a t s tre s s�d a n i ma l s  a re l i k e l y  to b e  v e ry 

sma l l s i n c e  o e s t rog e n  p ro d u c t i o n  i s  s u p p re s s ed d u r i n g  h e a t  s t re s s  
( Ab i l ay e t �_}_. , 1 9 7 5a ) .  

b .  L a c t a t i on :  

F e e d  i n t a k e  h a s  o f t e n  b e e n o b s e r v e d  to i n c re a s e  a fte r p a r t u r i t i on . 

Severa l \vo rk e r s  ( C ura n a n d  Ho l m e s , 1 9 70 ; C u ra n e t_�. , l 97 0 ; 

Mon te i ro ,  1 97 2 ) , ha ve demo n s trated  s i g n i fi c a n t  re l a t i o n s  be twe e n  

mi l k  y i e l d a n d  e ne rgy i nta ke . There i s  o f t e n  a d e l ay i n  t h e  

re s po n s e  of f e e d  i n t a k e  to t h e  i n c re a s e d  e n e rgy d ema n d  fo r 

l a c t a t i on . W h i l e  t h e  m a x i mum mi l k  y i e l d i s  rea c h e d  i s  r e a c h e d  
5 - 8  wee k s  a f te r  c a l v i n g , d a i l y fe e d  i n ta k e  may re a c h  i ts ma x i mum v a l u e  

8 - 1 8  wee k s  a f te r  c a l v i n g . An a v e r a ge d i ffe re n c e  be twe e n  pea k s  
o f  s e v e n  we e k s  ha s been quoted f o r  c a t t l e . ( B ro s t e r , 1 9 7 2 ) .  

A f t e r  t h e  p e a k  i n t a k e o f  f e e d  i s  re a c h e d  d u r i ng a l a c ta t i on , mo s t  

d a t a  i nd i c a te a p ro g re s s i v e de c l i n e i n  i n t a k e  as l a c ta t i on 

p ro c ee d s . ( G i  bb  a n d T r e a c he r , 1 9 7 8 ) .  W h i l e  t h e s e  c ha n g e s  may 

b e  a r e s u l t o f  redu c e d  d ema n d  for l a c ta t i o n ;  u n d e r  co nd i t i o n s  of 

g ra z i n g c h a n g e s  i n  t h e  q u a l i ty o f  feed may a l so re s u l t i n  

a r e d u c e d  i n t a k e  o f  f e e d  by l a c ta t i n g  a n i ma l s . 

1 . 2 . 2 .  2 .  F e e d F a c to r s  

1 . 2 . 2 .  2 . 1  The Phys i ca l  Form of Feed : 

The  p roperti e s  u s ed to descr i be t he p hy s i ca l  form of  feed i nc l ude  

the  s i ze of fee d  part i c l e s  and rate s of  d i l ut i on i n  case  of s l u rr i e s . 

Forage can  be s up p l i ed a s  fre s h  green feed or i n  the form of  

dr i ed  gras s ,  hay , chopped , g round or pe l l e ted . 

Re cent  s tud i e s  ( O s uj i et  a l . ,  1 975 ; T h omson a nd Camme l , 1 97 9 ) h a ve 

demons trated t h a t  c hopp i ng ,  gr i nd i n g  a n d  pe l l eti n g  of forage fee d s  



i mprove the  dry ma t t e r  i nta ke by a n i ma l s .  Osu j i e t  a l . ,  ( 1 9 75 ) , 
for i ns ta nc e ,  measured the d ry matter  i ntake  by s heep  offered an  

equa l  amount  ( by we i gh t ) of  forage  of d i ffe rent  part i c l e  s i zes . 

( Ta b l e 1 . 2 . 5 . ) I n take  was h i g hest i n  sheep  fed on  d r i ed  and  

pe l l eted grass . I t  was observed that  the  h i gh  i n take  of  pe l l eted  

feed was ma i n l y  due  t o  i ts fas te r  ra tes o f  con s umpt i on by s heep . 

TABL E  1 .  2.  5 Dry ma t te r  i n ta ke  by s heep  fed on  d i ffere n t  forms o f  
forage . ( Os uj i  et  a l . ,  1 97 5 ) 

Amo u n t  I n take Ra te o f  Chewi ng Rumi n a t i on 
Phy s i c a l  Fo rm offered  DM I ea t i n g t i rne t i me 

( g )  ( g ) ( g/mi n )  0/ To tal �� Tota l '0 

1. Fresh g rass 860 240 4 . 4  7 1 2  

2 .  Chopped and  
dr i ed grass 860 848 1 0 . 5  1 8  24 

3 .  Chopped , d r i ed 
and  Pe l l  e ted  860 884 33 . 5  7 1 6  

4 .  Dr i ed and  
g round  860 837 

Al tera t i o n  i n  the pa r ti c l es s i ze not  on l y  c h a nges the b i te s i ze 

but  a l so  c hanges the ra tes o f  p assage of  d i gesta from the rume n . 

Feed part i c l es mu s t  be broken down ( e g . by c hewi ng and  rumi nat i on ) 

to s i z es s u ffi c i e n t l y  sma l l to  pass t h ro u g h  the o r i f i ces be tween  

compartme n t s  i n  the g u t . The  fi ner  the pa rt i c l es t he fas te r  is  the  

ra te of pas sage . 

Gri ndi ng  a n d  chop p i ng h e l p  reduce the  s i zes of  feed pa rt i c l es 

p r i or  to  co nsumpt i on .  Both  p rocesses red u ce the t i me req u i red for 

chewi ng  a n d  rumi nat i o n , a n d  a l so the  amo unt  o f  heat produ ced dur i n g  

ea t i ng  ( Osu j i e.LdJ.., 1 9 7 5 ) . These effects a re o f  pa rt i c u l a r  

i mporta n c e  i n  h o t  e n v i ronments where  consumpt i on o f  food i s  known 

to be l i m i ted  by the  l ev e l  of hea t be i ng produced i n  the body . 
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1 . 2 . 2 .  2 . 2  Nutr i t i ve Va l ue o f  Feed 

a .  D i ge s t i b i l i ty of Dry Matte r :  

There i s  a l o t o f  e v i dence wh 1 c h  i nd i c a t e s  that  fee d  i nt a ke 

by a n i ma l s i nc rea s e s  a s  d i ge s t i b i l i ty i ncrea ses . Wo rk  reported 

by B l a x te r  et a l . ,  ( 1 96 1 )  on s hee p , and by Conrad e t  a l . ,  ( 1 964 ) 

on  l a ctat i n g cows h av� demons tra ted t h a t  feed i n take  i s  c l ose l y  

re l a ted  to i ts a p pa re n t  d i g e s t i b i l i ty .  Conra d  ��- , ( 1 964 ) 

for e xamp l e , s howed i n  an  e x pe r i ment t h a t  i n take of  d ry ma tter  by 

cows ( fed  ra t i on s  v a ry i ng  i n  d i g e s t i b i l i ty from 52%  ro 80% ) 

i nc re a s e d  l i ne a r l y  w i t h  i nc re a s e s  i n  the  percentage o f  the d ry 

ma tter  d i g e s ted . After  adj us t i ng for the  d i ffe rences i n  the  

me tabo l i c  body we i g ht t hey noted  t hat  DM I i nc reased  from lOkg/ d ay 

a t  5 2 %  to  a max i mum of 1 4 . 5 k g / d ay a t  6 6 . 7% d i ge s t i b i l i ty .  Fo r 

ra t i o n s  wi th d i ge s t i b i l i ty h i g her t h a n  66 . 7 % DM I co rrected for 

t he metabo l i c  body s i ze d i d not res pond to i n crease s i n  the  d i g e s t ­

i b i l i ty .  Conrad e t  al_. , ( 1 964 ) ,  s ug g e s ted t hat u p  to a bout  66%  

DMD ;  the  rate of  p a s s age from , and  the amo u n t  of  u nd i ge s ted  mate r i a l  

i n  t he d i ge s t i ve tract  determi ned  feed i n t a k e . For d i g e s t i b i l i te s  

a bove 66%  i n take  wa s thoug ht  t o  be dete rm i ned by some factors  of  

p roducts  and  a p pe t i te of the a n i ma l  ra ther  than  the  p hy s i ca l  

l i m i t s  of  the g a s tro i n te s t i n a l  tract . 

Stehr  a nd Ki rchge s s ne r  ( 1 9 76 ) worked wi t h  cows g raz i ng on pa s ture 

and reported a con s ta n t  i nc re a s e  i n  i nta k e  over a range of 

d i ge s t i b i l i ty from 64 to 84% . T he i r a n i ma l s were e s t i ma ted  to 

have i nc reased  the i r herbage i ntake  by 0 . 5 5 kg DM for e a c h  i nc re a s e  

of  1 %  i n  DMD . Hodg son  ( 1 968 ) a l so re ported a l i near  re l a t i on s h i p  

between  d i ge s t i b i l i ty and  i nta ke of  pa s t u re OM by c a l ve s over 

the  range betwee n  62% and  82% DMD . The s e  o b serva t i ons  s ug ge s t  t h a t  

t he fac tors s u g ge s ted  by Conrad e t  a l  ( 1 964 ) , a s  a bove were no t 

obv i o u s  u nder g ra z i ng cond i t i on s . 
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The re l a t i on s h i p  between DMD a n d  DM I a re further comp l i c a ted by 

t he o b s e rva t i on tha t even p l a n t  fract i ons  wi th the s a me d i ge s t i b i l i ty 

may s how d i ffere nces  i n  i ntake  by a n i ma l s .  Osborn ( 1 967 ) ,  

hav i n g a n a l ysed the d i ge s t i b l e f ract i on of two s tra i n s  o f  

T i mothy gra s s  wh i c h were of t h e  s ame d i ges t i bi l i ty ,  s u g g e s ted tha t 

the d i ffe rence i n  i n ta ke be tween  the two s trai n s  wa s re l a ted to 

d i ffe re n ces  i n  the i r pep s i n  so l u b l e  carbo hydrate con ten t .  T i l l ey 

e t  al. , ( 1 964 ) s u g ge s ted t h a t  d i fferences i n  i nta ke of p l a nt 

ma te r i a l  wi th s i � i l a r DMD cou l d a ri se from the l eve l s to whi c h  they 

red uce the  rumen p H .  More rece n t l y Ka ufma n ( 1976 ) s t u d i ed the 

rel a t i o n  be tween t he rumen pH  and the DMD of feeds  and observed 

a c l o s e  re l a t i on s h i p  b e twe e n  pH and c rude fi bre ( C F )  % i n  the ra t i o n . 

The  l ower the C F  % i n  the ra t i o n the l owe r was the rume n p H , and  

h i g her  wa s t he DMD . 

I t  wa s therefore s ugge s ted t h a t  feeds  wi th  h i g h DMD ( eg . a bove 

6 8 % ) w i l l  re d u c e  t h e  rumen p H  t o  l ow l e ve l s ( eg . 5 . 4 - 6 . 4  r a n ge ) ,  

whi ch may be s u i t a b l e for s ta rch  degrada t i on a nd s u b s e q u e n t  produ c t i on 

o f  p ro p i o n i c  a c i d  i n  the fore s t oma c h . Accumu l a t i o n o f  t h i s  a c i d  i s  

a s s oc i a ted w i th depre s s i on s  i n  t h e  i n take o f  q u a l i ty feed s by 

a n i ma l s .  L i t t l e adva n ta ge i s  there fore a c h i eved ·i n te r111 s o f  i nt a k e  

b y  i n c rea s i n g t h e  di g e s t i b i l i ty of feeds  beyo n d  68% . 

On the o t h e r  hand , h i gh  roughage  d i ets  wi th  l ow d i ge s t i b i l i ty 

percent  requ i re mu ch  l onger  t i me for ma s t i c a t i on a nd rumi nat i on . 

I n  the p roce s s , feed i s  we l l m i xed wi th s a l i va ;  a n d  a n  i nc rease  

i n  t he rumen of pH  occurs  a s  a res u l t of  react i on s  between  

s a l i va a nd the  rumen aci d s . T he v a l ue  of the  p H  reached , va r i es 

between 6 . 0  and  6 . 8 . Th i s range  i s  howe ver opt i ma l  for 

cel l u l o l yt i c  bac te r i a act i vi ty .  Therefore i ncre a s e s  i n  t he  

i n ta ke o f  dry ma tter are a c h i eved on i ncrea s i ng the  d i g e s t i b i l i ty 

of h i gh ro ughage  d i et s . These  i nc rea s e s  wi l l  be noted a s  l on g  

a s  t he a c ti v i ty of  the se bacte ri a i s  n o t  a ffected ( Ka u fman , 1 976 ) .  

b .  D i ge s t i b l e  ene rgy content  

Di n i u s  and  Baumga rdt ( 1 970 ) d raw atten t i on  to the s i gn i f i cance of  

the re l a t i on betwee n  dry ma t te r  i ntake a nd energy concen trat i on o f  

feeds . T h e  gener a l  observ a t i on  reported ( Ba umga rd t , 1 970 ) i s  tha t 

feed i nt a ke i s  i nc re a sed wi th  i nc reases  i n  d i gest i bl e  ene rgy 

concen tra t i on to 2 . 5 kca l / g  for non  l ac ta t i ng  and g rowi n g  a n i ma l s ;  
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a n d  to about  2 . 7  kc a l / g  for  l a cta t i ng d a i ry cows . 

Beyo n d the s e  e nergy concentra t i o n s , DM I te nds  to decrea se  wi t h  

i n c re a s e s  i n  the  d i ge s t i b l e energy ( DE )  conce n tra t i on of fee d ; 

the  to ta l  d i g e s t i b l e e nergy i n ta ke  ( D E I ) be i n g  ma i n ta i ned  a t  

a l mos t  a con s ta n t  l ev e ·l ( F i g' . l . 2 ) . 

The i n fl uence o f  h i gh amb i e n t  tempe ratures  on these  re l a t i on s  ha s 

n o t  rece i ved much  a tten t i o n . Avai l a b l e  d a ta i n rl i ca te s  s i g n i f i ca n t  

depres s i on i n  DM I ,  a n d  hence  gro s s  e n e rgy i nta ke  b y  a n i ma l s exposed  

t o  hot con d i t i o n s . Recen t l y  Ki ng ( 1 978 ) re ported s i g n i f i c a n t  

dec l i nes  i n  D E I  by a n i ma l s e x po sed  t o  340C ; and  ea r l y wo rk ( K i b l e r 

e t  a l . ,  1 966 ) had a l so rep orted  tha t the d -i ge s t i b i l i ty perc e n t  

o f  ene rgy c o n s umed i s  n o t  cha nged by e x po su re of  a n i ma l s to h i g h  

amb i ent temperature s . V o h n o u t  and  Bateman ( 1 9 7 2 ) o b se rved no  

s i g n i f i ca n t  i n terac t i o n be tween d i e t  a n d  tempera t u re , a n d  the refo re 

s ugges ted  that  DM I and  D E I  by a n i ma l s cou l d  be i nc reased  by 

p t�op o rt i o na l l y  i nc reas i ng the ca l o r i c dens i ty of  t he ra t i on . 

90 -

80 -

70 

60 

50 

/�--- -- ----/ ,  ' 

/ 
,,;'I ' 

/ , ' 

I , 
I 

2 · 0  2 · 5  3· 0 

' 
' 

D i ge s t i b l e e nergy kca l / g  ra t i on 

' 
' 

3 ·5 

225 
LO 
r---. 

0 3: ea 
en 

1 75 .::,: 
-

n:l 
u 

.::,: 

,__.. 
w 
Cl 

1 2 5 

:?2 

F i g 1 . 2 Dry ma tte r i ntake  ( DM I ) a nd  D i gest i bl e Ene rgy I n ta k e  ( DE I ) 
res ponse  of s heep when fed ra t i ons composed  of  ba sa l concentra te 
mi xture d i l u ted from 5 to 50 pe rcent  a t  5%  i nc rements  
wi th  o ak  s awd u s t  i n  3%  kaol i n  c l ay From : D i n i us and  Ba umgard t ( 1 9 70  



T h i s s u g ge s t i o n  may be true  fo r fee d s  wi th energy concentra t i o n  

l es s  than  2 . 5 k c a l / g . ( See F i g  1 . 2 ) .  I t  i s  u n l i ke l y  that  s i mi l a r 

i nc rea s e s  i n  DMI  wi l l  be n oted for feeds  wi th  ca l o r i c dens i t i e s 

( D E )  h i gher  t han  2 . 5 kca l / g ; s i nce  the  total  DE I i s  ma i n ta i n ed a t  

a cons ta n t  v a l u e  s o  tha t i nc re a s e s  i n  D E  concen t ra t i o n have a n  

e ffect  o f  de c re a s i ng the vo l unta ry i nt a ke o f  feed . I n  fa c t  both  

t he i nf l e c t i on  po i n t  a nd the  s l opes  of  the  DM I and  DE I  i nd i ca ted 

i n  F i g . 1 . 2  mi g h t  c ha nge o n  expos ure of a n i ma l s to hot con d i t i o n s . 

Th u s , the re l a t i on be tween the c a l or i c den s i ty o f  a rat i on a n d  

DM I by a n i ma l s exposed  t o  hot  cond i t i o n s  req u i res i n te n s i ve s tu d i e s 

to determ i n e c a l o r i c de n s i ty a t  wh i ch  DM I become s l i m i ted  by the  

e ne rgy concentra t i on a nd n o t  the phys i c a i  l i mi ta t i o n s  i n  t he  

an i  ma  1 . 

c .  N utr i ent  Def i c i e nc i e s  i n  the d i e t : 

The effec ts of i mba l a nce  o r  defi c i e nc i e s  i n  ami no a c i d s  on  

i n take  of  fee d  by non - rumi nants have  been s tud i ed e xtens i ve l y  

( Ha rper e t  a l . ,  1 97 0 ) . Exper ime n ta l  wo l·k wi th s heep  ( E l l  i ot t , 

1 9 76 b )  have i nd i c a ted t hat  a n i ma l s e a t  l e s s  of d i e t s  defi c i en t  i n  

p rote i n .  

Feed i n take h a s  a l s o be en known to be depre s sed i n  rum i nant s  fed 

d i e t s  def i c i e nt  i n  c a l c i um ,  ( N RC 1 96 3 ) ,  pota s s i um ( Te l l e  e t  a l . ,  

1 964 ) sod i um c h l o r i de , c o p pe r , coba l t a nd z i nc ( NRC 1 9 6 3 ) .  Exce s s  

amo u n t s  o f  a rse n i c ,  mo l ybdenum ,  z i nc a n d  Se l en i um a re a l so  known 

to depre s s  i n ta k e  po s s i b l y  t hrou g h  t he i r  to x i c  effec ts on  me tabo l i c  

fu nc t i on s  of the  an i ma l  ( Raymond , 1 96 9 ) . S i mi l ar l y  exce s s i ve 

l e v e l s of  urea ( eg .  mo re t h a n  4 5 %  of  the i nge sted N i trog en ; Ka ru e  

et  a l . ,  1 9 7 3 ) a n d  h i g h  l eve l s of p a sture fert i l i sa t i o n wi t h  N 

ferna ndo and  Carter , 1 970 ) have be en re ported  to re d u ce feed  DM I . 

I t  i s  di ffi c u l t to  determi ne  the p hys i o l og i ca l  i mportance of  h i g h  N 

con cen tra t i on  i n  feed , a s  far  a s  the depre s s i on i n  i ntake  i s  

conce rned . I t  cou l d  i nvo l v e  l ow d ry ma t te r  concentra t i o n s  

( Ar no l d ,  1 96 2 ) o r  changes  i n  t h e  pa l a ta b i l i ty of herbage p roduced  

( Raymond a nd Spedd i ng ,  1 965 ) . I t  cou l d  a l so i nvo l ve e ffects  o f  

h i g h  concentra ti o n  of  tox i c  n i trogenous  c ompounds  ( Bu tl e r , 1 9 5 9 ) 
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o r  t h e  e ffec ts  of  l ow concen t ra t i on of s o l u bl e  carbo hyd_rate s  i n  

the fo ra ge ma tter ( B l and  and  Den t ,  1 9 64 ) . 

Furthe rmore , there a re ca ses  where no  s i gn i fi c ant  depre s s i on of  

DM I by  c a tt l e  cou l d  be  obta i ned  by h i g h  l evel s of fe rt i l i sa t i on  of 

pa s t u re s  wi t h  N ( H i g h t  et a l . ,  1 968 ; Ma r te n  and Don ke r ,  1 964 ) . 

There fo re n o  conc l u s i ve s u g ge st i on can  be made a bout  t h e  e ffects  

of h i g h  l e ve l s of N i n  feed  on  i ts i n take  by a rum i n a n t  a n i ma l . 

1 .  2 .  2 .  2 . 3  S u p p l emen ta t i on : 

The poor rou g ha ge s  ( s traws a n d  l ow qua l i ty hays ) a p a r t  from the i r 

l ow d i ge s t i b i l i ty v a l ues , a re a l s o  u s ua l l y  def i c i e n t  i n  prote i n .  

Supp l emen t a t i o n  o f s u ch  d i ets  w i th  h i g h  prot e i n concen t rates  wi l l  

i mprove  the DMI  ( Crab tree and  W i l l i ams , 1 97 1 ) thro u g h  i mp roved 

bacte l�i a l  a nd proto z o a l  ce l l u l o .l y s i s i n  the rumen ( Campl  i n g e t  a l . ,  

1 962 ; Ka ufma n , 1 9 7 6 ) . The i n crea sed i nt a ke may be noted u n t i l 

the crude  prote i n reaches  6-8% ( Bro s ter ,  1 97 3 ) .  

Supp l eme n ta t i on of  good q ua l i ty forages  w i th cerea l - p ro te i n  b a sed  

concentrates  wi l l  reduce  i n take  of  herba ge ( Lang l ands , 1 97 0 ; 

Ta p a ri a a n d  Davey , ( 1 970 ) . 
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For i ns ta nce , Lan g l a nd s  ( 1 96 9 )  s tud i ed feed i nta ke by s h eep s u p p l eme n ted 

w i th  va ry i ng q uan t i t i es of whe a t . He noted  tha t the . i ntake of 

dry ma tte r by s heep  i ncreased  wi t h  i nc re a s e s  in  the  amo u n t  of 

s up p l eme n t  offere d . The i ntake  of  orga n i c ma tte r from herbage  wa s 

howeve r n oted to decrease . When the s tock i n g rate wa s h e l d  a t  

about  7 s heep  ha - 1 , herbage i n t a k e  wa s reduced a t  a ra te o f  1 . 42 k g  

p�r kg o f  s upp l eme n t  offered . A t  a s toc k i n g  ra te o f  58  s heep  ha - 1 , 

2 . 86 k g  o f  herbage were reduced  per kg  o f  s uppl emen t  offered . 

Wi t h  d a i ry catt l e ,  Ta pa r i a a n d  D avey ( 1970 ) observed s u b s t i tu t i on 

rates  of 0 . 6  to 0 . 7 k g  of herbage dry ma tter  reduced per  1 k g  of  

add i t i ona l conce n t rate  offered • 



I t  i s  of  i nte re s t  to note that  when concen tra te feed i s  g i ven  a d  

l i b i tum ; an i ma l s wi l l  s t i l l  e a t  the poo r q u a l i ty forage . B i ne s  

( 1976 ) s u g ge s ted t h a t  a n i ma l s  cou l d  vo l untar i l y  cons ume poor 

hay up to a bou t 20% of the i r total DM I ; whe n fed concentrates  

ad l i b  Remand a nd Journett  ( 1 97 1 )  o b served tha t  c a t t l e fed 

concentrates  ad  l i b . s t i l l  cons umed the poor roughage  wh i ch 

contri b u te d  u p  to 1 3% of the i r da i l y i n take  o f  dry matte r .  Thu s 

1 00% s u b s t i tuti on of poor rou ghage  by s u p p l ementa t i on seems u n l i ke l y  

u nder g ra z i ng cond i t i on s . 

2 5  

1 . 2 .  2 .  2 . 4  I n te ra c t i ons  between  the e ffec t s  of type of  a n i ma l  and  d i e t : 

These h a v e  been rece n t l y  stud i ed by Ki n g  ( 1 9 78 ) who observed  

s i gn i f i c an t  i n te ra c t i o n s  be twee n  the  e ffec t s  of  a n i ma l  breed  a nd 

feed type on DM I .  The Bra hman  X Fr i es i an ca l ves  u sed i n  t h i s 

e xper i ment had s i g n i f i c a n t l y  h i gher  DM I t han  the Fr i e s i an  counterparts  

when fed  on the  concen tra te ra t i on and  not when fed  on  hay  a l o ne . 

A l thou g h  the DMD% and  D E %  d i d  n o t  s how s i g n i fi c a n t  a n i ma l  breed X 

d i et i n te rac t i on ,  the  Bra hman X Fr i e s i a n c a l ve s h a d  l owe r d i ge s t i b i l i t i e s 

than the Fr i e s i a ns whe n concen t ra te s  we re o ffere d . T h u s  the Fr i e s i a n s  

m i g ht ha v e  compen s a te d  for the  D E I  by i mproved  d i g e s t i b i l i t i e s .  

Arn o l d ( 1 966 ) a l so fo u n d  that  wea ner  sheep  a te ( 5 . 5 y / kg ) more DOM 

than  adu l t s he e p  on p a s tures  prod u c i ng  5 5-80% d i ge s t i b l e dry ma tte r . 

T he d i ffere nce i n  a c tu a l  DOM I of o l d s he e p  c ompared w i th you n g  

s heep decre a sed from 4 6 %  o n  a h i gh l y  d i ges t i b l e pas ture t o  on l y  

3 %  o n  pas tures  o f  l ow d i ge s t i b i l i ty .  Arn o l d e x pl a i ned  the rel a t i on 

be tween  i ntake  and  d i g e s t i b i l i ty d i fference s to be a s soc i a ted  wi th  

" g rowth s urge"  or " comp etence " .  No other p hys i ol og i ca l  d i fference s  

were thou g h t  t o  be a s s oc i a ted wi t h  t h i s d r o p  i n  DOM I . 

Wi th re s pe c t  to c ompa ri sons  betwee n  s heep  a n d  catt l e ,  ( Pl ayne , 1 978a ) 

i t  h a s  been sugges ted that  the i nteract i on { An i ma l  X d i et ) cou l d  

be  a s soc ipted  wi th  d i fferences  i n  a bi l i ty to re cyc l e  n u tri e n ts to 

the rume n ; and  hence rumen mi c ro b i a l  act i v i ty .  Pl ayne ( 1 970 )  had  

reported that  catt l e  d i g e s t  l ow d i ge s ti b i l i ty roughages  better  than  

d o  shee p ,  howeve r  wi th  concen t ra te rat i on s  s he e p  seem to s how 

s u per i or  d i gest i v e  a b i l i ty than  ca tt l e .  C i po l l on i  et a l . ,  ( 1 9 5 1 ) 



fou n d  s i gn i fi c a n t  an i ma l s s pec i e s X feed i n tera c t i on for  the 

d i ge s t i b i l i ty of c r ude prote i n i n  t he  c a s e  o f  d ry rou ghages  

( i . e .  c at t l e d i g e s t  crude prote i n  i n  s ome feeds s i g n i f i �ant l y 

bette r than  d o  s heep ) . 

Jordan  a n d  Stap l es a l so  comp a red the d i ges t i b i l i ty o f  hays  

by s teers  or  l am b s  and noted  t h a t s teers  had  h i a he r  DMD coeffi c i e n t s  

t ha n  s hee p . Depe nd i ng o n  t h e  q u a l i ty o f  pas ture , t he  s uperi o r i ty 

ranged  be twee n  0 . 3% i n  ea r l y  c u t  hay to 2 . 5% (med i um )  a nd  2 . 9 %  o n  

l a te c u t  hay the  d i ffere nces  were not  s i gn i f i cant . S i mi l a r l y  

Hark e s s  ( 1 96 3 )  a n d  Thoma s a n d  Camp l i ng ( 1 9 7 7 ) fa i l ed t o  de tec t  any  

rea l d i fferences  i n  d i ge s t i b i l i ty o f  hays  between s heep  a n d  c a l v e s . 

The l a tter  ( a u th ors ) s ugges ted tha t , a ny d i fference s , i f  noted , c o u l d 

be re l a ted to  the  d i fferences  i n  rumi n a t i o n  beha v i o u r  between t he se  

s pe c i e s . However  l i t t l e i s  k nown about  a pos s i b l e  p hys i o l o g i c a l  

e xp l a n a t i on  for t h e  d i ffe ren ce betwee n c a t t l e  and  s heep . Due to 

the fa c t  t hat  some t i mes  one of these  two s pec i e s of rumi nants  i s  

s uper i o r ;  a n d  some t i me s  the  other , C i p o l l o n i  et aL- , ( 1 9 5 1 ) were 

c on v i nced  t h a t  t h e i r d i ge s f i o n  coe ffi c i e n t s  cou l d n o t  be used  

i n te r c h a n geab l y .  

Mo re rece n t l y  P l ayne ( 19 78b ) exami ned the re l a ti o n s h i p  between  

c a t t l e a n d  s heep i n  thei r a b i l i ty to d i g e s t  feed s w i th DMD be l ow 

60% . He  o b served  tha t for t he se fee d s  the DMD ( Y )  by c a t tl e wa s 

g i ven  by  

Y = 0 . 6 7 3X  + 20 . 3  S E ( b )  

r 

Sy . x  

where 

+ 
= -

+ 
- -

0 . 1 1 1  

0 . 84 3  

3 . 4 1  

Y = DMD % o f  hay when fed t o  cattl e 

X = DMD % of hay when fed to s heep 

For feeds  wi th DMD greater than 60%  the fo l l owi ng equa t i on  wa s 

recommende d  

Y = X + 2 

where 

Y i s  the d i gest i bi l i ty e sttmate for cattl e and 

X i s  d i ges t i b i l i ty determi ned  u s i ng sheep 
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The re fo re t h e  d i ge s t i b i l i ty of  a feed by catt l e c a n  be  

pre d i c te d  f rom mea s u reme n t s  of  i t s d i gest i b i l i ty by  s h ee p , however  

hot  cond i t i ons  may a ffe c t  the  re l i a b i l i ty of s u c h  pred i c t i on s . L i pp ke 

( 1 9 7 5 ) for  e xamp l e ,  recent l y  rep o r te d  a n  i nc re a s e  i n  hay d ry ma t ter  

d i ge s t i b i l i ty ( DMD ) by s teers  f rom 62 . 2% at  2 1oc to 6 7 . 5% a t  320C 

under  s i m i l a r cond i t i o n s  of  trea tme nt , shee p i nc re a s e d  the i r 

DMD for hay  f rom 6 2 . 7 % to 62 . 8% .  T he i nc re a s e s  w i th i n s pec i e s  we re 

not s i  g n i  f i  cant . 

1 . 2 . 3  Effec ts  o f  h i g h amb i ent  tempe ratures  o n  t he met a bo l i sm 

o f  a n i ma l s .  

1 .  The cont r i b u t i on of the Ga s t ro i n te s t i n a l  tract : 

Me ta bo l i sm i n  the g a s t ro i nte s t i n a l  tra c t  ( G I T )  i s  a ffec te d by 

h i g h  amb i e n t  temperature , through  c hange s  i n  the mo t i l i ty o f  the  

rumen . E xpo s u re s  of  catt l e  to  380C for  5 day s  re s u l ted i n  a 

s i g n i f i ca n t  d e c rease i n  the  fre q u e ncy and  amp l i tude  of rumen  

contra c t i o n s  ( Atte rbery and  J o hn son  ( 1 9 6 9 ) . Atte r bery a n d  

J o h n s o n  ( 1 9,'l 9 ) o bserved that  t he dec rease  i n  the rumen rno t i 1 i ty 

wa s not medi a ted i nd i re ct l y  by the l e ve l of i ntake  s i nce  feed 

i n take  w a s  k e p t  cons tant  by force fee d i ng . 

A l though  no  e v i de nce  i s  g i ve n , Thom p s o n  ( 1 97 3 )  has  s u gge s te d  t ha t  

rumen mo t i l i ty may cease  i n  hype r t h e rm i c  a n i ma l s .  The  u l t i ma te 

e ffect  however  i s  a redu c t i on  i n  the  tran s fe r  of d i ge s ta be tween  

compa rtme n t s  i n  the  G . l . T .  Th i s  i mpa i rs further  c o n s ump t i o n  o f  

d ry ma tter .  

I t  i s  s ug ge s t e d  tha t c ha n g e s  i n  the  p a n c re a t i c secre t i on ( A l i ev and  

As h i rov , 1 965 ) a nd thyro i d  a c t i v i ty ( M i l l er et  a l  . , 1 974 ) may 

be respon s i b l e fo r the reduc t i on  of r umen contrac t i o n s  i n  a n i ma l s 

e xposed  to h ea t . Lev i n ( 1 96 9 ) has  s ugges ted  that  the  a c t i v i ty 

o f  both t he p a nc re a s  a nd the  thyro i d a ffec t  movements  of  t h e  G . I . T .  
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The re i s  a l so  some e v i de n ce i nd i c a t i ng that  rumen me tabo l i sm 

may a l s o  be a ffected  by h i g h amb i e n t  tempe ra tures  t h rough  

c h a n ge s  i n  t h e  rume n pH and  fe reme n ta t i on proce s s . 

We l dy _et a l . ,  ( 1 964 ) a n d  recen.t l y  Martz  et  a l . ,  ( 1 9 7 1 )  

reported s i g n i f i c a n t  dec re a s e s  i n  t he c o ncentra t i on o f  Vo l a t i l e  

Fa t ty Aci d s , e s pe c i a l l y  a c et i c  a c i d ,  i n  the rumen l i q u o 1� ,  S i nce  

a ce t i c p l ays an  i mporta n t  ro l e  i n  e nergy metabo l i sm i n  rumi n a n t s  

( Ba i l e  a n d  Forbes  1 974 ) ;  dec rea se s  o f  i t s concentra t i on i n  the  

rume n  a re of  p hys i o l og i ca l  i mporta nce  to the an i ma l s .  

The p ro port i on of  ace t i c a c i d  to prop i on i c  a c i d  a l so  changes  i n  

the  r u men  on  e xpos u re of  c a tt l e to h i g h  amb i ent  tempe ra tures  ( Ke l l y  

e t  a l . ,  ( 1 967 ) . Such  a c h a n g e  h a s  bee n  reported to a ffe ct the fat  

conte n t  a n d  compo s i ti on of  m i l k  ( Jorgen s e n  et  a l . ,  1 96 5 ) 1 M i s h ra 

�.!_�..L_, ( 1 9 7 0 )  have  reporte d  dec re a s e s  i n  the pH of  the  r umen f l u i d  

o f  he a t  s tres sed  ca tt l e . T h i s c ha n ge i n  the pH wa s a s soc i a ted wi t h  

i ncrea sed  l eve l s of  l ac t i c ac i d  i n  the rumen . Ma i n te nance  of a 

s u i ta b l e pH i s  e s sent i a l  fo r the a c t i v i ty of 111 i c ro o rga n i sms i n  

the r umen . Bro s berg  ( 1 9 5 7 ) fo r  exampl e ,  re ported a comp l ete a bo l i t i on 

of t h e  a b i l i ty o f  the rumen content  to c o n s ume oxygen w i th  

a c i d i f i ca t i on b e l ow 7 ,  Thi s i n d i cates  tha t ox i da t i o n - reduc t i on 

poten t i a l of the rumen may be reduced  by expo s u re of  a n i ma l s  to 

hot e n v i ronmen t s . Th i s  may co n seque n t l y  l ead to a de p re s s i on i n  

i ntake  of d ry ma tte r .  

I t  s eems , therefo re , that  h i g h  ambi ent  temperature s  a ffec t  d ry matter  

i nt a k e  by c a tt l e through  e ffe c t s  on rumen mot i l i ty a n d  on the 

ferme ntat i on process  i n  the gu t .  

1 . 2 . 3 .  2 Ce l l u l ar  Metabo l i sm :  

Hi g h  amb i en t  temperature cond i t i ons  may depre s s  i nta ke i nd i rect l y 

through  the i nf l uence o f  these  cond i t i o n s  on  the uptake  and 

ut i l i s a t i on of me tabol i te s  by t i s sue cel l s .  Ti ssues  of  maj or 

i nteres t ,  a s  far as  hea t  product i on and ene rgy meta bo l i sm a re 

concerned a re the mu sc l e cel l s ,  the ad i pose  ti s s ue and  the l i ve r . 
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Bel l a n d  Thomps on ( 1 9 7 6 ) s howed i n c reased  u p take a n d  o x i da t i on of  

c i rc u l a t i ng  energy su bstrate s , n o ta b l y free fa tty ac i d s , 

ace ta te a n d  g l u co s e , i n  the h i n d  l eg of a n  o x  exposed  to  ( 0 -4 . 5°C ) 

co l d cond i t i o n . On exposure td h o t  c ond i t i on , the re i s  a gene ra l 

re l a xa t i on of the mu sc l e .  T h i s may re s u l t  i n  l es s  c o n s ump t i on of  

oxygen a n d  con seque n t l y  a depres s i on i n  s u bs trate u t i l i s a t i on  by 

musc l e c e l l s .  

I n c reased  u ptake  o f  g l u coneoge n i c precursors  a nd s ub s e q u e n t  i ncre a s e  

i n  t h e  o u t p u t  o f  g l ucose  by l i ve r  c e l l s  has  been  re por te d u nder s evere 

co l d cond i t i o n s  ( Thompson  and  Be l l , 1 9 7 5 ) .  These i n c re a sed  ra tes  

of  g l uconeogene s i s  u n d e r  c o l d c o nd i t i on s  probab ly  i nvo l ve pyru v a te 

carboxy l a se wh i c h i s  known to be a c t i vated  by i nc re a s e d  l e ve l s  of 

CO- A  de r i v a t i v e s  o f  a c e t i c ,  prop i o n i c  and b u ty r i c a c i d s  ( Ke e c h  

a n d  U tter , 1 9 6 3 ) . T h e  produ c t i o n  o f  these a c i d s  ha s bee n  s u g g e s te d  

i n  s ome e xp e r i me n t s ( eg . Ke l l  ey et  _.rD_. , 1 96 7 ) to be d e p re s s e d on 
e xpos u r e  of a n i ma l s t o  hot c o n d i t i o n s . Thus the depre s s i on i n  
the  r at e s  o f  g l u c o s e  syn the s i s by b o dy t i s s u e s  may r e s u l t a s  a 

re s p o n s e  to the reduced a c t i v a t i o n  of  the pyruvate c a r b o x y l a s e . 

The me ta bo l i sm of the  a d i pose  t i s s u e  may a l so  be severe l y  a ffected  

by expo s u re of  an i ma l s to hot  cond i t i on s . Nob l e e t �· ,  ( 1 973 ) 

fo r examp l e ,  have re po rted t hat  the  me tabo l i sm of c ho l e s te r o l  may 

be severe l y  reduced t hrough depre s s i on of the act i v i ty of l ypo l i t i c  

enzymes re q u i red  fo r c ho l e s terol  me ta bo l i sm .  

Hea t  s t re s s  may r�s u l t i n  ser i o u s  and  i rrepara b l e damage to some 

t i s sues on a n i ma l s e xposed to severe  hea t .  Hanneman ��- · ( 1 9 7 7 ) 

noted , i n  d o g s  exposed to 54 . 40C for 30 mi n u te s , some frag menta t i on 

o f  t he myoca rd i um .  Ac u te necros i s  o f  t he k i d ney and  marked  

degenera t i ve cha nges  i n  the  cerebe l l um and  c e re bral cortex  were 
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a l so note d . The dama ges done to t he bra i n were seri o u s  a nd con s i dered  

i rrevers i b l e .  



Ho l mes , ( 1 97 9 )  a l s o  reported a ca se of  i nc o-ord i n a t i on and  a 

severe depre s s i o n o f  appe t i te i n  a ca l f e x posed  to 420C for a 

few ho ur s . Ke l l away an
j

Co l d i tz  ( 1 9 7 5 ) , a l so reported a n  apparent  

i nc rea s e  i n  mu sc l e  ca tabo l i sm by  he i fer s  exposed  to  38°C 

tempera ture cond i t i on .  

Other ma n i fe s ta t i on of  t he effe c t s  o f  hot  cond i t i on s  o n  the  

meta bo l i s m o f  a n i ma l s men t i oned i n  t he l i tera ture i n c l u de : 

1 .  Change s  i n  the  RNA synthe s i s ( Ke l l away and  C o l d i tz ,  1 97 5 ) .  

2 .  C ha nges  i n  the c l ott i ng  p ropert i e s  of  b l ood and the  synthe s i s  

of a l b umi n ( Oratz  ��- · 1 96 3 ) 

3 .  I nc re a sed ra te o f  excre t i o n  o f  n i tro g en i n  the fo rm of  crea t i ne 
a nd a s  ur i n a ry n i trogen ( Ame s and  Bri n k , 1 97 7 ; Ke l l away a nd  

Co l d i t z ,  1 97 5 ) .  

4 .  I nc rea sed  excre t i on  of  c al c i um a nd  Po ta s s i um i n  t he  u r i ne o f  

a n i ma l s e xpo sed  to hot cond i t i on s  ( Ho l me s  and  Gra c e , 1 97 5 ) , 

i nd i c a t i n g  a ffec te d  m i nera l  me tabo l i sm .  

Many of these  phys i o l o g i ca l  a nd  metabo l i c  c h a nge s may be a s soc i a te d  

w i t h  d i s t urba nce s  o f  t h e  endocr i ne  systems , i n  r e spon se  t o  c h ange s 

i n  the  tempera ture co n d i t i o n s  o f  t he e nv i ronment . I t  i s  p o s s i b l e  

t hat the s e  changes  i n  me tabo l i sm may have  a n  i n fl uence  o n  foo d  

i n take u n d e r  h o t  con d i t i on s . 

1 .  2 .  4 CONCLUS ION  

H i gh ambi e n t  tempe ra tures  depre s s  the vo l un tary i n take o f  dry ma t ter  
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by a n i ma l s .  The effec t s  a re ma i n l y  a s soc i a ted wi th  t he n e e d  to contro l  

heat  produc t i on , under  these hot cond i t i on s . They genera l l y  

i n vo l ve a depre s s i on o f  hormone secre t i on , and  under severe hea ts , 

degenera t i o n  of body t i s sues  may b e  noti ced . 

The effects  of temperature on dry matter i nta ke may i nterac t wi t h  

the effects  o f  a n i ma l  o r  feed factors t o  cause  vari at i on i n  the 

i ntake o f  d ry ma tter by a n i ma l s .  These factors  have a l so been 

d i scussed i n  the rev i ew . 



1 . 3  THE  E F F ECTS OF HOT ENV I RONMENTS ON I NTAKE AND METABOL I SM O F  WATER  

1 . 3 . 1  I n trod u c ti on : 

Wa ter i s  an  e s sen t i a l  me ta bo l i te req u i red for the  ma i n tenance  of  

o smo t i c homeosta s i s  of t he body fl u i d s . I t  offers  a med i um for  

b i o l o g i c a l  tra n sport  and  for b i ochemi c a l  r e a c t i ons  that  are  

nece s s a ry for the  s urv i va l  o f  a n i ma l s .  Wa ter  he l p s i n  e x c re t i o n  

o f  faec a l  re s i due a nd i s  o f  pa r t i cu l a r  s i g n i fi cance  i n  evapora t i ve  

coo l i n g of  the s k i n ,  or re s p i ra tory tra c t , when  a n i ma l s a re exposed  

to hot  e n v i ronme n ts . 

Sheba i ta and Johnson  ( 1 9 72 ) mea s u red the amount  of  wa ter  i n  c a t t l e ,  
+ and  noted  that  body water  represented  a bo u t  7 3 . 5 - 2 . 0% o f the  l ea n  

body ma s s .  Roub i c e k  { 1 969 )  a l so  reported t h e  same ran ge  i n  h i s 

rev i ew .  

Body wa t e r  ar i s e s  from the  i n take  i n  food , the  catabo l i c  proc e s s e s  

a t  c e l l u l a r l eve l , a n d  free wa t e r  wh i ch i s  vo l untar i l y  i ng e s ted  

by a n i ma l s .  

Water l o s s e s  from the  body i nc l ude  

( a )  O b l i gatory wate r l o s s  f rom the  re s p i ratory tra c t  and  

through  the  s k i n .  

( b ) So l vent  water  excreted  i n  u r i ne a n d  faece s . 

( c ) Eva pora t i ve l o s se s  o f  water from sweat  g l a nd s . 

( d )  Water l os t  i n  mi l k  product i on .  

Thus  t h e  mechan i sms  of body wa ter contro l  w i l l  i nvol ve mecha n i sms 

co-o rd i n a t i ng i nta ke and o u t p u t  of  wa te r . The genera l a s pe c ts of  

compen s a tory d ri n k i ng and  body wa ter contro l mechan i sms have been 

exha us t i ve l y d i scu s sed  i n  rev i ews  by Anderson  ( 1978 ) ,  and Fi tz s i mo n s  

( 1 97 1 , 1 97 2 , 1975 ) . 

The effec ts of  hot amb i ent  temperatures on  the  vo l untary i ntake o f  

wa ter by a n i ma l s  have been d i s c u s sed  by Ho l mes ( 1 979 ) ; B l axter  et a l . ,  

U959 ) ; Wi nche s ter  a nd Morri s ( 1 956 ) and  by S i e bert and Mac Farl ane  

( 1 969 ) .  These  authors  report tha t ,  vo l unta ry water i ntake by 

a n i ma l s g� nera1 l y  i ncrea ses  i n  hot  envi ronme nts . 



1 . 3 . 2 .  Effe c t s  o f  hot cond i t i on s  on  i nt a k e  of  wa ter : 

1 . 3 . 2 .  ! . Ev i dence  wi th C a t t l e 

On expo s u re to h i g h  amb i e n t  tempera t u re s  a n i ma l s i nc rease  t he i r 

v o l u ntary i nta ke of wa ter .  H a rb i n  e t  a l . ,  ( 1 9 58 ) s tu d i ed the  

i n f l uence  o f  amb i ent  temperature on the vo l untary i n ta ke of  

water  ( VW I ) by d a i ry cows . T hey observed  that  l a c ta t i n g cows 

i nc rea sed  the i r V W I  by 0 . 58kg/ 1 00k gBW p e r  u n i t°C r i se  i n  the  

amb i en t  tempera t u re be twee n 1 0oc and  3 10 C . For the  s ame range  

of  tempera t u r·e s , the  dry cows  i nc rea s ed t he i r VW I  by about  

0 .  4 l k g/ l OOkgBW per  u n i t CX: r i se  i n  amb i e n t  tempera t u  re . 

Ke l l away and Co l d i tz ( 1 9 7 5 ) a l so repo r te d  that  vo l u n t a ry i n ta ke  

of  wa ter by he i fers  i nc rea sed  wi th  i nc re a s e s  i n  amb i e n t  tempera t u re . 

T he i r  res u l t s a re pres ented  i n  Ta b l e 1 . 3 . 1 .  

Ca tt l e e xpos ed to  cond i t i on s  of r i s i ng t emperature may deve l o p 

t h e  h a b i t of s p i l l i ng water  a nd s p r i n k l i ng i t  ove r t he i r body . 

( Ra g s d a l e e t  a l . ,  1 9 5 1 ) .  T h i s may re s u l t i n  fa l se l y  h i g h  f i gu re s  

for wa ter  con s umpt i on . Hence  a l l owan c e s  mu s t  be made for s p i l l ag e  

i f  th i s  h a bi t deve l op s . 

TAB L E  1 . 3 . 1 V o l u n ta ry i n t a k e  of  water* by h e i fer s  e x posed  
to 2 00 , 300 , and  380C .  tempera ture cond i t i o n s . 

Tempera  t u  re 

Breed 2 0° 3 0° 38° 

Brahman x Fri e s i a n  68 1 3 8  1 74 

Fr i e s i a n s  8 6  2 4 4  2 5 2  

* V W I  i n  ml / k g BW d ay 

So urce Ke l l away a n d  Col d i t z  ( 1 975 ) 
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1 . 3 . 2 .  2 Othe r Spec i e s : 

�1ou n t  e t  a l . ,  ( 1 97 1 )  s tu d i e d  the e ffec t s  of  amb i en t  tempera t u re 

on  VW I by yoong  p i g s  ( 2 1  to  7 3 k g BW )  k e p t  i n  c hambers  a t  v ar i o u s  

tempera tures  be tween 7 0  a n d  33oc .  They observed l i tt l e  d i ffe re nce 

i n  water i n take  be tween 70 and 22°C ;  however the  i nt a ke wa s 

c o n s i dera b l y  i nc reased a t  3 QOC a n d  3 3° C ( i e .  from 2 . 2  l / kg feed  

at  2 ooc to  5 . 0 1/kg  feed  at  30°C ) . Ho l me s  ( 1 97 3 )  a l s o  

repo rted tha t p i g s drank  mo re wa ter a t  34° C ( 1 1 . 7 kg/ day ) tha n a t  

25°C  ( 6 . 3 k g / d ay ) . Appare n t l y  t h i s d i ffe rence was not  s t a t i s t i c a l l y 

s i gn i f i c ant . 

C a rl i s l e  ( 1 9 7 3 ) reported a d i rect  l i nea r re l a t i o n s h i p between  

wa ter  i n ta ke a n d  amb i e nt tempera ture  i n  fa s ted rats  exposed  to 

tempera ture cond i t i ons  v a ry i ng between  soc a nd  30° . For 

tempera tures a bo v e  30°C a n  i nverse re l a t i on w a s  noted . Such  a 

c hange  i n  the e ffect s  o f  amb i en t  tempe ra ture seems to be pecu l i a r 

t o  th i s  s pec i es of a n i ma l s .  F i tz s i mo n s  ( 1 9 7 2 ) s u g g e s ts i n  a rev i ew 

t h a t  ra ts do n o t  repl a ce the i r  l o s s e s  o f  body fl u i d i n  the  hea t 

u n l e s s  food  i s  a va i l a b l e .  Th i s i mp l i e s  that  food i n take  i s  a 

nec e s s a ry facto r for ex h i b i t i on o f  t h i r s t  i n  s ome a n i ma l s .  

D i s c u s s i o n  o f  t he E ffec t s  

Three maj o r  po i n ts eme rge f rom t h e  e xp e r i ments  repo rted : 

1 .  Vo l u ntary i n ta ke of wa ter  by a n i ma l s i nc re a se s  wi t h  i nc rea s e s  

i n  amb i e n t  t empera t u re . 

2 .  The i nc rea s e s  a re co ns i de ra b l e a t  h i g h  amb i ent  temperature s . 

( i e .  h i g he r  t h a n  thermoneutra l zone  for a g i ven  c l a s s  of 

a n i  ma 1 s ) .  

3 .  The respon s e s  a re g reater  when d ry ma tter  i ntake  i s  i n c rea s e d . 
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I t  may there fore  b e  s umma r i sed  tha t t h e  i nc rea se s  i n  the con s um p t i on  

o f  water  by a n i ma l s exposed  to hot  cond i t i ons  depend upon  the s ever i ty 

o f  heat  l oa d , a n d  the amo u n t  of  d ry ma t te r  consumed . 



The effect s  o f  heat  l oad  proba b l y act  t h rough  c hanges  i n  the  

hyp o t ha l ami c tempe ra ture . Anders son  a n d  La rson ( 1 96 1 )  o bserved 

tha t l oca l wa rmi n g  o f  the p re o pt i c  reg i on and ro s tra l 

hypoth a l amu s c a u s e d  a re p l e te goa t to d r i nk , and  p reven ted a 

h un g ry an i ma l  from e a t i ng . Loca l  coo l i n g o f  t h e s e  a re a s  

c a u s e d  reverse  e ffects . Ande rsson  and La rson  therefore 

s u g g e s ted that there are t h e rmosen s i t i ve neuro n s  i n  t h i s a rea  

whi c h  act i vate the  hypoth a l ami c mech a n i sms concerned w i t h  re g u l a t i on 

of  wa ter  i n ta ke . Other work have i nd i cated  that s ud d e n  i nc re a s e s  

i n  the  hypoth a l a m i c temperatu re a c ti va te s va sod i l a t i on a n d  

pa n t i n g i n  dogs  ( He l l s trom a n d  Hamme l , 1 96 7 ) . Swea t i n g  i s  a l s o 

ac t i va ted o n  v1a rmi n g  the hy po t h a l amus ( An d e r s s o n  e t  a l . ,  1 96 7 ) 

Th u s  i n c rea s e s  i n  the  i n ta ke o f  vJa t e r  o n  wa rm i n g  t h e  d i e n c e p ha l on ,  

p roba b l y  o c c u r  to  comp l eme n t  other  mec ha n i sms for heat  d i s s i pa t i on . 

An i nc rease  i n  s k i n  tempera t u re may have s i m i h r  e ff e c t s  o n  

i ntake  o f  wa ter b y  a n i ma l s .  Grace a n d  S t e v e n sn n  ( 1 9 7 1 )  n o t e d  t h a t 

d r i nk i ng  i n  re s po n se to ho t c o n d i t i o n s , o c c u rred b e fo re a p prec i a b l e  

c h a n g e s  we re n o t i ced  i n  the recta l temperat ure a n d  i n  t he s ta te o f  

dehy d ra t i o n  o f  ra ts . I t  s eems l i kel y ,  there fore , t ha t a cha n ge 

i n  the  s k i n  tempe ra ture , o r  s t i mu l a t i on  o f  othe r the nno sen s i t i ve 

re g i ons  i n  the b o dy may c a u se i nc re a s e s  i n  water  i n take  by 

a n i ma l s .  Cat t l e are not  exemp ted from these  e f fe c ts . 

I nc re a s e s  i n  body tempera t u re may a l so  be a s soci a ted  wi th i nc reased 

rates  of eva pora t i ve wa te r l os s  and  re s p i ra tory a c t i v i ty 

( B l axter  e t  a l . ,  1 95 9 ) . I nc reases  i n  wat e r  turnover rates  have  

a l s o  been  demon s t rated i n  sheep  ( Ho pk i n s  e t  a l . ,  1 978 ) ,  and  

a l s o i n  catt l e a nd b uffa l oes  ( Si e bert  a n d  MacFa r l ane , 1 969 ) . 

The l a tter a u th o r s  a l s o  i nd i c a ted  t hat  body wa te r content  o f  

a n i ma l s i nc re a s e d  concomi t a n t l y wi t h  wa ter  turnover ra tes , 
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as the amb i ent  t empera t u re wa s i nc re a s ed from 2 �0 to 38°C .  T h e s e  

c ha nges  i n  the  ba l ance o f  body wa ter may i moose  a demand for i nc re a s ed 

i nt a ke o f  wa te r .  Howeve r ,  d i rec t a s soc i a t i o n s  have  ra re l y  been 

re ported between  the i nc re a s e s  i n  i nta ke  and  l os ses  o f  wa ter  f rom 

the body of ' ho t ' a n i ma l s ( Mclean  et  a l . ,  1 9 7 1 ) 



He n c e , i t  i s  not  j us t i f i a b l e to ma ke gene ra l  conc l u s i on s  t hat  

l os se s  o f  wa te r , eg . by  swe a t i ng , wi l l  res u l t i n  d i rect i nc rea s e s  

i n  water i nt a ke . 

An e ff i c i e n t  t h i r s t  me c ha n i s m  i s  however  e s sen t i a l  t o  e n s ure t h a t  

wat e r  i n ta ke  k e e p s  pace wi t h  wa ter l o s s  from the  body . Othe r 

a u th o r s  ( Wo l f ,  1 96 8 , Ande r s s o n  and  La rson , 1 96 6 ) ,  s u g g e s t  tha t 

i nc re a sed  i n take of wa ter  may a l so be s t i mu l ate d  by l oc a l  d ryne s s  

of  t h e  ora l - pha ryngeal  memb rane s ,  c h a n g e s  i n  t h e  vo l ume o f  the  

va s c u l a r  sys tem , cha nges  i n  the osmo l a r i ty of body f l u i ds , a nd 

a l s o  the emo t i o n a l s t a te o f  the  an i ma l . Thus  the rma l s t i mu l a t i on 

i s  n o t  t h e  o n l y  way by wh i c h t h i r s t  mec han i sm may be act i va ted . 

1 . 3 . 3 .  Other  fa c tors  wh i c h may i n f l uence  i n ta k e  of wa ter by 

a n i ma l s e xposed to  h o t  cond i t i o n s . 

1 . 3 . 3 . 1  An i ma l  F a c to r s  

1 . 3 . 3 . 1 . 1 .  Spe c i es  D i ffere n c e s : 

I n  a s t udy o f  s pe c i e s  d i ffe re n c e s  i n  the u s a ge of  wa te r ,  Moran 

e t�, ( 1 9 7 9 ) o b s e rv e d  t h a t B ra hma n c ro s s  c a tt l e d r a n k  4 .  5 7  l / k g D�A, 

ea ten , when the  co rre s pond i ng f i g ure s for the wa t e r b u f fa l o e s  
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the b a n t e n g , a n d  t he Short  h o rn c att l e we re 5 . 34 ;  4 . 7 5 and  5 . 1 7 l / k g DM l  

re s pe c t i v e l y .  A l t h o u g h  evaporat i ve wa ter l o s s  wa s t h e  s ame for 

a l l s pec i e s ,  t h e  banteng s  h a d  a s i g n i f i c a n t l y  l ow e r  u r i n e o u t p u t  

than  o th e r  s pe c i e s  o n  expos u re t o  hot  e n v i ronmen t s . D i ffere n c e s  

betwe e n  s pe c i e s i n  v o l u n ta ry i ntake  of  water  u n d e r  hot  cond i t i on s  

may i n vo l ve th e i r d i ffere n c e s  i n  the i r  metabo l i c  body s i ze .  Rec e n t  

work on  s heep ( Dege n , 1 9 7 7 ) ;  a nd came l s ( Sc hm1 dt-N i e l s e n  e t  a l . ,  

1 9 5 6 ) however , s uggest  t h a t  t h e  d i ffe rences  betwee n  s pe c i es i n  

wa ter  i nt a ke a re re l a ted  to t h e i r gene t i c res i s tance  t o  changes  

i n  the  p l a s ma v o l ume . 

I n  genera l  a n i ma l s  adapted to h o t  desert  cond i t i o n s  ha ve l owe r 

wa ter  t u rnover r a te s  than  the  more wa ter  dependent  s pe c i e s . The 

l a t te r ,  there fo re s h ow g reater  i nc re a s e s  i n  VW I on  expos ure to 

hot c on d i t i on s  ( MacFar l a ne and Howard , 1 970 ) . 



1 . 3 . 3 .  1 . 2 D i fferences  be tween Breeds :  

I n  s t u d i es  wi th  d i fferen t  b reed s of  c a tt l e ( Wi nche s t e r  a nd Mo rr i s ,  

1 95 6  � Kel l away a n d  Co l d i tz , 1 97 5 ; S i ebert  and  Ma c F a r l a ne , 1 96 9 ) 

i t  ha s been s hown tha t the  Bo s i nd i cu s  a n i ma l s or  t he i r 

c ro s s b reds h ave  a l owe r con s umpt i on o f  wa ter  per un i t  of  dry ma tter 

eaten  than  the B . tau rus coun terpa rts u nd e r  s i mi l a r c o nd i t i ons  

of  amb i e n t  tempe ra ture . Wi n c he s te r  a n d  Morr i s ( 19 5 6 ) o bserved 

tha t  i n t a ke of  wa ter  ( i n  k g / k g DM I ) by bot h  B . taurus  and  B . i nd i c u s  

ca tt l e rema i ned a t  a co n stant  l eve l between  - 1 2°C ,  a n d  4°C . 

Be twe e n  4 a n d  380C  the i n take  i ncre a s ed a t  an  acce l era ted rate . 

( f i g u re 1 . 3 ) . )  U nder  a l l cond i t i ons  of temperature the  B . i n d i c u s  
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ca tt l e drank  l e s s  wa ter per  k g  of  dry ma tter con s umed t h a t  the B . ta u rus . 

The l ower i n ta ke of  wa ter by the  Bo s i nd i c us an i ma l s may be a s soc i a ted 

wi t h  t h e i r l owe r req u i reme nts  fo r wa ter when exposed to hot  

con d i t i ons . P h i l l i ps ( 1 960 ) repo rted that  wa ter req u i reme nts  for 

Zebu  c a tt l e wa s s i g n i � i ca n t l y  l e s s  t h a n  fo r the grade  Here ford s .  
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F i g 2 :  Water i n take  expres sed a s  a funct i on  of  dry ma tter & tempe rature 
W i ncheste r  and Morri s ,  1 956 . 



Mc Dowe l l ( 1 9 7 2 )  s u gg e s ted that  hea t to l era nce d i ffere nces  be tween 

b reed s of c at t l e  may be i nv o l ved i n  the  var i a t i on  i n  VW I by 

a n i ma l s o f  d i fferen t bree d s . Thus  t he  g re a ter  the heat  t o l e ra nce , 

the sma l l er i s  the i nc rea se . i n  V W I  w i t h  i ncrea s e s  i n  amb i e n t  

tempe ra t u re . I n  absence  of hea t s t re ss  no  s i gn i f i c ant  d i fference s  

i n  i n take o f  wa te r i s  e xpected betwe e n  catt l e o f  d i fferent  b reeds , 

( Rogerson  e t  a l . ,  1 968 ; Ledger e t  a l . ,  1 9 70 ) . 

1 . 3 . 3 . 1 . 3  Body S i z e :  

The vo l u n ta ry con s umpt i o n  o f  wa ter by a n i ma l s a l s o depends  u pon  

t he i r me tabo l i c  body s i ze s . 

R i chmond  e t  a l . ,  ( 1 962 ) have  s ugges ted  the  use o f  sw0 . 82 , to  

de scr i be the  r e l a t i on o f  most  a s pects  of  wa ter me ta bo l i sm t o  BW . 

Th i s exponen t  i s  adopted  i n  mo s t  l i t e ra ture r e v i ew� , ( Ma c Far l a ne 

a nd Howa r·d , 1 9 7 0 ; S pr i ng e l l ,  1 968 ) . For the  p u rp o s e s  o f  re l a t i n g  

V W I  to  me tabo l i c  body s i z e  o f  c att l e ,  t h i s expo n e n t  w i l l  be u s ed 

i n  th i s  boo k . 

Rec ent  e s t i mate s ma de by Devend ra ( 1 9 76 ) i nd i ca te that  mos t  a n i ma l s 

consume be twee n  5 and  8% of the i r empty body we i g h t s  o f  wate r . T h i s 

e s t i ma te may be u sed i n  de termi n i ng t h e  l ea s t  amo u n t  o f  wa ter 

tha t shou l d be o f fe red  to a non - l a ct a t i ng and non -pre g na n t  a n i ma l  

under  coo l  cond i t i ons . 

1 . 3 . 3 .  1 . 4 L a c t a t i on : 

Lac tat i ng a n i ma l s  wi l l  ha ve an  i nc rea sed  demand fo r wa ter  i nta ke 

to cater  for mi l k  product i on . An extra con sumpt i on of . 8 7 kg 

o f  water may be requ i red for produc t i o n  of  each  k g  o f  mi l k  

by a n i ma l s ( ARC 1 965 ) . Consequen tl y ,  l acta t i ng a n i ma l s wi l l  

s how h i gher i n ta kes of  water  than non - l actat i ng a n i ma l s of 

s i mi l a r me ta bo l i c  body s i ze ( L i tt l e et  a l . ,  1 976 ; Owen e t  a l . ,  1 968 ; 

Johnson et al_. , 1 967 ) .  
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Al though  there i s  a need t o  i nc re a s e  wa ter i nt a k e  by a n i ma l s 

d u r i ng l a c t a t i o n , a v a i l a b l e data  i nd i c a te that m i l k  produ c t i o n  

a ccounts  fo r o n l y  a sma l l part  of  t h e  i ncreases  i n  wa ter  i n take . 

OvJe n e t  a l . ,  ( 1 968 ) demo n s tra.ted i n  a n  exper ime n t  that  i ncre a s e s  

o f  wa ter i n take  by l ac t a t i n g  a ri i ma l s  a re pr i ma r i l y  a s s oc i a ted  w i th  

t he  i n cre a s e d  i n ta ke o f  dry ma tte r .  Df1 I a c co u n te d  fo r over  

50%  o f  the v a r i a t i o n  i n  i n take  of wa te r by  a n i ma l s wh i l e  t he 

i n f l uence  of  mi l k  y i e l d  wa s a s so c i ated  wi th  on l y 1 2% o f  t he 

v a r i a t i o n s  i n  V W I . On e x p o s ure to h o t  cond i t i o n s , l a c ta t i n g  

a n i ma l s  h a v e  a tendency t o  i nc rea se  V W I  so  l ong  a s  t he i r  rec ta l  

tempera t u re i s  ma i nta i ned  a t  a cons tant  l e ve l . When  t he i r  rec ta l  

tempera t u re r i ses , g ra d u a l  dec re a s e s  i n  to ta l wa ter  con s umpt i on 

may be noted . Johnson  e t �· , ( 1 963 ) s ugges ted t h a t  t h i s decrease  

i n  VWI  by a n i ma l s  exposed  to amb i ent  tempe ra tures h i gh enough  

to  c a u s e  a r i se  i n  t he rec t a l  tempera ture may be  a s soc i a ted wi t h  

dec reases  i n  m i l k  synthe s i s b y  t h e s e  a n i ma l s .  

S i n c e  m i l k  synthes i s  and  h e nce  prod u c t i on  are  depre s s ed at  much  

l owe r tempe ra tures  than  req u i red to c au se  s i gn i f i c a n t  redu c t i on  i n  

v o l u n t a ry 0�1 1 by a n i ma l s ( S tan l ey ,  e t  a l . , 1 9 7 5 ) , i t  i s  s u g ge s ted 

t h a t  depres s i on i n  wa ter req u i red  fo r m i l k  synthe s i s  may be noted , 

e v e n  befo re a ny s i gn i f i ca n t  changes  i n  DMI a re o b s e rved . 

1 . 3 . 3 .  1 . 5  Growth : 

The  proces s  o f  g rowth req u i re s a c o n t i n u o u s  s u pp l y  o f  wa ter  i n  

the  body . Av a i l a b l e data  i nd i cate  tha t an i ma l s requ i re about  

5 . 4 to 7 . 5 k g  o f  wa te r p e r  k g DM eate n , d u r i ng  growt h ; but  a s  the  

a n i ma l  ma tures  the  ra t i o i s  reduced  t o  a bo u t  3 . 5 g / k gDM I . ( Sm i th  e t  

a l . ,  1 965 ) . Grow i ng  a n i ma l s may s how h i g he r  rates o f  me t a bo l i c  

a c t i v i ty hence  h i g her  ra tes . of i ntake  o f  wa ter per  u n i t o f  body 

we i g h t  may be  requ i re d  for  the  el i mi na t i o n  o f  the  me t a bo l i c  was te 

prod u c ts . 
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1 . 3 . 3 .  1 . 6  Pregnancy : 

Pregnancy may a l so  a ffec t  wa te r i n ta ke by a n i ma l s .  An i ncrea se  i n  

i ntake  of  wa t e r  may be requ i re d  to c a ter  for the i nc re a s e s  i n  

the  uter i ne  l i q u i d vo l ume and · fo r  t he g rowth and  me t a b o l i c  

p roce s s e s  of  the foet u s . 

An i nc rea s e  i n  VW I  i n  pregnant  an i ma l s become s p rom i nent  d u r i ng 

t he l a s t  few mo nths  of pregnan cy . Forbes  ( 1 968 ) reported t h a t  

ewes c a r ry i ng s i n g l e or  twi n l ambs  h a d  s i g n i fi c a n t l y h i g h e r  i nt a ke 

o f  wa ter tha n had  the  non-pregna nt  ewes i n  the  1 6th  to 20th  wee k  

pe r i od  o f  p re g na ncy . A t  no  t i me wa s there a ny s i gn i fi c a n t  

d i fferences  i n  VW I  betwee n  d i ffere n t  l i tter  s i ze s . 

Forbes  s u g g e s t e d  t h a t  t h e  g rea ter wa t e r  need of the p re g n a n t  ewe s 

wa s d ue to  grea ter hea t produ c t i on  re su l t i ng  from i n c rea sed  

me t a b o l i c  a c t i v i ty ,  a nd  to  g rea te r u r i nary excre t i on . 

1 . 3 . 3 . 1 . 7  Ac t i v i ty :  

I nc reased  a c t i v i ty ,  both phys i o l o g i c a l  and phys i c a l  , ra i s e s  t h e  

r a te of h e a t  product i on  i n  t h e  body . Not  o n l y  i s  more wa ter  

needed for  d i s s i pa t i o n o f  h e a t  from  t h e  body , but  a l so  for  the  

e l i mi na t i o n  o f  me t a bo l i c  wa s te p rod u c t s  wh i c h i nc re a s e  u n d e r  

t he s e  cond i t i o n s . 

1 . 3 . 3 . 2  Feed  F a ctors : 

1 . 3 . 3 . 2 . 1  Dry Matter  I n t a ke of  Feed : 

I n  s t ud i e s  wi t h  rats , Haack  et  a l . ,  ( 19 7 5 ) demons t ra ted t h a t  wa ter  

i n take  i nc rea s e d  d i rect l y  w i t h  i nc rea s e s  i n  tota l  d ry ma t te r  

co n sumed b y  t h e  a n i ma l s .  I n  both  norma l and  those  w i t h  hered i t a ry 

hypotha l ami c d i a betus  i n s p i d u s , i t  wa s s hown that  a bo u t  50% o f  

the  vari a t i on  i n  VWI  were a s soc i a ted w i t h  the quant i ty of  feed  

ea ten . Forbes  ( 1 968 ) a l s o  reported s i gn i fi cant  l i ne a r  re l a t i on­

s h i p  between VW I and  dry matter  i ntake  by non-pregnant  ewes . 
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The wo rk reported by Owen et  a l . ,  ( 1 968 ) on  catt l e  s u g ges ted  tha t 

a bo u t  50% of  the var i a t i ons  i n  V W I  by l a cta t i ng  cows wa s accounted 

fo r by v a r i a t i on s  i n  d ry ma tte r i nta ke . 

Ava i l a b l e d a ta i nd i c a te that  fa rm a n i ma l s requ i re between  2 . 7 kg 

to 3 . 6 kg o f  wate r oe r k g  of  dry ma tte r consumed under  cool  

cond i t i o n s . Kri shna  et�. , ( 1 97 6 )  reported tha t Zehu c a tt l e consumed 

a bo ut 3 . 3 ( range 3 . 0 1 - 3 . 6 3 )  kg of wa ter per kg  of dry ma t te r  

cons umed . Owen  et a l . ,  ( 1 968 ) had  repo rted 3kg  o f  VW I  per  k g  

o f  d ry ma tter eaten  by l a ctati n g  cows . Devendra ( 1 978 ) worked 

w i th sheep  and  re ported  r a tes of  VWI  rang i ng be tween 2 . 7  R n d  

3 . 6 kg  per  k g DM ; a ra t i o o f  1 ; 3 of  wa ter  t o  dry ma tte r ,  A s i m i l a r 

r a t 1 o wa s re po r ted fo r g rowi ng ·  p i gs . 

( A l canta ra and  Arganosa , 1 975 ) . 

On  expos u re to hot  cond i t i ons , the  ra t i o i nc rea s e s  a t  a n  a c c e l e ra t i n g  

r a te . Wi n c he s te r  a n d  Morr i s ( 1 9 56 ) demons tra ted t h e  re l a t i on 

g ra p h i ca l l y  ( F i g . 2 ) .  The  i n creases  i n  VWI  under  the s e  cond i t i o n s  

a re proba b l y  d u e  to the i nc reased  d ema nd for h e a t  d i s s i pa t i on . 

1 . 3 . 3 .  2 . 2  Crude prote i n  Content  of  Feed : 

P ayne ( 1 96 3 )  reported t h a t  i nc re a s e s  i n  prote i n content  of  feed 

c a u sed i nc re a s e s  i n  VWI by cattl e .  R i tzma n and  Be n ed i ct ( 1 9 24 , 

c i ted  by B i a nca , 1 965 ) a l s o  reported a n  e xper i ment  i n  whi ch  an i ma l s  

fed on  h i g h protei n ra t i o n s  drank 2 6 %  more wa ter t han  a n i ma l s 

fe d o n  l ow p rote i n d i et s . 

Recent  work reported on s heep ( Devendra , 1 976 ) and on  catt l e 

( Kr i s hna e t  a l . ,  1 976 ) s u g g est  that  decreases  i n  wa ter i n ta ke 

a s s oc i a ted w i th  l owe r l eve l s of  crude prote i n  i n  t he d i e t  a re 

s ma l l , a nd , i n  mos t  cases , i n s i gn i fi ca n t . T h i s ca s ts doubt  about  

the i nf l uence o f  C P% of  feed on the  i ntake  of  water by  a n i ma l s .  

The  i nc reases  a re p roba b l y through  i nc reases  i n  d ry ma t te r  i n ta ke , 

ra ther  than a d i rec t  e ffec t  of  CP . 

1 . 3 . 3 .  2 . 3  M i neral  Con tent of Feed a n d  Water :  

I nc reases  i n  water s a l i n i ty ,  ( Wi l son , 1 9 7 5 ) , d i eta ry s od i um 
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c h l o ri de conte n t  ( Morri s a nd Ga rtne r ,  1 97 1 ) , or  rumi n a l  i nf u s i o n  

wi t h  common s a l t  s o l ut i o n s , ( Ternouth  a n d  Beatti e ,  1 97 1 ) ,  have  

been  s hown to  i nc rease  the v o l untary i nta ke of  wa te r by  a n i ma l s .  

S tu d i e s  wi th ra t s  ( F i s he r  a n d  Buggy , 1 9 7 5 ) i nd i c a te tha t h i g h e r  

s a l t i n takes  i nd u c e  ce l l u l a r dehydra t i o n  wh i c h  re s u l t i n  p refe rence  

s h i fts towa rd s wa ter  ra ther t h a n  furthe r i n take of s a l t  so l u t i o n s . 

Rou b i c e k  ( 1 969 ) s u g ge s ted that  ca ttl e may d r i nk  a n  a dd i t i on a l  

230  t o  440ml  of  wa ter per g ram o f  s a tt i n g e s ted i n  feed conta i n i n g 

1 - 2% common s a l t .  

1 . 3 . 3 .  2 . 4 The Wa ter  Conte n t  of  Feed : 

Wa ter i n  feed  and  the prec i p i ta t i on on fo ra ge may c o n s t i tute 

from as  l ow a s  5 - 7 %  by we i g ht  of hay , to  as  h i gh a s  80% or  

4 1  

mo re i n  young  l u s h  p a s tures . O n  consump t i o n  o f  feeds , therefo re 

a n i ma l s c o n s ume d i etary water i n  amounts  wh i c h depend  ma i n l y  upon  

the  percent conten t of wate r i n  t he  feed . T h i s va r i a b l e depe nds  

among  ma ny o ther  fac tors  u pon. the  p hys i ca l  form of  feed , p l a n t  

part , s e a s o n s  a nd the  c l i ma t i c reg i on s  i n  wh i c h the  herbage  i s  

g rown . For  i n s ta nce , i t  i s  e s t i ma ted that  a 3 50kg  he i fer con s um i n g  

8 . 7 5 k g  o f  dry ma tte r from l u s h  g reen  p a s t u re conta i n i ng over  85%  

wa ter , c o n sumes abou t 50kg  of  wa te r  da i l y i n  t he d i e t .  T h i s wou l d  

s uffi c e  to c a ter  for  the d a i l y  req u i reme n t  o f  water by t h i s he i fer 

had  the  requ i rements  been b a s e d  on fi gures  p re sented by Wa l do et a l . ,  

(1 965 ) ,  a n d  by Wi nche s ter and  Morri s ( 19 5 6 ) for  an i ma l s  i n  

en v i ronmenta l  cond i ti ons  wi th l es s  tha n 2 1 °C .  I f  , howeve r , 

the fo rage had been made i nto hay , con sump ti o n  of some free water 

wou l d have been nece s s ary to s a t i sfy t he demands  of  these an i ma l s 

s i nce h ay has l e s s  d i e ta ry wate r .  

The i mportance o f  the effect s  o f  d i eta ry wa ter  on the vol u ntary 

i n ta ke of  wa ter by a n i ma l s have been demons trated by Wi l son  ( 1 962 ) 

and l a ter  on by Tay l o r  ( 1968 ) . Wi l son noted that  catt l e g raz i ng 

wet tro p i ca l  p a sture s  consumed l es s  tha n 1 5 %  o f  the i r da i l y  

requ i rements a s  free wate r .  Dur i n g  the d ry sea son , the i ntake 



o f  free wa t e r  was i nc re a s ed to a bo u t  58% of  the tota l i n take . 

M acFa rl ane  a n d  Howard , ( 1 9 70 ) , a l so reported tha t sheep  

s a t i s f i ed t he i r da i l y req u i rement s  o f  wa ter  on g ra z i n g  p a s tures  

c o n ta i n i ng 85%  mo i s t u re . Howeve r , g ra z i ng had  to be re s tr i c ted 

to  t he coo l e r  part  of  the  day� or  at n i g h t  on l y . Thu s dec l i ne s  i n  

t h e  vo l u n ta ry i ntake  of wa ter a re e x pected on con s umpt i on  

o f  feed wi t h  g rea ter mo i s t u re conte n t . 

1 . 3 . 4 .  CONCLU S ION  

Free  wa ter i n take  by a n i ma l s  seems to  be  a factor  of  ce l l u l a r 

d e hydra t i on , wh i ch may be c a u s e d  by i n take  of  hyperton i c  s o l u t i on s  

o r  by exces s i ve wa ter  l os s  a s s oc i a ted w i t h  c hanges  i n  the amb i en t  

tempe ra ture . V o l u n t a ry i n take  o f  wa te r by a n i ma l s may be i nc re a sed  

i n  re s po n se to i ncre a s ed d emand  fo r produ c t i on ; howeve r ,  the 

i n f l uence o f  d ry ma tter  i n ta ke by a n i ma l s  o n  the i r VW I a ppears  

to overs ha dow the  dema n d s  for produc t i on ; pa rti c u l a r l y whe n 

a n i ma l s a re exposed  to h o t  cond i t i on s . 
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1 . 4 E F F ECTS OF  EXPOSURE TO HOT ENV I RONMENTS ON GROWTH O F  A N I MAL S 

1 . 4 . 1 I n t rod uc t i on : 

The  i nc rease  i n  body we i g ht  over t i me tends to fo l l ow a 

c ha ra c te r i s t i c J shaped  ( s i gmo i d ) c u rve pa t tern ( De Ter re a n d  

Rank i n  1 9 78 ) . However  t h e  course of  g rowth of an  i nd i v i d u a l  

may b e  d i fferent  from t h a t  o bs e rved  i n  mother  d ue t o  the i r 

d i ffere nces  i n  genet i ca l  cons t i t u t i o n , e nv i ronme n t  a n d  �ana qeme n t  

cond i t i o n s  prov i ded . Of  t he e n v i ronme n ta l factors , seve ra l 

c l i ma t i c c o nd i t i ons  a re known to  a ffect  g rowth  a n d  deve l opmen t of  

young  a n i ma l �  i nd i re c t l y  through  t h e i r i n f l uence o n  e n e rgy e x c ha n ge 

a n d  u t i l i sa t i o n  i n  the  a n i ma l  body . The d i rect e ffec t  of t h e rma l 

cond i ti o n s  o n  g rowth may be  due  to t h e i r i nf l uence  on  the syn t he s i s 

a n d  p rod uc t i on of g rowth hormone . Other  effec t s  may be a s s oc i a ted 

w i th  c h a n ge s  i n  the ra tes  of  b i oc hemi c a l  rea ct i o n s  concerned  

wi th  body bu i l d i n g .  

Many e xper i me n t s  conduc te d  i n  contro l l ed tempe ra ture cond i t i on s  

have  demon s tra ted decre a s e s  i n  g rowt h  rate o f  a n i ma l s exposed  to 
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h i g h amb i en t  tempera ture s .  Foeta l  dwa rfi ng , i nv o l v i ng d i s p ro po rt i o n ­

a te growth o f  s k e l eton a n d  other orga n s  have been reported i n  

h e a t  s t re s sed  s heep ( A l e xa n der  a n d  Wi l l i ams , 197 1 ) .  De l ays i n  

p hys i o l og i ca l  ma tur i ty ,  a n d  reduced  g r owth pe rforma nce  of  sex  

c e l l s ,  have  b e e n  reported i n  hea t  s tre s sed  ca ttl e ( d ' Al ba and  

R i e ra , 1 966 ; B o nd a n d  McDowe l l ,  1 9 7 2 ) .  The maj or i ty of 

e x per i me n t s  re ported i n  l i tera t u re have pa i d  a l ot of  a ttent i on  to 

the c hanges  i n  l i vewe i g h t  g a i n by a n i ma l s on expo s u re to  hot  

cond i t i o n s . A l l a u thors  s eem to  come t o  a conc l u s i on tha t 

l i vewe i g h t  g a i n  i nc rea s e s  a s  the  amb i e n t  tempera ture  i s  i nc re a s ed 

b e l ow the thermoneutra l  z one , b u t  decre a s e s  w i t h  i nc rea ses  i n  

t h e  amb i en t  temperatu re a bove the  thermoneutral  zone  o f  a g i v e n  

a n i ma l . 



1 . 4 . 2 .  Effec t s  of h i g h  amb i e n t  temper a tures on l i vewe i g h t  ga i n  

1 . 4 . 2 . 1  E v i den c e  wi t h  catt l e :  

The effe c ts of e x p o s u re to hot  cond i t i ons  on  the l i v ewe i g h t  ga i n  

of  c a l v e s  have  been  i l l u s trated  i n  expe r i me nts c a rr i ed o u t  by 

Vohn o u t  and  Ba teman ( 1 972 ) , C o l d i tz and  Ke l l away ( 1 9 7 2 ) a nd 

by Kama l a n d  John son  ( 1 9 7 1 ) .  T he  re su l ts ( s umma r i s e d  i n  Ta b l e 

1 . 4 . 1 )  i nd i cate  that  expo s ures  i n  catt l e from coo l ( 1 5 - 2 0°C )  to 

hot  ( 33 - 40° C ) c ond i t i ons  have  a n  effec t  of decrea s i ng l i vewe i g h t  

ga i n o f  g rowi ng  ca t tl e .  

Bon sma ( 1 949 ) s howed , i n  S o u t h  Afr i ca , t hat  ca l ves  b o rn to 

Br i t i s h  breeds after  pregna ncy i n  s umme r had l owe r we i g h t s  t han  

o f  t h o s e  born  a fte r wi nter p re g n a n c i e s . T h i s effe c t  wa s not  

re co rde d i n  the  l oc a l  Afr i c a n de r  cat t l e wh i c h we re more heat  

to l e ran t  than  the Bri ti s h  breed s .  These  o b s e rva t i o n s  s u g g e s t  

tha t h o t  cond i t i o n s  may re duce  l i vewei g h t  ga i n  by c a t tl e .  

1 . 4 . 2 . 2 .  E v i dence  wi th other  s p ec i e s : 

Work on  s heep ( Br i n k  and Ame s 1 9 7 5 ; Ame s  a nd Bri nk , 1 97 7 ) a nd  on  

p i g s  He i tma n and  Hughes , 1 949 ) demon s t ra ted  decre a s e s  i n  

l i vewe i g h t  ga i n  of these an i ma l s when exposed  to h i g h  amb i e nt  

tempera t u re s . Ame s a nd Br i nk ( 1 9 7 5 ) a n a l ysed  some da ta  i nvo l v i n g  

36 obse rvat i ons  wi t h  l ambs g rown i n  a c o n t ro l l ed e n v i ronment . 
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The mea n temperatures  ranged be tween  - 5oc a nd 35oc .  T hey obse rved 

that t he a verage d a i l y  ga i n ( ADG ) of l ambs wa s re l a ted to temperature  

by a q u a d ra t i c equa t i on :  

ADG ( g )  = 1 2 3 . 926  + 9 . 259T - 0 . 3 2 2T2 

where 

T i s  amb i e n t  tempera tu re i n  oc .  

they observed tha t the  quadra t i c re l a t i o n  was mai nta i ned  when the  

ana l ys i s wa s carri ed  o u t  on  data  i nvo l v i ng a n i ma l s exposed  to  hot  



TABLE 1 . 4 . 1  L i vewe i g h t  ga i n  ( g/day ) o f  ca l ves expo s ed to 
Coo l  ( 1 50 - 2 00C )  a nd to Hot ( 33-400C ) tempera ture 
cond i t i o n s . 

An i ma l  Feed Cool ( 1 5 - 2ooc )  Ho t ( 33-400C ) 

Fri e s i a n h e i fers concentrate 1 180 280 
pe l l e t s  

Bra hma n x Fri e s i a n  
he i fers 1 1  1 1 90 820 

Fri e s i an s teers  1 1  965  4 1 0  

Fr i e s i a n s teers  hay 7 1 0  2 05 

Bra h ma n  X Fri e s i a n 
s te e r s  concen tra te 

pe l l e t s  1 2 00 905  

B r a hm a n  X F r i e s i an 
s te e r s  hay 705  365  

Fr i e s i a n he i fers  concen tra te 
pel l et s  1 1 80 590  

B ra hma n X F r i e s i a n 
h e i fe r s  1 1  1060  6 70  

B ra hma n h e i fe rs  1 1  960  670  

Jersey b u ll  
c a l ve s concentrates  

2 . 7  Mca l / kg DM 520* 300* 

2 .  0 Mea l  / k g Dt� 600* 360* 

* We i g h t  ga i n i n  g/ 100k g Body We i gh t  

Re fe re n c e s : 

1 .  Ke l l away and  Co l d i tz ( 1 9 7 5 ) 

2 .  K i ng  ( 1978 ) 

3 .  Co l  d i tz and  Ke l l away ( 1 9 7 2 ) 

4 .  Voh n o u t  a nd Ba teman ( 19 7 2 ) 
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Re ference 

1 

1 

2 

2 

2 

2 

3 

3 

3 

4 
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cond i t i ons ( 1 5 -350C ) o n l y .  The  new equa t i o n  wa s 

ADG( g )  = 2 1 3 . 1 5 9  + 3 . 748T - 0 . 243T2 

For an i ma l s r a i sed  i n  the coo l e r  cond i t i ons , the re l a t i on s h i p 

was l i near . I n  t h i s c a s e , t he rel a t i on  wa s des c r i bed by 

ADG ( g )  = 1 1 2 . 1 18 + 6 . 99 1T 

S i m i l a r re l a t i o n s h i p s  we re demon s tra ted i n  a n  expe r i me n t  w i t h  

p i g s . H e i tma n a nd H u g hes , ( 1 949 ) mai n t a i ned  g roups  of  p i g s  wh i c h 

had  prev i ou s l y  bee n a c c l i ma t i s e d  to 2 1 oc i n  tempera ture contro l l e d 

rooms , w i th  amb i e n t  temperature s  varyi ng between soc a n d  4ooc .  

The a n i ma l s  we re fe d a d  l i b i t um d u ri n g  the  s eve n days of  expo s ure . 

The re s u l t s  i l l u s t ra ted i n  f i g u re 1 . 4 , demo n s tra te c l e a r l y  t hat  

there i s  a c r i t i ca l  v a l ue of  amb i ent  tempera ture be l ow wh i ch 

i nc rea s e s  i n  amb i e n t  temperature a re a s s oc i a ted wi th  i nc re a s e s  

i n  t h e  l i vewe i g h t  ga i n  of a n i ma l s .  Above th i s  po i n t ,  howeve r ,  

i nc rea se s  i n  the amb i ent  tempe ra t u re red u ce l i vewe i g h t  ga i n  o f  

a n i ma l s .  I t  i s  therefore , s u gge s ted that  i nc re a s e s  o f  amb i e n t  

tempera ture a re l i ke l y  to  reduce  l i vewe i g h t  g a i n i f  a n i ma l s  

a re exposed  to tempe r a t u re s  h i g he r  than  the upper  c r i t i c a l  

tempe ra ture they n e e d  fo r ma x i mum ene rgy convers i o n e f f i c i ency 

( s ee 1 . 4 . 2 . 3 )  

1 · 0  

+ 0 · 5  
>, 
"' 

-a 
- 0 CJ) p i gs � 

s::: 

"' - 0 · 5  c..!:l 

\ Heavy p i g s  

5 1 5  25 35 45 5 5  
Room tempe ra ture ( OC )  

Fi gure 1 . 4 :  The effects  of a i r tempera ture on  we i ght  ga i n  of p i g s . 

( From He i tman and Hughes . 1949 ) 
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1 . 4 . 2 .  3 D i s c u s s i on of the  Effects : 

The effe c ts of hot  cond i t i on s  on  g rowth of  a n i ma l s h a ve been 

s ug ge s te d  by ma ny au thors  ( B i a n c a , 1 96 5 , Thompson  1 9 7 3 , Ho l me s , 1 97 9 ) 

to i nc l u de : 

a )  Cha n g e s  a s s oc i a ted  w i th  dry matter  i n ta ke : 

b )  Cha n g e s i n  the  metabo l i sm o f  food n u tr i ent s , a n d  a l s o  

i n  me t a bo l i sm o f  mu s c l e  a n d  body fat s : 

c )  C ha ng e s  i n  the  a c t i v i ty of  t h e  endoc r i n e  sys tem . 

a )  Dry ma tter i n ta k e :  

On expo s u re to hot  cond i t i o n s  a n i ma l s  re duce the i r  vo l u n t a ry i n ta ke  

of dry ma t ter  and  conseque n t l y  dec rea se  the amount  o f  n u t r i ent s  

me tabo l i s ed . The s e  dec l i nes i n  the  cons umpt i o n of  dry ma t ter  

h a ve bee n a s so c i a te d  w i th the  dec l i ne s  i n  L WG of a n i ma l s exposed  

to hot  c o n d i t i on s  ( Mendel  �cD_. , 1 97 1 ; Ho l me s  e t  a l . ,  1 980 ; Ki n g  

1 9 78 ) . 

Mende l e��.l· , ( 1 Y7 1 )  for examp l e ,  re ported a n  e xper i me n t  i n  wh i c h 

g rowth rate  wa s re l ated  to the  a v e rage  da i l y tempera ture to wh i c h 

c a tt l e we re exposed . Da i l y we i gh t  g a i n de c re a sed l i nea r l y  a t  

a rate o f  30g per  1 oc r i se i n  the  amb i en t  temperature be tween 

23°C a nd 3 3oc .  The d ry matter  i ntake  dec l i ned  at  a b o u t  0 . 03 k g; oc 

r i se i n  the  amb i ent  tempe ra t u re . The a u thors  sugge s ted  t h a t  

changes  i n  t h e  DM I we re res pon s i b l e  for t h e  decl i ne s  i n  t he rate  

of  l i vewe i g h t  g a i n .  

To s uppo r t  th i s  theory ,  Ho l me s  et  a l . ,  ( 1 980 ) , c a rr i ed out  an 

expe ri me n t  wi th Bra hman  x Fri e s i a n , and Fr i e s i an s teers . They 

noted tha t the two breeds had a s i mi l a r  i ntake  of dry ma t ter  a t  

1 7oc .  On  exposure t o  34oc the Fr i e s i an  s teers con sumed l es s  feed ; 

than d i d the Bra hma n x Fri es i a n s . The LWG of the two Fri e s i an  

steers wa s observed to  be  l ower than  that  of  Brahma n x Fr i e s i ans  

at  34°C . On correct i n g  for the  d i fferences  i n  i ntake  of  OM , the 

di ffere nce  noted i n  LWG between the  two breeds di sa ppea red . I t  



wa s the refore s u ggested  that  the d e c l i ne s  i n  the i n ta ke o f  d ry 

ma tter were re s po n s i b l e  for  mo s t  of  the  dec l i ne s  reported fo r 

LWG on expo s u re of the two s tee r s  to 34oc from 1 7°C .  

Othe r expe ri men t s  have demo n s tra te d  that  dec l i nes i n  the LviG 

on expo sure of  a n i ma l s to hot cond i t i o n s  are no t s i mp l y  a 

con sequence  o f  reduc t i on i n  DM I . S i g n i f i cant  dec l i ne s  i n  LWG 

were reported i n  a n  expe r i me n t  i n  wh i c h no  a pprec i a b l e dec l i ne 

i n  DM I had  been  observed by expo s i ng he i fers from zooc to a n  

env i ronme nt  o f  32°C . ( Mc Dowe l l  1 968 ) . S i nce  there wa s n o  c h a n g e  

i n  t h e  d i ge s t i b i l i ty of Dt� , McDowe l l ( 1 968 ) conc l uded  tha t a 

port i o n  of e n e r gy ava i l a b l e for g rowth wa s u sed  for comba t i n g  

the  effects  o f  heat  s t re s s  a t  320C .  

Recent  work s u ch a s  those  re ported by Ame s and B r i n k  ( 1 9 7 7 � 

F u l l er a n d  Boy n e  ( 1 9 7 1 ) ,  Kel l away a n d  C o l d i tz ( 1 97 5 )  and by 

V e rcoe and  F r i s c h  ( 1 970 ) ha ve demons t ra ted  that there are  

changes  i n  the  metabo l i sm o f  food n u tr i e n t s  on expo s u re of  an i ma l s 

to hot cond i t i on s . The se  c hanges  a re s ugge s ted to a ffect LWG 

so tha t on  eq u i va l ent  con s umpt i on  of d r·y matter hea t stre s sed  

a n i ma l s  may s t i l l  s how l owe r we i g h t  g a i n s tha n wi l l  be ob served 

i n  a thermoneutra l env i ronme n t . 

b )  Changes  i n  the  me tabo l i sm of Nutr i e n ts : 

The e ffec ts of h i g h amb i ent  temperatures  on  l i vewe i gh t  ga i n  of 

an i ma l s ha s been  s ugge s ted  a bove to be a s so c i ated wi th  c hanges  

i n  the  me tabo l i sm of  n u t r i e n t s . The c ha nges whi c h  have  been 

re ported , i nc l ude , energy metabo l i sm ,  n i trogen metabo l i sm ,  

metabo l i sm of fatty a c i d s , and  metabo l i sm of water . As  wi l l  

be seen  l a te r ,  these  effec ts a re a l s o  a s soc i a ted wi th changes  i n  

the act i v i ty of  t he endocr i ne  system . 

Ava i l ab l e  data ( Vercoe a nd Fr i sch , 1970 ; Vercoe 1969 ; Co l d i tz a nd  

Ke l l away , 1972) s u ggest that  LWG may be  a ffected by  h i g h amb i ent  

temperatures  through  a d i s tu rbance i n  the metabo l i sm and  reten t i o n  

', 
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o f  n i trogen  i n  the  body . Vercoe  a n d  Fri s c h  ( 1 9 7 0 ) reported 

i nc reased  u r i nary excre t i on of  N i n  hea t s tres s e d  h e i fers . 

I n  a n  ear l i e r pape r ,  Vercoe  ( 1 969 ) h a d  demo n s trated that  the 

u r i nary l os s e s  of  N occu rred even  whe n  food i ntake  wa s contro l l ed .  

T h i s i nd i ca te d ,  therefore , tha t the  i nc rea sed  u ri n a ry e x c re t i on  

wa s not d u e  to the  dec l i nes  i n  energ y  i n take  ( Bro s te r , l 9 7 3 ; 

Crampton 1 9 64 ) .  The obs e rvat i on repo rted l a ter by Col d i t z  a n d  

Ke l l away ( 1 9 7 2 ) that  bo t h  ur i n a ry excre t i on  and p l a sma concen t ra t i on  

o f  c reat i n i n e  we re i nc re a sed  on  expos ure of a n i ma l s to h o t  

cond i ti o n s , s u g g e s ted  tha t mus c l e  ca tabol i sm wa s i nvo l ved . 

Ke l l away and  Co l d i tz ( 19 7 5 )  demo n s tra ted i n  another  wo rk  t h a t  

t he concentra t i on of RNA  i n  the  mu s c l e wa s a l so re duced  by 

expos i ng c a t t l e to JBOC . Th i s s u g g e s te d  tha t the synthe s i s o f  

p rote i n s  i n  the  body i s  a l s o a ffected  by e x po s u re of  a n i ma l s to 

hot  cond i t i on s .  

I t  seems therefo re that  hot  cond i t i o n s  may a ffec t LWG through  

the i r  effec ts  on  con s umpt i on and  rete nt i on of  d i e ta ry n i t ro g e n ,  

a nd a l s o  through  decre a s e d  syn the s i s  of prote i n s i n  the  body . 

S i nc e pro te i n s  a re e s se n t i a l  metabo l i te s  for l ean  ma s s  produc t i on , 

the depres s i on of  the i r  synthe s i s  o r  u t i l i s a t i on by the body 

may resu l t i n  a red uced g rowth  and deve l opment  of  young  a n i ma l s .  

We i g ht l o s s e s  have  been reported even  i n  c a se s  where pos i t i ve  

ba l ance i n  N had  bee n  rec o rded ( Sheba i ta and  Kama l 1 97 5 ; Kama l 

a n d  Johnson , 1 97 1 ) .  The l a tter a uthors  demo n s trated that  body 

fa t wa s a l s o  d e s troye d , s o  that  d e c l i ne s  i n  l i vewe i g ht g a i n may 

s t i l l  be noted  even i f  no a ppre c i a b l e changes  are noted  i n  N i trogen 

status  of heat s tre s sed  a n i ma l s .  

Prol onged expo s u re of  c a tt l e to amb i en t  temperatu res  h i g h e n o u g h  

to c a u se i nc re a s e s  i n  the  recta l  temperature has  been a s s oc i a ted  

w i th ma rked c ha ng e s  i n  tota l fatty a c i d s  ( No b l e ,  e t  a l . ,  1 9 7 0 ) 

a n d  l i p i d con s t i tuents  o f  p l a sma .  ( o • Ke l l y  1 973b ) . There i s  a 

general  decrea s e  i n  the concentra t i o n  o f  tota l c ho l e s terol  a n d  

phos phol i p i ds ;  decre a s e s  i n  t h e  a l ka l i ne p ho sphata s e  act i on ; b u t  
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i nc re a s e s  i n  the  r a t i o of  free to total  c ho l e s terol . Non 

e s te r i f i ed  fat s  and g l ucose  l ev e l s seem to be u n a ffec ted by 

expo s u re s  of an i ma l s to hot  cond i t i on s  ( Ve rcoe 1 976 ; Nob l e e t  a l . ,  

1 976 ) . 

O ' Ke l l y  ( 1 9 7 3 a ) a l s o  reported i nc re a s ed excre t i o n  of  fatty a c i d s  

i n  the  faeces  o f  heat  s tre s sed c a l ve s ,  i nd i ca t i ng  reduced 

reten t i on o f  fat ty a c i d s  i n  the body . There i s  a l s o  some 

ev i den ce i nd i c a t i n g  t h a t  c a tt l e e x posed  to h i gh amb i e n t  tempera ture s 

s how dec rea sed rumen a c t i v i ty ( At terbury a n d  john son , 1 96 9 ) and  

a dec re a s ed prod uc t i on  of to ta l vol a t i l e  fa tty a c i d s� We l dy 

et a l . ,  1 964 ) . The a c i d s  func t i o n  a s  a rea d i l y  a va i l a b l e source 

of energy req u i red by the a n i ma l s for p ro d u c t i o n ( Nob l e , l 9 78 ) . 

These  change s may affec t the ava i l a b i l i ty of  e n e rgy a n d  hence 

ca u s e  s e r i o u s  dec l i ne s  i n  the l i vewe i g ht g a i n  of  g ro w i n g  o r  

fa t te n i n g  ca tt l e .  T h e  i nd i re c t  s i gn i f i cance  o f  re duced  l e ve l s 
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o f  s ome o f  t h e s e  components  s h o u l d � l so b e  men t i oned . H i g h  c ho l e s tero l  

l eve l s a re i mporta n t  for the  b u l k s u p p l y  of  me ta bo l i ca l l y  a c t i ve  

cho l e s te ro l  requ i re d  f o r  the  p r o d u c ti o n  of  s tero i d  hormone s .  

Of  p a r t i c u l a r i ntere s t  here a re the  proges terones  wh i c h are 

e s s e nt i a l  fo r the deve l o pmen t  of gonada l  duc ts , the s e c o n d a ry 

sex  characters  a nd the  ma tura t i on  of  re produ c t i ve  c e l l s .  ( Gordon , 1 9 7 2 ) . 

T h u s  the  e ffects o f  hot  cond i t i on s  o n  an i ma l s are not  o n l y  i mporta n t  

for we i g ht change s , bu t a l so fo r t h e  phy s i o l og i c a l  ma tura t i on o f  

a n  a n i ma l . 

c )  The Endoc r i ne Sys tem : 

Growth , l i ke many othe r p hys i o l og i ca l  proce s s e s  i n  the  body i s  

s u bj e c t  to the  i nf l u e n ce of the endocr i ne  sys tem . The a c t i v i ty 

o f  the endocr i ne sys tem i s  howeve r grea t l y  a ffected by hot  

cond i t i o n s . Therefore , the dec l i ne s  i n  the  g rowth ra te , or  the  

dec l i ne s  i n  the  rat e s  of  convert i ng food to body we i gh t  i n  hea t 

s tre s sed  a n i ma l s  may i n  part  be a tt r i buted to d i s turbances  i n  

the  hormona l  sys tem . The  d i re c t  e ffe c t s  cou l d be thro u g h  

p rod uc t i on  a n d  u t i l i s a t i o n  of growth hormones ;  wh i l e the  



i nd i rect  effe c t s  wou l d be t h o s e  a s s o c i a ted wi th other  hormone s 

e s s e n t i a l  for a n i ma l  me tabo l i sm .  

Growt h hormone 
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D u r i n g  pro l onged  exposure t o  hot  cond i t i on s  catt l e have  been o b se rved 

to  decrease  the r a te of  s e c re t i on a nd u t i l i s a t i o n  of  q rowth 

h o rmo n e . Mi tra  ��l . ,  ( 1 972 ) for e xamp l e ,  reported t hat  g rowth 

ho rmo n e  secre t i o n  by c a tt l e  wa s redu ced  from 16mg per day per 

a n i ma l  at 1 so c to . 9mg per day per a n i ma l  a t  3 50C . Y o u s e f  a n d  

J o h n s o n  ( 1 9 70 ) s u ggested  tha t dec l i ne s  i n  the s ecre t i o n  of  

Growth Hormone a ffect g rowt h through  i ts e ffec ts  on  e ne rgy metabol i sm 

a n d  p ro te i n synt he s i s  i n  the  body . 

Other  h o rmones  

Hot  c o nd i ti on s  may  a ffe ct  g rowth t h ro u g h  the  effe c t s  of  these  

cond i t i o ns  on  the  synthe s i s ,  s ecret i on , o r  degradat i on of  

other  h o rmones  by  t he body . Of  pa rt i c u l a r  i n tere s t  a re thy ro i d  

hormo n e s  and  t i le  s tero i d s prod uced  by the gonads  a n d  t h e  a d rena l 

me du l l a .  

The ho rmones  p rod uced  by the  thyro i d s  a re i mporta n t  fo r a l l 

d i ffere nt i a t i on  d u r i ng g rowt h , a n d  a l s o  have  a c a l or i ge n i c a ct i on 

e s s en t i a l  for the  reg u l a t i o n  o f  body temperature ( Gordo n 1 97 2 ) .  

There fo re , factors  a ffe ct i n g  produ c t i o n  o r  u t i l i s a t i on  of  the s e  

ho rmon e s  wi l l  u l t i ma te l y  affe c t  growt h a n d  deve l opme n t  o f  

a you n g  a n i ma l . 

Dec l i ne s  i n  the p roducti on  of  t hyrox i ne have been a s so c i a ted wi t h  

decl i ne s  i n  i nta ke of  dry ma tte r  ; howeve r , even when t h e  i ntake 

of feed  i s  control l ed ,  decl i ne s  i n  the secret i on a nd ra te of 

degrada t i on of th i s  hormone may st i l l  be observed i n  hea t  stres sed 

cattl e ( John son and Youse f ,  1 966 ) . The se  dec l i nes i n  the  l evel of 

thyrox i ne  may t herefore be respons i b l e  for some of the dec l i ne s  

reported i n  t h e  LWG of hea t  s tre s sed cattl e .  



Androgen admi n i s tra t i on to  ma l e  c a s trates  has been reported to 

i n crea se  RNA fo rma t i on  and mus c l e we i g h t  i n  g u i nea p i g s  

( Koc h a k  i a n  e t  a 1 . , 1 964 ) a nd i n  i nta c t  rabb i t s  ( Gr i  g s by ,  Be rgen  

and  Merkel , 1 9 76 ) . The s e  expe r i me n t s  s up port a n  o b s e rv a t i o n  by 

Pre s ton a n d  W i l l i s  ( 19 70 ) , that  he i fers  h a d  l owe r LWG ( c f  bu l l s )  

beca u s e  of the i r h i gher  i n take  l eve l s o f  oestroge n s . I nc re a s e d  

produ c t i on of  pro g e s terones  have been re ported i n  h e a t  s tre s s ed  

cows ( S tot e t  a l_ . , 1 967 ) . The se  do cau se  de l ays i n  the  o e s t r u s  o f  

he i fers  a s  we l l  a s  a ffec t  t h e i r g rowth r a te . (Thomp son  e t  a l . ,  1 96 3 ) .  

G l ucocort i co i d s a n d  noradre na l i ne a re k nown to a ffec t  g rowth 

t h ro u g h  t he i r c a t a bo l i c  effect s  on  the a d i pose t i s s ue i n  t h e  

bo dy . A l v a r e z  a n d  J o hn s o n  ( 1 9 70 )  a nd T h ompson e t  a l . ,  ( 1 963 ) 

r e p o rted i n c re a s e d  excre t i on  of  t h e s e  hormones  i n  e x p o s u re of  

cows  a n d  he i fe r s ( re s pect i ve l y )  to hot  c o nd i t i o n s . A l though  

Thomp s o n  e t  a l . ,  ( 1 963 ) d i d  not  s how a ny re l a t i o n s  be tween 

c h a n g e s  i n  we i g h t  ga i n  and r a t e s  of  s e c re t i o n of c o r t i c o s t e ro i d s , 

i t  i s  po s s i b l e t h a t some of the  dec l i ne s  re ported i n  LWG we re 

d ue to the i n c re a s e d  l ev e l s of c o r t i c o s te ro i d s .  

I n s u l i n  p r o d u c t i o n i s  i mportant  for t h e  s u ppres s i on o f  the c a t a bo l i c  

e ffec t s  of the s e  hormones  ( W i negrad  1 96 2 ) . Kama l e t  a l . , ( 1 970 ) 

h ave  i nd i c a ted re duced  p l a sma i ns u l i n  c o n centra t i on i n  d ry cows 

exposed  to h i gh amb i e n t  tempe rature s .  T h i s  s ugge s t s  that the 

a n t i l ypol i t i c  func t i on of  th i s  hormone  i s  reduced on  e xpos u re 

o f  c a t t l e to hot  c o n d i t i o n s . The re s u l t s  a re i nc rea sed  c a t a bo l i sm 

o f  body fa ts  a n d  hence  a d ec l i ne i n  mea n  LWG of g rowi n g  or  fat te n i ng  

a n i ma l s .  

I n  s ummary i t  i s  c o n c l uded  t hat  hot  cond i t i on s  a ffec t  LWG of  c a tt l e 

t h ro u g h  the effe c t s  of  these  cond i t i on s  o n  i ntake a n d  metabo l i sm 

of  food . Growth may a l s o  be a ffected by h i gh amb i ent  tempera t u r e s  

t h ro u gh an  i nf l u e n c e  on  the  e n docri ne  sys t em .  

I t  s h ou l d ,  howeve r , be remembered tha t c ha n ge s  i n  LWG o n  e x p o s u re 

o f  a n i ma l s to hot  c o nd i t i o n s  may some t i me s  be d i ffi cu l t  to d e te c t  
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s i nce  body wa ter i nc re a s e s  under  the s e  cond i t i on s  ( Kama l a n d  

J oh n s o n , l 97 1 ) .  I t  i s  there fore , l i ke l y  that  g reater  c ha n g e s  

t h a n  n o rma l l y  reported  oc c u r ; howeve r ,  d u e  to t he a s s oc i a ted 

i nc rea s e s  i n  body wa te r , on l y  sma l l c ha nges  may be ob served . 

1 . 4 . 3 Other  Fa ctors  wh i c h may i n fl uence  LWG o f  An i ma l s 

i n  hot  cond i t i o n s . 
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Catt l e may show d i ffe rences  i n  t he i r  L WG respo n s e s  to  h o t  cond i t i on s . 

These  d i fferences  may be a s soc i a ted  wi th  gene t i c or  phys i o l og i c a l  

c h a racter i s t i c s  of  a n i ma l s .  O f  ma j o r  i mportance  t o  wei g h t  ga i n  

a re d i fferences  a s s o c i a ted  wi th  the bree d , a ge , we i g h t  and  s e x  o f  

the a n i ma l s exposed  to  hot  e n v i ronment s . 

1 .  Breed : 

Mason , ( 1 9 7 1 )  h a s  g i ve n  an  e x te n s i ve rev i ew of  l i tera ture  on 

growth o f  l a rge c a t t l e breeds  i n  t he i r  rel a t i ve and a b s o l u te 

growth ra tes  a t  a g i v e n  age  o r  we i g ht ( Tab l e  1 . 4 . 2 ) . Mor a n  

( 1 97 3 )  h a s  a l s o  reported s i g n i f i c a n t  d i fferences  between growth 

ra te s of B ra hma n ,  the  Banten g , Short - horns  ( represen t i n g  3 

spec i e s o f  Bov i dae ) when  exposed  to s i mi l a r cond i t i o n s  o f  mana geme n t . 

TAB L E  1 . 4 . 2  Growth ra t e  of Steers  o f  V a r i o u s  breeds i n  a n  
Expe ri me n t a l  farm a t  Omatj enne . ( S . W . Afr i ca ) 

( F rom Ma s o n  197 1 , ) 

W E I G H T / kg 
Breed 8 mon t h s  o f  A e 18 months  E s t i mated  da  i 1 y 

Ang u s  1 5 0  kg  2 2 5  kg 0 . 25 

Shorthorn 160  k g  2 3 5  k g  0 . 25 

S u s se x  1 7 5  k g  2 7 5  k g  0 . 33 

Southdown 200 k g  3 0 0  k g  0 . 3 3 

B rown Swi s s  2 2 0  k g  3 3 0  k g  0 . 38 

S i mmen ta i 225  kg  340 kg  0 . 38 

a i n  {kg ) 
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On expo s u re o f  an i ma l s of  d i fferent  b reeds  to h i g h amb i e n t  tempera t u re s , 

s i g n i f i c a n t  d i ffere n ce s  i n  growth re s ponse  may be noted . Some 

o f  these  d i f fe rence s a re i l l u s trated i n  Ta b l e  1 . 4 . l .I n  general , the  

g rowth rate  of  c a tt l e wh i c h  are wel l a da pted to h o t  c o n d i t i ons , 

p a rt i c u l a r l y  those  t ro p i c a l  i n  ori g i n  or t he i r cro s s - bred s , a ppear  

to be  l e s s  a ffected t h a n  t he tempe ra te an i ma l s ( W i n k s , et a l . ,  1 9 7 9 ) 

Howeve r ,  the a bs o l u te growth ra te of  these  tropi c a l  an i ma l s 

( B . i n d i c u s  ma i n l y )  may rema i n  a t  a l owe r l eve l t h a n  t hat  recorded 

i n  the tempe rate ( B . t au ru s)  a n i ma l s when  expo s e d  to  s i mi l a r 

cond i t i o n s  o f  amb i en t  tempera ture ( Fr i s c h  and Vercoe , 1978 ; F r i s c h  

1 9 76 ) . 

C o l d i tz  and  Ke l l away , ( 1 9 7 2 )  compa red the g rowth rate  of  Bra hma n , B r a hma n 

X F r i es i a n a nd Fr i e s i a n he i fe r s  when expo s ed to e i t her  1 7oc o r  38° C 

i n  psyc home tr i c c hambe rs . They re ported a 50% dec re a se i n  the 

g rowth  ra te of Fr i e s i a n s ; a nd on l y  a bout  30% for the B ra hman 

h e i fe rs ( Tab l e  1 . 4 . 1 ) . The d i ffere n ce wa s s i gn i fi c a nt ( P  <0 . 05 ) . 

T he  cros s - bred an i ma l s grew fa s te r  tha n a ny o f  the parent  genotype s ·  

o n  e xpos ure t o  38°C .  

W i l l i s a nd Pres ton ( 1 9 6 9 ) i n  Cuba , a nd Rudder et  a l . ,  ( 1 97 5 )  i n  

Queens l an d ,  a l s o demons tra ted some s u pe r i ori ty i n  g rowth performance  

of  t he cro s s -bred , B . taurus  x B . i nd i cu s a n i ma l  over  the pare n t a l  

gen o type s .· .  

T he  super i or pe rforma nce  o f  the c ro s s - bred  a n i ma ls over  the i r  

p a re n ta l  gen o types i s  proba b l y  a s soc i a te d  wi t h  hetero s i s e ffects  

on  g rowth . However , th e  re l at i ve l y  sma l l dec reases  i n  the  ra tes  

of  growth of  B . i nd i c u s , a s  compa red  wi t h  B . taurus  has  been  exp l a i ne d  

b y  t he i r  d i fferences i n  hea t tol erance  ( Ph i l l i ps ,  1 948 ; McDowe l l 

e t  a l . ,  1 9 55 ; Rhoad , 1 944 ) . The se a uthors , have demons trated t h a t  

B . i n d i c u s  a n i ma l s s how h i g h e r  hea t to l e ra nc e  t h a n  do  B . taurus . T h e  

B . i n d i c u s  X B .  tauru s  c ro s s - breds  h a d  i n te rmed i a te heat  tol erance  

coe ffi c i ents , a l though  s ome hetero s i s e ffect s  on  to l erance  have  bee n  

demo n s tra ted ( Lee , 1 9 6 5 ) .  



The s uc c e s s  o f  B . i nd i c u s  catt l e i n  the ha r s h  trop i ca l  c l i mates  

ha s a l s o  been  a ttr i b u ted to t he i r re s i stance  to  trop i ca l  d i s e a s e s . 

( Da l l y  a n d  Ha l l , 1 95 5 ; Franc i s  a n d  L i t t l e , 1 964 ) . Rece n t l y , Fr i s c h  

( 1 9 76 ) h a s  s u ggested  that t h e  d i fference  between B . ta u r u s  a n d �­

i nd i c u s , i n  the i r a b i l i ty to cope  wi t h  f l u ctuat i o n  i n  food s u p p l y  

may exp l a i n  part  o f  th i s s uper i o r i ty .  H e  observed  i n  a s tudy that  

re s i s ta nc e s  to  he l mi nth i nfec t i on ,  p i n k -eye , hea t a n d  f l u ctu a t i o n s  

i n  feed  s u p p l y ;  re s pect i ve l y  a ccounted  f o r  30% , 2 0% , 1 5% a n d  1 0 %  

o f  the d i ffe rences  i n  g rowth performa nce . Thus  l ow g rowth rates 

of  B . t a urus  c a tt l e when e xp o s e d  to hot tro p i ca l  cond i t i o n s  c annot  

be  exp l a i ned en t i re l y  by the i r  l ow heat  to l erance a b i l i ty .  

1 . 4 . 3 .  1 . 2 Age a nd \•Je i g ht : 

G rowth ra tes of  a n i ma l s i s  known to vary w i t h  a ge , ( de Torre a nd 

Ra n k i n ,  1 978 ; Brown et  a l . ,  1 9 7 6 ) a s  wel l a s  wi t h  t h e  we i g h t  of 

the  a n i ma l . Brody , ( 1945 ) ( c i te d  by de Torre and Ra n k i n ,  1 978 ) 

s u ggested  an  a symp to t i c c u rve s u c h  a s  demons t ra t ed i n  F i g . 1 . 5  

The g r o w t h  c u rve e q u a t i o n s ugge s ted was  

W ::: A { l - r k ( t-tX) } 

wh e re W i s  the  We i g h t  a t  a ge and  t a n d  tX  i s  the 

Or i g i n  of the c u rve . 

A a n d  k a re co n s ta n t s , res pec t i ve l y  de scri b i n g  

the  ma ture we i g ht a nd ra te o f  ma tura t i on of the a n i ma l  

T h e  g rm>Jth  rate (�� ) o f  the a n i ma l , there fo re decays e xponent i a l l y  

to zero a s  the we i g ht  ma ture s e xponent i a l l y  t o  a n  a s symp t ot i c 

ma ture wei g h t  A .  

On expos ure  to hea t  both  the ma t u re we i ght  ( A )  and  the  r a te of 

ma tura t i o n  ( k )  a re depre s s e d  pro b a b l y  through  the effe c t s  hea t 

stre s s  h a s  on the me tabo l i sm o f  t h e  a n i ma l . B i anca ( 1 9 65 ) , ha s  

rev iewed s tudy c a s e s  i n  wh i c h  pube rty wa s d e l ayed by e xp o s u re s  t o  

hea t . A l ba  and  R i e ra ( 1966 ) a l s o  reported s i gn i f i cant  depre s s i o n 

i n  we i g h t  a t  p uberty ( A )  of  you n g  b u l l s  rea red  i n  ho t cond i t i o n s  

( 350C-360C ) vs ( 190C-270C ) .  The a n i ma l s i n  t h e  hot c o nd i t i o n s  

a tta i ned  p uberty when they were 6 wee k s  o l der a n d  l l kg l i ghter 

than  thos e  i n  the  wa rm condi t i o n s . 
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F i g u r e  1 . 5  Growth cu rves o f  Hereford a n d  Brangus  h e i fers i n  

New Me x i co - Ra n ge e n v i ronme n t  

( From L opez d e  Torre , G . a nd Ra n k i n , ( l 97 8 ) . 

1 .  4 .  3 l .  3 .  Sex : 

B u l l ca l ves  appe a r  to have  mu c h  h i gher  g rowth rates tha n he i fe r s  

( Wi n k s , e t  a l . ,  1 978 ) I n  s ome c a s e s  i t  h a s  a l so  bee n  i nd i c ated 

t h a t  h e r i t a b i l i ty of we i gh ts , we i g h t  ga i n  and feed  convers i on 

e ffi c i e n cy a re compara ti ve l y  h i g her  i n  bul l s  than when  dete rmi ned  

from records  on  he i fers ( Green a nd Carmon , 197 7 ) . 

I n  a n  exper i ment where the e ffects of genotype and e n v i ronment  on  

var i a t i on  i n  post  wea n i n g  g rowth rate o f  Brahma n c a l ves  were s t ud i ed 

( Pl a s se and  Verde , 1 976 ) , i t  wa s i nd i cated that between  1 2  and 24  

months  o f  age , b u l l c a l ves were supe ri o r  to he i fers i n  growth ra te . 

P reston  a nd Wi l l i s  ( 1974 ) s uggest  l i tt l e d i fference  i n  the g rowth 

rate of  c a l ves of d i fferen t  se·xes  before wea n i ng . C a strati on of 

an i ma l s decrease the i r  growth  rate . Howeve r ,  castrates  st i l l  g row 

at a fa s ter ra te than he i fers o f  the same a ge ( Wi n k s  et a l . ,  1 978 ) . 
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Ga l bra i th et  a l . ,  ( 1 978 ) fo r e xampl e ,  c ompared g rowth rate of  

b u l l s  a n d  s teer s , and  reported s i g n i f i c a n t l y  h i g h e r  feed conver s i on 

eff i c i enc i e s , fa s te r  g rowt h  ra te s , h i g he r  l evel s o f  s e rum g rowth 

hormo n e  a n d  pro l a c t i n i n  b u l l s tha n  i n  s teers . T h i s  s ug g e s t s  t h a t  

c a s tra t i on pro b a b l y c h a n ges  t h e  a va i l a b i l i ty o f  s ome g rowth 

promo t i ng fa c to r s , wh i c h a p paren t l y  very l ow i n  he i fer s . And rogen s  

a re p ro b a b l y  i n v o l ved . 

1 . 4 . 4 .  CONCL US I O N :  

I t  i s  i nd i c a ted t h a t  catt l e may show d i fferences i n  t he i r  LWG 

re s p o n s e s  to c h a n g e s  i n  the  amb i e n t  tempe r a ture . W i t h i n 

spec i e s , d i fferen ce s  a s soc i a te d  wi th  breed , sex  a nd a g e  have  been 

repo rted  and d i s c u s sed . 

Hot  c o n d i ti on s  h a ve been re ported to h ave  a genera l e ffect  of 

decrea s i ng LWG o f  a n i ma l s .  The effect s  h a ve been a s s oc i a ted  w i t h  

red u c t i ons  i n  DM I ,  a n d  a l so wi t h  c hanges  i n  the a c t i v i ty of the 

endoc r i ne sys tem . 
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1 . 5 .  THERMOREGULATORY R ESPO N S E S  TO HEAT B Y  Bo s Ta u r u s  AND 

8 o s  i nd i c u s  CATTL E .  

1 . 5 . 1 .  I nt roduc t i o n . 

On expos u re to h e a t  a n i ma l s rea c t  i n  s u c h  a mann e r  a s  to  

i nc rea s e  t he  ra te o f  heat  l o s s  from the  body . The ·i mme d i a te 

re sponses  a re norma l l y  phys i o l og i ca l . I f ,  however , t hese  

fa i l  to  re s tore the  the rma l b a l a n c e  of  the  an i ma l , beha v i o ra l  

mecha n i sms  may b e  empl oyed t o  re g u l a te the ra tes of hea t 

prod u c ti o n  i n  the body , and  hea t l os s  from the body . The 

fo l l ow i n g  sec t i on  of the re v i ew ,  c ompa re s B . taurus  wi th  B . i n d i c u s  

c a ttl e w i th re s pect  t o  the i r re s po n se s  t o  t herma l s tre s s . 

1 .  5 .  2 .  C h a nge s i n  the  Ca rd i ova s c u l a r  a c t i v i ty i n  re s p o n se 

t o  therma l s tre ss : 

One o f  the  mo s t  i mporta n t  mec ha n i sms  by wh i ch the rmo reg u l a t i on 

i s  a ch i e ved i n  the homeotherms i s  by va r i a t i o n  i n  the  a c t i v i ty 

o f  the  c a r d i ovasc u l a r  sys tem . T h i s sys tem , tran s fers  h eat  from 

deep to the s uperf i c i a l  t i s s ue s . I ts s u c ce s s  a s  a mea n s  o f  

h e a t  e x c h a n ge , depe n d s  upon  t he vo l ume of b l ood fl owi ng  t h ro u g h  

t h e  per i p he ra l  t i s s ue s , and  a l so therma l co nduct i v i ty of  t h e  

t i s s u e s  be tween t h e  b l ood v e s s e l s a nd t h e  body surfa c e . 

The
_

amou n t  o f  b l ood  f l owi ng  i nto the c u taneo u s  cap i l l a r i e s 

have bee n  demons trated  to i nc rease  i n  s heep ( Ha l e s , 1 97 3 ) a n d  

a l so i n  ma n  ( He l l on ,  1 96 3 )  duri n g  expos ure t o  heat . Wh i t tow 

( 196 5 ,  1970 , 1 97 1 ) has  a l so  demo n s trated these chan ge s  i n  

severa l experi ments w i th cattl e .  Fox and  E l dhom ( 1 97 0 )  

sugge s ted t h a t  these cha nges occu r i n  re sponse  to therma l 

st i mu l a t i on  o f  the nervous system a nd thus  bear a c l ose  

rel a ti on sh i p wi � body tempera ture . S i nce  Bos i nd i cus  exh i b i t  

l ower rec ta l  temperatures  than  Bo s taurus  ca ttl e o n  exposure 

to hot env i ronments  ( fi g ure 1 . 6 ) i t  i s  s u gge sted tha t they 

may s i mi l ar l y show c a rd i ovascu l a r  responses  of  l es s  ma g n i tude 
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than  B o s  taurus  c a tt l e on  expo s ure to hot  cond i t i on s . Other  

c ha nges  wh i ch  occ u r  i n  the system on  expo s u re of a n i ma l s 

to  hot  cond i t i on s  a re s umma ri sed  i n  Tab l e  1 . 5 . 1  . 

TABL E 1 . 5 . 1  Effe c t s  of  a hot  e n v i ronme n t  o n  body tempera t u re , 
re s p i ra tory ra te and  sys temi c c i rcu l a t i on  ( me a n s  
of s i x  s teers ) Ffom Wh i t tow , 1 9 6 5 . 

Rec ta l temperature ( O C )  

Res p i r'a t o ry rate ( re s  p i  ra t i  on s / rn i  n . )  

C a rd i a c output  ( 1 . mm )  

Hea r t  rate ( be at s /m i n . )  

Mea n  a r te r i a l  B . Pre s s u re ( nn1 . Hg . ) 

Tota l  Pe ri phera l re s i s ta n ce 
( dyne s sec . cm- 5 ) 

1 . 5 . 3  Sv1ea t i n g : 

Env i ronmenta l  tempe ra ture ( OC ) 

1 50(  

3 9 . 0 

26  

2 5 . 3  

67 

1 36 

4 50 

400( 

4 1 . 5  

185  

48 . 6  

1 3 7  

1 4 1  

298 . 

Cutaneous  mo i s t u re l os s  may occur  a s  a res u l t of  i n sen s i b l e  

pers p i ra t i on ( a  s i mp l e trans uda t i on  of wa ter throug h s k i n )  

o r  a s  a re s u l t o f  g l a n d u l a r  a c t i v i ty a s soc i a ted  wi th  expu l s i on 

of  body wa ter to the s u rfa ce ( swe a t i ng ) .  The  l o s s  of wa te r 

from the  s k i n  s u rfa ce i s  by evapora t i on ; a proce s s  wh i ch a b sorbs  

hea t of  eva pora t i o n  and  conseq uen t l y  coo l s t he  s urface  from wh i c h 

evapo ra t i on occurs . 

Bos  i nd i c u s  a n d  t he i r c ro s sbre d s  have been s h own t o  exh i b i t 

fa s ter  sweat  rates  t h a n  Bos  ta u r u s  ( Tanej a ,  1 959a , Pan , 1 96 3 ;  

Nay and  Hayman , ( 1 9 56 ) .  L i tera tu re ( Nay and  Hayman , 1 9 5 6 ; Pan 

e t  a l . ,  1 969 ) ,  i nd i c a te s  that  Bo s i nd i cu s  h a s  bi gger  a nd 

compara t i ve l y  more swe a t  g l a n d s  t han  h a s  Bos  tauru s . Pa n  e t  a l . ,  

( 1 969 )  h ave a l s o  i nd i c a ted  that  Bos  ta u ru s  h a s  s ho rter and  

mo re convo l uted  swea t g l a n d s  t h a n  those  fou n d  on  Bos  i nd i c u s . 

Some o f  thes e  c ompa r i s o n s  a re pre s ented i n  tab l e  1 . 5 . 2 .  The i r 

sweat i n g  re s po n s e s  o n  expo s u re to hot cond i t i o ns a re c ompa red i n  

F i g ure 1 . 7 .  
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1A B l E 1 .__5_._2_. Swea t g l a nd den s i ty and  vo l ume s re ported i n  
l i te ra t u re 

Chara c te r i s t i c B . tau r u s  

a . Den s i ty ( g l ands  
per cm2 1 1 28* 1 

-mean  

- Rump ( area ) "  8882 

mea n  1 1  1 7 7 6 5 

b . Vo l ume 

- To ta l ( X l 06xw3 / crn2 ) 8 . 02 1 

- I nd i v i d u a l  ( 1 06 X)J 3 ) 7 . 34 1 

mean 

- I n d i v i d u a l  ( Rump ) 

( 1 06 X J-13 ) 

c .  Sv.;ea t R a te 

a t  ( 380 C ) gm; rn2 h r 

( 4 20 C )  
( 34°C ) gm/m/ h r  

* Re fe r e n c e s  
1 .  Pan  ( 1 9 6 3 ) 

2 . Pa n e t  a l ( 1 96 9 ) 
3 .  Tanej a ( 1959 ) 
4 .  Sa uwa ( 1978 ) 

10 . 46 5 

8 . 5 7 

4 3 . 93 

4 3 . 06 
6o . oo4 

Bos  ta u r u s  x B . i nd i cu s  
Bos  i nd i c u s  

1 1 9 7 1 

887 2 682 1 
1 584 5 

9 . 37 2 3 3 . 2 3 1 

1 0 . 66 30 . 47 1 

3 . 06 5  

30 . � 1 

46 . 7 43 

6 5 0  
1 5 7 . 54 

5 .  Amak i r i ( 1974 ) u se d  N ' dama a n d  Wh i te Fu l a n i  data 

6 .  McDowe l l et  a l . ,  1 96 1 ) 
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5 0  

F i g u re 1 . 6  Re c t a l  tempe ra ture of l ac ta ti n g  Europea n a nd I nd i a n 
c a t t l e a s  a fu n ct i on of env i ronmenta l tempe rat u re . 
( Ad a p ted from Mou n t ,  1 9 7 9 )  

489 

428 

/ 
/ 

40 

/ 
/ 

/ 

43 

/ 

Zebu 

/ 
/ 

46 
Amb i e nt  temperatu re 

Shorthorn 

F i g u re 1.7 Cuta neous  eva pora t i on  from the bel l y  a rea  o f  
Zebu cross and  Shorthorn catt l e expo sed t o  a n  a i r  
temperature 390C b e i ng gradua l l y ra i s ed to  460C 
i n  the s ame day . Adapted from Taneja , 1959 . 
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, ,  
i .  

Des p i te some contradi ctory ob serva t i o n s  ( Ama k i ri , 1 974 , 1 97 9 ) ; 

mos t  a u thors  conc l ude that  Bos  i nd i c u s  c a t tl e have a s u pe r i or 

sweat i ng  c a p a c i ty , and hence more e ffec ti ve s u rfac e  c o o l i ng than  

ha ve Bos  t a u ru s  rl u e  to  the g rea ter  vo l ume of  the i r swe a t  g l a n d s . 

1 .  5 .  4 .  Res p i ra tory Vent i l a t i on :  

I n c re a s e s  i n  hea t  l o s s  from a n i ma l s may a l s o  be a c h i e ved 

by i ncrea s i ng the re s p i rato ry ven t i l a t i on i n  the an i ma l . I n  

th i s  ca s e hea t  l o s s  i s  t hrough  e vapora t i o n  o f  mo i s t u re f rom the 

re s p i ratory trac t .  T h i s effect ha s been demonstrated  i n  the 

ox , by a fa l l  in  temperature of  b l o o d  i n  the exte rna l j ug u l a r  

ve i n  ( I ngram  and  Wh i ttow , 1962 ; Ha l es ,  1 96 9 ) whi c h  i s  ma g n i f i e d  

o r  a tten u a te d  wi th  o pe n i ng o r  c l o s i n g o f  t he mouth  re s pe c ti v e l y ,  

( Ha l e s , 196 9 ) . 

I n  thermo n e u tra l e n v i ronments catt l e a p pea r to ha ve a re s p i ra tory 

ra te of  about  18  to  2 2  bre a t h s  pe r mi n .  The vo l ume o f  exp i red  

a i r' under  these  c o n d i t i o n s  va r i e s b e tween 40 and 6 4  l i t t'e s , depe nd i ng 

upon  the s i z e o f  the  a n i ma l . 

On expo s u re to hea t ,  a n i ma l s i nc rea s e  the i r re s p i ra t i on rates  

concomi t an t l y wi th  i nc reases  i n  t he rec ta l  tempe ra t u re . Wh i t tow 

a n d  F i nd l ay ( 1 9 6 9 )  obse rved a nd l a ter  conf i rmed  w i t h  Jersey s teers , 

( Wh i ttow , 1 9 7 1 ) tha t the re sp i ra tory ra te o f  cat t l e  i nc re a sed  

w i t h  i ncrea s e s  i n  bot h  the  ambi e n t  and  rec ta l  tempera tu re s . The  

max i mum res p i ra to ry ra te of about  1 80 brea t h s  wa s a c h i eved  when  

the  rec ta l tempe ra t u re h ad i nc re a s e d  to 40 . 7°C .  Further  i nc re a s e s  

i n  t h e  rec ta l  tempera t ure were a ss oc i a te d  w i t h  a dec l i ne i n  the  

re s p i ra tory ra te . Some of  t he c han ges i n  res p i ra tory ven t i l a t i on 

reported t Ha l e s a nd F i nd l ay ,  1968 ) fo r Ayrs h i re catt l e e x po s e d  

t o  h o t  cond i t i on s  for 3 hours  a re s umma ri sed  i n  Tab l e  1 . 5 . 3 .  

6 2  



V1 
V1 
1'0 u �-
1'0 u 
c 

+-' 
c 
<lJ c 
0 o._ 
E 0 u 
+-' 
1'0 4-

20 

1 8  

/ 
/ 

26 

/ 
/ 

/ 

/ 
/ 

/ 

B . i n d i c u s  

3 4  

� B .  i nd i c u s  i . f  

B . ta urus  i . f .  

B . ta uru s  s . f . 

B . i nd i c u s  s . f .  

63 

% Total  Sepa ra b l e fa t i n  c a rca s s s  

F i g u re 1 .  8 Compari s o n  o f  s ubcutaneo u s  ( s . f . ) and  i n te rmu s cu l a r  ( i  . f . ) 
f a t  depos i t i on of  Bos  ta u ru s  and Bos  i nd i c u s  ( Ledge r ,  1 9 5 9 ) 



TABL E  1 . 5 . 3 : The  effect of  e xpos ure to severe heat  ( 40/38°C ) * 
o n  the re s p i ra tory vent i l a t i on and  b l o o d  pH o f 
e i g h t  oxen . ( Ha l es and  F i nd l ay ,  1 968 ) . 

Pa rame te r 
-----

Re c ta 1 tempe ra t u  re 

Re s p i ra tory ra te 
( b r·e a th s /mi n )  

T i da l vo l ume ( 1 ) 
Re s p i ratory m i n u te 
vo l ume ( 1 /mm ) 

Dead  s pa ce ven t i l a t i on 
( 1 / mrn ) 

pH  of  Arte r i a 1 b l ood 

Con tro l 
( 1 4 - 200C.) 

-----

38 . 7  

1 7  

2 . 05 

35 . 9  

n . 4 

7 . 40  

---

40/ 380 (  

Pe-al<· ra-teor ____ s1 owe r-----
Sha l l ow pa nt i n g  de eper  pa n t i ng 

40 . 2 4 1 . 7  

1 7 7  1 2 3  

1 .  1 6  2 . 1 6 

1 9 5  2 2 5 . 4  

1 67 . 7  2 00 . 9  

6 . 52 7 . 6 3 

---· ----- -------------

* d ry bu l b  and  vJe t b u l b t empe r·a t u re rea d i ng . 

D i ffe re nces  betwee n  breeds  o f  c a t t l e i n  r e s p i ra tory re spon s e s  to 

hea t  e xpos ures have bee n  s t ud i ed by Sa uwa , ( 1 978 ) . 1•1c DOive l l 

( 1 9 7 2 )  ha s rev i ewed some e a r l i er work , a nd s u ggested  tha t a t  

a ny o n e  tempe ra tu re cond i t i on , B . i n d i c u s  a n i ma l s ha ve s l owe r 

re s p i ra to ry r a te tha n B . ta u ru s  ( Ta b l e 1 . 5 . 4 )  

S a uwa ( 1978 ) re ported tha t  o n  expo sure to  a hot  en v i ro nme nt 

( 340C ) ,  B ra hma n - F r i e s i a n  c ro s s  s teers  i ncrea sed  t h e i r 

res p i ra t i on rate from 3 1  a t  1 5oc to 9 3  breaths  per m i n . a t  34°C .  

W i th  a smi l a r c ha nge  i n  the  ambi ent  tempera ture , F r i e s i a n  s te e rs 

i nc re a sed  the i r  re s p i ra tory r a te s  from 46  to 100 br e a t h s  per 

m i n .  The re sp i ra tory rates  a t  34°C were s i g n i f i c a ntl y ( P  <0 . 0 1 )  

d i ffe rent  betwee n  the two b reeds . 

The c ontri but i o n  o f  re s p i ratory venti l a t i o n  a s  a mea n s  of  thermo ­

re gu l a t i on h a s  been stud i ed i n  sheep , (A l exander a n d  W i l l i ams , 

1962 ; B rook  a n d  Short , 1 960 ) , a nd i n  catt l e ( Mclea n , 1 963 ; 

Mclea n and  Ca 1 vert , 1 9 72 ) .  I n  both s pe c i es a camp 1 eme ntary 

a c t i o n  o f  swea t i ng and re s p i ratory a c t i v i ty i n  thermoreg u l a t i o n  

i s  noted . Bo th  a re i nc re a s e d  wi th i nc reases  i n  the  amb i en t  

tempera ture , howeve r ,  t h e  re l a t i ve  contri but i on of  e a c h  va r i es 

w i t h  a mb i e n t  temperature . , 
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TABLE  1 . 5 . 4 .  Re sp i ra tory ra te of Zebu a nd  Fr ies i a n c a t t l e exposed  
to  vari ous  amb i ent  temperat ures ( Mc Dowe l l , 1 9 7 2 ) 

6 5 

% To ta 1 e v a po ra t i o n 
B rea ths/m i n t hroug h  re s p i ra t i on 

A i r tempera t ure oc Zebu Fr i e s i a n  Zebu Fri e s i a n 

-----
1 0  1 7  2 7  L 3  4 0  
16*  3 1* 46  

2 1  1 5  30 29  4 2  

2 7  1 4  4 1  2 7  36  

3 2  14  45  16  2 3 

3 5  2 2  4 9  1 7  L 5  

35* 93*  l OO 

-----
* Bra hma n x F r i e s i a n Cro s s  from Sa uwa , 1 9 78 . 

At 1 5° C hea t l o s s  by e v a po r a t i o n a cc o u n te d  fo r o n l y  1 8% o f  
the to t a l  hea t l o s s  b y  c a tt l e ,  (Mc lea n a n d  Ca l v e rt , 1 9 7 2 ) ,  whe re a s  

a t  35°C  i t  a c c o u n t e d  for 84 % of t he t o t a l  hea t l o s s . R e s p i r a t o ry 

l o s s e s  a c c o u n t e d  fo r 54% a t  1 5°C , a nd on l y 38% a t  3 5°C  o f  the 

to t a l  h e a t l o s t  by e v a po ra t i o n . T h i s  i nd i c a t e s  t h a t  as t h e  

a mb i e n t tempera t u re s  r i s e s the re l a t i ve con tri bu t i o n  of  re s p i r a tory 

a c t i v i ty as  a me a n s  of e v a po ra t i ve heat  l o ss  dec l i nes , wh i l e  

cutaneous  l o s ses  become more promi nen t .  

Th i s s u ggests  t h e r e fo re t h a t  faster evapora t i ve coo l i ng o f  a n i ma l s 

expo s e d  to hot  cond i ti o n s  i s  a ch i eved ma i n l y  by a g rea ter swea t i ng  

capac i ty than  by  h i gher res p i r a tory ra tes . Thus  a n i ma l s ( c a tt l e )  

wh i c h depend ma i n l y  upon swea t i ng wi l l  s how fa ster coo l i ng ra tes  

a nd  l ower body tempera tures  than  those i n  wh i ch pa nt i n g  p l ays a 

rel a t i ve l y bi gge r rol e of evaporat i ve coo l i ng .  I n  the s e , pa n t i ng  

may have  an  obv i ou s  advan tage over sweat i ng  for  preferen t i a l  coo l i ng 

of  the bra i n  l i n g ram and  Whi ttow , 1 96 2 ) .  

On exposure to hot cond i ti on s , B . taurus depends upon  re s p i ratory 

vent i l a t i on for evaporat i ve coo l i ng mo re than  does B . i nd i c u s . 

Th i s  i s  s ug geste d  i n  the wo rk  reported by Ke l l away a nd  Col d i tz 

( 1 97 5 )  and  a l so  the work  reported  i n  Ta b l e 1 . 5 . 4 .  T h u s  a t  the 



s ame rate o f  pan t i n g , B . i nd i c u s  a n i ma l s wi l l  have  g rea ter swe a t  

rate t h a n  B . taurus  w i l l  have . Effe c t i vel y the n , B . i n d i c u s  

w i l l  s how fa s ter rates  o f  heat l os s  bec a u s e  o f  the a s so c i a ted  

g rea te r  e f fe c t  of  evapora ti ve coo l i ng of the  s k i n .  

B o th swe at-i n g  and  re s p i ratory vent i  1 a t i  on  have s ome d i s a d v a n ta g e s  

t o  the a n i ma l . B oth  may b e  a s i o c i a te d  wi t h  dehyd ra t i on o f  t h e  

body un l e s s  d r i n k i n g  wa ter  i s  s u p p l i ed .  Swe a t i ng a l s o i n vo l ve s 

l o s se s  o f  body e l ectro l ytes  i nc l ud i ng Na , Ca , K ,  Mg , Ca , 

( Jenk i n s o n  and  Ma bon , 1 9 7 3 )  and  metabo l i te s  e . g Urea , Prote i n s , 

Non- p ro te i n N ,  s uga r s  a nd l ac t i c a c i d ( Jo hn son , 1 9 70 ) . 

R e s p i ra to ry v e n t i l a t i on c o u l d be a dvantageous  i n  tha t i t  

p referen t i a l l y  coo l s b l o o d  go i ng i n to the bra i n . Hyperven t i l a t i on 

may howe ve r deve l op re s p i ratory a l ka l o s i s ( a n  e x ce s s i ve wa s ho u t  

o f  co2 from b l ood ) ; wh i c h  ra i s e s  t he p H  o f  b l ood ; h e n c e  ca u s i n g 

c h anges  i n  the me tabo l i c  funct i o n s  of  b l ood i n  the body . These  

l ead  to  c a rpopeda l s pa sms , c onvu l s i o n s  and  dea th  o f  a hype rt he nn i c 

a n i ma l  . 

1 . 5 . 5 .  C h ange s  i n  E ndoc r i ne func t i o n s : 

An a i r  tempe ra ture a bo ve 30° C seems  t o  h ave a ma rked i n f l u e n c e  
o n  the  fu nc t i o n s  of  adre n a l  g l a n d s , ( J oh n s o n  a n d  Morr i s ,  1 96 0 . ) 

T hyro i d a c t i v i ty ,  p i tu i t a ry a s  we l l  a s  gonada l h o rmo ne p rodu c t i o n  

a re affe c te d  by i n crea s e d  amb i en t  tempera ture s . We i ner  a nd  

C o l l i n s ( 1 968 ) have p rov i ded a n  exha u s t i ve rev i ew concern i n g  

t he i nfl u ence o f  h i g h  amb i en t  tempera ture s  on  the endoc r i ne  

functi ons  i n  cattl e and  o ther a n i ma l s .  

Ava i l a bl e data  i nd i cates  a grea ter depre s s i on of endocri ne 

a ct i v i ty i n  B . taurus than i n  B i nd i c u s . B l i ncoe ( 1 958 ) , fo r exampl e 

demon stra ted that h i gh amb i ent temperature s  severe ly  depre s sed 

thyro i d  act i v i ty of  c a tt l e  of Euro pean or i g i n  ( B . tauru s ) b u t  

h ad  l i ttl e effect  on  Brahman ( B . i nd i cu s )  ca ttl e . Pos t ( l963 ) 

a l so demons trated thes e  e ffects  u s i n g  p ro te i n  bound i od i ne 

( P . B . I . )  i ndi cator ( Ta b l e 1 . 5 . 5 ) . 
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TAB L E  1 . 5 . 5  P l a sma P B I  ( �g ) of catt l e dur i n g  s ummer a n d  wi nter  
mon th s . ( From Po s t ,  1 963 ) . 

------------ ·---

Bre e d  

B . t a urus  ( Herefo rd x Shorthorn s ) 

F Ze bu  x B . t a u rus ( Afri c a nd e r  1 x Shorthorn s ) 

F Zebu  x B . ta u rus  ( M r·i  c a nder  2 x Shorthorn s ) 

Zebu 

Summer W i nter  ga i n  P B I  

2 . 5 7 3 . 4 9 0 . 9 2 

3 . 1 2  3 . 68 0 . 5 6 

4 . 0 2  3 . 7 6 - 0 . 64 
3 . 9 6 

T h i s may be taken  to s how th a t  the poor perfo rma n c e  o f  B . ta u ru s  

i n  t rop i ca l  c l i ma tes  a re pa rt l y  d u e  to the i r l ow a b i l i ty to 

ma i n ta i n  ho rmona l ba l a n ce under  hot t rop i ca l  c o n d i t i on s . ( Howe s 

e t  a l _, 1 962 ) a l s o  c ame to th i s  conc l u s i o n .  

1 . 5 . 6 .  Cha n g e s  i n  t h e  U s e  of  Body wa te r :  

W i t h i n t he the rmoneu tra l zone , t h e  ma j o r  avenues  o f  wate r l o s s  

from the body a re ,  i n  decrea s i n g o rde r o f  i mporta nce , through  

faeces , ur i n e , re sp i ra t i o n  and  e v a po ra t i on  from the  s k i n s u rfa c e  

( Mc Dowe l l ,  1 9 7 2 ) . On expo s u re to  h i g h  amb i e n t  tempera ture s  th i s  

o rd e r  i s  v i rtu a l l y revers e d ; a n d  an  e xt ra a ve nue , l os s  by 

s a l i vat i on , may be b ro u g h t  i n to u s e . 

S o u t h  Afr i c a n  s tu d i e s  ( Fo u r i e ,  et  a l , 1 964b ) demo n s tra te d  t h a t  

B . i n d i c u s  c a tt l e redu c e d  t he i r fa eca l a n d u r i n a ry exc re t i on  of  

wa te r by abo u t  3 9% ,  wh i l e  B . ta uru s o n l y  by 20% when  a n i ma l s o f  

both breeds were exposed to  33 . soc from 1 7 . 2oc cond i t i ons . 

Bos  i nd i cus  a l s o  exh i b i ted  greater i nc reases  i n  the extra c e l l u l ose  

vo l ume of wa ter  than  d i d_ B . tau ru s  ( Fo u r i e ,  1 964a ) 

Ava i l ab l e data  i nd i cate the s e  d i ffe rences  may be of i mportance  

to evaporat i ve cool i ng of the  body . They a re a l s o  i mporta nt  

for me tabo l i sm o f  n i trogen i n  the bod� Vercoe , ( l 97 1 )  found  
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tha t i n crea sed i n ta ke o f  wate r depres sed  p l a sma u rea  N ,  and  

i nc rea sed  u ri n a ry u rea N excre ti o n . Vercoe ( 1 967 ) had a l so 

re ported t h a t  Bra hma n x Hereford s teers dra n k  l e s s  wa ter t han  

the Here ford counte rpa rts ; h i g h wa ter i nta kes  be i ng c l o s e l y 

a s s oc i a ted  wi t h  h i gh ur i nary ·l o s s  of  N ,  o·eat i ne , u rea U l' i c  

a c i d ,  c o n seq uent l y  l ow p l a sma u rea N and  l ow N i trogen  b a l ance  o f  

these  a n i ma l s .  

T h u s  grea ter i nta ke a n d  re l a t i ve l y  greate r  u r i nary output  

of  1'1a te r by the  � tauru s i nf l uence  t he  rne tabo l i sm o f  n i t rogen  

so that  the i r growth performa n c e s  a re a ffec ted more than  they a re 

i n B .  i n d ·i cu s . 

1 . 5 . 7 Ana tomi c a l  Ada p t a t i on i n  response  to pro l o n ged  e x p o s u r e s  
to he at : 

1 . 5 . 7 . 1 .  S u rfa ce a rea : 

S urface a rea  i s  c o n v en t i o na l l y  u sed  a s  a b a s i s on  wh i c h to  expre s s  

hea t tra n s fe r  from a n i ma l s .  The  g reate r  the s u rface a rea per 

u n i t metabo l i c  we i g h t ,  the fa ster  i s  t he tra n s fer  of body hea t 

expec ted to be . Greate r  su rfa ce a rffi to body ma s s  r at i o of  the 

B . i nd i cu s  ( c f . B . tau rus ) has bee n thou ght to e x p l a i n  the g reate r  

heat to l e ra nce a b i l i ty of  these  a n i ma l s .  Howe ver , phys i o l o g i c a l  

s tud i e s  do  not a g ree  w i t h th i s c l a i m .  ( e g . McDowe l l ,  1 958 ) . 

The a ppendages  s u c h  a s  the dewl a p ,  the h ump , t he l a rge v u l v a s  

a nd prepuce  fo l ds add  a l ot to  t he  s urface a re a  of  B . i nd i c u s , b ut  

because they a re poor l y s u pp l i ed w i th b l ood , t hey a re u n l i ke l y  

to b e  a n  e ffe cti ve mea n s  o f  heat  d i s s i pat i o n  t o  br i ng about  the 

s uperi or i ty of the  B . i nd i c u s  i n  terms of  heat  to l era nce . Surg i c a l  

remova l of  the dewl a p  a n d  the h ump o f  Red S i nd h i  b u l l s ,  fo r 

examp l e ,  does not s i gn i fi ca n t l y  c h a nge the i r responses  to hea t 

( McDowe l l ,  1 9 58 ) . T he ro l e  p l ayed by these  a ppendages  rema i ns 

u nc l ea r ,  a nd the i r c o n tri but i on to hea t l os s  s eems to be  sma l l .  

Thus  the s u per i o r  performa nce i n  B . i nd i c u s  i n  the trop i ca l 

env i ronme n t  i s  u n l i ek l y  to be a s soc i a te d  wi th  the pre sence  of  the 

h ump or l a rge dewl a p  i n  these  an i ma l s .  
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1 . 5 . 7 . 2 .  D i ffere nce i n  fat  depos i t i o n : 

L e d ge r ,  ( 1 9 59 ) vw rk i n g  w i t h  B o r a n  ( ?_:_i_nd ·i c�_) a n d  a g ro u p  o f  

E u ro pe a n  b e e f  b reeds  o f  c a t t l e ( B . ta u ru s ) o b s erved t ha t  t h e  

d i ffe re n c e s  be twe e n  l e ve l s  o f  s u b c u t a neo u s  fa t a n d  i n te rmu s c u l a r 

f a t  te n d  t o  d e c re a s e  a s  fa tte � i n g  p r o c e e d s  i n  B . t a u r u s  b u t  

i n c re a s e s  i n  B . i nd i c u_� ( F i g u re 1 . 8 ) . The pro p o r t i o n  o f  body fa t 

l a i d  down u n der the s k i n i n c re a s e d  a t  a fa s te r  rate i n  the B . t a u r u s  

t h a n  i n  the  B . i nd i c u s  w i t h  a s i mi l ar cha nge  i n  the  to ta l s e p a ra b l e 

f a t .  Ledge r s u g g e s ted th a t  the d i ffe r e n ce s  i n  t h e  ra t e s  a n d  

m e t h o d s  o f  l ay i n g  d own fa t at  t he s u b c u ta n e o u s  l e v e l  may a c c o u n t  

fo r s ome o f  t h e  d i ffe re n c e s i n  he a t  to l e ra nc e  be twe e n  B .  t a u r u s  

a nd B . i nd i c u s  a n i ma l s .  T h i s  s tems from the fact  tha t s u bc u ta ne o u s  

l aye r o f  fa t a c t s  a s  a n  i n s u l a to r  a g a i n s t  hea t l o s s  ( I n g ram , 1 964 ) 

s o  tha t h e a t  l o s t  by c o n d uc t i o n  i s  l e s s  i n  a n i ma l s w i th t h i c k e r  

s u b c u t a n e o u s  l aye r s  o f  fa t .  

O n  e x p o s u re t o  h o t e n v i ronme n t s , t h e n  �_t a u r u s  c a t t l e w i t h  

p ro po r t i o n a te l y  m o re s u b c u ta ne o u s  fa t may e x p e r i e n c e  gre a te r h e a t 

s t r e s s  t h a n  w i l l  B . i�Q i c u��m c h  d e p o s i ts l owe r p ro p o r t i o n s  o f  

t h e i r body fa t u n de r  t h e  s k i n .  C o n f l i c t i n g  o b s e rva t i o n s  h a ve 

re c e n t l y been  re p o rted by Thorn to n  e t  a l . ,  ( 1 974 ) a n d  B u t te r -F i e l d 

( 1 96 5 )  i n d i c a t i n g  that  a t  the s a me tota l c a r c a s s  fa t ( % )  

B r a hma n ( � i n d i c��) h a v e  h i g h e r % of s u b c u t a n eou s fa t t h a n  t h e  

A n g u s  ( B . ta u r u s ) . T h u s t he i n s u l a t i o n e f fe c t  of s ub c u t a n e o u s  

f a t  i s  un l i ke l y to exp l a i n  the  d i ffe rences i n  he a t  to l e ra nce 

between  these two b re e d s  of catt l e ,  but may be of p hys i o l o g i ca l 

i mporta nce i n  t h e  co l d  when  wa socon s tri c t i o n  occ u r s  and b l ood 

fl ow i s  re s t r i c ted to deeper  ves s e l s ( Moun t ,  1979 ) . 

1 . 5 . 7 . 3 .  D i ffere nces i n h a i r  coat characteri s t i c s : 

Oowl i ng ( 1 958 )  pre sented  e v i dence i nd i ca t i n g  tha t the ma rked 

s e a sona l  a l tera t i o n  i n  the a p pearance of  the coa t i n  ca t tl e was 

d ue to morpho l og i ca l  v a r i a t i on i n  fi bre chara cte ri s t i c s . Dowl i ng 

( 1958 ) reported sea son a l  cha nges  i n  coat we i ght , mea n  d i ame te r  

o f  fi bre , mea n l ength  of  ha i r  a n d  med u l a t i o n  cha ra c ter i s t i c s  of 

t he ha i r  coa t . ( Tab l e 1 . 5 . 6 . )  
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TABLE  1 . 5 . 6 . :  Sea s o n a l  Var i a t i on of ha i r  c h a racteri s t i c s  o f  
3 0  Here ford Steers . ( Dowl i ng 1 9 58 ) . 

Mea n  wt . ��ean  Mea n Med u l a t i on Fe l t i ng 
d i ame ter  

Season  mg/cm2 u l en g th cm co n t i nuou s d i s c o n t i nuo u s  
f i bres % f i  b r·e s % 

------

Summe r 16 . 65 38 . 5 . 80 4 5  4 2  
ltJ i nter  48 . 60 43 . 6  2 .  04 1 5 . 2  8 . 4  

The c h a nge s s u g g e s t  that  the c o a t  i n  c a tt l e  v ar i es  from i ns u l a t i n g  

( W i nte r )  type coa t , wi th ha i r  f i b re s  wh i c h a re l on g e r  but  o f  

mo re va r i a b l e l en g t h  a n d  l e s s  med u l a ted to non - i n s u l a t i n g  ( Summer )  

type of coa t c ha r a c te ri s ed by s h o r ter , a nd  medul a te d  f i b re s . The  

i mporta n t  therma l p ro pe rty for the  preve n t i on o f  he a t l o s s  

from t h e  body ·i s the c a p ac i ty o f  the wi n te r  ha i r  cover i ng to 

s t ab i l i se an ·i n s u l a t i n g  l aye r  o f  a i r ;  where a s  the s umme r coa ts  

wi t h  s hort a nd f l a t  l y i ng ha i r  a re conduc i ve to mi n i m i s i n g i n s u l a t i o n . 

Bos i n d i c u s  c a t t l e a re known t o  h a v e  s ho rter a nd h i g h l y  me d u l a ted  

h a i r  f i b re s ; den ser  a nd more comp a c t  coats  t h a n  have  Q . tauru s l Dowl i ng ,  
1 956 , 1 9 5 9 a , a n d  1 959b ) .  I t  i s  t herefo re p os s i b l e  t h a t  the  

greater  h e a t  to l era nce  o f  B .  i n d i c u s c a tt l e a s  compared  w i t h  !L_ta u ru s  

i s  pa rtl y due  to t he  fa s te r  ra te s of cond u c t i o n  of  h e a t  t hrou gh  

the i r  co a t s . 

Cena ( 1 974 ) has  s ug g e s ted  t hat  a t  a g i ve n  v a l ue  of t herm absorp t i on 

coe ffi c i e n t ,  a n i ma l s wi th s horter  coa ts  s how fa s te r  heat  

excha� g e s  by rad i a t i o n  t h an  those  wi th l o ng h a i rs i n  the  coa t . Th i s  

s ug ge s ts t ha t  B . i nd i ��s catt l e wi l l  l os e  hea t fa ster by rad i a t i on  

than  wi l l  B . tauru s . 

1 . 5 . 8 Conc l u s i o n :  

A ge nera l concl u s i on i s  made s u g ge s t i ng  tha t Bos i nd i cu s  breeds 

of  catt l e a re s uper i or to B . ta u r u s  i n  hea t  to l erance and  hence  

a re l es s  a ffected o n  expos ure to  hot cond i t i on s . The above  

compa ra t i ve s tudy a s s o c i ates  t h i s s u per i o r i ty wi th : 

Grade 

0 
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1 .  The  d i fferences  i n  swe a t  rate s and  i n  evapora t i ve  wa ter 

l os s  by these an i ma l s .  
2 . The d i fferences  i n  heat  c ond uc ta nc e  c haracteri s t i c s  of  the 

c o a ts of  these  a n i ma l s .  

Bos  ta u ru s  catt l e tend to ha ve ha i r  coa t s  w i th better i ns u l a t i on 

pro p e rt i e s  than  do B . i nd i c u s . a n i ma l s .  T hey a l so  h a ve  l owe r 

svJea t  ra te s  than the �1d i c u s  when exposed t o  hot env i ronme n ts . 

Con s e q u e n tl y ,  he a t  l os s  by e vapora t i on , c o n duc t i o n  ra d i a t i on  and  

convec t i on a re a l l i mpeded i n  B . ta uru s when  exposed to h i g h  

amb i e n t  tempera t u re cond i ti on s . 
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CHAPT E R  T\�0 

E X PER I M E NTAL R EPORT 

2 . 1 �er i men ta l  De s i gn : 

The effe c t s on a n i mal  pe rfo rman ce of two ambi e n t  tempera tures and  

two b reed types were  i nve s t i g a te d  i n  a 2 x 2 facto r i a l  experi men t . 

E i g h t  h e i fers
j

fo u r  from e a ch bree d were a l l o c a ted ran doml y to 

the two tempe r a t u re l e v e l s .  

Two d i e ts were fe d a d  l i bi tum duri n g  the e x pe r i me n t . A d i e t  of  hay 

wa s fed d u r i n g  the  fi r s t  a nd l as t  expe ri men ta l pe r i od s , wh i l e  a 

di e t  of conce ntra te p l u s  0 . 5 k g  hay was  fe d d u r i n g  the s e co n d a n d  

th i rd p e r-i o d s . 

T h e  fo l l owi n g  me a s u reme n t s  w e re r e c o r de d : 

l .  D a i l y  i n t a k e  o f  d ry ma tter per anima l . 
2 .  Da i l y i n t a k e  o f  wa te r p e r  a n i ma l . 

3 .  Re s p i ra t i o n  ra te . 
4 .  Re c t a l  tempe ra t u r·e . 

5 .  Cha nges  i n  l i vewe i ght  

6 .  C ha n ge s i n  ha i r  coa t  cove r . 

7 .  C u ta neou s \va te r l os s  - ( swea t  ra te ) .  

The experi me nt wa s run  over a tota l of  fo ur e xper i me nta l per i ods ; 

each  of  28 days durati o n .  A fou rteen day re-a dj u s tmen t  pe r i od 

was a l l owed between consectu t i ve e xperi menta l peri ods  . The p l a n  

o f  the expe r iment  i s  l a i d  o u t  i n  Tabl e 2 . 1 .  
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TABL E  2 . 1  P l a n  o f  Expe ri ment . 

T EM PERATU R E  
-----

TR IAL DAY P E R I OD D I ET HOT ( 330C ) COOL ( 1 5 . 50C ) 

1 - 28 1 HAY X SF 1 ,  3 s r  5 ,  7 

F 2 ,  4 F 6 ,  8 
-------- -·------

1 29-43  D I ET 
CHANGE 

44- 7 1 � CONC EN- SF  1 ,  3 SF  5 , 7 
TRATE + 
HAY F 2 ,  4 F 6 , 8 

7 2 - 7 9  AN I MAL CHANGED B ETWEEN  TEMP ERATU R ES 

80- 108 3 CONC EN-
TRATE + 

2 HAY 

1 09- 1 2 3  D I ET 
CHANGE 

--------------· 

1 2 4 -- 1 5 2  4 

X 

S F  = Sa h i wa ·l  X Fr i e s i a n  

F Fri e s i a n  

2 . 2  Ma te r i a l s :  

2 .  2 1 An i m a ·1 s :  

HAY 

Nos 

No s 

SF  

F 

SF  

F 

1 ,  3 ,  5 ,  

2 , 4 , 6 ,  

5 ,  7 S F  1 ,  3 

6 ,  8 F 2 '  4 

-------

5 ,  7 SF  1 ,  ':l 
..., 

6 ,  8 F 2 ,  4 

a n d  7 

a n d  8 

E i g h t  he i fe r s  who s e  average age was 8 mon th s  a t  the s tart  of  the 

experi ment we re u sed . Four we re Fri e s i a n s  wh i c h came from No . 1  

Dai ry Farm , Ma s sey U n i vers i ty ,  and  fou r  were Sah i wa l - Fr i e s i a n  

c ros se s , whi ch came from 2 fa rms i n  the Ma nawa tu reg i on .  

2 . 2  2 Hous i ng :  

The fou r  a n i ma l s from each  breed were a l l oca ted random ly  to one  

of  the two temperature t re a tme n ts ; i n  the  hot  treatment  nomi na l l y 

33oc a verage tempera ture wa s i mposed - i n  a c l i ma ti c  chambe r 

( 1 0- 1 0m2 ) fi tted w i th thermo s ta ti c con trol  equi pment . The coo l 
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trea tment ; nom i na l ly 1 5 . soc ,  wa s i mposed  i n  a c hamber ( 10 x 10m2 ) 

f i tted wi t h  hea t i n g  a n d  vent i l a t i on  equ i pme n t . Ai r tempe ra t ure 

i n  th i s  c h a mber va r i ed between 1 2oc a n d  1 8°C . 

Re l a t i ve h um i d i ty iva s r 1ot  contro l ·l e_d d i rect l y ,  the a ve ra g e  va l u e s  

were re s pect i ve l y  40 . 0%and  86 . 9%for  the  hot  a n d  c oo l  rooms . 

2 .  2_ 3 Feeds : 

Two d i e ts we re fed a d  l i b i tum 

( a ) Hay 

( b )  C oncentra te + 0 . 5kg  Hay . 

Tabl e 2 . 2  g i ve s  s ome o f  the compon e n t s  of  e ach  d i e t ,  a s  de t e rm i ned 

i n  o u r  l a bo r a t o ry ,  or as de s c r i bed by the  ma n u fa c tu re r s  i n  the  
case o f  conc e n trate i n  the fo rm o f  pel l e t s . 
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TAB L E  2 . 2  C ompos i t i o n a n d  Chem i c a l  Ana l ys i s o f  feed  u s e d : 

CONC ENTRATES 

------------·---

I ng red i e n t s  a s  de s c r i be d  by concentrate ma nufacture r . 

ivla i ze mea ·! , Bra n , Ba r l ey me a l , Brev-Je rs  gra i n  mo l a s s e s , 

a nd crus hed  l i n seed . 

M i n i mum Crude Pro te i n = 1 2 . 0% 

Ma x i mum fa t % 4 . 2 5 %  

Ma x i mum f i b re 9 . 0% 

S a l t 1 . 0% 

Chemi ca l Ana l ys i s - ( ex pe r i menta l )  

Crude  prote i n 1 3 . 0 5 %  
Gross  ene rgy ( MJ / g  d ry 

ma tte r )  1 8 . 4 9 

Ene rgy d i g e s t i b i l i ty* 7 4 . 6 1 %  

D ry matter  d i ge st  
i b i l i ty* 77 . 1 9% 

Appa ren t  N i t rog e n  
d i ges t i b i l i ty * 6 5 . 97 %  

----------------

H/� y 

1 3 . 7 2 %  

1 7 . 6 9 

6 2 . 2 6 %  

6 1 . 6 6 %  

68 . 6 0 %  

--- --------·-------

A commerc i a l mi nera l  mi x tu re wa s u s e d  to s u p p l eme nt  for  m i nera l 

req u i reme n t s  o f  the  a n i ma l s i n  the  concentrate . The m i ne ra l mi x 

conta i ne d  -

V i tami n s  A , D ,  and  E ;  

Manga nese  

Magnes i um 

I ron  

Zi n c  

mo l ybdenum 

Copper 

Coba 1 t  

I od i ne 

Common s a l t wa s prov i de d  ad l i b i tum duri n g  pe ri ods  1 and  4 when 

hay wa s fe d .  
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2 . 2 .  4 Wate r :  

Fres h wa ter wa s p ro v i de d a d  l i b i tum i n  c a n s  p l a ced be s i de t he 

feed t ro ug h s . 

2 . 3  Me t hod : 

2 . 3 . 1 We i g h i ng o f  An i ma l s :  

Al l an i ma l s we re fa s ted overn i g h t ( 24 hrs ) a n d  wei ghed  a t  the 

be g i nn i ng  a n d  a t  t he end of e a c h  expe ri men t a l  pe r i od . The f i r s t  

fa s ted  we i g ht  wa s ta ken 14 days be fo re t h e  c ommenceme n t  of  the 

exper i me n t . Othe r we i ght s  were ta ken on  day 1 ,  29 , 44 , 7 2 , 

80 , 109 , 124 , and  1 5 3  of  the e x pe r i me n t.  

Tab l e 2 . 3  g i ves  the  we i g ht a n d  a ge i n  wee k s  of  e a c h  c a l f ,  1 4  

days p r i or to the c ommen ceme n t  o f  peri od 1 .  

TABLE  2 . 3 :  We i g ht  a n d  age  of he i fers u sed for experi men t .  

7 6  

He i  fe l� Breeci Date  of  B i rth  Age i n  Ylk s . F a s ted We i g ht  
n urnb e t  at  s tart  o f  a t  s ta r t  o f  

----- Exper i me n t  E fll__� r i men t :__ 

1 Sa h i wa l X Fr i e s i a n 1 6 . 8 . 1 978  35  1 22 . 0kg  

2 F r i es i an 3 . 8 . 1978  38  148 . 2 kg  

3 Sa h i 1-va l X Fri es i a n 30 . 7 . 1 978  3 9  1 18 . 8k g  

4 Fr i e s i a n 1 7 . 7 . 1 978  40  149 . 3k g  

5 Sa h i wa l  X Fr i e s i a n 30 . 7 . 1 9 78 3 9  1 28 . 5kg  

6 Fr i e s i a n 10 . 7 . 1 978  4 1  182 . 5 kg 

7 Sah iwa l  X Fr i es i an 1 1. 8 . 1 978 36 103 . 0kg  

8 Fri e s i a n  30 . 7 . 1 978  39  1 5 5 . 4kg  

The g a i n i n  we i g h t  over each  experi menta l peri od was obta i ned by 

subtra c t i ng the fa sted we i g ht  of each  a n i ma l  at  the beg i n n i n g  of 

each  expe r i ment , from the fa s ted  wei ght mea s u rements o bta i ned a t  

the end  of  the exper i men ta l per i o d . 



2 . 3 2 Feed i n g  p ro c e d u re : 

S u ff i c i e n t  feed wa s offered to e a c h  a n i ma l  s o  t h a t  a t  l ea s t  1 5% 

o f  t h e  a mo u n t  offered wa s l e ft uhea ten . F re s h  feed wa s g i ven  a t  

08 . 30 a nd a t  1 5 . 30 h o u r s . T h e  re s i d u a l  fee d  wa s remo v e d  before 

f re s h  feed wa s offered and t h e s e  r e f u s a l s  were c o l l e c te d  i n  

s epa r a te s a c k s  fo r e a c h  a n i ma l . Two s a mp l e s  of fee d  were t a k e n  

e a c h  d ay ; o n e  wa s o v e n  d r i e d  a t  700C fo r 24  h o u rs t o  d e t e rm i n e  t h e  

d ry ma t te r  c o n c e n t ra t i o n . T h e  o t h e r  s t o re d  a t  -1ooc fo r s u b s e q u e n t  

d e t e rm i n a t i o n  o f  e n e rgy a nd n i t rogen c o n c e n t ra t i o n s . 

A t  i n te r va l s o f  o ne wee k ,  d u r i n g  e a c h  e x p e r i me n t a l  p e r i o d , t h e  

r e f u s e d  f e e d  wa s we i g hed , m i x e d  a n d  samp l e s  ta ken  to be o v e n  d r i e d  

f o r  t h e  d e termi n a t i o n  o f  d ry ma tte r  c o n ce n t ra t i o n . 

S u b s e q u e n t l y t h e  to t a l  w e e k l y  i n t a k e  o f  d ry matter  ( OM I ) by e a c h  

a n i ma l  c o u l d b e  c a l c u l a te d  a s  t he d i ffe r e n c e  between O M  offe re d  

a nd t h e  OM refu s e d . Da i l y i n ta ke of D M  wa s e s t i ma te d  a s  t h e  

d i ffe r e n c e  b e tw e e n  OM Bffered d a i l y  a n d  t h e  a v e r a g e  da i l y  r e fu s a l  

d u r i n g  t h e  we e k  o f  c o l l e c t i o n . 

2 . 3  3 Determ i n a t i o n  o f  t h e  d i ge s t i b i l i ty o f  d ry ma t te r : 

T he d i g e s t i b i l i ty o f  d ry ma t t e r  wa s d e t e rm i ned i n  a ba l a n c e  t r i a l  

7 7  

w i t h  6 s h eep . T h e  ma i n  a s s ump t i on made h e r e  wa s t h a t  t h e  d i ge s t i b i l i ty 

o f  a f e e d  by c a tt l e wa s l i ne a r l y rel a te d  to i t s d i g e s t i b i l i ty by 

s he e p . Th i s  a s s ump t i on wa s based  on observa t i ons  repo rted by 

P l ayne ( 1 977 ) ;  B i rd ( 1 974 ) , and  C i pol l on i  et  a l . ,  ( 1 9 5 1 ) .  

The l i near  re l a ti o ns adopted fo r the present  expe ri ment  were those 

reported by P l ayne ( 1978b ) : -
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y = 0 . 6 7 3  + 20 . 3  for hay 

a nd  

y = X + 2 for concentra tes 

w h e re 

y i s  the  d i ge s t i b i l i ty ( % )  es t i ma ted for c a t t l e 

x i s  the d i ge s t i b i l i ty de termi n e d  wi t h  s h ee p . 

2 . 3 .  4 C h em i c a l  a na l ys i s o f  feed a n d  fae c e s : 

T h e  Ma c ro Kj e d a h l  me t h o d  wa s u s ed to determi ne the n i t ro g e n  

c o nte n t  o f  the  s a mp l e s o f  feed a n d  fa e ce s . T h e  e n e r gy co n te n t  

o f  t h e  s amp l e s  were d e t e rm i ned i n  a n  a d i a ba t i c  bomb c a l o r i me t e r .  

( Ga l l e n k a mp a n d  Co . )  

2 . 3 .  5 E s t i ma t i o n  o f  Wa t e r  Con s um p t i o n :  

�.s!_l_lb i t un�. s up p l y o f  wa t e r  wa s o f fe r e d  p r i o r  to feed i n g i n  

g r a d u a te d  2 5  l i t re c a n s . The amo u n t  o f  wa ter wh i c h h a d  n o t  been 

drunk  be fo re t h e  n e x t  fee d i n g wa s mea s u re d , a n d  t h i s wa s s u b t ra c te d  

from t h e  amo u n t  o f f e re d  to g e t  t h e  ' a p p a re n t ' vo l u n ta ry i n t a k e  by 

e a c h  a n i ma l . 

2 . 3 .  6 T h e  am b i e n t  temp e r a t u re a n d  R e l a t i ve h um i d i ty mea s u remen t s : 

A i r te mper·a t u re vJa s  mea s u re d  wi th a me rcury- i n - g l a s s  t hermome ter . 
A w h i r l i ng hyg rome t e r  wa s u s ed to determi ne  the rel a t i v e  h um i d i ty 

of a i r  i n  eac h room . These  mea surements  were ma d e  a t  OB . OO a n d  1 4 . 30 

hrs  each  day i n  both the hot and  coo l room . 

2 . 3 . 7  Other  p a rame te rs o n  the a n i ma l s :  

2 . 3 . 7 . 1  Rec ta l  Tempera ture : 

Rec ta l  tempera ture was mea s u red  wi th mercury i n  g l a s s  

c l i n i ca l  thermometer . The  thermome te rs were i nserted i nto the 

rectum and kept i n  pos i t i on  by a c l i p  a ttac hed to  the ha i r  on  

the a n i ma l . Three  mi nute s  or more we re a l l owed for the  thermometer 

read i ngs  to rea c h  a constant  l evel  on each a n i ma l . 
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2 . 3 . 7 . 2 .  Re s p i r a t i o n  ra te : 

, Re s p i ra tj o� r a te was determi ned,  by� taunt i n g the .  n umbe r of  

cyc l e s  each  hei fer b re a th ed i n  a n d  out  i n  a p e l�i od  o f  o n e  

mi n u te . Counti n g  w a s  p referab l y  done  when  t h e  an i ma l s were 

l y i n g  down . 

2 . 3 7 . 3  T h e  rate o f  g rowth of  h�i r a n d  the  n e t  chang e i n  we i g h t  

o f  ha i r  c oa t :  

An a rea  o f  about  1 2 8cm2 f i xed by a l e n g t h  o f  h i gh ten s i l e  wi re 
b e n t  i n to a rectang u l a r  s h a pe , wa s c l i p ped  o f f  the h i p a rea  

o f  the  a n i ma l s .  T h e  ha i r  s o  c l i pped  was  co l l e c ted , d r i e d  a nd 

we i g hed . Afte r 28 days of tre a tme n t , the  re g rowth of  h a i r on  

the  s ame a rea  wa s c l i pped  off , d r i ed a nd we i g hed . T h i s e ffect i ve l y  

gave  the ra te o f  reg rowth o f  h a i r dur i n g  th e e x p e r i me n t a l  p e r i o d . 

Ano t h e r  area adjacen t to the p re vi ou s l y  c l i p p e d  a r e a , wa s c l i pped  

a t  the  e n d  of each  e x per i men t a l  p e r i o d . ( Se e  f i g u re 2 . 1 ) .  T h e  

d i ffe r e n c e  b e twe en the l a tte r re a d i n g  a nd tha t ob ta i n e d  a t  the  
b eg i n n i ng o f  e a c h  peri o d , g a v e  the net c ha n g e  i n  t h e  we i g h t  of 
ha i r  c o a t .  

F i g ure  2 . 1 :  The rump a rea  c l i pped for' t he determ i n a t i o n  o f  

c ha n g e s  i n  t h e  we i g h t  o f  the  ha i r  coa t . 
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2 . 3  7 . 4  Swe a t i ng  rate me as ureme n t : 

The  d i rect  a bs o rp t i on method wa s u s e d  to dete rm i ne the c u ta neou s  

wa ter l o s s  of  the a n i ma l s .  

Ca l c i um c h l o r i de gran u l es  we re put  i n  a p l a s t i c petr i  d i s h ,  a nd 

t he n  covered wi th  a fi l te r  paper  ( F i g u re 2 . 2 ) . The f i l ter paper 

wa s hel d i n  po s i t i o n by a perforated petri  d i s h  ( 2 ) . Both d i s h  ( 1 )  

a nd  ( 2 )  were g l ued i n  po s i t i on by a band  of  a n  adhes i ve ta pe 

s u c h  a s  s hown i n  F i g u re 2 . 2 .  When the c a p s u l e  wa s not  be i ng u s e d  

a t h i rd pe t r i  d i s h  ( 3 )  wa s u s e d  t o  protec t the  sys tem from 

a bsorb i ng mo i s ture from the  s u rrou n d i ng s . 

To preve n t  fu r ther absor p t i o n  of  mo i s ture  t he covered c a p s u l e s  

were a l ways kept  i n  a de s s i cator ha l f  f u l l o f  ca l c i um c h l o r i de 

g ra n u l e s . 

T he cap s u l e s were u n covered  ( by remova l of  d i s h  3 ) , i nverte d  a n d  

ra p i d l y  a p p l i ed over  t h e  c l i p ped a rea , on  t h e  rump of  eac h a n i ma l  

for a pe r i o d o f  5 mi nutes . 

The  di fference  between the  we i gh t  o f  the  c a p s u l e  pr i o r to a n d  

a fter a pp l i c a t i on w a s  a s s umed t o  be a l l due t o  the a bsorpt i on o f  

c u taneo u s  mo i s t u re ( swea t )  from the  c ove red patc hes by the c a l c i um 

c h l o r i de . 

Sweat i ng rate mea s u remen ts were taken da i l y a t  08 . 00 and  1 4 . 30 hrs  

fo r the  l a s t  1 4 days  of each  expe r i me n ta l  per i od . 
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I 
! 

I 
I 

Pe tr i d i s h  ( 3 )  ( i nserted i n to 2 when c a ps u l e s  
not i n  use ) 

ta pe 

F i gure 2 . 2  T h e  swea t i n g  c a p s u l e :  Cuta neou s wa te r was reco v e re d  
i n  t h e  ab sorbe n t  ca l c i um c h l ori de  i n  the ca p s u l e .  
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2 . 3 . 8  Sta t i s t i ca l  An a l y s e s : 

T h e  s ta t i s t i c a l  a n a l y s i s  tec h n i q u e s  u s ed i nc l u de d  

1 .  An a l y s i s o f  C o v a r i a n c e  

2 .  Mu l t i v a r i a te a n a l y s i s of v a r i a n c e  

3 .  Pro d uct - mome n t c o r re l a t i o n a n a l y s i s .  

S e v e ra l s ta t i s t i c a l  tec h n i q u e s  were req u i red bec a u s e  o f  t h e  

comp l ex n a tu re o f  the e xp e r i me n ta l d e s i g n ;  ( s e e  2 . 1 ) .  T h e  

f a c t o rs wh i c h ma k e  the  an a l ys i s o f  d a ta i n  t h i s e x per i men t  

d i f f i c u l t a r e : 

1 .  T h e  l ow numbe r o f  e x pe r i me n ta l  u n i t s ; r e s u l t i n g i n  a few 
d e g re e s  of freedom for s i gni f i c a n c e te s ts . 

2 .  Th e l i k e l i hood  of  corre l a t i o n s  b e tween  peri ods  a n d  between 

mea s u reme n t s  o n t he s ame a n i ma l s .  

3 .  Trea tme n t s we re re - ra n dom i s e d  be twee n t r i a l s ; t h i s made  i t  

ne ce s s a ry to treat t h e  expe r i men t as  two s e p a rate  tr i a l s .  

4 .  The confo u n d i ng o f  d i e t  w i t h  pe r i o d s  i n  ea c h  tri a l . 

1 .  A n a l y s i s of C o v a r i a n c e : 

T he p r o c e d u r e  u sed i s  tha t e x p l a i n e d  by S ne de c o r  a n d  C o c h ra n ( 1 967 ) .  

T h e  o b j ec t i v e  wa s to a d j u s t  fo r e x t ra neou s va r i a t i o n i n  the  

o bs e rved t re a tme n t  e ffe c t s . For e xamp l e ,  i f  d ry ma tter i n ta ke 

i s  o b s e rv e d  to be c o r re l a ted w i th the  we i gh t  o f  a n  a n i ma l , p r i o r  to 

the comme n ceme n t  o f  tr i a l , then the o b served v a l u e s  o f  DM I s ho u l d  

be adj u s ted for the v a r i a t i on s  wh i c h a re due t o  l i ne a r a s s oc i a t i on 

b e twee n  DM I a nd LW . 
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The l i n ear  mod el  u sed  i n  each tr i a l  was 

y
i j k  

where 

y . . , l J K  

lJ 

a; 
Bj 

( aB ) i j  

b 

l..l + a; + Bj + ( aB ) ; j  + bX i j k  + e i j k  - - - - - · - - - - - . ( 1 ) 

= 1 , 2 

j 1 ' 2  

k 1 , 2 

= t he observa ti on on t he Kth  a n i ma l  of the j t h breed 

e xposed to ; th tempe ra t ure . 

a g e n e ra 1 mean  
= t h e  fi xed e ffec t o f  t he ; th tempe ra ture 

the f i xed e ffect of  the  · t h J bree d 
= the i n te ra c t i o n  effe c t  beti>�ee n  the  i 'ch t e n1p e ra t u re 

the j t h  b r e e d . 

a n d  

= t he re g r e s s i o n c oe ff i c i e n t o f  Y i i k o n  the c o n c om i t a n t  

v a r i a b l e x i j k 
X i j k = the me a s u reme n t on  the  concomi tant  va r i a b l e d e v i a te d  

f rom t h e  me a n  of a l l a n i ma l s i n  t h e  t r i a l . 
� i j �  = a re s i du a l  e r ro r effect un i q ue to t h e  o b s e rva t i o n  

Y i j k . Re s i d u a l  effe cts  we re a s s ume d to be i n de pen de n t l y  

a n d  i de n t i c a l l y  d i s t r i b u t e d  wi th  me a n  zero , a n d  v a r i a n ce 
a2e . 
F o r  pu r p o s e s  of  te st i ng hypothe ses  res i dua l effec ts were 

a l s o a s s ume d to be Norma l ly d i str i b uted . 

The obse rva t i ons  ( Y  i j k) i n  the d i fferent  a n a l yses  i nc l uded ( 1 )  

dry ma tter i ntake ( 2 )  l i vewe i g h t  ga i n  ( 3 )  vol u n tary i n take  of  

water and  ( 4 )  the growth rate o f  the  ha i r  coat  after c l i po i ng .  

The concomi tan t va r i a b l e s  ( X i j k) meas ured a t  the  beg i nn i ng of the 

tri a l  i nc l uded age , l i vewe i g ht a nd the we i gh t  of ha i r  c l i pped 

from a se l ected area of the coa t . 

The a dva n tages o f  t h i s a n a�s i s o f  cova r i ance  techn i que  a re : 

1 .  B i as i n  the ob s erva t i on s  may be e l i mi na ted . 

2 .  + t  a i ds i n  dete c ti on  o f  trea tment s i mi l ar i t i e s  o r d i fferences  

J� free of  the · o b scuri ng  i nf l uence of the  concomi ta n t  var i a b l e .  
'-.. 
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3 .  I t  g i v e s  an i n d i c a t i on of the  n a t ure o f  the  r e l a t i on 
e x i s t i n g  be twee n  t h e  o b s e rved va l ue s  o f  the d e p e n de n t  
v a r i a b l e (y i j k' ) a n d  t h e  i.ndepe n d en t v a r i a b l e ( X i j k ) 
i n  a n  e x p e r i me n t . 

2 .  The mu l t i va r i a te a na l ys i s  o f  v a r i a n c e : 

The te c hn i que  a dopted  wa s t h a t de s c r i bed by Mo rr i s o n  ( 1 97 6 )  

for a n a l ys i ng re pea ted  mea s u reme n t s  o n  t h e  s ame expe r i me n t a l s u bj ec t . 
The e s se n t i a l  fea ture o f  t h i s a n a l ys i s  i s  t h a t  i t  ta ke s  a cc o u n t  of  
the corre l a t i on b e tween random res i du a l  e rrors  perta i n i n g to  
repe a ted  o b s e r va t i o n s  re co rded o n  a s i ng l e a n i ma l . G i l l  and  H a fs 
( 1 9 7 1 )  demo n s t ra ted tha t t he te c h n i q ue s h ou l d  be u s e d  i n a n i ma l  
e x p e r i me n t s , p a r t i c u l a r l y  whe n t h e  corre l a t i on i s  e x p e c ted  to be  
l a rge . 

The mode l u s e d  wa s 

Y � j k  �h + ah i + Bhj  + ( a B ) h i j + e h i j k - - - - - - - - - - - - - - - - - - - ( 2 ) 

h - 1 ,  2 
= 1 '  2 

j 1 '  2 
k - 1 ,  2 

whe re 
Y h i j k  = the obse rva t ion  on t he kth an i ma l  of the j t h  breed , e x po s e d  
to  the ; th temperature dur i ng  pe ri od h 

�h = a genera l mean for the peri od  

ah i  = the  fi xed  effect  of  the  i th tempera ture i n  peri od h 

Shj = the f i xed effect  of  the j th  breed i n  per i od h 
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( aB ) h i j = the i nterac t i on effect between  j t h  breed and ; th  temoe r�tu re 

i n  peri o d  h .  
eh i j k= a res i du a l  error effec t un i que to  the observ a t i on Y h i J k 

Wi t h i n  t he per i od h ,  the re s i dua l  effects  e
h . ' k' were a s s umed to . ' 1 J 



be i ndepende n t l y  a nd i denti ca l l y d i str i buted a ccord i n g  to a Norma l 

d i s tri b u t i on wi th me a n z e ro a n d  var i a nce  

(;2 h 

Re s i d u a l  e r ror effe c ts pe rta i n i n g to o b s e r va t i on s  o n  t h e  s ame 

a n i ma l , but o b ta i n e d  i n  bvo d i ffe r� n t  peri o d s , were a s s umed to be 

d i s tr i b u t e d  a c cord i n g  to a B i - v a r i a te Norma l d i s t ri b u t i o n  a s  

fo l l ows : 

{ e h i j k ,  
e � i j k }  � G i v . N o rma l �h - 0 �h = 0 

where p i s  the  c o rre l a t i o n c o e ff i c i e n t  b e twe e n  the re s i d u a l  

e r ro r e ffe c t s  e h i j k a n d  e � i j k .  

Pe r i o d  a n d  d i e t a ry e ffec t s  we re co mp l e t e l y c o n fou nded i n  t h a t  

p 

a l l a n i ma l s we re fed h ay i n  p e r i od 1 ,  a nd t h e n  conc e n tr a t e  i n  

p e r i o d  2 .  I n  a s ub s e q u e n t  t r i a l , t h e  o rd e r  o f  hay  a n d  c o n c e n t ra te 

fee d i ng wa s re v e r s e d . 

W i t h i n a t r i a l , the n u l l hypo t he s i s  o f  n o  tempera t u re - by - b r e e d ­

by - pe r i od ( d i e t )  i n te ra c t i o n  wa s t e s ted a s  fo l l ows : 

Y h i j k = � h i j k + e h i j k - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ( 3 ) 

h = 1 '  2 

where 
�h i j 

e h · ' k l J --

= 1 '  2 

j = 1 '  2 

k = 1 , 2 

the  mea n  of the ; th  tempe rature and  j th breed trea tment 

comb i nat i on i n  peri od h .  

a ra ndom re s i du a l  e rro r e ffect  pe rta i n i ng to the k th  

a n i ma l  i n  the  { i j th ) treatment  s ub-c l a s s i n  peri o d  h .  

As s umpti ons  have been  g i ve n  i n  mode l ( 2 )  
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I n  ma t r i x t e rmi no l o gy ,  t h e  mo d e l  i s  e q u i va l en t l y  

� = A U + � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ( 4 ) 

whete 

a nd 

Y = a n N  x2 · ma t r i x o f  o b s e r va t i o n s , 
a n  N x 4 d e s i g n ma tr i x ,  

a 4 x 2 ma t r i x o f  u n k nowns ( i j t h ) t re a tme n t  combi n a t i o n  
me a n s  i n  2 p e r i od s  

h 1 , 2  
- 1 , 2 

j = 1 , 2  

e a n  N x 2 m a t r i x o f  r e s i d u a l e r ro r  e ffe c ts . 

The n u l l t1ypo t he s i s  o f  n o  pe 1· i od by tempe r a t u r e  by b r e e d  i n t e ra c t i o n  

i s  

i . e .  I r J1 1 1 1  lJ2 1 1 r 1 - 1 Ho 1 -· 1  0 0 I 
l " l l 2  lJ 2 1 2  0 1 - 1  0 I 0 - - - - - - - ( 5 ) 

I lJ l L l JJ2n , - 1 -
0 0 1 - 1  

l-1 1 22 l12 2 2  
L J !. 

f l u M 

O b s e rv e  t h a t  t h e  c o n s ta n cy o f  the b e twee n  pe r i o d d i ffere n c e  a c ro s s  
trea tme n t  c omb i na t i o n s  ( t emp e r a t ure a n d bree d ) i s  wha t t h i s n u l l 
hyp o t h e s i s  i s  te s t i n g . I n o r d e r  to te s t  the n u l l hypo th e s i s , t he 
fo l l ow i n g  ma t r i c e s  ( sc a l e rs i n  t h i s e xamp l e )  a re req u i red . 

H = M '  X A ( A ' A ) - 1 C '  _1 - - - - - 1 

a n d  
E = �i  X { I  - � ( � ' � ) - 1 A '  } � �1 - - - - - - - - - - - - - - - - - - - - - - - - - - { 7 ) 
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Nev e r th l e s s ,  i t  i s  e a s i  ! y  s h own t h a t  i n  t h i s case t h e  ma t r i x 
( � ' � ) - l � l  { � 1 \ � ' � ) - l� l  } - 1 � 1  ( A ' A )  

i s  s i mp l y  t h e  ma t r i x 
� ( I - � J )  

where 
I i s  an i d e n t i ty ma t r i x a nd J i s  a 4 x 4 ma t r i x o f  a l l o ne s . 

Wi t h  fu r t h e r a l g e b ra i c  s i mp l i f i ca t i o n i t  c a n  be s h own t h a t  H 
a n d  E a re t h e  i n tera c t i o n  a n d  re s i d u a l  s ums o f  s q u a r e s , r e s pe c t i ve l y  
i n  a n  o r d i n a ry 2 - way c r o s s e d  c l a s s i f i c a t i o n  a na l ys i s  o f  v a r i a n ce 
of wi t h i n a n i ma l  d i f f e re n c e s  be twe e n  o b s erva t i o n s  ta k e n  i n  2 
d i ffere n t  pe r i o d s . 

F o l l owi n g  M o r r i s o n  ( 1 9 7 6 , s e c . 5 . 6 )  the s t a t i s t i c 
11 

·r 

3 t r ( H , E - 1 )  

i s '  u n d e r  the n u l l hypo t he s i s , d i s t r i b u te d  a c c o rd i n g  to a n  F 

d i s t ri b u t i o n  wi th 3 a n d 4 d e g r e e s  o f  free d om . 

G i ven t h a t t h e  breed - by - tempe ra t u re - by- p e r i o d  i n tera c t i o n  wa s 
n o t  s i g n i f i c a n t ,  o b s e r va t i o n s  o n  t h e  s ame a n i ma l  we re a dd e d  
t o g e t he r , g i v i ng a v a r i a b l e  wh i c h  wa s t h e n  a n a l ysed a c c o rd i n g  to a 
2 - way c ro s s e d  c l a s s i f i c a t i o n  f i x e d - e ffec t a n a l ys i s  o f  v a r i a n c e . 
T h a t  i s  i n  t he e q u a t i o n s  eq u i va l e n t  to e q u a t i o n  ( 5 )  t h e  v e c t o r  M 1 , 

wa s a u n i t v ec t o r  a n d  t h e  C l  ma t r i x wa s 

( 1 )  Te s t i ng No bree d  effe c t : C ! =  { 1  - 1 1 - 1 }  

( L )  Te s t i n g No tempera ture c = - 1  { 1  1 - 1  - 1 }  
( 3 ) Te s t i ng No breed x 

tempera ture � r= { 1  - 1  - 1  1 }  

I t  i s  tri v i a  1 to s h ow that  the ma tr i x approa c h  d e ta.i 1 ed here 

l e ads  to t h e  u s u a l  s ums o f  s q u a r e s  i n  a 2-way cro s se d  c l a s s i f i c a t i o n  

wi th fi xed e ffect s , o n  t he s ums  o f  o bs e rva ti o n s  made . 
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Re sponse  Effec ts : 

The k i n d  of d i e t  and  r'e sponse  effe c ts we re comp l ete l y  confo un de d  

i n  th i s  e x pe r i men t .  The  n u l l hypothe s i s  of  equa l  repo n s e  e ffec t  

i s :  

Ho :  �2 � � 1 0 

i e :  
]J l l l  l.l z u  
]J ll 2  ]J£:1 2 

H . 'o . { 1  1 1 1 }  ]J l 2 1  JJ2 2 1  
]J 1 2 2  l.l z 2 2  

Fo l l owi ng  Morri s on ' s  wo rk , the  s ta t i s t i c 

hypothe s i s ,  d i s t r i bute d  accord i ng  

wi t h  1 a nd 4 degre e s  of freedom . 

\'/here 

1 - � I = 0 

I 

TL i s , under the  n u l l 
to F d i stri but i on 

T2 
= N � 1 M 1 l�i S �1 ; - 1  M '  X - - - - � - - - - - - - - - - - - - - - - - - - - - - - ( 8 ) 

a n d  

S = � E note E h a s  the s ame v a l ue a s  o bta i ned i n  ( 7 )  

I n  t h i s exampl e ,  i t  i s  o b served  t ha t  equa t i on ( 8 ) g i ve s  the  F 

v a l ue needed  for te s t i n g  the hypo t he s i s of  e q u a l  res pon se  e ffec t . 
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CHAPTER THREE 

RESULTS 

3 . 1 Trea tme n t  F a c t o r s : 

3 . 1 . 1  Env i ro nme n ta l  con d i t i o n s �  

The me a n  v a l u e s  fo r a i r  temp e r a t u re and  re l a t i v e  h um i d i ty i n  
the  two rooms a re s h own i n  Tabl e 3 . 1 .  The records taken i n  the 
cool room s h owe d g r e a t e r  v a r i a t i o n  s i nce the room wa s n 6 t  
e q u i p p e d  wi th a re f r i g e ra t i on u n i t t o  c o n t ro l  i ts a mb i e n t  
tempera t u re . 

TABLE 3 . 1 :  

T 1· i  a 1 

Amb i e n t  cond i t i o n s  i n  th e c o o l  room ( COOL ) a n d  i n  the 
h o t  room ( HOT ) . 

C l i ma t i c con d i t i o n  COOL HOT ---- --- ---· 

1 Pe r i od 1 1 7 . 0 6 33 . 06 
P e r i o d  2 1 !5 . 7 7 3 2 . 88 

·-----

Pe r i o d 3 14 . 1 5 3 3 . 09 
2 Pe l- i  o d  4 1 5 . 1 2 32 . 97 

89  

Mean amb i e n t  tempera tu re ( % ) 1 5 . 5 2 + 
33 . 00 

+ 0 . 0 4 - 0 . 6 1 -
Mea n  Re l a t i ve h umi d i ty % 87 . 0  :!: 1 . 8  4 0 . 0  + 0 -

3 . 1 .  2 A n i ma l s : 

The an i mal s remai ned heal thy throug hout  the exper i ment .  Al though  

o ne of the Fri e s i a n s  deve l oped wa rts  on  the neck , these  d i s a p pe a r e d  
a f te r  t r e a tmen t .  

3 . 2  

3 . 2 . 1  

Responses  to Hea t  S tre s s : 

Heat Stre s s  I ndi ces : 

3 . 2 . 1 .1 Recta 1  Temperature : 

The mean va 1 ues for rec ta l temper.ature and  the re su l ts  o f  mu l t i  vari  a te 

a na l ys i s  of  var i ance a re p re sented  i n  Tab l e 3 . 2  . . Va l ue s  fo r 
i nd i v i dua l  a n i ma l s dur i n g  each  peri od of the e xperi me n t  a re 

a ppended  (Ap pend i x 3 . 2 ) .  



T h e  o v e ra l l me a n  v a l u e s  fo r re c t a l  tempe r a t u re we re 38 . 80(  a nd 

3 9 . 9° C i n  the  c o o l  a n d  ho t rooms r e s p e c t i v e l y .  Of t h e  ma i n  

tre a tme n t s , o n ·l y  t h e  e ffe c ts o f  e n v i ronme n t a l  tempe r a t u r e  we r e  

s i g n i f i c a n t  ( P < 0 . 005 ) . The re wp s a s i g n i f i c a n t  ( P  < 0 . 05 )  

i n tera c t i o n  be twe e n  t h e  e ffe c t s  o f- tempe r a t u re a nd t h e  e f fe c t s  o f  

bree d - for b o th t r i a l s i e . , t he i nc re a s e  i n  t h e  recta l tempe r a t u re 

o f  F r i e s i a n h e i fe rs be i n g s i g n i fi c a n t l y  grea te r ( P <  0 . 0 5 )  t h a n  

o b s e rved i n  t h e  S a h i wa l  F r i e s i a n  h e i fers  whe n  t h e  am b i e n t  

temp e r a t ure wa s ra i se d  from 1 s . soc t o  3 3° C  for both bree d s . 

3 . 2 . 1  Re s p i ra t i o n  Ra t e : 

The m e a n v a l ue fO l' t he r e s p i ra t i o n  ra te a n d  t h e  r e s u l t s o f  

mu l t i va r i a te a na l y s i s o f  v a r i a n c e  a re p re s e n te d  i n  T a b l e 3 . 3  

The re s p i ra t o ry f re q ue n cy o f  i n d i v i d u a l  a n i ma l s i n  d i ffere n t  pe r i o d  

o f  t h e  e x pe r i me n t  a re pre s e n te d  i n  A p pe n d i x .  . 3 . 3 .  

The o v e ra l l n� a n  v a 1 u e s  we re 37  a n d  1 00 bre a t h s  p e r  m i n u t e  i n  t h e  

c o o l  a nd h o t  r o o m s  re s p e c t i v e l y .  T h e  e ffe c t s o f  a m b i e n t  t empe r a t u re 

were s i g n i fi c a n t  i n  bo t h  t r i a l s ( P< 0 . 005 ) . T h e  e f fe c t s o f  B r e e d  

we re a l s o s i gn i f i c a n t  ( P <  0 . 0 1 i n  T r i a l  1 ,  a n d  P < 0 . 0 5 d u r i n g  

T r i a l  2 ) . Re s po n s e s  t o  th e c h a n g e  i n  d i e t we re s i g � i f i c a n t  ( P < 0 . 0 1 )  

i n  T r i a l  1 b u t  n o t  T r i a l  2 .  
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9 1  

TABL E  3 . 2a :  Mea n re c t a l tempe ratures  ( O C )  o f  Sa h i  wa 1 x F r i e s i a n 
( S F )  a n d  F r i e s i a n ( F )  h e i fe r s  fed h a y  ( HAY )  o r  
c o n c e n t ra t e s  ( CONC ) a t  1 5 . 5°C ( COOL ) o r  a t  3 3o c ( HOT ) 

amb i e n t  tempe ra t u re con d i t i o n s : 

S o u rce o f  v a r i a t i o n  T r i  a 1· 1. T r i  a 1 2 MEAN + S EM -

---· 

Tempera ture B r e e d  Pe r i o d  1 Peri o d  2 Pe r i o d  3 Pe r i o d  4 
HAY CONC CONC HAY 

S F  40 . 03 39 . 95 3 9 . 2 1 39 . 36 3 9 . 64� 0 . 2 1 
HOT c 40 . 47 40 . 2 7 3 9 . 84 39 . 9 3 40 . 1 3� 0 . 1 1 I 

COOL 
SF 38 . 90 38 . 50 38 . 8 1  38 . 7 5 38 . 74: 0 . 09 

F 38 . 96 38 . 7 3 3 8 . 7 1 38 . 50 38 . 7 3 : 0 . 09 

P e r i o d  mea n s  39 . 5 9 39 . 4 1  3 9 . 1 4 3 9 . 1 4 

TABL E 3 . 2b :  Mea n Rec t a l  tempe r a t u re s  ( OC ) a n d  t rea tme n t  e f fe c t s  

T r i a l  1 T r i a l  2 
---··----·----·---· 

TR EATM E NT Me a n  ( O C ) S Et� F Te s t# Mea n ( D C ) S EM F . Te s t  # 
·----

H o t  4 0 . 1 3 �0 . 1 5 * * *  39 . 58 :a . 26 * * *  
Temp e r a t u r t? "  1 

L-00 38 . 87 �0 . 08 38 . 69 
+ 
- 0 . 1 0  

S F  39 . 39 :0 . 25 39 . 03 
+ 

B r e e d  N S  - 0 . 2 1 
N S  

:0 . 35 
+ 

F 39 . 60 39 . 24 - 0 . 47 

Hay 39 . 59 :0 . 48 39 . 14 
+ 

D i e t  NS - 0 . 40 N S  
Co ne 3 9 . 4 1  :!:o . 46 3 9 . 1 4  : 0 . 34 

Bree d x tempe r a t u re i n tera c t i o n s  * * 

# F Te s t ,  l ev e l  o f  s i g n i f i ca nc e  on m u l t i va ri a te ana l y s i s  o f  v a r i a n ce 

whe re 

NS = Not s i g n i fi ca n t  

* = p <0 . 05 

** = p <0 . 01  

***= p <0 . 005 

S i mi l a r nota ti o n s  a re u sed i n  a l l other a na l y s e s  carr i e d  o u t  



9 2  

TAB L E  3 . 3a :  Res p i rat i on  ra t e s  o f  Sa h i wa l  x Fri e s i a n  ( S F )  a n d  

Fri e s i a n  ( F )  he i fers  f e d  h ay ( HAY ) o r  co ncentrates  

( CONC ) a t  1 5 . 5°C ( COOL ) or  a t  33 . 00C ( HOT ) amb i e n t  

tempe ra  t u  re cond i t i o n s : 

Sou rce o f  va r i a t i on  TR I .n.L .. l T R I AL 2 MEAN:: S EM 

Tempe ra t u  re Bree d  Pe r i od 1 Peri od 2 Per -i od 3 Pe r i od 4 
HAY CONC C ONC HAY 

S F  1 0 1 . 1  8 1 . 6  6 5 . 5  9 1 . 6  
+ 

9 . 7  
HOT 84 . 95 -

F 1 2 9 . 4  1 1 2 . 6  1 0 3 . 9  1 1 3 . 8 1 1 4 . 9 3 � 6 . 5  

S F  50 . 5  2 7 . 0  2 0 . 9  1 9 . 3  
+ 

COOL 
2 9 . 3 5 - 8 . 9  

+ 
F 64 . 5  47 . 9  38 . 0  24 . 9  43 . 83 - 1 0 . 2  

Pe r i od Means  86 . 4  6 7 . 3  5 7 . 1  62 . 3  
--------

� 
TAB L E  3 . 3b :  Me an Re s p i ra t i on ra t e s  and  t re a tment effec t s :  
-----

------- ---------

TREAm ENT T R I A L  1 TR I fl,L � 
Mean  

+ 
S EM F te s t ;: Mea n  � S Etvl F Te s t  -

------

106 . 18  
+ 

1 2 . 7 5 ·ic* ·k  93 . 70 
+ 1 0 . 1  * * *  

Tempera tu l'e H o t  - -

+ + 
Coo l 47 . 48 9 . 98 25 . 7 5 - 5 . 7  

-----

SF 6 5 . 04 
+ 

20 . 3  ** 49 . 32 
+ 

22 . 1 2 * *  
Bree d 

- -

+ + 
F 88 . 6 2 - 2 3 . 9  7 0 . 1 3 - 28 . 14 

HAY 86 . 38 
+ 2 2 . 0  * *  62 . 32 

+ 
24 . 3  D i e t 

- -

+ + 
CONC 6 7 . 28 -· 2 3 . 4  5 6 . 7  - 2 7 . 4  NS  

B reed X tempera t u re i nterac t i o n s  NS  NS  

� Res p i ra t i on rates  i n  b rea t h s  pe r mi n u te 

F Tes t  : l e ve l o f  s i gn i fi cance  o n  mul t i va r i a te a n a l y s i s  of  va r i a nce  

Fo r notat i on s  refer Tab l e 3 . 2b :  



9 3  

TABL E 3 . 4a : Swea t  ra te ( g  m- 2 h r - 1 ) o f  Sa h i wa l  x F r i e s i a n ( S F )  a nd 
F r i e s i a n ( F )  he i f e r s  fed hay ( HAY ) or  c o n c e n t ra t e s  ( CO NC ) 
a t  1 5 . 50C ( COQL ) o r  a t  3 3 ° C  (HOT ) ambi e n t  t e mpe ra t u re 
c o n d i t i o n s . 

Sou rce  of  V a r i a t i o n  TR I AL ·1 T R I AL 2 + M EAN - S EM 

Tem p e ra tu re B reed  Pe ri o d  1 P e r i od 2 Peri od 3 Peri od  4 
HAY CONC . CONC . HAY 

, �  � r  24 . 5 7  7 5 . 28 1 2 9 . 48 54 . 78 7 1 . 03

: 

1 9  
HOT F 2 1 . 99 6 1 . 1 5 1 0 3 . 0 7 3 3 . 2 6 54 . 87

: 

2 2  
S F  3 2 . 3 3  4 0 . 98 7 0 . 05 34 . 2 7 44 . 4 1

: 

1 0  
COOL  F 35 . 3 3 6 7 . 8 1 8 !. . 6 7 3 1 . 42 5 2 . 28: 1 4  

Peri o d  Me a n s 2 8 . 56 6 1 . 3 1 94 . 8 2 38 . 5 6 

TAB L E  3 . 4 b  Me a n  swe a t  ra te a nd tre a tme n t  e ffect s . 

--------

T R EAH1E NT 

Hot 
Temp e ra t u  re Coo 1 

S F  
Bre e d  F 

Hay 
D i e t  Cone . 

t�e a n  

4 5 . 7 5  
44 . 1 1 

4 3 . 2 9 
46 . 57 

28 . 56 
6 1. 3 1  

T R  I .l\L 
+ S E M  -

+ 1 0 . 1  --

+ 
-· 9 . 9  

+ 1 3 . 6  -

+ 
- 1 3 . 2  

+ 4 . 8  -
: 

2 3 . 4  

Breed x tempera ture i nteract i on s  

# F ,  nota t i o n s  re fe r Tab l e  3 . 2 b  

1 T R I AL 2 
F Te s t# �1e an � S E�! F Te s t # 

80 . 1 5 :26 . 9  N S  N S  
�

1 5 . 6  54 . 7 3 

7 2 . 1 5 

:

2 5 . 1  NS 
:

2 1 . 9  
NS 

62 . 7 3 

38 . 56 

: 

7 . 5  NS * *  

96 . 32 :22 . 4  
NS NS 



3 . 2 . 1 . 3 Swe a t  Ra te : 

The me a n  v a l u e s  for swe a t  ra t e  a n d  t h e  re s u l t s  o f  mu l t i v a ri a t e  

a n a l y s i s o f  va r i a n c e  f o r  swe a t  r a te a re pre s e n te d  i n  Ta b l e 3 . 4a 

a n d  3 . 4 b  re s pe c t i ve l y .  T h e  me a n  swe a t  ra t e  o f  he i f e r s  i n  t h e  c o o l  

room wa s 4 . 9  g . m- 2 h r- 1 . C a l v e s  i n  the  h o t  room h a d  a n  a v e r a g e  

s we a t  r a t e  o f  6 3 . g . m- 2 h r - 1 . T he e ffec t s  o f  tempera t u re , breed 

a nd t h e  i n te ra c t i o n  b e tw e e n  t h e s e  e f fe c t s , d i d  not rea c h  s i g n i fi c a n t  

l e v e l s .  T h e  e ffe c t s  o f  d i e t  we r e  s i g n i fi c a n t i n  Tri a l  2 ( P < 0 . 0 1 )  

b u t  n o t  i n  Tri a l  1 .  

3 . 2 . 2  R e l a t i o n s  b e twe e n  h e a t s t re s s  i nd i c e s : 

The poo l e d d a ta i nd i c a te tha t re s p i ra t i o n ra t e  ( RR )  o f  t h e s e  

h e i fe r s  wa s l i n ea r l y re l a te d  t o  t he i r r e c ta l tempera t u re ( TR ) . 

The  r e g re s s i o n e q ua t i o n  f o r  t h e  re l a t i o n s h i p was : 

T R  = 3 8 . 36 + 0 . 0 1 3 9  RR ( r  = 0 . 8705  d f  30 ) 

\'/h e re 

TR i s  re c ta l tempe r a t u r e  ( ° C ) 

R R  i s  r e s p i ra t i o n  rate  ( b re a t h s  p e r  m i n u t e ) 

94 

C o e f f i c i e n t s o f  r e g re s s i o n a n d  c o r re l a t i o n  d e s c r i b i n g  t h e  a s s o c i a t i on 

be tv1e e n  t h e s e  v a r i a b l e s  u n d e r  d i f fe re n t  t re a tme n t s  a re s u111rna ri s e d  i n  

T a b l e 3 . 5 .  

Swe a t  ra te wa s g e n e r a l l y  n e g a t i ve l y  re l a te d  t o  recta l tempera t u re . 

Al t h o u g h  the poo l ed  d i d not s how any s i gn i f i c a n t  a s s o c i a t i o n , t h e  

swe a t  r a t e  o f  h e i fe rs i n  t he hot room wa s s i g n i f i ca n t l y { P  < 0 . 05 )  

a s s oc i a te d w i t h  t h e  re c t a l tempe r a t u re s  of the  h e i fers  ( Ta b l e 3 . 6 )  

E a c h  1 ° C f a l l i n  the i r TR wa s a s s oc i a ted wi th  a n  i n c re a s e  o f  a bo u t  

1 5 0 g  i n  t h e  sweat  ra te . 

There wa s no cl o s e  a s s o c i a t i on b e tween swe a t  rate a n d  re s p i ra t i on  

rate of c a l ves  i n  a l l tre a tme n t  comb i n at i o n s  ( i e . poo l ed d a ta ) . T he 

correl a t i o n  coeffi c i e n t s  re l a t i n g  the s e  vari a b l es  became s i g n i fi c a n t  

( Ap pend i x  3 . 4 )  whe n t h e  data  a n a l ysed i nvol ved a n i ma l s i n  t h e  hot  

room ; or  more s pe c i fi ca l l y ,  whe n  t he d a ta a n a l ysed we re f rom Sa h i wa l  

x F r i e s i a n  h e i fers i n  the h o t  room . 
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TAB L E  3 . 5  The re l a t i ons h i p be tween TR ( °C )  a nd RR ( brea ths  

per mi nute  of  he i fers under  d i fferen t  treatme n t  combi na t i ons . 

--�--------I����_r a iJ_J_r_�-- ------� e �--------- __ _ ___ _ p_i r: t 
Ho t Cool  S F  F CONC 

4-- ---------------·---·- ·--·-----·-- - ---- ----- ------ - - - --·-- -- - - .. . - -

4-­
<lJ 0 \.) 

4--
4-
Q) 
0 
(.) 

c 
0 

V) 

V) 
<lJ 
:;.... 
ry. 
Q) 
:;.... 

Ho t 0 . 60* 0 . 37 0 . 02 0 . 35 

C o o ·l 0 . 5 1 *  0 . 52 0 . 9 1 ** 0 . 10 

SF  0 . 8 2** - 0 .  74* 

F 0 .  7 1  ** 0 . 89 ** 

C o n e  0 . 83*** 

Hay 
----------------- ----- -- - ----------------- - ·--- . --- -- ---

Ho t 0 . 0 1 5 5  

Coo l 0 . 00 

c c  _, ,  0 . 0 1 �8  0 . 004 0 .  0 1 16 

F 0 . 0002 0 . 0 1 28 0 . 0 1 22  

C o n e . 0 . 0096 0 . 00 14 0 . 0093  0 . 0 1 7 6  0 . 0 1 36 

Hay 0 . 0207  0 . 0079  0 . 0044 0 . 0 1(30 
- -- ·- -- - -- --- - --------- -------- ------ �- - ---- ----

HAY 

0 . 8 1 *  

0 .  7 7 *  

0 . 30 

0 . 97*** 

0 . 64** 

0 . 0 1 6 2  

TA B L U...:l:_ T h e  re l a t i � n s h i p  betwe e n  TR ( ° C )  a n d  SWR ( g . l11 - 2 fl r - l )  of 
he i f e r s  u n d e r  d i f f e r e n t  t re a tmen t  c o m b i n a t i o n s . 

Tem •1e ra t u re ___________ __ r_:: ___ _ Breed D i e �  
Ho t Cool S F  F CONC HAY 

l!-4- -------------------------------------------

� Ho t - 0 . 6 5* -0 . 76* - 0 . 57 - 0 . 78* - 0 . 69 
(.) 

c 
0 

.p 
r(j 

<lJ 

Cool  

SF  

F 

t ' cone  0 
(.) 

0 . 2 2 0 . 18 

-0 . 1 5 

0 . 26 

0 . 1 3 

0 . 20 

-0 . 03 

0 . 0 1  

0 . 004 

0 . 27 

- 0 . 33 

- 0 . 56 

Hay -0 . 1 3 
-----

Hot  - 0 . 0066 
4-� Coo l 
0 
u S F  
c: 
o F 
(/) � Cone . 
:;.... � Hay 

0 . 00 1 5  

-0 . 0056 0 . 0008 - 0 . 00 16  

-0 . 00 5 3  0 . 0024 0 . 00 3 2  

- 0 . 00 8 1  0 . 00 14 - 0 . 0002 0 . 0032 

- 0 . 0 1608 0 . 0 1 30 - 0 . 0 1 05 - 0 . 0366 

0 . 0006 

-0 . 0057  
:;.... -------------------------------------------

a a l l d i a g o n a l  va l ues have 1 4. d�g rees  o f  freedom . The  offset  
eo eff i c i e nt s  have 6 deg rees  o f  freedom 

* s i g n i f i ca n t  a t  P <0 . 05 ** s i g n i fi ca n t  a t P< 0 . 0 1 ***s i g n i f i c a n t  at  P< O . OO 



3 . 2 . 3  Dry ma t te r  i n ta k e : 

Both  the  d ry ma tter  i n t a ke ( DM I ) a n d  d i g e s t ·i b l e  energy i n t a ke 

( DE I ) we re pos i t i ve l y  a s soc i a te d  wi t h  t h e  we i g ht  o f  ca l ve s a t  

the be g i n n i n g o f  the e x pe r i me nt .  None  o f  t h e s e  a s s oc i a t i o n s  re a c he d  

s i g n i fi c a n t  l e ve l s o n  the a na l ys i s  o f  c o va r i ance . The r e fo re , 

the  data  we re pre s e n ted ( Tab l e 3 . 7 a n d  3 . 8 )  wi thout  a d j u s tm e n t s . 

Ca 1 v e s  i n  the  ho t room c o n s umed a mean  o f  3 .  7 1  kg DtV d ay e a c h . I n  

the c o o l  room , t he me an  i n ta k e  wa s 4 . 46  k g DM/day . The  e ffe c t  

of temp e ra t u re was  s i gn i f i ca n t . ( P  <0 . 05 ) du r i ng  Tri a l  1 bu t 

not  i n  Tr i a l  2 .  

A l th o u g h  t he ca lv e s  c o n s umed a p p a t'e n t l y  mo re concen trate d i e t t h a n  

t h ey d i d t h e  hay , t h e  d i ffe r e n c e  d i d not  rea c h  s i gn i f i c a n t  va l u e s  

f o r  e i t he r t r i a l . 

3 . 2 . 4  D i ge s t i b l e energy  i n t a k e : 

The mean  va l ue s fo r t h e  d a i l y i n t a k e  o f  d i ge s t i b l e e n e rgy by 

c a l v e s  u n d e r  d i f fe re n t  treatme n t  c o nd i ti o n s  a re p re s e n t e d  i n  
Ta b l e 3 . 8a . A s umma ry o f  t h e  re s u l t s  o f  mu l t i va r i a te a n a l ys i s o f  

va r i a n c e s  fo r t h e  d i g es t i b l e  ene r gy i n ta k e  h a s  a l s o b e e n  p r e s e n ted  

i n  T a b l e 3 . 8b .  

The o ve ra l l me a n  va l u e s  fo r d i g e s t i b l e e ne rgy ( D E )  c o n s umed we re 

1 . 37 ±  0 . 0 9 MJ / k g BW0 . 7 5 ; d ay for ca l ves  i n  t he hot room a n d  

1 . 6P 0 . 08 MJ / k gBW0 . 7 5 ; day fo r ca l ve s i n  the c ool  room . 

The effe c t  o f  tempe rature was s i g n i f i c a n t  ( P< 0 . 05 )  fo r both  

tr i a l s .  No n e  of  the o ther sourc e s of vari a t i on had s i g n i f i c a n t  

i nfl uence  o n  DE  i n t a k e  e xcept  t h e  re s po n s e  t o  d i et whi c h  became 

s i gn i f i c a n t  ( P  <0 . 05 )  d u r i n g  Tri a l  2 .  
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TABLE 3 . 7a :  Da i ly  d ry ma tter i nt a k e  ( kg/ ca l f )  by Sah i wa l  x Fr i e s i a n  
( SF )  and  Fri es i an ( F )  hei fers fed hay ( HAY ) o r  concentra te s  
( CONC ) a t  1 5 . 5° C  ( COOL )  or a t  33oc ( HOT ) amb i ent  
tempe r a t u re cond i t i o n s  . 

Sou rce  o f Va r i a t i o 1 1  T R ll\l l TR I AL 2 + r� EAN - s n� 

Tempe ra t u re B r e e d  Per i od l P e r i od 2 P e r i o d  3 P e r i o d  4 
HAY CONC . C ONC . IV\ Y 

S F  3 . 2 2 
HOT F 2 . 78 

SF  4- . 09 
COOL 

F 3 . 58 

3 . 40 4 . 60 

3 . 68 4 . 7 9 

3 . 7 9 4 . 32 
5 . 2 3 5 . 59 

3 . 7 2 3 . 7 4 � 0 . 5 3 
3 . 5 0 
4 . 1 3 
4 . 46 

3 . 6 R + 0 . 7 2 
4 . 08 ! 0 . 2 9 
4 . 7 1 � 0 . 7 7 

-----.. -------·-------------·--- ·-- ------·-------·· 

P e r i o d  �le a n s  3 . 4 1  4 . 03 4 . 83 3 . 95 

TA B L E  3 .  7 b : Mea n  d ry ma t te r i n ta k e  a n d  trea tment  effec t s . 

TR EAH1E N T  TR I M. 1 T R l /\L % 
Mea n  ! S EM F Te s t # Me � n  � SEM  F Te s t # 

H o t  
Temp e ra t u r e (  , 

, o o ! 

S F  
Bre e d  c I 

Hay 
D i e t Cone . 

3 . 2 7 
4 . 1 9 

3 . 6 2 
3 . 8 1  

3 . 4 1 
4 . 02 

+ - 0 . 3 9  
:!:o . 53 

:!:o . 3s 
�0 . 6 9 

�0 . 39 
�0 . 62 

Breed x tempera ture i n teract i on s  

# F ,  nota t i ons  refer  Tab l e  3 . 2b ·� 

------ ----------------------

* 

NS  

N S  

NS  

4 . 1 5 !o . 4 6 
4 . 6 2 !0 . 66 N S  

---- - - -- ------ --------------

4 . 1 9 �0 . 5 9 NS 
4 . 59 :!:o . ? o 

3 . 95 :!:o . 29 NS 
4 . 83 �0 . 65 

NS  



TAB L E  3 . 8a : D a i l y  i n ta ke o f  D i g e s t i b l e e n e r gy (MJ/ k g B w0 . 7 5 ) by 
Sa h i wa l  x F r i e s i a n  ( S F )  a n d  F r i e s i an ( F )  h e i fers  fed 
hay ( HAY ) or c o n c e n tra te s ( CO N C ) at 1 5 . 5 ° C ( C OO L ) or at 
3 3°C ( HOT ) amb i e n t  tempera ture condi t i o n s . 

Source  o f  Vari a t i o n  TR I A �  1 TR I AL 2 
+ �l EAN - S EM 

Tempe ra tu re Breed  Pe r i od 1 P e r i od 2 Per i od  3 P e r i o d  4 

-------------
HAY CONC . C ONC . HAY 
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S F  1 .  38 1 . 46 1 .  76  1 .  26  1 .  4 7  + ·· 0 . 18 
HOT 

COOL 

Pe r i o d  

F 1 . 04 
S F  1 .  7 5  

F 1 .  28  

------ -·--·-------·---

Me a n s  1 .  36 

1 .  4 2  
1 .  6 0  
1 .  82  

1 .  58 

1 . 49  1 .  03 1 . 2 5 :0 . 2 1  
1 .  6 9  1 . 4 5  1 . 6 2  : o  . 1 1 
1 .  98 1 . 40  1 .  6 2  

+ 
-0 . 28 

---··--- - - - - - ------- --·------- - --·------

1 .  7 3  1 .  2 9  

TAB L E  3 . 8b : Me a n  c o n s ump t i on o f  d i ges t i b l e  e n e rgy a n d  t rea tme n t  e ffe c t s . 

----------------------------- ---- -------
T R EATME NT T R I AL 1 T fU !\L 2 

Me a n  ! S EM F Te s t# Me a n  � S E M  F Te s t #  
--

�l o�
---

-1
-

. 32-: 0 .  1 6  -·-:·-----L;;---y--0-�-l--�-----------------
Tempe ra t u t�e C oo l 1 . 6 1 

::

0 . 1 7 1 . 6 3  :: 0 . 2 3 

-------
: 

0 . 1 5 + 
S F  1. . 5 5 N S  1 .  54  - 0 . 2 3 

Bre e d  F 1 .  39  

: 

0 . 2 2  1 .  4 7  :: 0 . 24 

:: 0 . 1 9 + 
Hay 1 .  36 N S  1 . 28 - 0 . 1 2 

D i e t  
: 

0 . 1 8 + 
Cone . 1 .  5 7  1 .  7 3  - 0 . 2 3 

Breed x tempe r a t ure i n t e ra c t i o n s  NS 

# F n o ta t i o n s  re fer Ta b l e  3 . 2 b  

N S  

-----------
* 

--------
N S  



3 . 2 . 5  Vo l unta ry Wate r I n take : 

The mean  va l u e s  of  wa ter i ntake  by c a l ves , and  the re s u l t s  of  

mu l t i vari a te a na l ys i s of  t he i r v ar i a nc e  are presented  i n  Ta b l e 3 . 9 .  
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He i fe r s  i n  the  c o o l  room e a c h  drank 1 9 . 3kg  of wa te r da i l y ,  wh i l e  

those  i n  t he  hot  room each  dra n k  a n  a v e rage of  4 l . Ok g  o f  wa ter d a i l y . 

The effe c t  o f  bo t h  tempe ra t u re , and  b reed , were s i g n i fi ca n t  ( P< 0 . 005 ) 

fo r bot h  t r i a l s .  A l though  the ca l ves  c o n s umed mo re wa ter  when 

fed o n  hay t h a n  when  fed o n  concentrate , the d i fferen ce  wa s s i g n i F i c a n t  

d u r i n g  Tri a l  1 o n l y . 

The exponent  of  0 . 82 fo r body we i g ht  wa s adopted to s tu dy va r i a t i on s 

i n  wa ter  c o n s umpt i o n t h a t m i gh t ha ve bee n  a s s o c i a t e d  w i t h  
d i fferenc e s  i n  t h e  me tabo l i c  body s i ze s . ( Ma c Fa r l a n e  a n d  Howa rd , 

1 9 70 ) . 

Ta b l e 3 . 1 0a g i ve s  t h e  m e a n  va l u e s  o f  wa te r con s umed by c a l ve s pe r 

un i t  of th e i r me t a bo l i c  body we i g h t  ( BW0 . 82 ) .  The tre a tme nt  mea n s  

a n d  t he i r re s pe c t i ve standa rd e rro rs  a re pre s e n ted  i n  T a b l e 3 . 1 0 b . 

The o vera l l mea n  va l ues  for wa ter i n take  by c a l ves i n  the  h o t  a n d  

i n  t h e  coo l rooms we re re s pec t i ve l y  0 . 5 7 a nd 0 . 27kg  o f  wa ter 

per  k gBW0 . 82d ay - l .  U n l i ke the da i l y 111a ter  i nta ke p e r  ca l f  me a s u reme n t s  

( T a b l e 3 . 9 ) , wa t e r  i n take  p e r  u n i t of  me tabol i c  body we i g ht d i d  

not s how s i gn i f i c a n t  effec ts  of d i e t ,  a n d ,  o f  t he i ntera c t i on  

between  the  e ffe c ts of breed a n d  tempera ture . 

3 . 2 . 6 L i vewe i g h t  G a i n :  

We i gh t  g a i n d u r i n g  the two tr i a l s wa s n o t  a ffec ted s i g n i f i ca nt l y 

by ei t her  a ge o r  we i ght  of  the  a n i ma l s a t  the begi n n i n g  o f  the 

expe r i me n t . 

}YfASSEY UNIVERSifY 
LIBRARY 
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TABLE 3 . 9a : Da i l y  i n take of  wa ter  ( kg ca l f- 1day- 1 )  by Sa h i wa l  x 

Fr i e s i an ( SF and  Fri e s i a n ( F )  he i fers fed hay ( HAY ) o r  

concentrates  ( CONC ) a t  1 5 . 5°C ( COOL ) or a t  3 3 °C  ( HOT ) 
amb i e n t  tempe ra t u re cond i t i ons . 

Sourc e o f  V a r i a t i o n TR I A l  1 

Tempe ra tu re B r e e d  Pe r i od 1 Pe r i od 
HAY CONC . 

S F  36 . 6 1 20 . 5 7 
HOT F 5 1 . 39 5 3 . 92 

S F  2 2 . 62 1 2 . 00 
COOL F 2 7 . 8 1 2 1 . 00 

----

Pe r i od t�e a  ns  34 . 53 2 6 . 87 

----------------------------

2 

T R I AL 2 
+ 

M EA N  - S H� 

-----------·-----------

P e r i o d  3 P e r ·i o d  4 
C ONC . HAY  

2 2 . 34 3 1 . 18 2 7 . 68� 1 4 . 5  
6 0 . 69 56 . 25 5 5 . 56�  3 . 4  
1 4 . 18 18 . 32 1 6 . 78� 1 2 . 5  
2 1 . 34 2 2 . 64 2 3 . 20� 2 . 7  

-------- -------

29 . 64 32 . 1 0 
--- - - - -· -- - - --- ----- - ----- - - --- - -- - -� ----

TAB L E  3 . 9 b :  Mea n d a i l y  c o n s um p t i o n  of wa ter  ( k g day - l ca l t- 1 ) a n d  

t r e a tme n t  e ffe c t s . 

T I� EA Ti·iE NT T R I AL 1 
Me a n  � S E r1 F Te s t# 

--------------------------- --

* * *  
\ l o t  40 . 62 14 . 3  

Tempe ra t u r e
( 

1 0 0  2 0 . 79  6 . 2 

S F  2 2 . 95 9 . 3  * ** 
B r e e d  F 38 . 47 1 5 . 2  

Hay 34 . 54 1 1 . 5  * 
D i e t  Cone . 2 6 . 87 1 6 . 6  

Breed x temperature i n te ract i ons  NS  

# F nota t i o n s  refer  Ta b l e  3 . 2 b 
"'� 

;· r� ; a 
Me c1 n  + s ��, -

42 . 6 2 1 7 . 1  

1 9 . 1 2 4 . 1 

2 1 . 03 7 . 1  
40 . 2 3 1 9 . 0  

32 . 10 1 5 . 3  
29 . 64 18 . 7  

') 
L 

F T e s  tf! 

* * *  

* * *  

NS 

·-------------------

* 



TABLt  3 . 10a : Da i l y  i ntake  of wa te r ( kg ; sw- 0 . 82 ) by Sa h i wa l  x 

Fr i e s i an  ( SF ) a nd Fri e s i an ( F )  he i fers fed hay ( HAY ) 
o r  concen tra tes ( CONC ) a t  1 5 . 5°C ( COOL ) or  a t  33°C ( HOT ) 
amb i en t  tempera t u r  cond i t i ons . 

S o u rc e  o f  V a r i a t i o n TR I .�� 1 T fU AL 2 

Tem p e ra tu  re 13 r e e d  Pe r i od 1 Pe r· i  od 2 Pe r i o d 3 P e r i o d cl 
HAY CONC . C ONC . HI\ Y  

1 0 1  

--------------- --------------------·- --------------

S F  0 .  6 3  0 . 34 
HOT F 0 . 7 6 0 . 78 

S F  0 . 38 0 . 20 
COOL F 0 . 39 0 . 2 7 

-----· ------

Pe ri od Me a n s 0 . 54 0 . 40 

0 . 32 
0 . 70 
0 . 2 1  
0 . 28 

0 . 38 

0 . 42 + 0 . 4 3 -0 . 1  
0 . 64 0 . 7 2::-0 . 1  
0 . 2 6 0 . 26::-0 . 0S 
0 . 28 + 0 . 3 1 -0 . 05 

-- - --··· -----------------

0 . 40 

TABL E  3 . 1 0b : Mean  da i l y c o ns umpti on of wa te r ( kg / BW0 . 82 ) a n d  
trea tme n t  effect s . 

T R E1\Ti·\E NT TR I AL 1 
l�e a n  � S E �1 F Te s t #  

I l o t  
Tempe ra turer  1 

\ .. 0 0  

S F  
Breed  F 

Hay 
D i e t  Cone . 

0 . 6 2 
0 . 3 1 

0 . 38 
0 . 5 5 

0 . 54 
0 . 40 

0 . 07 
0 . 03 

0 . 07 
0 . 08 

0 . 06 

0 . 09 

Breed  x temperature i n te ra c t i ons 

# F nota t i o n s  re fe r Ta bl e 3 . 2b 

* * *  

* *  

NS 

NS 

T l� [ f1l. 2 
Me a n  � S E M  F Te s t e  

0 . 52 
0 . 26 

0 . 30 
0 . 4 7  

0 . 40 
0 . 38 

0 . 06 
0 . 02 

0 . 04 
0 . 07 

0 . 06 
0 . 07 

* * *  

* * *  

--- --·--

NS 

NS  
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TABL E 3 . 1 1a :  Da i l y l i vewe i ght  ga i n  ( kg ca l f- lday- 1 ) o f  Sah i wa l  x 

Fr i e s i a n  ( S F )  and  Fri e s i an ( F )  he i fers  fed hay ( HAY ) or  
concentrates  ( CONC ) at  1 5 . 5°C  ( COOL ) o r  a t  3 3°C ( HOT ) 
amb i e n t  tempera ture cond i t i on s . 

Source  of  V a r i a t i o n TR I A L .  1 TR I AL 2 + fv! EMl - S H1 

TeiTlpe ra tu re 

HOT 

COOL 

Breed Pe r i od 1 Pe r i od 2 Pe r i o d  3 Pe r i o d  4 

S F  
F 

SF  
F 

HAY CON C . C OtlC . HAY 

- 0 . 06 0 . 3 3 
0 . 08 0 . 2 3 
0 . 3 7 0 . 56 

- 0 . 08 1 . 36 

·---· _________________ + _________ _ 1 . 08 0 . 2 9 0 . 4 1 - 0 . 4 
0 . 90 - 0 . 33 0 . 2 2� 0 . 4  
0 . 9i 0 .  5 4  + 0 . 60 - 0 . 2  
1 .  2 9  0 . 3 9 + 0 . 74 - 0 . 6  

----------------------------

Per i od  Mea n s  0 . 08 0 . 6 2 1 .  0 5  0 . 2 2 

------- - -- · -···-· - ------·- - - - - ----- --· ··--- · · --

TABL E  3 . 1 l b :  Me a n  l i vewe i g h t  g a i n ( k g . c a l f- l d a y- 1 ) a nd t rea tme n t  e f f e c t s . 

-------------------------·--·-- ---------- --··-- ·-···-··---

T R EAT11E NT 
Me a n 

TR i i\L 1 
� S E M  F Te s t# t·1e a  n 

Tl< l fl.L 2 
+ - S E ri F Te s t #  

-----·---------------- ------------ -----·----

H o t  
Tempe ra t u reCoo l 

0 . 1 4 
0 . 55 

Bre e d  

D i e t  

S F  0 . 30 
F 0 .  40  

Hay 0 . 08 
Cone . 0 . 6 2  

0 . 22 
0 . 54 

0 . 30 
0 .  58 

0 . 2  
0 . 5  

Breed x temperature  i n teract i ons  

# F no.ta t i  ons  refer Ta b l e 3 .  2 b  

* *  

NS 

* 

NS 

0 . 48 
0 .  78  

0 .  7 1  
0 . 57 

0 . 22 
1 . 05 

0 . 6 
0 . 4 

0 . 4  
0 . 6  

0 . 4  
0 . 3  

* *  

NS 

---�---

* *  

* 



The mea n v a l u e s  for the l i vewe i g h t  ga i n  by c a l ves d u r i n g  ea c h  

pe r i od a re p re s ented i n  Tab l e  3 . 1 1a . A summa ry o f  t he res u l t s  

of the mu l t i v a r i a te a na l ys i s  of va r i a n ce ca rri e d  out  a re a l s o 

presented ( Ta b l e  3 . 1 1b ) . 

Ove r the  who l e exper i me n t  a n i ma l s i n  t he coo l  room g a i ned  mo re 

we i g ht  ( 0 . 6 7 k g / d ay ) than thos e i n  th e hot room ( 0 . 3 9 kg/day ) .  

The effe c t  o f  tempe rature  wa s h i g h l y  s i g n i fi ca nt i n  both t r i a l s .  

The  i ntera c t i o n  be twee n the  effect s  of  tempera ture and  breed 

wa s s i g n i f i c a n t  o n l y  dur i n g  the s e cond  tr i a l . Breed d i ffe re nc e s  

we re n o t  s i g n i f i c a n t  fo r both  tr i a l s .  

3 . 2 . 7  Rel a t i on s  between , DMI , D E I , VW I ,TR  AND  LWG 

The poo l ed d a ta i n d i c ate  t h a t  t he vo l u n t a ry i ntake  o f  wa t e r  ( V W I ) 

1 0 3  

by c a l ves  wa s p o s i t i v e l y  a s s o c i a ted wi t h  t he i r  rec ta l tempe ra ture 

( TR ) . B o t h  t h e  i n ta ke o f  dry ma t te r  ( DM I ) a n d  d i g e s t i b l e e ne rgy ( DE I ) 

we re n e g a t i ve l y  a s s oc i a ted wi th T R . The  ra te of  L i vewe i g h t  ga i n  

( LWG ) a l so de cre a s e d  w i th  i nc re a sed  i n  the TR . The coeff i c i e n t s  

for the s e  re l a t i o n s a re presented  i n  T a b l e 3 . 1 2 

TAB L E  3 . 1 2 Coeff i c i en t s  o f  corre l a t i o n a be tween TR , DM I , D E I , V W I  a n d  LWG .b 

JR _ Dt> 1I D E I  VW I L viG 

TR  1 - Q . 50�7H - 0 . 4935 ** 0 . 8400*** -0 . 4628** 

om 1 0 . 85 3 3** - 0 . 2 984 0 . 81 07***  

D E I  1 - 0 . 3870* 0 . 8 1 0 1 *** 

v w r  1 0 . 43 5 1 *  

LWG 1 

a a l l at 3 0  degrees  of freedom b TR = oc 
* r i s  s i gn i f i c ant p < 0 . 05 DM I = kg/day 
**  1 1  1 1  p < 0 .  0 1  D E I  r�J /day LviG = kg/ day 

= 

*** 1 1  1 1  p < 0 .  00 1 VWI  = kg/day 

The rate of  L WG wa s ma i n l y  affected by the i ntake  of  dry matte r  and  
d i ge st i bl e e nergy . The  rel at i onsh i p  be tween D E I  and  LWG for d i fferent  
treatment  comb i nat i on s  are presented i n  Tabl e 3 . 13 .  



c.: 
0 

'+­'+­
Q! 0 u 
c.: 0 

TAB L E  3 . 1 3 :  The re l ati onsh i p  be tween  DE I (MJ/day ) a n d  LW.G ( kg /day } 

·------· Te..Q]?_�_ca ture  _______ B ree d __ ____ _ 

Ho t 
Coo l 

S F  

F 
H!\ y 
CONC 

H o t  

C o o l 

S F  
F 

HAY 

CONC  

Ho t Coo l S F  F 

0 . 844 3 (l *** 0 . 9 3 8 4 *** 0 .  7 9 7 2 *  

Hay 

0 . 1 38 1  

0 . 9089***0 . 780 3* 0 . 9 6 7 0* **0 . 6 680 

0 . 86 8 9* *:* 0 . 7 6 8 9 *  

0 . 9 1 4 7 ***-0 . 2 02 1 

0 . 60 1 5 *  

0 . 02 7 5a 

0 . 0 2 8 0  

0 . 03 0 7  0 . 0 1 97 0 . 0 2 6 1  

0 . 0 2 4 9  0 . 0 3 3 2  0 .  03 1 1  

0 . 00 7 9  0 . 0 3 6 5  0 . 0389 - 0 . 0078 0 . 0 2 9 3  

0 . 02 9 2  0 . 0 234 0 . 0 2 4 4  0 . 0 347 

Fo r a l l t re a tm e n t  c om b i  n a t i o n s  

LWG = - 0 . 9 9 2 0  + 0 . 0 2 8 7 4  D E I  r = 0 . 8880*** 

df ::: 3 0  

D i e t 

0 . 82 7 5 *  

0 . 8 6 7 3** 

0 . 8 4 38** 

0 . 88 1 7 * *  

0 . 85 6 8 * ** 

0 . 02 7 3  

a Al l d i a g o n a l  v a l u e s  h a ve 1 4 d f . The o f f s e t  va l u e s  h a v e  6 d f .  

' ....... ' '"'-· 
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3 . 2 . 8  The Ha i r  Coa t :  

The mea n we i g h t  o f  the h a i r  coa t o f  i nd i v i du a l  c a l ves  a t  the  

be g i n n i n g  o f  expe r i me n t  a re presented  i n  Ta b l e 3 . 4a .  They 

i nd i c a te tha t  t h e  Fr i e s i a n  h e i fers had  heav i e r  coa ts t h a n  h a d  the  

Sa h i wa l  x F r i e s i a n  he i fe r s  p r i o r  to the commenceme n t  of  the 

e x pe r i me n t . 

Tbe a n a l ys i s of cova r i a n c e  d i d  not  s how s i gn i fi ca n t  a s so c i a t i on 

b e twee n  t he o r i g i na l  we i g h t s  of h a i r coa t ,  a nd t he i r re g rowth 

1 05 

a fter  c l i pp i ng . The o b s e rved  rates  of g rowt h of t he ha i r  coa t we re , 

there fo re , ac�epted  fo r a n a l ys i s .  

THe mean  growth rates  of  h a i r coats  of  h e i fe rs under  d i ffe re n t  

trea tments  a re pre sente d  i n  Ta b l e 3 . 1 4b , a nd a s umma ry o f  the  

mu l t i var i ate a na l ys i s o f  the i r va r i a n c e  i s  presented i n  T a b l e 3 . 1 4c . 

The  e ffec ts of  both amb i e n t  tempe ra t u re a n d  breed we re not  

s i gn i f i c a n t  i n  the  two t r i a l s .  Feed i n g hay res u l ted  i n  s i g n i f i c a n t l y 

fa s t e r  ra te s of  g rowth of t he ha i r  coat  t h a n  concentrate feed i n g . 

Dur i n g  hay fee d i n g . the c a l v e s  had a mean ra te of ha i r coat  g rowt h  

o f  3 . 1 7 g m- 2d ay- l , where a s  unde r concen tra t e  feed i n g they had  

a mea n  h a i r  g rowth  rate of 1 . 19 g m- 2day - l . 

TABL E 3 . 14a : We i g ht ( g m- 2 ) o f  ha i r  coa t of i nd i v i d u a l c a l ve s 

a t  the  beg i n n i ng of the e xperi ment . 

He i f e r  n umbe r  Bree d We i gh t  o f  Breed Mean s  
Hai r coat(g m- 2 ) 

1 Sa h i wa l  x F r i e s i a n 2 1 1  

3 Sa  h i  wa l x Fr i e s i a n 2 1 1  2 1 7  

5 Sah i wa l x Fr i e s i a n  2 3 3  

7 Sa h i wa l  x Fr i e s i an 2 14 

2 Fr i e s i a n  368 

4 Fri e s i an 4 58 325  

6 Fr i e s i an 262  

8 Fri e s i a n  2 1 1  



1 06 
TABL E 3 . 1 4 b : Mean  ra te s of growth*of  ha i r  c o a t  of  Sa h i wa l  x Fr i e s i a n  

( S F )  a n d  Fri e s i a n  ( F ) hei fers fed hay ( HAY ) o r  conce n tra tes  

( CONC ) a t  15 . 5°C o r  at 3 3°C ( HOT ) amb i e nt tempe ra ture  

cond i t i ons . 

+ 
Sou rce of  V a r i a t i o n  T R I A L  1 TR IAL 2 t1 EAN - s n,, 

-----·----- ---- ·------

Tempe ra tu re Breed  P e r i od 1 Pe r i od 2 Per i od  " Pe r i o d  4 J 
HAY CONC . C ONC . HAY 

SF 2 . 3 1 1 .  3 5  1 . 4 5  3 . 4 2 2 . 0 5 �  1 . 06 
HOT F 3 . 2 3  0 . 92 1 .  2 1  2 . 30 1 .  9 3 �  1 .  04 

S F  2 . 1 3 1 .  45 1 . 2 1 2 . 7 0 
+ 

1 . 8 7 - 0 . 82 
COOL F 7 . 6 5 1 .  06 1 . 1 6 1 .  6 1  2 . 87 �  2 . 90 

P e r i o d  Me a n s 3 . 83 1 . 1 9 1 .  18  2 . 5 2 

* We i g h t  o f ha i r  i n  g m- 2day 

TABL E 3 . 1 4c : Mean h a i r  g rowt h* ra te s  a nd tre a tmen t e ffec t s  

TR EATtviE NT 

Mea n 
----�-------

Hot 1 .  95  
Tempe ra tureCoo l 3 . 07 

\3 ree d 

D i e t  

S F  1 . 8 1  
F 3 .  2 1  

Hay 3 . 83 
Cone . 1 . 1 9  

TR I AL 
+ 

SEM -

1 . 08 
2 . 84 

0 . 88 
2 . 85 

2 . 48 
0 . 50 

1 

F Te s t# 

NS 

NS 

** 

Breed  x tempera ture i n te ract i o n s  NS 

# F nota ti ons  ref Ta b l e 3 . 2 b 

TR 1 r.L. L 
tlje a n  + S U'l F Te s t #  -

---·--··--------------

1 .  6 7  0 . 6 7 
NS 

2 . 03 1 .  0 3  

-------------� 

2 . 12 0 . 9 9 
NS 

1 .  59  0 . 67 

2 . 52 0 . 78 ** 
1 . 18 0 . 28 

--··-

NS 



CHAPTER FOU R 

D I SCUS S I ON 

4 . 1 Re c ta l  temp e ra t u re ( TR )  

4 . 1 . 1  E f fe c t s  o f  amb i e n t  tempe ra t u r e : 

107  

T he mea n  rec t a l  tempe ra t u re o f  a l l . h e i fe r s  wa s s i g n i f i c a n t l y ( P  < 0 . 00 5 ) 
h i g h e r  i n  t h e  h o t  room ( 3 9 . 90 C ) t h a �  i n  t h e  coo l room ( 38 . 8° C ) . 

S i m i l a r i n c re a s e s  i n  re c t a l  temp e r a t u re h a v e  b e e n  repo r t e d  i n  
p re v i ou s  e x pe r i me n t s . ( Ta b l e 4 . 1 )  

TA B L E  4 . 1 :  T h e  e ffec t s  o f  amb i e n t  t empera t u re o n  Rec ta l tempe ra t u r e  

Amb i e n t  temp e ra t u re ( O C ) 

A u t h o r  C o o l  

Ol b r i c h  e t  a l ; 
( 1 97 2 ) ------ 1 0  

Ke l l  a \'iay a nd 
C o l d H z  ( 1 9 7 2 )  1 7  

Sa uwa ( 1 9 7 8 ) 1 7  

0 ' Ke l l y ( 1 9  7 3 ) 2 . 3 

P re s e n t  da ta 1 5 , 5  

Hot 

3 1  

38 

34 . 5  

3 3 . 0  

3 3 . 0  

R e c t a l  tempe ra t u re ( ° C ) 

C o o l  Ho t 

38 . 5  

3 8 . 6  

3 9 . 00 

38 . 4  

3 8 . 5  

3 9 . 8  

.39 . 3  

40 . 1 5 

39 . 5  

3 9 . 5  

-----------------

Ke r s l ake ( 1 Y 7 2 ) s u g ge s te d  t h a t  u n de r t h e rmo - n e u tra l c o n d i t i o n s  

b o dy tempe ra t u re i s  r e l a t i ve l y  c o n s ta n t  a n d  i nd e p e nde n t  o f  t h e  

cha n g e s  i n  t h e  amb i e n t  tempera t u r e . fvl on te i t h ( 1 9 7 4 )  a l s o 

s u gg e s te d  t h a t  t h e  n e t  me t a bo l i c  h e a t  prod u c t i o n , a n d  t h e  n e t  

e x c h a n g e s  o f  h e a t  be twe e n  t h e  a n i ma l  a nd i ts e n v i ronme n t  a re m i n i ma l  

i n  a thermo-neutra l e n v i r o nme n t .  The exchanges  o f  hea t  b e tween 

the a n i ma l  a n d  i ts e n v i ronment may be l ow ma i n l y  beca use  o f  the l ow 

tempe rature gradi ent  between the body and  the e n v i ronme n t . The 

s k i n s urface temperatu re i n creases  o n  expo s u re of a n i ma l s to hot  

cond i ti ons ; th i s  may be a ccompa n i ed by a n  i nc rea s e  in  the amo unt 

of  heat energy ga i ned from the e n v i ronment . If  the body ' heat  

c ontent ' i s  to be ma i n ta i n ed consta n t  i n  hot  c o n d i ti ons , then  

the a n i ma l s  mu st  i nc re a s e  the  ra te o f  d i ss i pa t i o n  of heat  from the  



body to  the  e n v i ro nment  by the  e vapora ti ve  or  non-evapora t i ve 

mea n s . 

I t  seems  therefo re t h a t  the c o re tempe ra ture r i ses  so  a s  to 

ma i n ta i n  a tempe ra t u re grad i e n t , and hence  a cont i n uous  exchange 

o f  hea t wi th  the e n v i ronmen t .  I nc re a s e s  i n  TR a bove n o rlfla l ·i n 

a n i ma l s  exposed  to hot  cond i t i o n s  a re i nd i c a t i ve o f  hea t s t re s s , 

( Kers l a kt; , 1 9 7 2 ) .  The refore , t h e  h i g h e r  rec ta l  temperatures  

recorded  i n  h e i fers s ub jecte d  t o  the hot  cond i t i on s  i nd i c a te t h a t  

the  amb i ent  tempe ra t ure ma i n t a i ned  i n  t h e  h o t  room v1a s  h i g he r  

t h a n  t h e  the rmo - ne u t ra l  ran ge o f  these  h e i fers . 

4 .  1 .  2 .  E ffec ts  o f  breed : 

The me a n  rec t a l  tempera t ure of  Fr i e s i a n he i fers wa s h i g her  than  tha t 

of the S a h i wa l  x F ri es i a n  he i fe rs  i n  bo th tr i a l s .  The re wa s no  

s i g n i fi ca n t  ( P >0 . 05 )  d i ffere n ce between t he recta l  tempe ra tures  

o f  the  two  breeds  at  1 5 . 5° C ,  wh i l e  a t  3 3oc ,  the Fr i es i a n  he i fers 

had  s i gn i f i c a n t l y  ( P<  0 . 05 )  h i gher  re cta l tempe ra t u res  t h a n  

ha d t h e  S a h i wa l  x F r i e s i a n  he i fe rs . T he e ffects a re d i s cu s sed  be l ow 

under  temperatu re x b reed i n te ra c t i on s . 

4 . 1 .  3 Tempera t u re x Breed i n teract i o n s : 

The i n te ra ct i o n be tween the effects  of  tempe ra t u re a n d  breed  o n  

T R  wa s s i g n fi c a n t  ( P < 0 . 05 ) . The Fr i e s i a n he i fe rs  e x h i b i ted 

h i g h e r  va l ues  fo r TR t ha n d i d the  Sa h i wa l  x Fr i e s i a n h e i fe rs 

when  exposed to ( 33°C ) hot  amb i e n t  tempera t u re . 

The res u l t s  a re i n  agreement  wi th  previ ou s  s tud i e s  reported by 

Rhoad , ( 19 38 ) ; Ki b l er and  B rody , ( l 9 5 1 ) ;  Ke l l away and  C o l d i t z , 

( 1 97 5 ) , and  by Sa U\ova , ( 1 978 ) . The s e  a uthors  found t h a t  i n  

hot  c o n d i t i o n s  TR d i d  not  i nc r e a se i n  Bos  i nd i c u s  catt l e and  the i r 

cro s s  breds , a s  much  a s  i t  d i d i n  Bos  taurus  catt l e .  

The e x p l anat i o n  for th i s d i fference i n  re s ponse  to hot  cond i t i on s  

seems t o  i nvo l ve genet i c a l  d i ffe rences  i n  the way the s e  two bree d s  

u t i l i s e body wat e r  for evaporat i ve coo l i n g . ( Ol bri ch e t  a l . , ( 1 97 2 ) , 

Sa uwa , ( 1 978 ) a n d  Vercoe e t  a l  . , ( 19 7 2 ) s u g ge s te d  that  B o s  i nd i c u s  
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c a t t l e r e l i e d more hea v i l y  o n  s k i n s u rface evapora t i ve coo l i n g t h a n  

d i d Bos  tau ru s  c a t t l e .  The  l a tte r breed wa s obse rved t o  h a v e  

h i ghe r· re s p i rat i on rate s , a nd hence i t  wa s a s s umed t h a t  a t  h i gh 

amb i e n t  tempe l'a tu re� , Bo s  ta�ru s c a tt l e  depended upon  the  

res p i r a tory sy s tem f o r  eva p o ra t- i ve. coo l i ng .  S i nce th i s  system i s  
., 

not  a s  e f fe c t i ve a s  s k i n s u r face  evapo ra t i ve coo l i n g o f  h o t  a n i ma l s 

( Mclean , 1 96 3 ) ,  i t  wa s s ugges ted  that  the  Bos ta u ru s  c att l e h ad  

h i g he r  TR than  h a d  the  Bos  i n d i c u s  ca ttl e at 3 1 ° C , beca u s e  o f  the i r 

d i fferences  i n  the  ra tes o f  e va pora t i ve d i s s i p a t i o n  o f  hea t from 

t h e  s k i n .  

I t  i s  t h e re fo re s u g ge s te d  t h a t the  Sa h i wa l  x F r i e s i a n h e i fe rs were 

a b l e to ma i n ta i n  l ow e r  rec ta l tempe ra t u re s  t h an  d i d the F r i e s i an 

h e i fe r s  on  expo s u re to 3 3° C beca u s e  of the a dva n ta ge they had  i n  

swea t i n g  a n d  h e n c e  g re a te r  e v a p o ra t i ve coo l i n g a t  the s k i n l e v e l  

( s ee s e c t i o n  4 . 3 ) . 

4 . 1 . 4 Re s po n s e s  to d i e t :  

He i f e r s  e x po s e d  to hot  co n d i t i on s  had  a mea n  TR o f  3 9 . 8 1 ° C  whe n  

fed on  conce n t ra t e s  b u t  a mea n  of  3 9 . 95 °C when h a y  wa s fed ; 

t h e  d i f f e r e n c e  ( 0 . 1 4 ° C ) wa s n o t  s i g n i f i c a n t . P rev i o u s  work 
reported  by \•Jeb s ter  �J:_{L_, ( 1 9 76 ) , a n d  O s u j i  e�_:_• ( 1 9 7 5 ) ,  
i n d i ca ted t h a t  a n i ma l s con s umi n g  unpe l l eted  forages  o f  l ow 

d i ge s t i b i l i t i e s s h ow g re a te r heat  product i on than  those eat i ng  

pe l l e ted and  h i g h l y  d i gested  d i e t s . We b s te r  e t �· , ( 1 9 7 6 ) for 

examp l e ,  conc l uded that  the  heat i nc rement  from a f i xed amo u n t  of 

foo d  i s  i nve rs e l y  rel ated  to the di ges t i b i l i ty of  the d i e t . I t  

was therefo re e xpected tha t a t  a con stant  va l ue o f  DM I , a n i ma l s 

con s umi n g  hay wou l d have s hown h i gher  rec ta l  temperatues  than  

those  eat i ng  co ncentra tes . 

The d a ta adj us ted to a common v a l ue  for OM , ( Ta b l e 4 . 2 )  d i d 

n o t  i nd i cate s i gn i fi ca n t  d i ffere nces between d i ets . 
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TAB L E 4 . 2 :  Me a n  Rectal  tempe r a ture s ( ° C ) *  o f h e i fers fed 
hay ( HA Y ) and co n c e n t ra t e s  t CONC ) at 1 5 . 50 C  
( COOL ) and  330 C  ( HOT )  amb i e n t  temp e r a t u re c o n d i t i o n s . 

AMB i E NT T EM P ERAT U R E  

D I ET COOL H OT 

HAY 38 . 7 5 39 . 96 

CONC 38 . 7 9 3 9 . 7 5 

d i ffe r e n c e  - 0 . 0 4 - 0 . 2 1  

* re c t a l  temp e r a t u r e  a d j u s te d  for t h e  mea n  i n t a k e  o f  OM o f  4 . 04 

DM/ c a l f/da y . 

S i mi l a r re s u l t s h a ve b e e n  re po r te d  by Col d i tz a n d  Ke l l away ( 1 9 7 2 ) 

wh o f o u n d  s i g n i f i c a n t  d i e t i n f l u e n c e  o n  th e T R  o f  c a t t l e con s um i n g  

h i g h  q u a l i ty d i e t  ( ro l l e d b a r l ey a n d s oy b e a n  mea l ) a s  o p p o s e d  

to l ow q u a l i ty d i e t  ( oa te n  c h a f f  a nd s oy b e a n  mea l ) . S a uwa ( 1 9 7M ) , 
w i t h  a very s i mi l a r p a tte rn o f  feed i n g a s  ma i nt a i n e d  i n  t h e  

p re s e n t  e x p e r i me n t  a l s o  r e p o r te d  n o  s i g n i fi c a n t  d i ffe re nc e  b e twee n  

the  re c ta l  tempe ra t u re mea s u re me n t s  o f  a n i ma l s c o n s um i n g h ay a n d  

th o s e fed o n  c o nc e n t ra te s . T h i s  may b e  t a k e n  t o  i nd i c a t e t h a t 

t he re i s  l i t t l e advantage  i n  TR , o n  fe e d i n g  c o n c e n t ra t e s  i n s te a d  

o f  h ay a t  3 3° C . The  a d v a n t a g e  i s  howe v e r  n o ta b l e whe n D E I  i s  

c o n s i d e red . ( s e c . 4 . 4 ) . 

4 . 2 .  Re s p i ra ti o n Ra te : 

4 . 2 . 1 .  The Effe c t s  o f  Amb i e n t  tempera ture : 

The h e i fe rs s u b j ected to 33°C amb i e n t  tempera ture ha d a mea n  
re s pi ratory, ra te ( RR )  o f  1 00 brea th s mi n - 1 wh i l e  t h o s e  i n  the 
cool room ma i n ta i ne d  a mea n  RR o f  37 b rea t h s  mi n - 1 . The 
d i f fe rence betwee n the ra te s o f  re s p i ra t i o n s  a t  t h e  two 
tem p e r a ture cond i t i o n s  wa s h i g h l y  s i g n i f i c a n t  t P <0 . 0 1 . ) 

W h e n  c a ttl e a re exposed to h o t  cond i t i o n s  the i r re s p i r a t o ry 
freq u e n c i e s  i nc re a s e  i n  a s so c i a t i o n  wi t h  the i nc re a s e s  i n  rec ta l 
temp e ra ture . The s e  i n c re a s e s  i n  the re s p � ra tory vent i l a t i o n  are 
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a do p ted to fa c i l i ta te heat  l os s  by e vapora t i o n  from the u p p e r  

re s p i r a t o ry tra c t  ( I ng ram a nd Whi t tow , 1 962 ) .  Work  reported 

pre v i ou s l y  by Ha l e s and  F i n d l ay ,  ( 1 968 ) ;  Co l d i tz a nd Ke l l away , 

( 1 9 7 2 ) ,  a nd rece n t l y  by Sauwa ( 1 978 ) , h a ve deomo n s trated the s e  

e ffec t s  ( i n c re a s e s  i n  R R ) o n  c a tt l e  ex po s ed to hot  co nd i t i o n s 

( s e e  1 . 5 . 4 . ) 

W i t h  the  poo l e d  d a ta i t  wa s es ta b l i s hed i n  t h e  p re s e n t  e x pe r i me n t  

t h a t  t h e  h e i fers  i nc re a se d  the i r  re s p i ra t i o n  ra tes by a bo u t  7 2  
brea ths  pe r 1 °C r i se i n  t h e  re c t a l  tempera tu re . U s i ng th i s  

re l a t i o n s h i p i t  c a n  be s h own tha t the max i mum fre q uen cy o f  a bo u t  

1 8 0  b re a t h s  p e r  mi n u te a t  wh i c h c a t t l e e n te r  t h e  s e c o n d  p h a s e  

b re a th i n g wou l d h a v e  b e e n  a ch i e v e d  a t  40 . 86°C ( TR ) . T h i s e s t i ma te 

i s  i n  a g oo d a g reeme n t  w i t h  Ha l e s  a nd F i nd l ay ' s  ( 1 968 ) expe r i ment  

i n  w h i c h  o xe n  exposed  to a s e ve re hea t s tres s  a c h i e ved a ma x i mum 

re s p i rato ry f reque ncy of 1 80 b rea t h s  p e r  m i n u te w h e n  t h e i r  recta l 

tempera t u re wa s 40 . 7  � 0 . 1 ° C . Second  pha se  brea t h i ng  wa s n o t  

o b s e rved  i n  t h e  p re s e n t  e x p e ri me n t . 

4 . 2 . 2 EF fec ts o f B reed : 

The  re s u l t s  o f  th i s e x pe r i me n t , l i ke those  re v i ewe d by Mc Oowe l l 

( 1 97 2 ) , s u g ge s t  that  �� _ _j_nd i _�s c ro s s bred a n i ma l s ex h i b i t  l owe r 

re s p i ra to ry f re q ue nc i e s t ha n Bos taurus  when  an i ma -l s  o f  both  

breeds  are exposed to hot  cond i t i ons . 

I n  t h i s exper i ment  the Sah i wa l  x F r i e s i an he i fe rs had a mean 

re s p i ra t i on rate of 84 . 6  b rea ths  m i n .  Where a s  the Fri e s i a n 

he i fers had  a me an of  1 1 5  b reaths  per m i nute  o n  exposure to 33oc .  

The  d i ffere nce i n  R R  be twee n  the two breeds i n  the  ho t room 

c o n d i t i ons  wa s about  twi ce as l arge a s  the d i fference recorded 

at 1 7°C .  

S a uwa , ( 19 7 8 )  a l so  observed s i gni f i c a n t  d i ffe rences  i n  re s p i ra t i on 

ra te  o f  catt l e of  d i ffe re n t  breeds when  exposed  to  34 . 5°C . Sa uwa ' s  

Fri e s i a n  s teers  had a mea n  res pi ra tory frequency o f  1 0 0  brea ths  m i n - 1 

wh i l e  Bra hma n x Fri es i a n s teers had  a mean RR o f  9 3  breaths  m i n - 1 . 

Da ta  re ported i n  other exper ime nts  a re summa ri sed  i n  Ta b l e 1 . 5 . 4 .  
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Wi t h  a ser i e s  o f  reg re s s i on equat i ons , Sauwa ( 19 78 ) demon s t ra ted 

that RR , wa s po s i t i v e l y  re l a ted wi th  TR . S i mi l a r r e l a t i o n s  

we re o b ta i ned i n  t he  p re s e n t  exper iment  ( Tab l e 3 . 5 ) .  I t  i s  

the refore su gge s ted  that  the F r i e s i a n  he i fe r s  had h i gher  RR t h a n  

had  t h e  S a h i wa l  x F r i e s i a n  h e i fe rs , beca u s e  o f  the i r  h i gher 
rec ta l tempera tures , wh i c h  i s  s u pporte d  by the e x pe r i me n t  reported 

by O ' Ke l l y  ( 1 9 7 3a ) ,  i n  wh i c h ca tt l e of d i ffere n t  b reeds  a tta i ned 

s i m i l a r RR when they h a d  the i r  TR ra i se d  by the same amou n t . 

4 . 2 . 3  Re s ponse s  to d i e t :  

The  e ff e c t  o f  d i e t o n  R R  wa s s i g n i f i c a n t ( P <  0 . 0 1 )  i n  the  fi r s t  

t r i a l  b u t  n o t  i n  the second  t r i a l . I n  both  c a se s , howe ve r ,  

h e i fe rs  e xh i b i ted  h i gher  re s p i ra tory frequenc i e s duri ng  hay feed i n g  

t h a n  w h e n  concen tra tes were fed . The se re s u l ts  c o n trad i c t t h o s e  

re p o r ted  b y  C o l d i t z  a n d  Ke l l awa y ( 1 9 7 2 ) who noted t h a t  he i fe rs  

e a t i ng  ro l l ed ba r l ey w i th abou t  1 5 % C P , had s i mi l a r re s p i ra t i on  

rates  ( 5 5vs  56  b rea ths  mi n - 1 ) t o  those  fed  on oa ten c ha ff w i th  

a bo u t 9 . 8% C P . Sa uwa ( 1 9 7 8 ) a l so  re po r ted s i gn i fi ca n t  d i e ta ry 
i nfl ue n ce o n  the R R  o f  steers  c o n s umi n g  d i e ts s i m i l a r to  those  

used  i n  the pres e n t  exper i me n t ;  i n  Sau\'la ' s  expe r i me n t  h oweve r ,  
fa s te r  RR we re noted  i n  a n i ma l s con s um i ng c o nc e n trates  ra ther  t h a n  

hay . 

I t  s eems the re fo re tha t the  i n fl uence of  d i et on the ra te of  

brea th i n g by  a n i ma l s i s  not s i mp l y  a n  e ffe c t  a s s oc i ate d  w i th feed  

q u a l i ty .  I t  i s  probab l e tha t amounts  of  e nergy ( DE )  c o n s umed 

from d i ffere n t  d i ets , to ta l  i nt a ke of d ry ma tter and t h e  effects  

of  i n creases  i n  body hea t ,  a l l contri b u te to  the  i ncre a se s  i n  the  

RR  of  c att l e .  S a uwa , ( 1 978 ) demon s trated these  effec ts  i n  h i s 

experi me n t  wi th  catt l e ,  wh i l e  He i sey e t  a l . ,  ( 1 9 7 1 ) demo n s tra ted 

them w i th  goats . 

I t  i s  c o nc l uded  t ha t ,  on expo s u re to  h i g h  ambi e n t  tempe rature 

catt l e i ncrea s e  t he i r res p i ra t i on  ra te to  faci l i ta te e va pora ted 

hea t l o s s  from the  body . Hay fee di ng re s u l ted i n  h i gher  re s p i ra tory 

frequenc i es than  d i d  the concen tra te d i e t .  No d i rect phys i ca l  

exp l a n a t i on  i s  a va i l ab l e  fo r th i s  d i etary e ffect .  I t  i s  however 
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s ug ge s ted t ha t t he d i fferences  i n  heat  produc t i o n  whe n the two 

d i e ts a re c o n s umed may be i nvo l ved , s i nce  the hay fed c a l ve s a l s o 

s howed h i g h e r  TR than  conce n tra te fed c a l ve s . 

4 . 3 .  _S1...,ea t i�: 

4 . 3 . 1  The effe c ts of breed  and te_mpera ture : 

The  res u l t s  o f  t h i s  e xper i me n t  ( Ta b l e 3 . 4 )  i nd i c a te d  t hat  he i fers 

s u b j e cted to 33°C exh i b i ted  h i gher  swe a t  rates tha n those  a t  l 5 . 50 C  

T h e  d i fference  w a s  h owever  n o t  s ta t i s t i ca l l y  s i g n i f i ca n t . The 

e ffec t s  of  b reed we re a l s o  not s i gn i f i ca n t , a l though  Sa h i wa l  x 

Fr i e s i an  he i fe re s ex h i b i ted s l i gh t l y  f a s ter sweat ra tes t h a n  d i d 

the  Fr i e s i an he i fers o n  e x posure to the hot  c o nd i t i on .  

The  mea n  swea t ra te o f  7 l g . m- 2 hr- l o b s e rved i n  S a h i wa l  x F r i e s i a n 

h e i fe rs i n  the  hot  room a re l ow� than  those reported  prev i o u s l y  

i n  e xpe r i me n t s  by Sa uwa ( 1 9 7 8 ) a n d  by F i nd l ay a nd Robe rts haw ( 1 96 5 ) . 

S a uwa reported  a S\ve a t  ra te o f  1 50g. Jrr2 h r - 1 fo r Bra hma n ;.. F r i e s i a n  

s teers exposed t o  3 2 . 4 ° C . Wh i l e the  Fr-i e s i a n h e i fe rs i n  the  

pre s e n t  e x p e r i me n t  had  a me a n  swe a t  ra te ( SWR ) o f  a b o u t  S �g . m - � h r - 1 

F i nd l ay a nd Robe rts haw ' s  ( 1 96 5 )  Ayrs h i re c a l ves  had  a mea n  swe a t  

r ate  o f  1 30 q m - 2 h r- 1 on  e x p o s ure t o  3 5° C ( F i g  4 . 1 ) .  Sc h l e g e r  
a n d  Turner  ( 1 96 5 )  have demo n s trated  tha t var i a t i o n s  i n  SWR , 

b e twee n a n i ma l s  w i t h i n bree d can  some t i mes be ve ry l a rge . 

The  sma l l d i ffere nce s n o te d  i n  t h i s  experi me n t  between SWR o f  the  

two breeds  o f  h e i fers , s hou l d  not  be  con s i d e red extraord i na ry 

for th i s  expe r i me n t . Tanej a ( 1 9 59a ) i nd i c a ted  th a t the  d i fferences  

between SWR of  ca ttl e of  d i fferertt  b reeds  may not  be very o bv i o u s  

under  mi l d  hea t s tre s s  cond i t i ons . He noted th a t  a t  34oc Zebu 

c ro s s  cattl e a nd Shortho rn cattl e had  a s i mi l a r sweat  rate 

( a bo u t  1 50g ·m- 2 h r ) . As the amb i ent tempera tu re i ne rea sed a bove  

39°C , SWR i nc reased  a t  a fa ster rate for  Zebu  catt l e  than  for the  

'S h o rthorns ( F i g . l . 7 ) . Pan  et a l . ,  t l 969 ) ,  a l s o  re ported c a s e s  

i n  wh i c h Red S i n dh i x Jersey h a d  swea t rates  wh i ch were s i mi l a r 

to  those of pure Jersey a n i ma l s on  expos ure to 38°C . 
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One pos s i b l e  expl a n a ti on  of  th i s  s i mi l a r i ty i n  the SWR o f  c a t t l e 

o f  d i ffe re n t  breeds  may be a s so c i a te d  wi th swea t i ng c h a ra c te r i s t i c s  

o f  the  a r e  a s  o f  s k i n o n  wh i e h  o b s e r v a t i o n s  we re made . P a n  ��- , 
( 1 969 ) s u g ge s te d  that 8o s tauru s c a t t l e  may have  a few swe a t  

g l a n d s  wh i c h a re a c t i ve  enough  t h e  s e c rete a s  mu c h  swea t  a s  wou l d  

the sma l l b u t  n ume rou s s weat  g l a n d s  of  the  rump o f  Bos i nd i c u s  

c a tt l e .  

4 . 3 . 2 .  Re s po n s e s  to d i e t :  

The  re s u l ts o f  t h i s  e x pe r i me n t  ( T a b l e 3 . 4 )  d emon s trated  t h a t  

concen tra te feed i ng res u l ted i n  s i g n i f i ca n t l y  ( P < 0 . 0 1 ) g r e a t e r  

swe a t  ra te s t h a n  those  o bs e rved whe n hay wa s fe d de s p i te t h e  

f a c t  t h a t  T R  wa s h i g h e r  w h e n  h�y wa s f e d  tha n when  con c e n t r a te s  

we re fed .  

1 14 

Fu rthe r a na l y s e s  ( F i gu re 4 . 2 )  demon s t ra te d  t h a t  SWR wa s n e g a t i ve l y  

a s s o c i a t e d  ( P < 0 . 05 ) w i t h  T R  of c a t t l e s u bj ected to 3 3°C . Th i s 

s u gge s ts t h a t g re a t e r  SWR  of h e i fe r s  du r i ng  conc entra te fee d i n g mi g h t  

h a ve been  r e s pon s i b l e  fo r t h e  l owe r TR e x h i b i ted b y  t h e s e  a n i ma l s .  

Th f:> q ue s t i o n  v-;h i ch rema ·i n s  unan s�-Je red i s  why s h o u l d a n i ma l s wi t h  

s i mi l a r TR e x h i b i t d i ffe re n t  r a t e s  o f  swea t i ng  w h e n  fed t h e  two 

types of fee d  ; eg ; F i g u re 4 . 2  i n d i ca te s  t h a t  a t  a TR of 39 . 5°C , 
the h e i fer s  h a d  a swea t ra te of 60 g . m- Zh r- 1 i f  fed hay , b u t  1 20g . m-2 h r - l , 

i f  fe d o n  concen tra te s . 

The re s u l ts  i n d i ca ted a much c l o s e r  a s so c i a t i o n  between  SWR a n d  

DE I  ( r  = 0 . 66 )  t h a n  be tween  S W R  a n d  TR ( r  = - 0 . 3 7 ) . I t  i s  pos s i b l e 

t h a t  h i g h e r  e n e rgy i n ta kes  i n  the hot  room requ i re d a g re a te r  

cool i ng t h a n  wa s needed  when the i ntake  was l ow .  T h i s i s  i n  

accordanc e w i th the s ug ges t i o n by A l vare z  et  a l . ,  ( 1 9 7 0 ) th a t an  

i nc rease  i n  heat produc t i on res u l t i n g  from cons umpti o n  o f  food 

may rai se the hypoth a l ami c tempe ra ture and u l ti mate l y  i nc re a s e  

sweat  g l a n d  secretory act i vi t i y .  Thus  con s umpt i on o f  concentrates 

res u l ted  i n  a fas te r  sweat  rate  than di d hay feedi ng . Further 

stud i es  a re i nv i te d  to i denti fy other n u tri t i ona l  factors  wh i c h 

mi ght affe c t  sweat rate of a n i ma l s u nder hot  e n v i ronments . 
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F i gure 4 . 2 :  The re l at i o n s h i p betwe e n  sweat  ra te and rec ta l temperature 
o f  cattl e fed concentrates  o r  hay a t  33oc .  
r s i g n i f i ca n t  a t  P <0 . 05 .  



4 . 3 . 3  The  rel a t i o n s h i p between swea ti n g  a n d  res p i rati o n : 

Res pi r a t o ry a c t i vi ty ha s been  ment i oned  to be a u gme n te d by swea t i n g 

i n  a h i ma l s to fac i l i ta te evapora t i v e  heat  l os s  from the body . 

S t ud i e s  o f  t h e  re l a t i o n s h i p be tween res p i r a tory fre q u e n cy 

c h a n g e s  a n d  swe a t ra te o f  a n i ma l s h a ve bee n rev i ewed by H a l e s  

( 1 974 ) ; a n d  Mclea n ( 1 96 3b )  h a s  demo n s tra ted that  a t  l ow a mb i e n t  

temperature s { e g . b e tween 1 5 - 2 0°C ) , heat l o s s  by e v a p o r a t i o n  o f  

mo i s ture from t h e  s k i n s u r f a c e  i s  a l mo s t e q u a l  t o  tha t l o s t  by 

res p i ra t i o n . At h i g h temp e ra t u r e s  c u ta ne o u s  e v a p o ra t i o n  i nc re a s e s , 

a n d  b e c ornes t h e  ma j o r s o urce of h e a t l o s s  from the body . /\t 3 5 ° C  
fo r examp l e Mclean ' s  c a l v e s  l o s t  a b o u t  45g . h r - l  o f w a t e r  t h ro u g h  

re s p i ra t i o n , b u t  a b o u t  230g . hr- 1 b y  cu ta ne ou s  eva pora t i o n . T h e s e  

re s u l t s  a re demo n s tra ted i n  F i g u re 4 . 3 . 2 .  

' Th e  pre s e n t  exper i me n t , l i ke Mc l ea n ' s  observati ons , h a s  i n d i c a ted 

that RR i s  po s i t i ve l y  a s so c i ated w i th SWR , when the amb i e n t  

temp e ra tu re i s  i nc re as ed . A t  a con s tant h i g h  ambi ent  temp e r a t u re , 

howev e r , sweat  rate i s  nega ti ve l y  a s s o c i a te d  w i th  res p i ra t i on 

rates . ( se e  Appen d i x 3 . 4 ) . The c l o s e s t  a s so c i ati o n  was  obta i ned  

w i th Sa h i wa l  x Fr i e s i a n  ca l ves  i n  the  hot c h amber a nd for these  

a depre s s i on of RR  by one u n i t wa s a c h i eved i n  a s soci a t i on  wi th  

and  i nc re a s e  i n  swe a t rate of  2 . 4g . m-2 hr- 1 . 
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Expe r i me n t s  repo r te d  p re v i ou s l y  by B l i g h ( 1 957 ) a nd by F i n d l ay 
a n d  I ng ram ( 1 9 6 1 ) s u g ge s ted t h a t  i n c re a s e s  i n  t h e  RR o f  c a l v e s  
a re a l mo s t  e n t i re l y  a t t r i b u ta b l e t.o per i p h e ra l t he rma l s t i mu ·l a t i on  
when  TR i s  l e s s  t h a n  40° C . The mea �  TR of  hot  c a l ves  i n  t he 
p re s e n t  e x p e r i me n t  wa s 3 9 . 860C .  Th u s the he i fe rs had a TR  wh i ch 
wa s w i t h i n t h e  range  s ug g e s ted by F i nd l ay a nd I ng ram ( 1 96 1 )  

i n  wh i c h RR  i s  ma i n l y  de penden t u p o n  pe r i phe ra l s t i mu l a t i o n . I t  
i s  t h e re fo re s ug ge s ted t h a t  i nc re a se s  i n  SWR a ffec ted the R R  o f  
ho t  a n i ma l s  t h r o u g h  t h e  coo l i ng effec ts a c h i eved on  e va po ra t i on  
of mo i s t u re f rom the s k i n s urface . 

I n  c o n c l u s i o n i t  i s  s ug g e s ted t h a t  i ncrea s i ng t he amb i e n t  tempe r a t u re 
may res u l t i n  i ncrea s e s  of both S\vea t ra te a n d  re s p i  rator·y 

fre q u e ncy o f  c a tt l e . At a cons t a n t  h i gh amb i en t  temp e r a ture , i n c rea s e s  
i n  swea t r a te a re a s s o c i a ted w i t h  d e c re a s e s  i n  b o th res p i r a t i o n  
rate a nd re c t a l  tempe ra t u re s .  T h e re fore , t h e  g re a ter swe a t ra te 
of the Sa h i wa l  x F r i e s i a n  h e i fers  i s  s u g ge s ted to  be re s pon s i b l e  
fo r the compa r a t i v e l y  l owe r TR a n d  RR  re corded  i n  the s e  h e i fe r s  
t h a n  i n  t h e  F r i e s i a n s . 

4 . 4  Dry Ma t t e r  and  E n e rgy I n ta ke :  
4 . 4 . 1 E f fe c t s  o f  Amb i e n t  tempe ra tu r e : 

Expo s ure  of  a n i ma l s  to ho t env i ronme nts  ·i s k n own to c a u s e  
d e c re a s e s  i n  the i r vol untary i ntake  o f  feed a n�  energy ( B i a n c a , 

1 965 ) and the  re s u l t s  of th i s experi me nt a gree wi th those o f  other  

e x pe ri ments , ( Co l d i tz and  Ke l l away , 1 9 7 2 ; Al l e n et  a l . ,  1 963 ; 

Ve rcoe et  a l . ,  1 9 72 ; Ke l l away and  Co l d i tz , 1 975 ) i n  wh i c h i nc reases  

i n  the amb i e n t  tempe ra ture were a s so c i a ted wi th decrea ses  i n  the 

i n take  of dry ma tte r .  The a n i ma l s s u bjected  to 33oc i n  the 

present e xper i ment  cons umed on l y  3 . 7 l kg of dry matter per day , 

wh i l e  those  a t  1 7°C con s umed  a mea n  o f  4 . 46kg . These re s u l ts 

may be compa red wi th those  reported by Ki ng  ( 1 978 ) i n  wh i c h  a 
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d e c re a s e  i n  DMI by a b o u t  30% ( i e .  from 4 . 26 k g  a t  1 7°C to 3 . 0kg/day 

a t  34 . 5o c ;  w e re o b s e rv e d  o n  e x p o s u re o f  s t e e rs to a h o t  e n v i r o nme n t . 

I t  i s  d i f fi c u l t t o  c ompa r e  t h e  re s u l t s  o f  t he p re s e n t  e x pe r i me n t  

w i th t h o s e  re p o r t e d  i n  o t h e r  e x p e r i me n ts b e c a u s e  o f  the  d i f fe re n c e s  

i n  t h e  d i e t s  u s e d  i n  e a c h  c a s e . 

The d i ffere n c e  n o t e d  b e twe e n  t h e  D E I by t h e  " h o t "  h e i fers  a n d  

" c oo l " h e i fe r s  i s  a s s oc i a te d  vJ i t h  t h e  a b o v e  d i ffere n c e s  i n  t h e ·i r 

i n ta k e  o f  dry ma tte r . The o b s e r va t i o n  t h a t  D E I  wa s a l s o 

s i gn i f i c a n t l y  re l a te d  w i t h  re c t a l  tempera t u re , v o l u n t a ry i n ta ke 

o f  wa te r  a n d  l i vewe i g h t  g a i n ,  ( Ta b l e 3 . 1 . 2a )  s u gg e s t  a p o s s i b i l i ty 

t h a t p a r t o f  the d i ffe re nce c o u l d b e  a s c r i b e d  t o  the e f f e c t s  wh i c h 

h i g h  a mb i e n t  temp e r a t u re h a d  o n  the s e  v a r i a b l e s . The  n e g a t i ve 

a s s o c i a t i o n b e twe e n  T R  a n d  i n t a ke o f  d i g e s t i b l e  e n e rgy may b e  

a f a c t o r  o f  t h e rmo s ta t i c c o n tro l o f  body h e a t  ( B ro be c k , 1 9 60 ) . 

On  t h e  o t h e r  h a n d , re d u c t i o n  o f  d ry ma t t e r  i n ta ke a n d  c o n s e q ue n t l y  

t h e  D E I ,  m i g h t  h a v e  b e e n  ne c e s s a ry t o  a l l ow f o r  a n  i n c re a s e  i n  

t l1e i n t a ke of f r e e  v1a te 1� u n d e r  h o t  c o n d i t i o n s . Th i s  may e x p l a i n 

the  ne g a t i ve c o r re l a t i o n s  o b s e rv e d  b e tw e e n  DE I a nd VW I by c a l v e s  

a t  3 3°C . I n  t h e  coo l  c o nd i t i o n ,  t h e  two v a r i a b l e s  we re p o s i t i v e l y  

c o r r e l a te d , wh i c h a g re e s  wi t h  o t h e r  work  re ported i n  l i te ra ture 

( ey . T e r n o u t h  and B e a t i e ,  1 9 7 1 ) .  

S l i g h t  i n c re a s e s  i n  t h e  d i ge s t i b i l i ty o f  d ry ma t t e r  by c a tt l e i n  

h o t  c o n d i t i o n s  ha v e  be en re p o r t e d  i n  s ome e x pe r i me n ts . ( Ve r c o e  

a n d  F r i s c h  1 970 ; V e r c oe e t  a l . ,  1 972 ; O ' Ke l l y ,  1 9 73a ) . Ve rcoe 

e t  a l . ,  ( 1 972 ) n o t e d  t ha t ,  whe n  Brahma n c ro s s  c a tt l e we re 

e x po s e d  to c o n d i t i o n s  hot e n o u g h  to ra i se t h e i r re cta l temp e ra t u r e s  

by 1 . 40C , the d i g e s t i b i l i ty of dry ma tter t hey c o n s umed i n c re a s e d  

from 60%  t o  62 . 8% .  Ol bri c h  e t  a l . ,  ( 1 97 3 )  observed t h a t  the 

i ncre a s e s  are often very sma l l ,  and a re the refore unl i ke l y  to 

ha ve cau sed a ny s i g n i fi ca nt i nf l uence on the DEI va l ues recorded 

i n  the p resent expe r i ment . 
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4 . 4 . 2  Effec ts  of B reed : 

Seve ra l e xpe r i me nts show that  hot  condi ti o n s  depre s s  OM a nd 

DE  i nt a ke s  to a g rea ter extent  i n  B . t a uru s  t h a n  i n  B . i n d i c u s  

( Ke l l away a n d  Co l d i tz ,  1 9 7 5 ; Rag s d_a l e_��. , 1 95 1 ) .  The pre se n t  

s e t  o f  tr i a l s ha ve demons t rated t hes� effec ts ; however ,  t he 

i nte l� a ct i o n betwe e n  the  e f fec t s  o f  tempe ra t u re and  breed  we re ,­

not s i gn i f i c a n t .  U s i ng d i e t s  s i m i l a r  to those  u s ed i n  the  

pr-e s e n t  e x pe r i ment , Ki ng  ( 1 978 ) a l s o  d i d  not  ob ta i n any s i g n i f i ca n t  

tempe ra ture  x B reed  i n tera c t i o n s . 

I t  a p pea rs tha t cond i t i o n s  hot te r than  that  ma i n t a i ned i n  the 

present  expe r i me n t  a re req u i red  to  s h ow s i g n i f i ca n t Breed  x 

tempe ra t u re i n terac t i on s . Ke l l away and Co l d i t z  ( 1 9 7 5 ) wo r k  
( Ta b l e 1 . 2 . 3 )  demo n s t l" ates  th i s  fact . 

4 . 4 . 3 R e s po n se to d i et :  

The m u l t i v ar i a te an a l ys i s o f  v a r i a nce s ugge s ted no s i g n i f i c a n t 

1 i ne a r  d i e t- re s p o n s e  func t i on for t he i nt a ke  of d ry ma t te l" by 

he i fers  i n  the two tr i a l s .  Howeve r ,  whe re a s  the con sump t i on  of  

concen tra te d i et  wa s not  s i gn i f i c a n tl y  a ffe c ted by amb i en t  tempe ra t u re 

i n  bo th t r i a l s ,  s i g n i f i c a n t l y  l e s s  of the  hay d i e t wa s e a ten  

a t  t he  h o t  tempe ra t u re tha n at  the  coo l e r  tempe ra t u re .  T h e  i ntake  

o f  d i ge s t i b l e e ne rgy gave  a muc h  c l e a r  p i c t u re of the  i n f l uence  

of d i e t  o n  the  performa nce of a n i ma l s than  does DM I .  S i g n i f i ca n t l y 

( P  <0 . 05 )  mo re D E  was  consumed when  concen tra tes  we re fed than when 

hay 1·:a. s fed : 

Feed fa c to rs wh i ch may ha ve l ed to  a s i g n i f i c a nt  di ffe ren c e  i n the  

DEI  and i n  the tota l i ntake of d ry matter were probab l y the 

d i fferences  i n  t he d i gest i b i l i t i e s  and the phys i ca l  forms i n  wh i ch 

the two feeds were fed . The e s t i ma tes  of  d i ges t i b i l i ty p rov i ded 

i n  Ta b l e 2 . 2  i nd i c a te that hay ra t i on wa s l es s  readi l y d i g e s ted 

than wa s the concentrate di e t .  Accord i ng to B l axter , Wa i nman and 

Wi l son  ( 1 9 6 1 ) i n take  of food i s  c l ose l y  re l a ted to i ts a pparent  

d i gest i b i l i ty .  Th i s  obse rvat i on was  confi rmed i n  an expe r i ment  

wi th s heep  ( Mi nson  e t  a l . ,  1 96 4 )  and  i n  a nother  experi me n t  wi th  

catt l e { Conrad e t  a l . ,  1964 ) .  The  l a tte r a u thors i nd i cated  that  
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i nt a k e  o f  feed s  wi th  d i ge s t i b i l i t i e s l owe r than  6 7 %  wa s l i m i ted 

by i ts d i ge s t i b i -l i ty and the  ra te of pa s sage  i n  the g u t .  For  
d i e ts wi th  d i g e s t i b i l i t i e s h i g he r  than  67% i n ta k e  wa s t ho u g h t  to 

b e  c o n t ro l l ed by fa c tors  o t h e r  than the phys i ca l  fo rm of the d i e t .  

F u r t h e r  expe r i me n t s , ( Nocek  a nd Ke s l er 1 980 ) have demo n s tra ted 

c a t t l e c o n s ume more fe e d  O M  when the . .  d i e t i s  fed i n  the  pe l 1 e ted 

fo rm than  compa red w i t h  other  fo rms s u c h  as l on g  hay . 

The d i ge s t i b i l i ty of hay i n  the prese rt e x per i me n t  fa l l s  wi t h i n  

the  ra n ge o f  d i ge s t i b i l i t i e s pro posed  by Conrad e�. , ( 1 964 ) 

where DM I  i s  ma i n l y  i n fl ue n ced by the appare n t  d i g e s t i b i l i ty 

o f  t he ra t i o n . I t  i s  there fore s u g ge s ted  tha t the  i nt a ke o f  

hay d ry ma tte r may ha ve bee n l ow d u e  t o  i t s  l owe r d i ge s t i b i l i ty ,  

and  a l so due  to  i ts phys i ca l ( unchoppe d )  fo rm . 

The  re s u l t s  o f  t h i s e x pe r i men t have  demo n s t ra ted t h a t  d ry m a t te r 
i n ta k e  i s  re d u c e d  s i g n i f i ca n t l y  by hot  con d i t i on s  w h e n  hay i s  
fe d ,  b ut  not when  the concentra te d i e t i s  fed to hot  a n i ma l s .  

T h i s  a d v a n ta g e  s ho u l d be made use  o f  p art i c u l a rl y i n  the  hot  

t ro p i c s whe re l i v e s to c k produc t i on  i s  l i m i te d b y  l ow i n takes  

of  d i ge s t i b l e o r ga n i c  ma t te r  ( �k Dov-te l l ,  1 9 72 ) .  There fore fee d i ng 

concentra te d i e t s i s  recommended  u nder  hot  cond i t i ons . 

4 . 5  Vo l untary I ntake  of  Wa te r :  

4 . 5 . 1  Effe c t s  o f  Amb i e n t  Tempera ture : 

The res u l t s  pres ented i n  Tabl e 3 . 9a a nd 3 . 9b i nd i cated s i g n i f i c a n t  

( P  <0 . 005 ) i nc reases  i n  t h e  da i l y  i n ta k e  of  water  by he i fe rs on  

expos ure of  the  an i ma l s  to hot  envi ronme nts . I n  a bso l ute terms 

the amount  of wa ter the he i fers cons umed  at 33°C wa s j u st  over  

twi ce the  amount  drunk  at  1 5°C . The he i fers con sumed 19 . 3kg  of  

wa ter  per  head  per day i n  the  cool  room . 

Thes e  resu l ts  a re compa ra b l e wi th those  wh i c h had been reported by 

Wi nc hes ter and  Morri s ( 1 9 56 ) ;  O ' Ke l l y  ( 1973a ) and rece n t l y  by Ki n g  

( 1 978 ) . ( Tab l e 4 . 3 ) . 
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TABLE  4 . 3 :  The Vo l untary i n take  o f  \va te r ( kg / kgDM )  by ca t t l e 
exposed  to hot or  cool  cond i t i o n s . 

AUTHOR 

1 .  W i n c h e s te r  & Mo r r i s  
1 9 5 6  

2 .  Ki n g  1 9 78 

3 .  O ' Ke l l y  1 9 7 9a 

4 .  P r'e s e n t  data  

5 .  Pre s e n t  data  

* V a l ue s reco rde d  a t  2 J OC 
**Va l u e s  recorded at 38° C 

B R E E D  

B . t a u r u s  

Brahma n x 
F r i e s i a n 

Fr i e s i a n s  

Sho rthorn X 
He refo rd 
Afr i c a nder  

Sa h i wa l  X 
F ri e s ·i a n 

h' i e s i a n 

X 

COO L 
( 1 5 - 1 7 ° C  

4 . 5  

3 . 4  

3 . 8  

7 . 5 * 
6 .  5 *  

4 . 3  

5 . 6 

HOT 
( 3 3 - 3 5° C )  

1 0  

9 . 0  

1 0 . 6  

2 1 . 6  
2 0 . 1  ** 

6 . 0 

1 4 . 3  

--------------

T�vo po s s i b l e  s o u rc e s  o f  va r i a t i on i n  the vo l u nta ry i 1 1 Cc: ke of wa te 1� 

betwee n tempe ratures  i n  th i s e xpe r i ment  we re the d i e tJ ry con ten t 

of wate r a nd t h e  i n fl ue nc e o f  evapora t i ve l os s e s  of  e a te r  from the  

body . 

On  d ry ma tter a n a l ys i s i t  wa s observed that  the a n i ma l s obta i ned 

on l y  0 . 5 k g  of  wa ter da i l y  from the feed they cons umed i n  the 

coo l room . Th i s  was l e s s  tha n 3% of the 1 9 . 3kg  of wa ter drunk 

at 1 5 . 5°C .  Unde r hea t  s tre s s  the an i ma l s consumed l e s s  feed and  

mo re free wa te r ;  conseque nt l y  the d i e ta ry wa ter const i tuted a 

very sma l l pro po rti on of  the mean  da i l y  i n take  of wa ter at  33°C 

Thus  t he  vari a t i on i n  i ntak e  o f  d i etary water between the two 

tempera tures  cou l d  not have s i gn i f i ca n t l y  a ffected the VWI  by 

these  a n i mal s .  Hot cond i ti o n s  a re known  t o  cause  i ncrease  i n  i ntake  

of  wa te r d i rect l y t hroug h  s t i mu l a t i o n  of  t h i rst  centre s  ( Grace 

and Stevenson , 1 97 1 )  and  i nd i rec t l y  throug h i ncreased  ce l l u l a r 
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dehydra ti on  ( Ca r l i s l e ,  1 9 7 1 ) .  I t  i s  suggested  tha t the s e  effects 

were re s po n s i b l e for the i ncreased  i n take of water by ' ho t ' 

he i fers · i n t he  present  e x per iment . 

4 . 5 . 2  E ffec t s  of  b ree d : 

Al though no s i g n i f i can t d i fference s were noted b e tween  t he 

vo l u n ta ry i n t a ke of  feed  by the  two b reeds , the F r i es i an g ro u p  
wa s noted t o  d ri n k  s i g n i f i cant l y  more wa te r ( P< 0 . 005 ) t h a n  

d i d  t h e  Sah i wa l  x Fr i e s i a n hei fe rs . T h e s e  di fferences  ex i s te d  

even a fte r wa te r i ntake  h a d  been  a dj u s ted  fo r d i fferen c e s  i n  
me ta bo l i c  body s i zes  o f  the a n i ma l s .  ( Ta b l e 3 . 1 0a ) . 

The re s u l t s  o f  t h i s exper i ment  a g ree  wi th  other  observa t i o n s  

reported by French  ( 1 9 5 6 ) a n d  by W i n c he s ter  a n d  Morri s ( 1 956 ) 

i n  whi c h  e v i d e n c e  wa s p ro v i ded i nd i c a t i n g  tha t Bo s  i nd i c u s  

ca tt l e dra n k  l e s s  wa ter  tha n d i d  B o s  taurus . The d i ffe re nces  

i n  the vo l u n ta ry i n ta ke o f  wa te r a re ma i n l y  note d u nder  cond i t i ons  

of hea t s t re s s  ( Ledger  e t  �l· , 1 97 0 ; Roge rson  e t  a l . ,  1 968 ) . 

I n  the coo l  cond i t i on s , d i fference s  i n  VW I by d i fferent  bree d s  

o r  a n i ma l s w i th i n  a breed may b e  a s s o c i ated  wi th  me ta bo l i c  dema nds  

fo r ma i n te n a n c e , g rowth a nd  p rod uc t i o n  ( W i nches ter and  Mo rr i s ,  

1 956 ) . Wa te r i n take  i s  a l so i n fl uenced  by i ntake  of d ry ma tter  

( Haac k -� · ,  1 97 5 ) .  

I t  ha s  been s h own ( Ta b l e 3 . 12 )  that  TR had s i gn i fi cant l i ne a r  

a s s oc i a t i on ( r  = 0 . 84 ,  P<  0 . 01 ) wi th  VWI , and that  the Fr i e s i a n 

he i fers had h i gher TR than  had Sa h i wa l  x Fri e s i a n hei fe r s  a t  

38°C . I t  i s  t h e re fo re s uggested tha t the d i ffe re nces noted  i n  the 

VW I b etwee n  the two breeds  i n  the  hot room we re a s soci a ted  wi th 

the  severi ty of hea t s tress exper i e n c ed by these hei fers . 

S i mi l a r effe c t s  were re ported by O ' Ke l l y  ( 1 9 7 3a ) .  Thi s a uthor  

observed that  a t  33°C  B . tauru s  c a l ves  con s umed more water  than  d i d  

B . i nd i c u s , b u t  when B . i nd i cus c att l e were exposed to 38°C the i r  

re c ta l  tempe ra ture and VWI  i nc rea sed to be eq ua l to those of  

B . ta urus  catt l e e xposed to  3 3° C . 
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4 . 5 . 3  Res ponses  to di e t : 

The a n i ma l s con s u me d  more wa t e r  d ur i ng  hay feed i ng tha n  d u ri n g  

conc e n t ra te fee d i ng ( Ta b l e 3 . 9b ) . The  e ffect  o f  d i et wa s however  

s i g n i fi c a n t  ( P <  0 . 05 ) ·i n  Tr i a l  1. on l y .  

S i mi l ar o b s e rva t i o n s  have  been  re ported i n  other  expe r i ments  ( Wa l do 

��. , 1 965 ) i n  wh i c h the V W I  by he i fers e a ti ng hay s i l a ge or  

conce ntra tes  were c ompa re d .  C h u rch  et  a l . ,  ( 1 972 ) a s soc i a te these  

effe c ts w i th t he  form o f  feed . 

The e ffec ts noted i n  the pre s e n t  expe r i me n t  were proba b l y  

a s s oc i a te d  wi th t he heat  s t re s s  i mposed  o n  the  c a l ves o n  con s ump t i on  

of  the two d i e t s . T h i s s tems from the o b s e rva t i on ma de  e a r l i er 

that  wa t e r  i n t a ke  i ncreased  w i th  i nc re a s e s  i n  the rec t a l  

tempera t u re . l t  h a s  been  demo n s tra ted i n  Ta b l e 3 . 2a t h a t  the 

a n i ma l s e x h i b i ted  h i gher  re c t a l temper a t u re dur i n g  hay feed i n g 

tha n u nder  conc e n t ra te feed i n g . T hu s  the  h i gher  ra te s  o f  i n take 

of wa te r cou l d have p a r t l y  bee n  e x p l a i ned  by the heat s tres s 

cond i t i o n  deve l oped . 

Oth e r  fa c tors o f  d i etary o ri g i n  vJh i c h  co u l d have c a u s e d  d i ffe rences  

i n  the  i n take o f  wa te f  by the  c a l ves have  been  o ut l i ne d  i n  1 . 3 . 3  

S i nce mo s t  o f  the s e facto rs were not mea s ured  i t  i s  no t j us t i fi e d  

to d i s c u s s  the i r e ffects i n  the  pre s e n t  ex pe ri men t . 

I t  i s  c o n c l u ded the refo re t h a t  expos ures of  the a n i ma l s to 33°C 

i nc rea s e d  the i r v w r  through  e ffects  on  heat  ba l ance  i n  the body . 

Fri e s i a n  hei fe rs cons umed more water tha n  d i d  the Sa h i wa l  x 

Fri e s i a n  he i fers  because  they we re expe r i e n c i ng g reater  hea t s tre s s  

t h a n  d i d the c ro s s bred he i fe rs . 

4 . 6  L i vewe ight G a i n :  

4 . 6 . 1  E ffects of Amb i ent  tempe rature : 

Pre v i o u s  experi me n ts , such  a s  those re ported by Kama l a nd Johnson  

( 1 97 1 ) ;  Vohnout  and  Ba teman ( 1 9 7 2 )  and Sheba i ta and Kama l ( 1 9 7 5 ) 
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s howed t h a t  t h e  l i vewe i g h t  ga i n  ( LWG ) o f  a n i ma l s e x po s e d  to 

h o t  c o n d i t i o n s  i s  l owe r t h a n  o f  t h o s e  e x p o s e d  to t h e rmo - n e u t r a l 

c o n d i t i o n s . R e s u l ts o f  a n umbe r of e x pe r i me n t s  � n d i c a t i n g  s i m i l a r 

e ffec ts h a v e  been s umma r i s e d  i n  T a b l e 1 . 4 . 1 . 

T h e  p re s e n t  e xpe r i me n t  a l s o i n d i c a ted s i gn i fi c a n t  ( P <0 . 0 1 )  
redu c t i o n o f  t h e  ra te o f  LWG o n  e x p o s u re o f  a n i ma l s to h o t  

( JJOC )  c omp a re d  w i th c oo l e r  ( 1 5 . 50 C ) c o nd i t i on s . 

T h e s e  de c re a s e s  i n  t h e  ra te o f  L WG o n  e x pos u re o f  a n i ma l s to 

h i gh amb i e n t  tempe ra t u re may be a re s u l t of e i t h e r  the d i re c t  

i n fl u e n c e  o f  i n c re a s e s  i n  body t em p e r a ture ( O ' Ke l l y ,  1 973b ) ,  

o r  the i n d i re c t  i n f l u e nce o f  red u c e d  i n t a k e  of  d r y  ma t t e r  ( Kama l 

a n d  S e i f ,  1 96 9 )  o r  b o t h  f a c to r s  may h a v e  a n  i n f l u e n ce . T h e  

a n a l y s i s p ro v i ded i n  T a b l e 3 . 1 2 demo n s trate s t h a t t h e re wa s a 

s i g n i f i c a n t  l i ne a r  a s s o c i a t i o n b e twee n t h e  LWG a n d  TR ( P < 0 . 0 1 )  

a n d  a l so b e tv-1een L�JG a nd D E I  ( P< 0 . 00 1 ) .  F o r  p oo l ed d a ta , i n c re a s e s  

i n  T R  we re a s s oc i a te d  w i th 2 1 %  of t he v a r i a t i o n  i n  LWG ; wh i l e  

i n c re a s e s  i n  D E I  we r e  a s s o c a te d  w i t h  6 6% o f  the v a r i a t i o n s  i n  t h e  

ra te o f  LWG . D a t a  from t h e  a n i ma l s i n  t h e  h o t  room i n d i c a te d  t h a t 

c ha n g e s  i n  T R  a c c o u n ted fo r on l y  2 5 % o f  t h e  v a r i a t i on s  i n  LWG . 

U n de r  s i mi l a r c o n d i t i o n s  DE I wa s a s s o c i a t e d  w i t h  7 1 %  o f  t he 

v a r i a t i o n s  i n  LWG . 

A mul t i p l e re g re s s i o n e q ua t i o n  d e ve l o pe d  t o  d e s c r i be the comb i n e d  

e ffe c ts of TR , a nd D E I  o n  LWG  i s :  

LWG = 1 . 2820  + 1 . 2 5 7 6 18 DE I - 0 . 06 7 5 9  T R  

where 

a nd 

LWG :::: k g / day 

D E I :::: MJ/ kg B\40 . 7 5  

TR :::: oc 

rLWG . DE I  = 0 . 81 0 1 , ***df =30 
rLWG . TR =-0 . 4628** df = 30 
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At a cons ta n t  re cta l  temper a t u re , LWG wa s l i ne a r l y  re l a te d  

w i t h  D E I . T h e  p a rt i a l  corre l a t i on  coeffi c i e n t  betwee n  LWG a nd 

D E I  a t  a co n s ta n t TR wa s 0 . 7545*** . The rel a t i o n s h i p  be tween  

LWG a nd TR wa s n o t  s i gn i f i c a n t  ( r  = - 0 . 2 28 ) , when  D E I  wa s h e l d 

con s ta n t .  Ki n g  ( 1 978 ) a l so  repo rted  res u l t s  s i mi l a r to these , 

i nd i c a t i ng  t ha t o nce  the e ffe cts  of  DM I are removed , tempe ra ture 

accou n ts fo r a min ute p ropor t i on of  the  dec l i ne s  i n  the ra te of  

LWG . 

I t  i s  therefo re s ugge sted  that  dec l i ne s  i n  the  ra tes of LWG on  

e xpo s u re of  a n i ma l s to  h o t  cond i t i ons  a re ma i n l y  due  to 

decrease s  i n  DE I . Neve r the l e s s , the  sma l l nega t i ve as soc i a t i o n  

repor ted be tween TR  a nd L W G  may be of b i o l og i ca l  s i gn i f i c ance 

( s e e  Yousef  a n d  John son , 1 966 ) . 

4 . 6 . 2  Effects  o f  breed : 

A number of expe r i ments  h a ve i nd i cated  t ha t  t he rate of LWG o f  a 
c ro s s bre d be twee n  F r i e s i a n and Bos i nd i cus  ca ttl e i s  the s ame a s  

t h a t  o f  a p ure Fr i e s i a n  i n  a t herma l l y  neutra l e nv i ronme n t ,  b u t  

i n  a hot e n v i ronme n t  the c ro s s bred ga i n s we i gh t  fa s te r  than  the  

Fr i e s i a n  counterpa r t . Co l d i tz and  Ke l l away ( 1 9 7 2 ) re po rted 

that  an  i nc re a s e  i n  amb i e n t  temperatu re from 1 7°C  to 38°C 

reduced the  LWG of  Fr i e s i a n s  from 1 . 1 8 kg . da] 1 to Q . 5 9kg . day- 1 

wherea s the  correspond i n g va l ues  for B rahman x Fr i e s i a n s  were 1 . 06 

k g  day1a t 1 7o c a n d  1 . 1 0 kg . day-� t 38oc .  

The  pre sen t experi ment  d i d  not  s how a s i gn i f i ca n t  d i ffe rence 

betweeen the  mea n l i vewe i g ht ga i n s of  the two b reeds  ( Ta b l e  3 . 1 1 a )  

However , i n  ag reement  wi th Co l d i tz  and  Ke l l away ' s  ( 1 97 2 ) re s u l ts 

the  present  e xperi ment ha s i nd i cated that  the cro s s bred a n i ma l s 

ga i ned  we i gh t  fa ster than d i d  the  Fri e s i ans i n  the hot room . 

I n  the  coo l  roon1 however ,  the Fri e s i a n  he i fers ga i ned we i g ht  fa s ter 

than d i d the Sah i wa l  x Fri es i an he i fers . The i n terac t i o n  between 

the  effects  of temperature and breed wa s s i gn i fi cant  ( P< 0 . 05 )  

o n l y  i n  Tr i a l 2 .  

' 
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The d i ffe re nce  be tween  the rates  o f  LWG of  the  two breeds under 

hot  cond i t i ons may be a s soc i a ted  w i th the i r d i fferen ces  i n  energy 

cons umpt i o n . Ta b l e 3 . 8a shows  t hat  the Sa h i wa l  x Fri e s i a n he i fers 

cons u me d  more di ges t i b l e  ene rgy than  d i d  t he Fr i es i a n he i fers 

i n  the hot c h ambe r . I t  ha s a l so  bee n i nd i c a ted  ( 4 . 6 . 1 )  that  

DEI  wa s po s i t i ve l y  a s s o c i a ted w i th LWG . Therefore i t  i s  s ug ge s ted 

tha t the F r i es i an he i fers had l owe r ra tes of LWG at 3 3° C t h a n  
had  the S a h i wa l  x F r i e s i a n s  bec a us e  of the i r compa ra t i v e l y l ower 

i n ta ke s  of  d i g e s t i b l e energy . 

I t  i s  i n te re s t i n g  to note tha t a t  1 5 . 5°C both  breeds c o n s umed 

the same amount  of D E ;  b u t  d i ffered i n  LWG . The Fr i e s i a n 

he i fers ga i ned U·l a t  the  ra te of  3 . 3 kg , per 1 00MJ of DE c o n s umed 

i n  the c o o l  r·oom . U nde r s i m i l a r  cond i t i on s  the Sa h i wa l  x 

Fri e s i a n  h e i fers ga i ned we i g� a t  the ra te o f  2 . 0kg per 1 00MJ 

of DE I . Th i s  sugge s t s  t h a t  the F r i e s i an h e i fe rs converted  ene rgy 

to body we i ght  mo re effi c i e n t l y  t han  d i d  the  c ros s b red a n i ma l s .  

S i mi l a r observa t i on s  \<Jere reported i n  Kenya by Ledger e t .i_l . ,  ( 1 9 7 0 ) . 

These  a u thors  noted that  Bos  i nd i c u s  ca ttl e a n d  the i r  c r o s s breds  

convertEd feed to body we i g h t  l es s  e ffi c i en t l y  than d i d the B o s  tau ru s 
cat tl e on  the s ame l e ve l o f  feed i n g .  Th i s  d i fference may be 

a s s oc i a ted  wi th ma i n ten a nce requ i rements  wh i ch we re i nc l u ded i n  

t h e  pre s e n t  e s t i ma te s  ( s ee a l so  G reat  Br i ta i n ,  19 7 5 ) . 

4 . 6 . 3  Re s pon ses to d i et :  

The e ffe c t s  o f  d i e t o n  the rate o f  l i vewe i g h t  ga i n  we re h i g h l y  

s i gn i fi ca n t  ( P  <0 . 0 1 ) .  The he i fe r s  g a i ned we i g ht a t  the  rate of  

0 . 23kg  pe r day when fed  hay , where a s  when  fed on conce n tra te s , 

they ga i ned  0 . 83kg  per  day . An expe ri me n t  w i th  resu l t s  s i mi l a r 

to thes e  wa s reporte d by Co l d i tz a nd Ke l l away ( 1 972 ) .  T hese  

a u thors  n oted tha t he i fers ga i ned we i ght  more ra p i d ly  whe n a 

h i gh  q u a l i ty d i et ( ro l l ed ba rl ey ) wa s fed t h an  when a l ower 
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qua l i ty d i e t  ( Oa ten  c haff ) was  fed to the a n i ma l s .  The mean  ra te 

of we i ght  ga i n  they re porte d we re 1 . 09  a nd 0 . 80kg  per day on  

the h i g h  and 1 ow qua l i ty d i e t s re s pect i ve l y ( P < 0 . 0 1 ) . 

Ho l me s  e t  a l . ,  ( l YBO ) a l so reported �ecent l y  that Fr i e s i a n a nd 

Bra hman x Fri e s i an  s teers g a i ned we i g ht more ra p i d l y  when fed 

concentrates t h a n  \</hen fed unchopped hay . Ho l rnes et a l . ,  ( 1 980 ) 

a ttri b u ted the s e  d i eta ry e ffect s  on LWG to d i ffe rences a s s oc i a te d  

wi t h  ·i n t a ke of  d ry ma t te r when the two d i e t s  were cons umed . 

T h i s wa s veri f i ed  by the adj u s tments  for DM I ,  whi c h  removed t he 

e ffe c ts o f  d i e t  o n  LWG . 

The d i ffere nce s noted i n  the  present  ex peri ment c o u l d have  been 

a s s oc i a ted pa rt l y wi th  the  d i rect e f fects  of heat  s tre s s  a n d  
part l y  wi t h  d i fferences  i n  ene rgy i n ta ke whe n t h e  two d i e t s  we re 

con s ume d . The  f i rs t s u gges t i on may be d i s rega rded s i nce no 

si  gni  fi  cant  d i fferences  \'ie re obse rved be tween the TR mea s u rement s  

of  a n i ma l s consumi ng t he  two di et s . T he  amo unts  of  DE  con s umed 

were howeve r  d i f fe r·ent ( Ta b l e 3 . 7b ) . Therefore the ma i n  e ffect  

of  type of d i e t  on the ra tes  of  LWG wa s due  to  e ffects  on DE I .  

Th i s  i s  veri f i e d by the obs e rva ti on that  the rel a t i on s h i p between 

DEI  a nd the ra te of l i vewe i ght  ga i n  ( Ta b l e 3 . 1 3 )  wa s po s i t i ve ,  

( P  <0 . 00 1 )  so  that h i gher  i ntakes of d i ge s t i b l e  energy we re 
1 

a s s o c i a ted w i th  {a s ter rates  of l i vewe i ght  ga i n .  

I n  c o nc l u s i on i t  i s  s u gge s t e d  that h i gh ambi ent  tempera tures  a ffect 

l i vewei ght ga i n  ma i n l y  thro u g h  reduc t i on  of DE I . Feed i ng d i ets of 

h i gh  di ge st i bi l i t i es may i mp rove the consump t i on of  DE  and  hence 

the rate of l i vewe i ght  ga i n  by a n i ma l s .  The use  of  such d i ets  i s  

recomme nded pa rti c u l a r l y  fo r hot trop i c al  cond i t i ons . 

4 . 7 The Ha i r  Coa t :  

4 . 7 . 1 .  D i ffe rences  between the two breeds i n  we i g h t  o f  ha i r  coa t : 

The we i ghts  of  ha i r  coat mea s u red a t  the beg i nn i ng of the 

expe ri ment  ( Ta b l e 3 . 12a ) i nd i ca te that t he Sah i wa l  x Fri e s i a n  
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h e i fe rs h a d  con s i d e ra b l y l i g h te r  h a i r  c o a ts than  had  the  Fr i e s i a n 

he i fe rs . The S a h i wa l  x Fr i es i a n  h e i fe r s  had  ha i r  coa t s  wi th  a mea n  

o f  220g . m- 2 whe rea s t h a t  o f  Fr i es i a n s  we i g hed 300g . m- 2 . The 

we i gh t s  of ha i r  c o a t  repo rted i n  t h i s e x pe r i ment a re c ompa ra b l e  

to tho s e reporte d i n  expe r i me nts  by Turne r and  Sch l e g e r  ( 1 9 60 ) ; 

Ho 1 me s et  a 1 . , ( 1978 ) and  Sauwa ( l9N3 ) . The se  a u thors  re ported  

ha i r coat  we i gh t s  va ry i ng b e twee n 1 30 and 470g . m- 2 for  c a t t l e .  

The p resent  e x p e r i men t  a s  we l l a s  those  reported by Dowl i ng ( 1 958 ) 

a n d  S a uwa ( 1 9 7 8 ) i nd i c a te t ha t Bos  i nd i c u s cross bred ca t t l e h a v e  

l i gh te r  coats  t h a n d o  B o s  ta u ru s . Dowl i ng ( 1 955 ) s u g g e s ted t h a t 

the s e  d i fferences  a re a s so c i a ted w i t h  ra te s  o f  med u l a t i on o f  

h a i r  i n  t h e  coa t . Bos  i n d i cu s  c a tt l e  have  s horte r and mo re 

med u l a ted h a i rs  t h a n  B . ta u rus catt l e .  

The d i fferences  i n  c o a t  \'/e i g h t  between  i n d i v i du a l  a n i ma l s  rnay 

be  o f  i mportance  t o  hea t  l o s s  character i s t i c s  o f  these  a n i ma l s 
on expos ure to h o t  en v i ronme n t s . Heavy coa ts a re known to o ffer 

bette r the rma l i n s u l a t i on  than the l i g h te r  coa ts ( Be n ne t t , 1 964 ) . 

The p re s e n t  e x pe r i ment  s howed s i g n i f i c a n t l y  c l o s e  ( P< 0 . 05 )  

a s soc i a t i o n  b e twee n  RR a n d  we i ght  of  the h a i r  coat  t r  = 0 . 408 1 j f� 30 )  

howe ver  the re l a t i o n s h i p between T R  a n d  the  we i gh t  o f  ha i r  c o a t  

t r  = 0 . 006 df=  3 0 ) wa s not  s i g n i f i ca n t . I t  i s  the refore pos s i b l e 

that  part  o f  the d i ffe rences  noted i n  heat  s tre s s  between a n i ma l s i n  

d i fferent  tempera t u re · co n d i t i ons  ''/e re a s s o c i a ted w i th the i nd i rec t 

effects  of coa t we i ght . 

4 . 7 . 2 .  Growth  o f  h a i r  coa t after c l i pp i n g : 

The e ffects of tempera ture a nd breed were not s i gn i f i c an t  i n  e i t he r  

tri a l s .  However  i n  both amb i e nt tempera ture cond i ti ons  the g rowth 

rate of ha i r coa t s  of Fr i e s i a n  hei fers  was h i gher than that  o f  

Sa h i wa l  x Fri es i a n s  , and  he i fers i n  t h e  c oo l  room appeared to 

have fa ster ra te s of g rowth  of ha i r  coat  than  had those i n  the  

hot room . 

No comparab l e s tud i es were fo und i n  l i tera ture to re l a te the 

growth ra te of  h a i r  coats i n  catt l e wi th  a mb i ent  tempe rature . 
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The  few re l ev a n t  expe r i me n t s , c a rr i e d  o u t  on  woo l , (Thwa i te s , 1 968 ; 

Ca r twr i ght  a n d  Thwa i tes , 1 9 76 )  s u g g e s t  tha t g rowth of h a i r i s  

depressed  by h i g h  amb i e n t  t empera tures  through  decrea sed  dry 

ma tter  co n s umpt i on . The d i f ferences  we noted i n  the g rowth rate 

of  c l i ppe d ha i r  coats of  h e i fers  under  d i fferent  therma l 

e n v i ronments  may have been  a s s oc i a ted  wi th i n t a k e  of  d ry ma tter . 

Howev e r  cons umpt i o n o f  hay re s u l ted  i n  s i gn i fi ca n t l y fa s t e r  

g rowth rates of  h a i r coa t t han  observed dur i ng  c o ncen tra te feed i ng .  

( P  <0 . 0 1 ) .  I f  DM I h ad  bee n the ma i n  c a u se of  va r i a ti on i n  ha i r  

g rowth rate s , then fa ster  g rowth rates  wou l d  h ave  been mea s u red 

du r i n g  concen tra te feed i n g . I t  i s  the refo re s u g g e s ted tha t there 

were other  fa ctors  re s po n s i b l e  fo r the  d i fferences  i n  the  g rowth 

ra t e  of  ha i r  c o a ts of c a l v e s  when  the two d i e t s  we re fed . 

T u r n e r  a n d  S c h l eger  ( 1 970 ) have  re ported  the occurrence of  photo  

per i o d i c i ty i n  g rowth o f  h a i r  coa t s  i n  c att l e .  These a uthors 

demo n s tra ted i n  Au s tra l i a  tha t growt h o f  ha i r  coat  of c a t t l e i s  

mo s t  rap i d i n  Februa ry-ea r l y May per i od . D u r i ng t h i s  t i me the  
numb e r  of a c t i ve l y  g rowi n g  fo l l i c l e s i nc rea se  to c a u s e  the  bu i l d ­

u p  o f  a l o ng , dense  w i nter  co at . Between May a n d  Ju l y ,  the  coat  

cea s e s  g rowth a nd the  ma t u re ha i r s a re no t s hed  u n t i l Au g u s t  when  

a new cyc l e o f  g rowth sta rt s . T h i s s e a sona l pa ttern  o f  growth 

and rep l a ceme n t  cyc l e s of h a i r  has been repo rte d  in s ome breeds  

o f  s heep ( Hutc h i nson , 1 965 ) .  Hutc h i n s o n  ( 19 7 6 ) , a n d  
Na gorcka  ( 1 979 ) a s soc i a ted  the effe c t s  wi th  c ha n g e s  i n  photoper i od 

r a t h e r  than  s ea sona l cha n g e s  i n  the amb i en t  tempe r a ture . 

I t  i s  po s s i b l e that th i s  fa ctor wa s re s pons i b l e  for the effec ts  

note d  between the  g rowth ra te of the ha i r  coat  of  hei fers  when  

the two di ets  we re fed . Hay feedi n g  wa s done dur i ng peri ods  of  

fas test  growth rates of  the  ha i r  coat  ( Apri l - May , and  Au g u s t  

September ) ,  whi l e  concen tra te feed i ng w a s  done d u r i ng peri ods  o f  

l ea s t  growth ( June-J u l y  a nd J u l y-Aug u s t ) ;  a s  wa s reported  by Turner 

and  Schl eger ( 1 970 ) . 
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A c o n c l u s i o n i s  t h e refore rea c he d  t h a t  t h e  e ffe c t s  of tre a tme nt s  
o n  ha i r  g rowth were n o t  c l e a r  d u e  t o  t h e  a s s o c i a ted effe c ts o f  

pho to pe r i o d i c i ty .  A s i mi l a r c o n c l u s i o n wa s rea c hed by 
Dow 1 i n g ( 1 9  58 ) . 

5 .  CONCL U S I ON : 

5 . 1  T h e  e ffe c ts o f  Amb i e nt tempe ra t u re : 

The g e n e r a l  e ffe c t s o f  e x p o s ure o f  th e h e i f e r s  to 3 3°C whe n 
compa r e d  wi t h  1 5 . 5 ° C amb i e n t  tempe r a t u re we re : -

1 .  To i n c rea s e t he me a n  rec ta l tempe ra t u r e  f rom 38 . 78°C  to  a 
mea n  o f  3 9 . 86 ° C . The d i ffe rence wa s h i g h l y  s i g n i f i c a n t 

( P< 0 . 01 . ) F r i e s i a n h e i f e r s  e x h i b i te d  s i gn i fi c a n t l y  ( P < 0 . 05 )  
g r e a t e r  i nc re a s e s  i n  t h e  re c t a l  tempe ra t u re th a n  d i d the  S a h i wa l 
x F r i e s i a n  he i f e r s . 

2 .  To c a u se a marked i n c r e a s e  i n  RR a n d  a s ma l l i n c re a s e i n  

swe a t r a te . A t  3 3° C , the F r i e s i a n  he i fers ex h i b i ted g re a t e r  

re s p i ra t i o n  rates ( l l 5  brea t h s  p e r  mi n u t e) t h a n  d i d  t h e  S a h i \'Ja l 
x F r i e s i a n  h e i fe r s  wh i c h h a d  a mea n  res p i ra tory fre q u e n cy o f  84 . 6  

b re a t h s  p e r  mi n u te . On the o ther h a n d , t he Sa h i wa l  x F r i e s i a n  

he i fe rs e x h i b i t e d  compa ra t i v e l y  g re a te r �e a t  r a t e s  ( 7 0g . m - 2 h r - 1 ) 
t h a n  d i d  t he F r i e s i a n  he i fe r s  ( 5 5 g . m- 2 h r - 1 ) T he d i f fe re n c e  

wa s howe ve r  n o t  s ta t i s t i ca l l y  s i g n f i c a n t . 

3 .  To i n c re a s e  wa t e r  i n ta k e  o f  a l l a n i ma l s from a mea n o f  1 9.3 - k g 
p e r  c a l f  per d a y  to 40 . 0 1 kg p e r  c a l f  pe r day . The d i ffere n c e  
wa s s i g n i f i c a n t  ( P < 0 . 005 ) . T h e  F r ·i e s i an he i fer s  e x h i b i ted 
s i g n i f i c a n t l y ( P < 0 . 05 )  g re a te r  i nc re a s e s  i n  thei r v o l u n t a ry 
c on s ump ti o n  o f  wa ter than  d i d the Sa h i wa l  x F r i e s i a n he i fe rs 
on exposure t o  h o t  c o n d i t i o n s . I t  wa s o bs e rved that  VWI  wa s 
po s i t i ve l y  re l a t e d  wi th TR me a s u re me n t s , b u t  n e g a t i v e l y  
rel a te d  w i t h  d ry matter c o n s umpt i o n  i n  the hot room . Ne i th e r  
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re s p i r a t i o n  rate n o r  swe a t  ra t e  wa s l i n ea r l y  re l a te d  w i t h  VW I . 

I t  wa s t h e re fo re s u gg e s ted t ha t  g re a ter c o n s umpti o n  o f  w a t e r  

o n  e xp o s u re of a n i ma l s to t h e  h o t  e n v i ro nme n t  wa s a s s o c i a te d  

ma i n l y  w i t h  the i nc re a s e s  i n  t h e  body tempe r a t u re , ra t h e r  t h a n  

wi t h  c ha n g e s i n  t h e  swea t ra te o r  re s p i r a t o ry freq u e n c y . 

4 .  To c a u s e  s i g n i f i c a n t  ( P < 0 . 05 )  d e c l i ne s  i n  t h e  amo u n t  o f  d ry 

ma t t e r  c o n s umed by t h e  h e i fe r s , from a d a i l y  mean o f  4 . 4 6 kg 

ca l f - 1 i n  t h e  c o o l room to 3 . 7 1 k g  c a l f - l i n  the h o t  room 

c o n d i t i o n . T h e  e f f e c t s  o f  h o t  amb i e n t  tempe ra t u re s  o n  DM I 
were l a rge l y  re s po n s i b l e fo r t he de c l i n e s  i n  e n e rgy i n ta k e a n d  

c o n s e q ue n tl y t h e  d e c l i n e s  i n  t h e  l i vewe i g h t  g a i n ( L WG ) o f  

a n i ma l s .  

The fa s te r  ra t e s  of U�G re c o r d e d  i n  t he c o o l  room ( c f  h o t ) \ve re 

e x p l a i n e d  by the grea t e r  c o n s ump t i o n of d i ge s t i b l e  e n e rg y  i n  

t h i s c o o l e n v i ronme n t . I t  wa s e s t i ma te d  t h a t  t h e  d i ffe re n c e s 
i n  D E I , b e twe e n  a n i ma l s i n  the two temp e r a t ure c o n d i t i o n s  

a c c o u n te d  fo r 6 4 %  o f  t h e  d i f f e re n c e s  n o te d i n  LWG . On l y  2 1 % 

o f  the va r i a t i o n s i n  LWG we re a s s o c i a ted wi th c h a n g e s  i n  the TR 

me as u reme n t s . I t  i s  the re fore s u gg e s ted t h a t  l ow LWG i n  h o t  

e n v i ronme n t s  a re ma i n l y  a r e s u l t o f  d e c re a s e s  i n  t h e  DE I o b s e r v e d  

o n  exp o s u re o f  a n i ma l s t o  t he s e  h o t  c o nd i t i o n s . I nc re a s e d  T R  

wa s a s so c i a te d  wi t h  a d e c l i ne o f  DE I by a n i ma l s .  Fac t o r s  wh i c h 

i n c re a s e  D E I , wi t ho u t a n  a p prec i a b l e c h a n g e  i n  TR i n  h o t  e n v i r o nme n ts 

wo u l d the r e f o re be o f  a g r e a t  he l p  t o  i mproveme n t  o f  LW p ro d u c t i o n  

i n  h o t  mi c ro c l i ma te s . 

Feed i ng c o n ce n t r a t e s  i n  the h o t  ro om re s u l ted i n  s l i g h t l y l ower 

re c t a l temp e r a t u re s , but s i g n i fi c a n t l y  ( P< 0 . 05 )  grea t e r  D E I , 

when comp a red wi t h  t h e  fee d i n g  o f  hay . 

I t  i s  t h e r e f o re rec omme n d e d  t ha t ,  w h e re pos s i bl e ,  h i g h l y  d i ge s t i b l e 

d i e t s  s ho u l d be u s e d  to i mprove L WG o f  a n i ma l s growi n g  i n  h o t  

c l i ma te s . 
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5 . 2  T he effe c t s  o f  b reed : 

The  res u l ts  of  t h i s exper i ment  h a ve i nd i c a ted  tha t at  3 3° C 

Fri e s i a n  he i fers  were hea t s tr e s sed to a g re a ter  e xte n t  than  we re 

the  Sa h i wa l  x F r i e s i an  he i fe rs . For e xampl e ,  the  F r i e s i a n  
he i fers  had  a mea n  rec ta l  tempe rature  o f  40 . 1 3°C i n  the hot room , 

wh i l e  the S a h i wa l  x Fr i e s i a n s had a mea n  rectal  temperature of  

39 . 64o c i n  t he  same room . Other  d i ffe rences  were noted i n ,  

res p i ra t i on ra t e s , dry ma tter  i n ta k e , d i ge s t i b l e e nergy i ntake , 

wa ter i n take , a nd a l so  i n  l i vewe i g h t  ga i n .  Al l the effe c t s  reported 

i nd i ca ted t h a t  t h e  Fr i e s i a n  h e i fers s u ffered from hea t s t re s s  more 

t h a n  the Sa h i wa l x Fr i e s i an h e i fers on expo s u re to the  hot  room . 

THe o n l y  v a r i a b l e fo r wh i c h S a h i wa l  x Fr i e s i a n  he i fers  had  a g rea ter 

re s ponse  than o b s e rved i n  the F r i e s i a n he i fe r s  wa s i n  sweat  ra te . 

8os  i nd i c u s  c ro s s  a n i ma l s h a v e  been repo rted i n  ma ny papers to be 

l es s  repon s i ve to  i n c re a s e s  i n  the amb i en t  tempe ra tu re t han  a re 

B . ta uru s  a n i ma l s ,  ( Sa uvJa , 1 97 8 ; Ke l l away a n d  Co l d i tz ,  1 97 5 ) . 

Rec e n U y ,  Ama k i r i  ( 1 9 7 9 ) a nd  Sa uwa , ( 1 9 7 8 ) s u gge s te d  t h a t  t h e  
g re a te r  heat  to l e ra n ce of  B i nd i c u s  c a t t l e or  the i r c r o s s bred w i th  

B t a u r u s  i s  a t t r i b u tab l e to t he i r swea t i n g  c a pa c i ty ,  wh i c h i s  

ofte n g reater  tha n exh i b i ted by pure B ta u r u s  ca tt l e .  L i ke t h e  

wo rk re ported b y  Sa uwa ( 1 9 7 8 )  t h i s e x pe ri ment ha s demo n s tra ted a 

nega t i ve a s soc i a t i on be tween swe a t  ra te a nd rec ta l tempera t u re 

mea s u reme n t s  u n d e r  hot  cond i t i on s  whi c h  s ugges ted tha t fa s ter  

swe a t i ng re s u l ted  i n  l ower recta l  tempera t u re s  i n  a n i ma l s expos ed  

to  the  hot room cond i t i on . I t i s  therefore s ugge s ted tha t the  

grea ter swea t rate  of  Sah i wa l  x Fr i e s i a n  hei fers i s  re s pon s i b l e 

for the h i gher  h e a t  tol erance  o f  these  a n i ma l s .  

5 . 3 .  The e ffects  of  d i et :  

The e ffects of t h e  change i n  d i ets  from hay to c oncen tra tes  wa s 

to l owe r the e ffe c t s  of heat  s tres s  on  bo th bre ed s . The a n i ma l s 

exh i b i ted s l i gh t l y  l ower recta l tempera tures  ( 39 . 82°C ) when fed 

concen tra te s  than  when fed hay ( 39 . 950C ) i n  the hot room . Both  

res p i ratory frequency a nd VWI  were s i gn i f i cantl y reduced ( P<  0 . 05 )  
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by feed i ng concen tra te s i n s tead  of hay . Da i l y LWG as  we l l a s  DM I  

we re s i g n i f i ca n t l y  i nc rea sed  ( P< 0 . 05 ) . These e ffec ts i nd i c a te 

tha t the a n i ma l s were l e s s  heat  s tre s s e d  d ur i ng concen trate 

feed i ng than  when  hay was fed . Con sequentl y, i t  i s  s u ggested that  

fee d i ng concentrates  sho u l d be adopted  whe re hea t  s tre s s  i s  known 

to d e pre s s  product i ve pe rformance  "o f an i ma l s .  

The  ra te of g row th o f  the  c l i pped ha i r  coa t wa s noted to be 

s i gn i fi ca n t l y decrea sed ( P< 0 . 05 )  when the d i et wa s c ha nged from 

hay to concentra te . The e ffect  wa s s u gge s ted  to be confounded 

wi t h  the  i n fl uence of photoperi od i c i ty .  

Swea t rate wa s s i grTif i c a nt l y_ ( P < 0 . 0 1 )  i ncreased  frorn 3 3 . 7 g . m- 2 h r - 1 , 

when hay was fed to a mea n  o f  78 . 4g . m -2 hr- 1 d ur i ng concen trate 

feed i ng .  I t  wa s obse rved t h a t  swea t ra te wa s l i ne a r l y  re l a ted  

wi t h  DE I .  So  t h a t  grea te r  swea t ra tes noted when  co ncen tra tes  

were fed were a s so c i a ted  w i t h  the  gre a te r  i n ta ke of d i g e s t i b l e  

energy when concen trate d i e t wa s fed . The phys i o l og i c a l  ba s i s  

of the  re l a t i o n s h i p between  sweat i ng and  energy i n takes  when 

d i ffe rent d i e t s  a re fed , i s  not known . T he a u thor  there fore 

i n v i t e s  further  expe r i ments  to  exp l ore sweat i ng beha v i o u r  o f  

an i ma l s when fed d i fferent  d i e t s . 

I t  i s  conc l ud e d  that  the c ha nge of d i e t  fed from hay to  concentrate  

ha s  the  benefi t of i ncrea s i n g DE I a nd  hence LWG  by a n i ma l s exposed  

to hot  env i ronments . Feed i ng of  h i gh l y  d i g e s t i b l e concen t ra te 

d i e ts or supp l eme n t  i s  re co mmended to i mprove produc i v i ty of  

a n i ma l s  i n  hot  e nv i ro nme n t s . Supp l emen ta t i on wi th  concentrates  

i s  h i gh l y  recommended for a n i ma l s graz i ng mature trop i ca l  p astures , 

wh i c h  a re often  defi c i e n t  i n  DE and  e s sent i a l  m i nera l s .  

1 34 



REFERENCES 1 3 5  

ABILA Y ,  T . A . i H . D . Jo hnson , & M . Ma da n , ( 1 9 7 5a ) . J . Da i r y  Sci . 5 8 ( 2 )  . 1 8 3 6 . 

ABILAY , T . A . , Mi tra , R . &  John son , H . D . ( 1 9 7 5 b ) . J . Anim . Sci . 4 1 : 1 1 3 . 

ALBA , J . de ,  & Ri era , U .  ( 1 9 6 6 )  Ani m . Prod_. !: 1 3 7 . 

ALCA N TARA , P . F . & Arganosa , V . G .  ( .1. 9 7 5 ) . Phi 1 i p . Agri c . 5 9 ( 3 ) : 1 0 7 . 

ALEXANDER , G .  & Wi l l i a ms , D .  ( 1 96 2 ) . A u s t . J . Agri c . Re s . !:_2: 1 2 2 . 

ALEXANDER , G .  & Wi 1 1 i ams , D .  ( 1 971 ) . J . Agri c . Sci . 7 6 : 5 3 .  

ALIEV, A . A . & . A sh i ro v ,  M . G .  ( 1 9 6 5 ) . (ci t ed b y  Thompson , 1 9 7 3 ) . 

A LLE'N , T . E ;  Pa n ,  Y . S .  & Ha yma n ,  R . H .  ( 1 9 6 3 ) . A u s t . J . Agri c . Re s . !:_i : 5 8 0 .  

ALVARE Z ,  M . B .  & Johnson , H . D .  ( 1 9 7 0) J . Da i ry Sci . 5 3 : 9 2 8 . 

AL \/ll.R E Z , M . B . ; Le Ro y Halm & Johnson , H • •  D .  ( 1 97 0 ) . �A n i m . Sci . 3D_ : 9 5 . 

AMAKIRI , S . F .  (1 9 7 4 ) . An i m . Prod . !:.!!_: 2 8 5 . 

AMilKIR I ,  S . F . & Funsho , D . N .  (1 97 9) . An i m . Prod . 2 8 : 3 2 9 . 

AMES , D . R .  & 

A MES , D . R .  & 

AN DERSSON , B . 

ANDERSSON , B .  

Br i nk , D . R .  ( 1 9 7  5 )  . .J . Ani m .  Sci . 41 : 

Bri nk , D . R .  ( 1 9 7 7 )  J . An i m . Sc i . 4 4 : 

( 1 9 7 8 ) . Ph ys i o1 . Rev_ . 5 8 : 5 8 2 .  

& Larson , B .  ( 1 96 1 ) . Ac_-_ta . Phys i o1 . 

2 6 2 . 

1 3 6 .  

sc:,::: ."1d . 5 2 : 7 5 . 

l'!NDERSSON , B . &  01 s son , K .  (1 9 7 0) . IN .  Physi o l ogy of Di ycs U o n  a nd 
Ne t a bo 1 i sm i n  the Rumi na n t . pg . 2 7 7 . Edi t .  A . T . Phi 1 1 i pson . 
Ori el Pre s s . L�d . p .  

ANDERSSON , B . ; Ol s son , K .  & Wa rner , R . G .  ( 1 96 7 ) . Acta . Physi o l . Sca n d . 
71 : 57 . 

ARNOLD , G . W .  ( 1 96 2 ) . A u s tr . J . A gri c . Res . !:]_: 7 01 . 

ARNOLD , G . W .  ( 1 96 6 ) . A u s t r . J . A gri c . Res . �: 521 . 

A TTERBURY, J . T .  & John son , H . D .  (1 9 6 9 )  . J . Anim . Sci . 2 9 : 7 3 4 . 

BALCH , C . C .  (1 9 7 6 )  . Li ves tock Prod . Sci . 3 :  1 01 .  

BAILE , C . A .  & Forbes , J . M .  (1 9 7 4 ) . Physiol . Rev . 54 : 1 6 0 .  

BA UMGARDT, B . R .  ( 1 97 0) IN . Physiology of Di gestion and Met a bol i sm 
i n  the Ruminan t ,  p .  23 5 .  Edi t . A . T . Phi l l ipson , Ori el . Pres s . 
Newca s tl e .  



BELL , A . W . & Thompson , G . E . ( 1 9 7 6 )  . Proc . 7 th S ympos.i um on 

Energy Metabol i sm of Farm Anima l s .  E .  A . A . P .  pg . 41 . 

BIANCA , W .  (1 9 6 5 ) . J . Da i r y Res . 3 2 :  2 91 . 

BINES , J . A . ( 1 9 7 0) . Proc . Nu t r .  Soc . 3 0 :  1 1 6 . 

BINES , J . A .  ( 1 9 7 6 ) . IN . Pri ncipl e s  of Ca t t l e  Produ c t i o n  p . 2 .  

Ed.i t .  Henry Sr-.ra n a n d  W .  H .  Bros ter , Bu t terwo r th s ,  London . 

BINES , J . A . ;  S . Su z uki , & C . C . Ba l ch·. ( 1 9 6 9 )  . Bri t . J . Nu t r .  2 3 : 6 9 5 .  

BIRD , P . R .  ( 1 9 7 4 ) . A u s t r . J . Agri c . Res . 2 5 : 6 3 1 . 

BLAND , B . F .  & Den t ,  J . W . ( 1 9 6 4 ) . J . Bri t . Gra s sl . Soc . 1 9 :  3 06 . 

B LAX'l'ER , K . L . ( 1 9 6 0 )  . Proc . In t . Gra ssl . Cong . VII.I pg . 4 9 0 .  

BLAX'l'ER , K . L . ; fva i nma n ,  F . W .  ( 1 9 6 4 ) . J . Agri c . Sc i . 6 2 : 2 0 7 . 

BLAX'l'ER , K .  L . ; N .  Me . Gra ham , ; F .  W . Wa i mnan & D . G  . A rm s t rong . ( 1 9 5 9 ) . 

J . Agri c . Sci . Camb . 5 2 :  2 5 . 

BLAXTER , K . L . ; F . W. fva i nma n & R . S . Wi l son , ( 1 96 1 ) . Ani m . Pr·od . 3 : 51 .  

BLIGH , J .  ( 1 9 5 7 ) . J . Ph y s i ol . Lon d . 1 3 6 :  4 1. 3 .  

BLOSS , R . E ; J . I . No r t ha m , ;  L . I.Y . Smi t h  & R . L . Zi mbel miJ n ,  ( 1 9 6 6 ) . 

J . A n i m . Sci . 2 5 :  1 04 8 . 

BOGDAN , A .  V .  ( 1 9 7 7 )  . !_f!._ " Tropi ca l Pa s t u  res a n d  Fodder Pl a n t s :  
Gra sses , and Legume s . Longma n . 

1 36 

BOND , T . E .  & D . B . La s t e r ,  (1 9 7 5 ) . Tra n s . Amer . Soc . Agr i c . Engi nee r . �: 9 5 7 . 

BOND , T . E .  & R . E . McDowe.Z l ,  (1 9 7 2 ) . J . An i m . Sci . 3 5 : 8 2 0 .  

BONSMA , J . C .  ( 1 9 4 9 ) . J . Agri c , . Sci . Camb . 3 9 :  2 04 . 

BRAM , R . A . , ( 1 97 5 )  . Wo r1 d . An i m . Rev . 1 6 :  1 .  

BRAM , R . A .  & J . H . Gr a y , (1 9 7 9) . Wo rl d . An i m . Re v .  3 0 :  3 0 .  

BRIEREM , K .  ( 1 9 6 0 )  . Pro c .  In t . Gra ss1 . Cong . VIII : 4 9 0 . 

BRINK , D . R .  & D . R . Am e s , (1 97 5) . J . Anim . Sci . 4 2 : 2 6 4 . 

BROBECK , J . R . (1 960)  . Rec . Prog . Hormona1 Res . 1 6 : 4 3 9 .  

BROBERG , G . (1 9 5 7 )  . Nord . Ve t . Med . 9 : 94 2 . 

BRODY, S .  (1 94 5 )  Bioenergetics and Growth . pg .  352 . Reinho1 d . 
Publ . Corp . New York . 



BROSTER , W. H .  ( 1 9 7 2 )  . Da i ry Sci . Abstr . 3 4 : 2 6 5 .  

BROSTER , W . H .  ( 1 9 7 3 )  . Proc . Nu tr . Soc . 3 2 : 1 1 5 .  

BROWN , J . E . ; H . A . Fi t zh u gh , & T . C . Ca r t wri gh t ,  (1 976 ) . J . An i m . Sc i . 
4 2 : 8 1 0 .  

BRUMB Y ,  P . J .  ( 1 9 7 4 )  . rvor1 d . Ani m . Rev . 9 : 1 3 . 

BUTLER , G . fv .  (.I 9 5 9 )  . Proc . N . Z . Soc . An i m . Prod . 1 9 : 9 9 .  

BUTTERFIELD , R . M .  ( 1 96 5 ) . Proc . N .  Z . Sac . An i  m .  Prod . 2 5 :--'1 5 2 . 

CAMPLING , R . C . ; M . Freer & C . C . Ba 1 ch , ( 1 9 61 ) . Bri t . J . Nu t r . . l 6 :  1 1 5 . 

CARLISLE , H . .  J .( l 9 7 .l )  J . Comp . Physio1 . Ph y s c ho 1 . 7 5 :  1 0 .  

CARLISLE , H . J .  ( 1 9 7 3 ) . J . Comp . Ph ys i o 1 . Ph y s cho1 . _§_} __ : 2 08 . 

CAR TrVRIGH T ,  G . A .  & C . J . Thwa i t e s , ( 1 9 7 6 )  . J . Agri c . Sci . 8 6 : 5 8 1 . 

C IPOLLONI , 11 . r1. ;  B . IJ . Sc lm e i der , ; H . L . Lu c a s  & H . M . Pa u .l ech , ( 1 9 5 1 ) . 
J . An i m . Sc i  1 0 :  3 3 7 . 

CHURCH , D . C . ;  G . E . Smi t h ;  J . P . F'onten o t , & /l . T . Ra 1 s ton ( 1 9 7 1 ) . 
' Di ges t i ve Ph y s i o l ogy a nd Nu t ri t i on of Ruminan t s ' Publ . 

D . C . Church , Oregon , U . S . A .  

CLOS E , W . H .  (1 9 7 8 )  pr i t . J . Nu t r . iQ_: 4 3 3 . 

CWSE , W . l! .  & L . E . Mo un t ,  ( 1 9 7 8 )  . Bri t . J . Nu t r .  4 0 : 4 1 3 . 

CWSE , W . H . ; L . E . Mo u n t ,  & D . Bro wn (1 9 7 8 )  . Br i t . J . Nu tr . 4 0 : 4 2 3 . 

COLD I TZ , P . J .  & R . C . Ke1 1 a wa y  ( 1 9 7 2 )  . A u s t r . J . Agri c . Re s . �: 7 1 7 .  

COLLINS , K . ,J .  & J . S . We i n er ( 1 9 6 8 ) . Phy s i o 1 . Re v . i!!._: 7 8 5 .  

CONRAD ,  H . R . ;  A . D . Pra t t  & J . W . H i bbs ( 1 9 6 4 )  . J . Da i r y  Se� . 4 7 : 5 4 .  

COWAN , R . T . (1 9 7 5 ) . Austr . J . Aqri c . Re s . 1 5 :  3 2 . 

COWA N ,  R . J . ; T . M . Da vi son , & P . O ' Grad y . (1 9 7 7 )  . A ustr . J . Exp . Agric 
& An i m . Hu sb . 1 7 :  3 7 3 . 

CRlJ.BTREE , J . R .  & G . L . Wi 1 1 iams , (1 971 ) . A ni m . Prod . 1 3 :  8 8 . 

CRAMPTON , E . W. ( 1 9 6 4 ) . J . Nu tr . 8 2 :  3 5 3 . 

CURRAN , M . K .  & W . Ho1me s ,  (1 9 7 0 ) . Ani m . Prod . 1 2 :  213 . 

CURRAN ,  M . K . ; R . H . Wimb1 e & W . Ho1mes , (1 97 0) . Anim . Prod . 1 2 :  1 95 .  

DALY, G . D . & W . T . K . Ha11 (1 955)  . Au s t r . Vet . J . 31 :  1 52 .  

DEGEN , A . A .  (1 9 7 7 )  . Physiol . Zoo1 . 5 0 :  2 8 4 . 

deTORRE , L. G .  & B . J . Rankin (1 9 7 8 ) . J . An i m . Sci . 4 6 : 6 04 . 

DEVANDRA , C .  (1 9 7 6 )  . Ma1 a y . A gri c . J . 5 0 :  3 4 0 .  

1 3 7  



DINIUS , D . A .  & B . R . Ba umga r d t  (1 9 70) . J . Da i r y  Sci . 53 : 3 1 1 . 

DOWLING , D . F .  ( 1 9 5 5 )  A u s t r . J . Agri c . Res . �: 4 6 9 .  

DOWLING , D . F .  (1 9 5 9a ) . Au s tr . J . Agri c . Res . �: 7 3 6 . 

DOWLING , D . F .  (1 9 5 9b) . A us tr . J . Agri c . Res . �: 7 4 4 . 

DOhrLING , D . F .  ( 1 9 5 8 ) . Proc . A u s t r . Soc . Anim . Prod ._ ?_: 6 9 . 

DOWLING , D . F . ( 1 9 6 0) . !tu str . J . A gri c' . Res . l l : 8 7 1 . 

EGA N ,  A . R .  & R . J . !1oi r ,  ( 1 9 6 5 ) . Au s tr . J . Agri c . Res . 1 6 : 4 3 7 . 

EHRENRICH , J . H . &  i L J . Bj u gs tad , (1 9 6 6 ) . J . Range . t1angmt . 1 9 : 1 41 . 

ELLIOT ,  R .  C .  ( 1 96 7 )  . J  . Agri c . Sci . Camb . _§2_: 383 . 

FERNA NDO , G . W . E . & O . G . Ca r ter ,  (1 97 0) . Proc 1 1 th In t . Gra ssl . Co� . 
8 5 3 -8 5 6 . 

FINDLA Y ,  J . D .  & D . L . Ingram (1 9 61 ) . :l . Physiol . Land . 1 5_�_ : 7 2  

F'INDL.Zl Y ,  J . D . s D . Robe r t sha w (1 96 5 )  . .;J. Physio l_ . Lond . 1 7 9 :  2 8 5 . 

FINELLE , P .  (1 9 7 4 ) . rvor1 d . An i m . Re v . 1 0 :  1 5 .  

138  

FISHER , A . E .  & J . Bugga y , (1 9 7 5 )  . IN ' Con t rol Mechani sms o f  Dri nk .i nq ' .  
Ed . G . Pe ters,  J . T .  F'i t zsimmons , L . Pe ters!la efe l i ,· S uri n qer Ve 1 "� Bc rJ · o r  u CJ . ! - � n . 

FI 'r2SIMi'10NS , J .  T . (1 9 7 1 )  . F rog . Physiol . Psychol . :!_: 1 1  ') . 

FITZSIMONS , J . T . ( .2 9 7 2 ) . Ph ysi o.I_:__Rev . 5 2 : 4 6 8 . 

FITZSIMONS , J . T . ( 1 9 7 5 )  . IN ' Con trol Mechani sms o.f Dri nk i n g ' 
Ed . G . Pe ters , J . T . Fi t z simons & L . Pe t ers Ha efe1 i .  
Springer Verl a g ,  Berl i n . 

FORBES , J . t1 .  (1 968) . J . A gri.c . Sci . Camb . 7 0 : 1 71 . 

FORBES , J . t1 .  (1 968 )  . Bri t . J . Nu tr . 2 2 : 33 . 

FORBES , J . M .  (1 96 9) . J . Agri c . Sci . Camb . 7 2 :  1 1 9 .  

FORBES , J . M .  & J . A . F . Rook , (1 97 0) . J . Physi o1 . Lond . 2 07 : 7 9 9 .  

FOURIE ,  P . C .  ( 1 964 ) . Proc . So u th Afri c . Soc . Anim . Prod . 3 :  1 4 6 

FOURIE , P . C . , J . H . Grei g & G . N . Lou w  ( 1 9 6 4 ) . Proc . Sou t h  Afri c . Soc . 
Ani m . Prod . 3 :  1 5 0 .  

FOX , & E1 dham , (1 963)  Bri t . Med . Bu1 . 1 9 :  1 1 0 .  

FRANCIS , J .  & D . A . Li t tl e , (1 964) . A u s tr . Ve t . J . 4 0 :  2 4 7 . 

FRENCH , M . H .  ( 1 956 ) .  Emp . J . Exp . Agri c .  24 : 1 28 . 

FRISCH, J . E .  ( 1 9 7 6 )  . Proc . A u s tr . Sac . Ani m . Prod . �: 8 5 . 

FRISCH J . E .  &J . E . Vercoe , ( 1 9 7 8 )� Proc . Austr . Soc .Anim . Prod . 1 2 : 1 8 9 .  



FULLER , M . F .  (1 9 6 5 )  . Bri t . J . Nu tr .  1 9 :  5 3 1 . 

FULLER , M . F .  & £1 . W . Bo yn e  (1 97 1 )  . Bri t . J . Nu t r . 2 5 :  2 5 9 . 

GALBRAI TH , H . ; D . G .  Demps t q  & T . B . Mi l l e r (1 978) . Ani m . P rod . ?.£_ : 3 3 9 .  

GTBB , M . J .  & T . T . Treacher , ( 1 9 7 8 )  . J . A gri c . Sc i . Camb . 9 0 : 1 3 9 .  

GILL , J . L .  & H . D . Ha fs , ( 1 9 7 1 ) . ,7 . An il!}. Sci_ . }__}_: 3 3 1 . 

CORDON , M . S .  ( 1 9 7 2 )  . " Ani ma l  Ph ysiol ogy , Pri nc i p.l es a nd Adap ta t i on s " . 
McMi l l an Publ . Co . Tnc . New Yor k . 

GRA CE ,  J . E .  & ,l . A . F . S t e venson ( 1 9 71 ) . Amer . J . Ph ys�_9_!:_. 2 2 0_: 1 0 0 9 . 

GRAHA M ,  N . Nee . ( 1 9 7 2 )  . Proc . Au s t r . Soc . An i m . Prod . �: 3 5 2 . 

1 3 9  

GREEN I r..; . r•/ . & J .  L .  Ca rman I ( 1 9 7 7 )  . Bu l  . Ma r yl a nd . Agr i c . Exp . S tn . No . A - 1 8 8 . P'1 

Grea t Bri t a i n  ( 1 9 7 5 ) , Mi n i s t r y  of Agri c . Fi sheri e s  a n d  Food . 
Techn i c a l  B u l . 3 3 : ' Energy Al l o wances and Feed i n g  S y s t em s  
For Rumi na n t s  p g  3 1 . 

GRTGSB Y ,  J .  S .  ; W . G .  Bergen & R . A . Merkel ( 1 9 7 6 )  . �Ov!th_i!:!_: 3 0 3 . 

HAACK , D . ; E . Homs y , ; G . Kohr s , ; B . Mohrin g , ; P . Os t er & J . Mohr i n g  
(1 9 7 0 ) I N  ' Con trol Mecha ni sms o f  Dri nk i n g ' Ed . G . Pe t er s . 

J . T . Fi t z s i mmons , L . Pe te r s  Ha e fel i . Spri nger Verl a g . Ber l i n . 

HATNSWOR TH , F . R . ( 1. 96 7 ) . Amer . J . Ph y s i o 1 . 2 1 2 : 1 2 8 8 . 

HALES , J . R . S .  (1 9 6 9) . Comp . Bi o chem . Ph y s i o 1 . 3 1 : 9 7 5 .  

!!ALES , J . R . S .  ( 1 9 7 3 ) . Pfl u ge r s  A rc he . 

HALES , J . R . S .  ( 1 9 7 4 ) . TN En vi ronmen t a l  Phsyi ol ogy p 1 07 .  
Edi t . D . Ro be r t shaw , Bu t t eTwor t h s , Un i v . Pa rk . Press . 

HA LES , J . R . S . &  J . D . Fi n d1 a y  ( 1 9 6 8 )  Resp . Physio1 . 4 :  3 5 3 .  

HAMIL TON , C . L .  ( 1 96 3 )  . J . Comp . Ph y si o . Ps ycho1 . 5 6 : 4 7 6 . 

HANNEMAN , G . D . ; E . A . Hi ggi n s , ;  G . TPri ce , ;  G . E . Funkho u s e r , ; P . M . Grape , 
& L . Sn yd e r , ( 1 9 7 7 )  . Amer . J . Ve t .  Res . �: 9 5 5 . 

HARBIN , R . ; F . G . Harba u gh ,  ; K . L . Neel e y  & N . C . Fi n e  (1 9 5 8 ) . J . Da i r y  Sci . 41 : 1 6 2 1  

HARK�SS , R . D .  ( 1 9 6 3 ) . J . Bri t . Gra ssl . Soc . �: 6 2 . 

HARPER , A . E . ; N . J . Benerenga , & R . M . Wohi true ter (1 9 7 0 } , Physi o1 . Rev . 50 : 4 2 8 . 

HA YMA N ,  R . H .  (1 97 4 ) . Worl d Ani m . Rev . 1 1 : 31 .  

HEISEY ,  S . R . ; T . Adams , ;  W . Hoffman ,  & G . Ri egl e (1 971 ) . Resp . 
Physiol . 1 1 : 1 4 5 . 



HEITMAN , H . Jr . & E . H . Hu ghes , ( 1 9 4 9  ) . J . Anim . Sci . � 1 71 

HELLSTROM , B .  & H . T . Hamme1 (1 9 6 7 )  . Amer . J . Physio1 . ?�: 5 4 7 . 

RIGHT ,  G . K . ; D . P . Si. n c1 a i r  & R . J . Lancaster ( 1 9 6 8 )  . N . Z . J . Agri c . Res . 
1 1 : 2 8 6 . 

HODGSON , J .  (1 968) . J . Agric . Sci . Carob . 7 0 : 4 7 . 

HODGSON , J .  & J . M . fvi l. ki n son , ( 1 96 7 ) . Anim . Prod . 9 : 3 G 5 . 

HOFLER , W .  (1 9 6 8 ) . J . Appl . Physi o1 . 2 5 : 503 . 

140 

HOLMES , W .  ; J . G . W . Jones , & R . M .  Drake-Brockman (1 96 1 )  . An i m . Prod . 3 : 2 51 .  

HOL!1ES , C . fv .  (1 9 7 0) . [!n i m . P rod . 1 2 :  4 93 .  

JWLMES , C . W .  (1 9 7 3 )  . A n i m . Prod . 1 6 :  1 1 7 . 

HOLMES , C . lv .  ( 1 9 7 9 )  . " The Effec t s  of Cl i.ma t i c  Fa c t ors on t he 
Pro du c t i vi t y  of Fa rm Anima l s .  Ma sse y . Un i v . Pub1 . 

HOLMES , C . W .  & N . D . Gra ce , (1 9 7 5 ) . A n i m . Prod . ?.l:_: 3 4 1 . 

HOU.1ES , C . fv . ; C . T . Ki n g  & P . E . L . Sa U \va (.1 9 8 0 )  . . llnim..:!!!:.gd . 3 0 : Z  

HOPKINS , P . S ; G . I . Kn i gh t s  & A . S . Le Fou vH? ( 1 9 7 8 )  . A u s t r: . .J . A gri c . Res . 

2 9 :  1 61 . 

HOWES , .J . R .  ; F' . F . llen tegt£ & G . K . Da vi s . ( 1 96 3 )  . J . An i m . Sc�i . 2 2 : 2 2 .  

HUN'l'ER , D . L , ; R . E .  Ez·b , ; R . D Ra nde 1 . ;  H . A .  Garveri ck , ; C . J . Ca 1 1 a llan , 
& R . D . Harr i n g ton ( 1 9 7 0) . J . An i m . !Jc i . 2Q_: ') 6 .  

HUY'CHINSON , J . C . D .  ( 1 9 6 5) . IN ' Bi ol o g y  of the Ski n a n d  Ha i r  Growth . '  
Edi t . A . G . Ly n e  and B . F . Shor t . (A . Robe r t son , S yd n e y . ) 

HUTCHINSON , J . C . D .  ( 1 9 7 6 )  IN ' Progress i n  Bi ome t eoro1 o g y  Di vn . 
B . I .  pg . 4 7  ed . Tromp . S . W . Swe t s  & Zei tl i nger B . V . Amds terdam . 

HUTCHINSON , J . C . D .  & G . D .  Brown (1 9 6 9 ) . J . App.I . Physi o l . ?..§_: 4 54 . 

INGRAM , D . L .  & G . C  Whi t tow (1 962 )  . J . Physio1 . Land . 1 63 :  2 1 1 . 

INGRAM , D . L . ; J . A . McLean & G . C .  Whi t tow (1 963) . J . Ph y s i o l . Lond . 1 6 9 : 3 94 . 

INGRAM, D . L .  (1 96 4 )  R e s . Ve t . Sc .  !i_: 3 5 7 . 

JACQUES , J . A . ; J . Hu ss , ;  W . McKeehan , ; J . M . Dimi troff ,  & H . F . Kuppenhei n  
( 1 9 5 5 )  . J . App1 . Physiol . 8 :  2 97 . 

JENKINSON , D . M . & R . M .  Mabon (1 9 7 3 ) . Bri t . Ve t . J . l 2 9 :  2 8 2 . 

JOHNSON , H . D . (1 970) . J . Agri c . Sci . Camb . 7 5 :  3 93 . 

JOHNSON , H . D . & M . K . Yo u sef, (1 9 6 6 ) . J . Anim . Sci . 25 : 1 5 0 .  

JOHNSON, H . D . ; H . H . Ki b1 er , ; I . L .  Berry , ;  D . Wa yma n ,  & C . P . Meri lan 
(1 9 6 6 ) . Uni v . Mo . A gri c . Exp . St n . Res . Bul . No . 902 . 



JOHNSON , Ii . D . ; L . Ha n , ; H . H . Ki bl er , ; M . K . Shankl i n  & J . E .  Edmondson 
( 1 9 6 7 )  Uni v  . Mo . Agri c . Exp . Stn . Re s  . Bu l  . No .  91 6 .  

JORDAN , RM . & G . E .  S ta pl es (1 9 51 ) . J . Anim . Sci . 1 0 : 2 3 6 . 

1 4 1  

JORGENSEN , N . A . ;  L . H . Sc hu l t z , ;  & G . R .  Ba rr ( 1 9 6 5 ) . ,7 . Da i r y Sci . 4 8 : 1 03 1 . 

JOURNET ,  T . H .  & B . Remond (1 9 7 6 )  . Li ve s t . Prod . Sc i . 3 :  1 2 9 . 

KAMA L ,  T . H .  & Ji . D . John son , (1 971 ) . .. J . Anim . Sci . 32 :  3 06 . 

KAMAL , T . H .  & S . M . Se i f  ( 1 96 9 )  i . Da i ry Sci . 52 : 1 6 57 . 

KAMAL , T . H . ;  I . I .  Ibra hi m , ; S . M . Sei f, ; a nd H . D . John son ( 1 9 7 0) . 
J . Da i r y  Sci . �: 6 5 1 . 

KARUE , C . N . ; J . L . Evan s  & A . D .  Ti l l ma n  (1 9 7 3 )  . E . Afri c . ll.gr i c . Fo r . J .  
38 : 3 5 2 . 

KA UPMAN , N .  ( 1 9 7 6 ) . L.i ves tock Prod . Sc i . 3 : 1 0 3 .  

KEECH , D . B . &  M . P . U t te r  (1 9 6 3 ) . J . Bi ol . Chem . 2 3 8 : 2 6 0 9 . 

KEL LA WA Y ,  R . C .  & P . ,J .  ol d i t z  (1 9 7 5 ) . A u s t r . J . A gri c . Res . 2 6 : 6 1 5 .  

KELLY , R . D . ; P . l t. Ma r t z  & H . D . John son ( 1 9 6 7 ) . J . Da i r y 5E_!_. 5 0 : 5 3 1 .  

KENP , A .  ( 1 9 7 8 } . Ne t h . J . A g.ri c . Sc i . 2 6 : 1 6 1 

KERSLAKE , D . McK . ( 1 9 7 2 ) . IN ' The s t re s s  of l lo t  en v j ronmen t s ' 

Cambr i d ge Uni v .  Pre s s . pg 1 2 8 .  

KIBLER , H . H . ; H . D .  Jo hn so n , & I . L . Berry (1 9 6 6 )  Un i v . /1o . A gr i c . Exp . Stn Res . Bul . 
No . 9 1 3 .  

KING , F . C . ( l 9 7 8 ) . ' Some e f fec t s  of ho t cl i ma t i c  condi t i on s  on 
Bra hma n x Fri e s i a n  a nd Fri esi a n  ca l ves fed hi gh and l o\.; rou gha ge 
ra t i o n s . Thesi s . M . Sc .  Ma s s e y  Uni v .  

KOCHAKIAN , C . D . ; J . Hi l l  & D . G .  Harri son ( 1 9 6 4 ) . Endocri n . 7 4 : 6 3 5 . 

KRISHNA , G . ; S . N . Ra y  & M . N . Ra zdan (1 9 7 6 )  . Ind . J . Nu t r . Di e t  1 3 : 1 1 9 .  

LANGLANDS , J . P .  (1 9 6 8 ) . J . Agri c . Sci . Camb . �: 1 67 . 

LANGLANDS , J . P . (1 9 6 9 )  . A ustr . J . Agr i c . Res . 2 0 : 91 9 .  

LANGLANDS , J . P . (1 9 7 0) . A u s tr . J . Exp . Agri c . An i m . Husb . 1 0 :  6 6 5 . 

LANGLANDS , J . P .  & B . A .  Hami l ton (1 9 6 9 ) . Au s t r . J . Exp . Agr i c . Anim . Husb . 9 : 2 54 . 

LEDGER , H . P . (1 9 5 9) Na t ure 1 84 :  1 4 05 . 

LEDGER , H . P . ; A . Rogerson & G . H . Freeman (1 97 0 ) . Anim . Prod . 1 2 :  4 2 5 . 

LEE , J . C .  (1 9 6 5 ) . In t . J . Biome t . �: 2 9 . 

LEVIN , R . J .  (1 9 6 9 )  J . Endocrin . 4 5 :  31 5 .  

LIPPKE , H .  ( 1 9 7 5 )  . �. Da i ry Sci . §8 : 1 8 6 0 . 



LIT TLE , W . ; B . F . Sanson , ;  R . Ma n s ton , &  W . M .  Al l en (1 9 7 6 ) . 

An i m . Pro d . 2 2 : (3 ) . 3 2 9 . 

MACDONALD , M . A .  & J . M . Bel l (1 9 5 8 ) . Can . J . An i m . Sci . 3 8 : 1 4 8 . 

fv!ACDONALD , P . ; R . A . Edwa rd s , & J . F . D . Greenha l gh ( 1 96 6 )  . "An i ma l 
Nu t r i t i on " ,  Ol i ver a nd Bo y d  Ltd . Edi nbu rgh 1 .  

McDOWE LL ,  R . E .  (1 9 5 8 ) . J . Hered . 4 9 :. 5 2 . 

McDOWELL , R . E .  ( 1 9 6 8 ) . Na tu re London . 2 1 8 :  6 4 1 . 

l1cDOWELL , R . E .  ( 1 9 7 2 ) . ' Improvemen t of l i ves tock Prod u c t i on 

i n  Wa rm Cl i. ma tes ' .  W . H . Fre ema n a nd Co . San Fra n c i sco , U . S . ll . 

1 4 2  

Mcoor'IELL , R . E . ; D . H . K . Lee , ;  M . H . Fo hrna n , ; J . F .  S ykes , & R . A .  Andcrson , 
( 1 95 5 )  . ;; . Da i r y Sci . }!!__: .l 037 . 

McDOWELL , R . E . ' B . T . McDa n i el , ;  M . S . Barrada & D . H . Lee ( 1 9 6 1 ) 
J . An i m . Sc i  2 0 :  3 8 0 . 

Ma cFllRLANE , W . V . & B . Howa r d ( 1 9 7 0  IN Physiol ogy o f  d i ges t i on a n d  
Me t a bo l i sm i n  t he Rumi nan t s . p 3 6 2 . Edi t . A . T . Phi l l i pson , Oriel Pre s s .  
Newc s t l e  

Na cFARLll.NE , J . A .  ( 1 9 6 3 ) . Na t ure Lond . 1 9 9 :  2 7 0 . 

!'!CLEA N ,  J . A .  (1 96 3a ) J . P h y s i o l . !:_£7 :  4 1 7 .  

Mc·LEA N ,  ,J . A .  ( 1 9 6 3 b ) . J . Ph y s i ol . l 6 7 : 4 2 7 . 

McLEA N ,  J . A . & D . J .  Ca l ve r t  (1 9 7 2 ) . ,J . A gri c . Sc .i . Camb . 7 8 : 3 03 . 

MARTZ , F . A . , ; N . Mi shra , ;  J . R . Campbel l , ;  L . B .  Da n i el s & E' . lfi l l derbrand , 
( 1 9  71 ) . ,J • Da i r y S c 1: . 5 4  : 52 0 . 

MASON , I . L .  (1 9 7 1 ) .  �n i m . Breed . Ab s t r . 3 9 :  1 .  

MENDEL , V . E . ; S . R .  Norr_i son , ;  T . E . Bond & G . P . Loffgreen (1 971 ) . 

J . An i m .  Sc i . 3 3 : 8 5 0 .  

MILLER , J . K . ; E . W . Swanson , ; B . R .  Mos s  & W . F .  B yrne ( 1 9 7 4 ) . 

J . Da i ry Sci . 5 7 : 1 93 .  

MINSON , D . J . ; C . E .  Ha rri s , ;  W . F .  Ra ymond & R . Mi l ford (1 964 ) . 

J . Bri t . Gra ssl . Soc . 1 9 :  2 98 . 

MISHRA , M; F .A . Ma rt z , ; R . W . Stanl e y , ; H . D . Johnson , ;  J . R .  Campbe l l , 
& E . Hi 1 l derbrand (1 9 7 0) . J . Anim . Sci . 3 0 :  1 023 . 

MI TRA , R . ;  G . I .  Chri s t i son , & H . D . Johnson (1 972)  . J . Anim . Sci . 3 4 : 7 7 6 . 



1 4 3  

MONTEITH , J . L .  (1 9 7 4 )  IN_" Hea t l o s s  from Ani ma l s  and man " . Ed .  
Mon tei t h , J . L . & Mou n t  I, . E . Bu t t er wor t hs , wnd . 

MORA N ,  J . B .  ( 1 9 7 3 ) . J . A u s t L ins t . Agric . Sci . 3 9 : 6 8 . 

MORAN ,  J . B .  ( 1 9 7 8 )  . J . A u s tr . In s t . A gri c .  Sci . ii: 57 . 

MORAN , J . B . ; B . fv . No T ton & J . V . Nol a n  (1 9 7 9 )  . A u s t r . J . Agr i c . Re s . 3 0 :  3 3 3  

l10NTEIRO , L . S .  ( 1 9 7 2 ) . Anim . Prod . i 4 : 2 6 3 . 

MOT?.RI S ,  J . G .  & R . J . rv .  Gar t n e r  ( 1 9 7 1 ) . Bri t . J . Nu t r . 2 5 : 1 91 .  

MORR.ISON , D . F .  (1 9 7 6 ) . Mul t i va r i a t e  S ta t i s t i cal Me t hod s . Publ . 
In tel'na ti onal S t u den t Ed i t i on McGra w-Hi l l ; Koga k u sha Ltd . Tokyo . 

MOUN T ,  L . F: . ; C . W .  Holmes , ;  ff . H . Cl o se , ;  S . R .  MoT r i son & I . B . St a r t  
( 1 9 71 ) . A n i m . Prod . 1 3 :  5 6 ]  . .  

MUGERWA , J . S . ; D . l l. ChTi s t ensen & S . Oche t i m ( 1 97 3 ) . E : A fr . A gri c . For . J . 

3 8 : 1 

MURRA Y ,  f..1 . ; W . L .  Mo rri son , ;  D . K . Mu rra y , ;  D . J . Cl i ffo rd & ,] . C . Tra i l  ( 1 97 9 ) 

WO Tl d Ani m . Re v . 31 : 2 .  

NAGORC KA , B . N .  (.l 9 7 9 ) . IN . ' Ph y siol. ogi c a l  a n d  En vi ronmen t a l  

Li mi t a t i ons to Wool Growth Ed i t .  J . L . B l a ck a n d  P .. J . Re i s .  
Un i v .  New En gl a nd , N . S . W .  A u s tra l i a n . 

NA Y ,  T .  & R . H .  !la yma n ,  ( 1 9 5 6 ) . A u s t r . J . A qri c .  Res . 7 :  4 8 2 . 

NOBLE , R . C .  (1 9 7 8 ) . Prog . Li pi d  Res . 1 7 :  5 5  

NOB LE , R . C .  ' J . C . O ' Kel l y ,  & J . H .  Moor (1 9 7 3 )  . Lipi d� !!__ : 2 1 6 . 

NOBLE , R . C . ; R . l-1 . Ma bon , ;  O . McEwan & D . Jenk i n  ( 1 9 7 6 ) . Res . \1e t . Sci . 21 :  9 0 . 

NOCEK , J . E .  & E . M . Ke sl er ( 1 9 8 0 ) . J . Da i Ty Sci . �: 2 � 9 .  

NRC ( 1 9 6 3 )  Nu t ri t i ona l Requi Teme n t s  of Dome s t i c  An i ma l s  No . 4 .  
NRC Pub . 1 1 3 7 , Na t i onal Re search Cou n ci l , V.'a s h i n g ton . 

O ' BRIEN , C . A . ,  R . E . Bl oss , ;  & E . F . Ni cks ( 1 9 6 8 ) . J . Anim . Sci . 2 7 : 6 6 4 . 

O ' KELLf , J . C .  ( 1 9 7 3 a )  Bri t . J . Nu tr . 3 0 :  2 1 1 . 

O ' KELLY , J . C .  (1 9 7 3 b) Comp . Bi oc hem . Ph ysi o l . 4 3 (8 )  2 8 8 . 

O ' KELLY ,  J . C .  (1 9 7 3 c )  Comp . Bi ochem . Physiol . 44 (8 )  3 1 3 . 

OLBRICH , S . E . ; F . A .  Mar t z , ;  H . D . Johnson , 
A .  C .  Lippinco t t , & S . E .  Hi lderbiCaiJd. 

; s . w .  Phi l l i ps , ; 
( 1 9 7 2 ) . J . Anim . Sci . 3 4 : 64 . 

OLBRICH , S . E . ; F . A .  Ma r t z , &  E . S . Hi l derbF2�d (1 973) . J . An i m . Sci . 3 7 : 57 4 . 

OSBORN , D . F .  (1 967 ) . Bri t . Gra s sl . Soc . Occ . S ymp. �: 2 0 .  

OSUJI , P . O . ; J . G .  Cordon , & A . J . F Webst er ( 1 9 7 5 )  . Br i t . J . Nu t r . 3 4 : 5 9 .  



1 4 4  

OWEN , J . B .  ; E . L .  Mi l l er & P . S .  Bri dge (1 968) . J . Agri c . Sci . Camb . 7 0 : 2 2 3 . 

PAN ,  Y . S .  (1 9 6 3 ) . A u s tr . J . A gri c . Res . 1 4 :  424 . 

PAN Y . S . ; S . M . Donega n  & R . H .  Ha yman ( 1 9 6 9 )  . A u s t r . J . Agr i c . Re s . 2 0 : 3 9 5 .  

PAYNE , W . J . A .  { 1 9 6 3 )  . Proc . G th Intr . Cong . Nu tri . pg 2 1 3 E .  

PENZHORN , E . F .  & J . P .  Me.i n tjes (1 9 7 2 ) . Agroani m .  i_: 8 3 . 

PHILLIPS , G . D . (1 960) . �!>gri c . Sci . Camb . 54 : 231 . 

PHILLIPS , R . fv .  ( 1 94 8 ) . Breedi n g  Li ves tock i'ldapted to unfa voura bl e  
envi ronmen t s  F . A . O . S t u d i es I .  Wa shington D . C  . .  

PICKARD ,  D . W . ; H .  Swan , & G . E . Lammi ng . (1 9 6 9 ) . An i m . Prod . 1 1 : 5 4 3 . 

PLASSE , & S . O . Verde . (1 9 7 6 )  . Nem . .  Assoc . La tinoam . Prod . Anim . 1 1 : 3 7 . 

PLA YNE , M . J . (1 9 7 0) . Proc . liu s t r . Soc . An i m . Prod . 8 :  5 1 1 . 

PLA YNE , M . J .  ( 1 9 7 7 )  . IN Rev i ei•.'S i n  Rural Sci ence III . Un i v . of New 
Engl a nd ,  Armi da l e ,  N . S . W . Au s t ra l i a . p 1 5 5 .  

PLA YNE , M . J . ( 1 9 7 8a )  Ani m . Feed Sc.i cnce & Technol . 3 : 51 

PLA YNE , M . J .  ( 1 9 7 8b)  A n i m . Fecd Sc.i ence & Technol . J . "I I  

POST , T . B .  ( 1 9 6 3 ) . Aus t . J . Ag_Ei:..£:_Res
_
. 1 4 : 5 7 3 . 

PRES TON , T . R .  & M . B .  Wi l l i s  ( 1 9 7 4 ) . ' Ln tens i ve Beef Produ c t i on ' 
2nd edi t i on . Pergamon Press . 

RAGSDA LE , A . C . ; S . Brod y , ;  H . J . Thompson & D . M .  Worse tl l ( 1 94 8 ) . 
Mo . Agri c .  Exp . S t . Res . Bul . 4 2 5 . 

RAGSDALE , A . C . , ;  H . J . Thompson , ;  D . M .  Worse tl l & S . Brod y , ( 1 9 5 0) . 
Mo . Agri c .  Exp . St . Res . Bul . 4 6 0 . 

RAGSDALE , A . C . ; H . J . Thompson , D . M . Wors tell , & S . Brod y .  (1 9 5 5 ) . 
Mo Agric . Exp . St . Res . Bul . 4 71 . 

RAYMOND , W . F .  (1 969) . Adv . Agron . 21 : 2 

RA YMOND, W. F .  & C . R . W . Spedding (1 9 6 5 )  . Proc . Fert . Soc . 8 8 :  5 .  

REMOND , B .  & M . Journe t (1 971 ) ; Ann . Zootech . 2 0 :  1 6 9 .  

RHOA D ,  A . O .  (1 9 3 8 ) . Proc . Amer . Soc . Anim . Prod . Nov . 1 938 . 2 8 4 . 

RHOA D ,  A . O .  (1 94 4 ) . Tropic A gri c . Trin . �: 1 62 . 

RICHMOND, C . R . ;  W . H . La ngha m ,  & T . T .  Trupi 1 l o  ( 1 9 6 2 ) . 
J . Cel1 Comp . Physio1 . 5 9 :  4 5 . 



1 4 5  

R I TZMAN , E . G .  & F . G .  Benedi c t  (1 9 2 4 )  . Tec hn . B ul . No . 2 6  Ne1-1 Hampsh i re Agri c .  

ROBINSON , K . W .  & L . R .  Morr.i s ,  (1 960) . A u s tr . J . Agri c . Res . !:J_: 2 3 6 . 

ROGERSON , A . ;  H .  Ledger , & G .  H .  Freema n ( 1 96 8 )  . �nim . Prod . !:!}_: 3 7  3 . 

R OUBICEK , C . B .  ( 1 9 6 9 ) . IN " An i ma l  Gro w t h  a n d  N u t r i t i on "  Lea & Febi ger Pub . Co .  

RUDDER , T . H . ; G . W . Sei fert & K . G .  Bea n ( 1 9 7 5 ) . A u s t r . J . Exp . A gri c . An i m . 
H u  sb . 1 5 :  1 56 . 

R USSEL ,  E . W .  ( 1 9 5 6 )  IN " Tropi ca l  Pa s t u re s " Edi t . N . Da vi e s  & 
C . L . Ski dmore pp 3 0 - 4 5 . Fa be r  a n d  Fa ber , Innd . 

SAUBIDE T ,  C . L .  & L . S .  Verde (1 9 7 6 )  An.i m . Prod . 22 : 6 1 . 

SA UvlA , P . E . L .  ( 1 9 7 8 )  " The effec t of a hi gh ambi ent t empera t ure 
on the P h ys i o l o g i c a l  responses o f  Fri e s i a n  a n d  Bra hma n x 
Fri e s i a n  ca 1 ves fed on t wo ra t i on s . "  The si s :  Ma s s e y  Uni v .  

Pa 1 mers ton Nor th . 

SCHLEGER , A . V . &  ii . G .  Turner ( 1 9 6 5 ) .:_A u s tr
_::!_. A gri c . Re.� .  :!:...§_: 9 2 . 

SCH!HDT NEILSEN B .  K . Schmi d t  Nei l sen , ;  Hou pt , T . R .  & S . A . Ja r u um . 
( 1 9 5 6 )  . .Zlmer . J . Ph y sio1 . 1 8 5 :  1 8 5 . 

SEA TH ,  D . M .  & G . D .  Mi. l l er (1 94 6 ) . J . Da i r y Sci . 2 9 :  1 9 9 .  

SHEBA I TA , N . K .  & J . E .  John son (1 97 2 ) . J . An_i m . Sc i . 3 5 : 1 7 0 .  

SHEBA I TA , M . K .  & T . B .  Kama l ( 1. 9 7 5 ) . ft7orl d Re v . An i m .  P r.·od . .'<I 3 :  5 0 . 

SIEBER T ,  B . B .  & W . V .  Ma cFa rl ane ( 1 9 6 9) . A u s t T . J . A g ri c . Re s . 2 0 :  6 1 3 .  

SML TH , J . A . B .  ( 1 9 6 5 )  . " Th e Nu tri en t Requi remen ts of Fa rm Li ves tock " 
No 2 Rumi na n t s  A . R . C .  London . 

SNEDECOR , G . W . & W . G .  Cochran (1 9 6 7 )  "Sta t i s ti ca l  Me t ho d s " Pub . .  Iowa 
S ta te Un i v . Pres s . Iowa , U . S . A . 

SPRINGELL, P . H .  (1 968) . A us tr . J . A gri c . Res . 1 9 :  1 2 9 . 

SPRINGELL, P . H .  (1 974) . Worl d Ani m . Rev . 1 0 : 1 9 .  

STANLEY, R . W. , S . E .  D ' b1 i ch , ; H . D . Johnson & E . S .  Hi 1 1derbrand . (1 97 5 ) . 
Tropi c .  Agric . ( Tri nidad) 52 : 21 3 . 

STEHR , W .  & M . Ki rchgessner , M .  (1 9 7 6 ) . Anim . Feed Sci . Techno1 . 1 : 53 . 

S TOTT, G . H . ; M . R .  Thoma s , ; & L . W . Gl enn . (1 967 )  . J . Da i r y  Sci . 5 0 :  968 . 



TANEJA , G . C .  (1 9 5 9a ) . J . Agri c . Sci . Camb . 5 2 : 5 0 . 

TANEJA , G . C .  ( 1 9 5 9b) . J . A gri c . Sci . Camb . 52 :  6 6 . 

'l'APARIA , A . L . & l'l. . W . F .  Da vey (1 9 7 0 )  N . Z . J . Agri c . Res . 3 :  61 . 

TARTTELIN , M . F .  (1 9 6 8 ) . J . Physio1 . Lond . 1 95 :  2 9P 

TAYLOR , R . C .  (.2 96 8 ) . Na t ure
_

London .2 1 9 :  1 8 1 . 

TELLE , P . P . ; R . L .  Preston , ;  L .  D .  Kni tner & �v . H .  Pfande r (1 9 6 4 )  . 
J . Anim . Sc.i . 2 3 : 5 9 . 

TERNOUTH J . H .  & A . W . Bea t t i e  {1 9 71 ) . Bri t . J . Nu tr . 2 5 : 1 5 3 .  

THOMAS ,  D .  (1 9 7 3 )  Herb . Abtrs . 4 3 :  3 3 . 

THOMAS , S .  & R . C . Campl. i n g  ( 1 9 7 7 ) . Bri t .  Gra ss1 . Soc . J .  3 2 : 33 .  

THOMPSON G . E .  (1. 9 7 3 ) . J . Da iry Res . 4 0 :  441. . 

THOMPSON , G . E . & A . N .  Bel. l. . (1. 9 7 6 )  Proc 7 th Sympos i u.rn o n  

Energy Me ta bol i sm of Farm .n.n i ma l s  E . A . l� o P .  p 3 7 . 

THOMPSON , R .  D . ; J . E .  Johnson , ; C . P  . Brei den stein , ; A .  ,J . Cui dry 
& N . R .  Ban erjee (1 963) . J . Da i ry Sci . 4 6 : 2 2 7 . 

THOMPSON , D . J .  & S . B .  Camrne1 ( 1 97 8 ) . Bri t . J . Nu tr . 41 : 2 97 . 

THORTON , R . F . ; F . D . Sha w & R . L .  Hood (1 974 ) . A u s t r . J . Exp . Agri c .  
Anim . Hu sb . 1 4 : 281 . 

THWA ITES , C . J .  ( 1 9 6 8 ) . Proc . lws tr . Anim . Prod . 7 :  2 5 9 .  

TURNER , H . G .  (1 9 6 2 )  . Au s t r . J . Agri c . Res . Q: 1 8 0 .  

TURNER , H . G .  ( 1 9 7 5 ) . Wor.l d Ani m . Rev . 1 3 : 1 6 . 

TURNER , H . G . & A . V . Sch1 eger (1 9 6 0) . Austr . J . Agri c . Res . 1 1 : 64 5 . 

TURNER , H . G .  & A . V . Sch1 eger ( 1 9 7 0) . Au st r . J . Bi o . Sci . 2 3 : 2 07 . 

VERCOE , J . E .  (1 9 6 7 ) . Austr . J . Agri c .  Res . 1 8 : 1 003 . -
VER COE , J . E .  (1 9 6 9) . A u s tr . J . Agri c .  Res . 2 0 : 6 07 . -
VERCOE , J . E . (1. 9 71 ) . J . Agri c .  Sci . Camb . 7 6 :  4 8 7 . --
VERCOE , J . E .  & J . E .  Fri sch (1 9 7 0 )  . Austr . J . Agri c . Res . 2 1 : 8 5 7 . 

146  

VERCOE , J . E . ; J . E .  Fri sch & T . B .  Moran ( 1 9 7 2 ) . J . Agri c . Sci . Ca mb 7 9 : 71 .  

VOHNOUT ,  K .  & J . V. Ba teman (1 9 7 2 )  . J . Agri c . Sci . Camb . 78 : 41 3 .  



147  

WALDC , R . R . ;  R . W . Mi l l er , ; M Okamo to , & L . A .  Moore ( 1 96 5 ) . 

J . Da i ry Sci . 4 8 : 1 4 7 3 . 

WEBSTER , A . J . F .  ( 1 9 7 6 ) . IN Pr i nc i pl e s  of Ca t t l e  Produ c t i on . 

Eds . H .  Swan & W . H .  Bros t er . Bu t terr¥or t h s . LOndon . 

r-IEBS TER , A . J . F . , J . S .  Smi t h , ; R . M .  Cra btree & G . S . Nol 1 i son ( 1 9 7 6 ) . 

Ani m . Prod . 2 3 : 3 2 9 . 

vlELD Y ,  J . R . ;  R . E . NcDowe1 1 , ;  P . J . va h  Soest & J . Bond ( 1 96 4 ) . 

J . An i m . Sci . 2 3 : 1 4 7 . 

WHITTOW , G . C .  ( 1 9 6 5 ) - Qua r t . J:Exp . Ph y s i ol . 5 0 :  3 0 0 . 

vlHI TTOW, G . C .  ( 1 9 7 0) B ri t .  Ve t . J .  1 2 6 :  6 5 2 . -

fVHITTOW, G .  C .  ( 1 9 7 .I )  Res . Ve t . Sc i . 1 2 :  4 95 . 

WHITTOW, G .  C .  & J . D .  Findl a y ,  ( 1 9 6 9) . Ame r . J . Ph y s i o 1 . 21 4 :  9 4 . 

WILLIS ,  M . B .  & 'I' . R .  Pres ton , (1 9 6 9) . ci ted b y  Pre sto n  & Wi l l i s  1 9 7 4 -

WI LSON , A . D .  ( .1. 9 7 5 ) . !iU S t r . J . Exp . Agri c . An i m . H u s b . !:.J_: 7 6 0 . 

WILSON , P . N . ; f.1 • • 4 . Ba rra t t  & M . N .  B u t t erv;or t h  ( 1 9 6 2 )  . J . A gri c .  Sci . Ca mb 

5 8 : 2 5 7 . 

'iliNCHESTE'R , C . F .  & f1 . J . Mor ri s ( 1 9 5 6 )  J . An i m . Sci . 1 5 :  7 2 2 . 

fYINEGRAD , fV . I .  ( 1 9 6 2 ) . Vi ta m i n  Hormones 2 0 : 1 4 1 . 

WINKS , L . ;  P . K . O ' Rourk e ,  & P . C .  Smi t h  ( 1 9 7 8 ) . Au s tr . J
_
. Ex p . 

Agri c . An .i m  . H u sb . 1 8_: 5 0 0 . 

r'IINKS , L . ; A . E . H o l me s ,  P . O ' Gra d y , ;  T . A .  James & P . K .  O ' Ro u rke . ( 1 9 7 9 ) . 

A u s tr . J . Exp . Agri c . Ani m . H u s b . !:.5!_: 1 3 3 . 

WOLF , A .  V .  ( 1 9 6 8 ) . " Th i rs t - Ph y s i o l o g y  of the Urge to d r i nk and 

i t s  probl ems " Spri n gel l ,  1 96 8 . 

YOUSEF , M . K . & H . D . Johnson ( 1 9 6 6 )  . J . An i m . Sci . 2 5 : 1 07 6 . 

YOUSEF , M . K .  & H . D .  Johnson ( 1 9 7 0) . Proc . Soc . Exp . Bi ol . Me d . 1 3 5 ( 3 ) : 7 6 3 . 



148  

A P P E N D I X  3 . 2 

Re c t a l  tempe ra t u  r e  

( o c )  
Mea n  va l u e s  fo r i nd i v i d u a l  a n i ma l s d u ri n g  d i ffe r e n t  p e r i o d s 

B r e e d  H e i fer T r i a l  1 T r i a l  � 

Numbe r P e r i od 1 P e r i o d  2 Pe r i o d  3 Pe r i o d 4 

( HAY ) (CONC ) ( CONC) ( HAY) 

Sah i wa l  F r i e s i a n  C ro s s  1 39 . 99 40 . 0 1 38 . 7 3 38 . 80 

F r i e s i a n 2 40 . 48 40 . 1 9 38 . 8 3  38 . 58 

S a h i wa 1 F r i e s i a n C ro s s  3 40 . 07 39 . 48 38 . 88 38 . 6 9 

F r i e s i a n 4 40 . 45 40 . 35 38 . 58 38 . 4 1  

S a h i wa l  F r i e s i a n  C ro s s  5 38 . 95 38 . 80 39 . 35 3 9 . 14 

F r i e s i a n  6 38 . 97 38 . 97 40 . 1 3 3 9 . 92 

Sa h i wa l  F r i e s  ·i a n  C ro s s  7 38 . 84 39 . 00 39 . 06 39 . 57 

F r i e s i a n 8 38 . 95 38 . 4 9  39 . 5 5 3 9 . 93 

A P P EN D l X  3 . 3  
Re s p 1 ra t i o n r a t e , ( b re a t h s  pe r mi n u te ) fo r i n d i v i d u a l a n i ma l s d u r i n g  
d i ffe re n t  pe r i o d s  o f  t h e  e x pe r i me n t . 
-------
Bree d He i fe r  T r i  a 1 1 T r i  a 1 2 

Num5e r Pe n od 1 Pe r i od 2 Pe r i od 3 Pe ri o d  4 
( HAY) (CO N C)--TEON"c (HA Y )  

S a h i wa l  F r i e s i a n  C ro s s  1 10 3 . 87 88 . 80 1 9 . 0 1 1 9 . 5 9 

F r i e s i a n  2 1 3 3 . 90 l lb .  2 2  44 . 02 24 . 78 

Sa h i wa l  F r i e s i a n  C ro s s  3 98 . 34 74 . 36 2L . 7 5  18 . 4 3 

F r i e s i a n 4 1 24 . 99 1 0 9 . 98 3 1 . 90 24 . 95 

S a h i wa l  F r i e s i a n  C ro s s  5 5 2 . 48 2 6 . 84 5 1 . 3 1 86 . 52 

F r i e s i a n  6 66 . 62 56 . 32 1 0 1 . 7 5 1 0 1 . 04 

Sa h i wa l F r i e s i a n  C ro s s  7 48 . 48 2 7 . 18 7 6 . 7 2 96 . 74 

F r i e s i a n 8 62 . 39 3 9 . 50 106 . 02 1 26 . 56 
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APPEND I X  3 . 4  

Re l a t i o n s h i p betwee n  Swe a t  ra te ( Y  gm- 2 h r - 1 ) a n d  re s p i r a t o ry ra te 

( X  b re a t h s  per mi n ute ) 

-·--· 
Te�e ·ra tu  re 

Ho t Coo l  
Ho t - 0 . 5 9* 

Co o l  0 . 04 

SF 
c 
I 

Co n e 

Hay 

Ho t - 1 . 2 5 5 0 -k 
Coo l  0 . 0 5 3 0  
S F  

F 
C o n e . 

Hay 
-------------

i-o r a l l  a n i ma l s  

y -- 5 7 . 3 7 7 6  - 0 . 0 2 0 3 X i  ( 4 

Breed D i e t  
--------

S F  F HA Y CONC_ 
·------- -

- 0 .  7 2 *  

- 0 . 26 

- 0 . 0 5. 

- 2 . 4 1 45 *  

- 0 . 4 5 68 

- 0 . 4 6 5  

0 . 30 - 0 . 5 2 - 0 . 44 

0 . 09 0 . 1 4 0 . 40 

0 . 1 3 U . 3 3 

O . i O - 0 . 3 5 0 . 6 0 

0 . 2 2 

- 0 . 08 
--------· ----- ---

0 . 2 5 2 8  - 0 . 44 9 9  - 0 . 9 6 04 

0 . 1 4 08 O . Oi 9 1 0 . 85 1 5  

0 . 0440 0 . 4 0 7 8  

0 . 1 3 6 9  - 0 . 056 7 0 . 4 983 

0 . 2484 

- 0 . 084 9 
·---·----------· -- -------- ----

0 . 02 1 00 9 5 ) 

A P P E N D I X  3 . 5  

G r m<J t h  ra te *  o f  t h e  ha i r  c o a t  o f  i n d i v i d u a l  h e i fe r s  a f t e r  c l i p p i n g : 

He i fe r  n umbe r 

P e r i o d  1 2 3 4 5 6 7 8 

1 1 .  2 0  3 . 6 1  3 . 4 1  2 . 8 5  2 . B8 6 . 07 1 .  3 7  9 . 2 2 

2 1 . 4 2  1 . 2 2  1 .  2 7  0 . 6 1  2 . 2 1 1 . 4 3  0 . 68 0 . 68 

3 0 . 84 1 . 4 4 1 .  5 7  0 . 88 0 . 9 7 1 . 49 1 . 3 2  0 . 9 3 

4 2 .  7 1  1 .  9 2  2 . 6 9 1 .  3 0  3 . 4 2  1 .  5 7  3 . 4 2  3 . 1 5 

* g rowth rate i n  g m- 2day- l 

1 4 9  
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