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ARTRODUCTION.

Purcose of the etudy:

In India, although there's a huge population of
cattle, the milk production is scanty and the consugption of
milk per head of human population is meagre. The importance
of milk in meintaining the health of the Indien people who
are mostly vegetarian cannot be over-emphasised and in view
of this point an urgent need hes been Ffelt lately to Amprove
delyy production in Indie.

In the past Buropean dairy breeds have been
imrorted into India and have been either bred pure or used to
grade up the native cattle but such attempts have turned into
failure.

In the greator portion of India, excepting at -
higzh altitudes on the hills, annual averagc temperature is
high end partiocularly so during the summer monthe. It hes
often been suggested that the high atmospheric temperzture
has been thc ceause of degeneration of Buropean cattle in India
thus presenting a great obstacle to the inprovement of India's
deiry produoction Very little investigation in this respect
has beon underteken in India and there has been a controversy
over the importance of high environmental temperature in dairy
cattle. The purpose of this dissertation is to study the
influence of temperature on the performance of dairy cattle
from the observations that have been made in various countries,
particularly tropicel countries, and to draw a oconclusion with
regord to the polioy of breeding dairy cattle in India in order
to inoresse deiry production.  ag indioated by the title of

the problem this study includes the influence of both high and
low enviromnmental temperature.

Refinition of the problem:
By the performance of an enimal is ordinarily
meant the production, may be the milk and butter-fat production
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of the dairy cow or the wool and mutton production of the
sheep. In this study the term has been used in & dbroader
sense to include the importent physiological aspecta of the
deiry cow, e.g physiologicel constitution as effected by
boldy temperature, respiration and pulee retes, bdlood composit-
icn, metzdoliem, food ceneumption, endocrine glands etc. s
grovwth, reproduction and production. The snnual production
of ¢ dairy andme’ as well es her life-=time production is
dependent on her constitution, growth, reproduction and
disec3e resictance etc. Therofore in this studqy these aspect:
of the cailry cow have been dealt with in order to get a true
perspective of the influence of terrerature on the performance
of deiry cattle,

The dissertation has been divided into several
sections. The second section deals with the history and
origin of temperature (Bos Taurus) and tropical (Bos Indicus
often cnlled Zebu or Brahman) catile and their geographical
distridution In thie section it has been attempted to
dotermrine whether these two groups of cattle are originally
dirferent a3ince they respond differently to the troplical
environment, the latter being mach more resistant to tropicel
tempors tures than the former. The third secticn deals with
the deiry cattle in India, their economic irmportance, their
production and the problems of cattle improvement. The term
deiry cattle in this section has been used to include all
cettle since the majority of Indian cattle, excepting a
fovr delry breeds, are kept for milk production as well as
draught. The fourth section deels with the heat rogulating
mechenism or regulution of tody temzerature. In this section
the generel principles of body temperature regulstion have
been declt with comprehencively co that the influence of
terpereture on the deiry cattle can be riore fully understood.

In section ¥ the influeonce of tempersture on the



i1

performance of dairy ccttlc «  their irportant physiological
functions, geowth, fertillity, produection s well aos disease
sncidence ond Alcecse resistance ete. = has been dealt with
Same of Yhoce toplce o . bedy tonperature, respiration and
pulse rates, wnilch cocnstitute the vital functions of the
cnimalj Tertility end produvuction which zre immediztely
concerned with performance have been discus=ed in greater
¢ectall than the others.

In section VI the offect of tempersture on
sdeptebility and in section YA brecding of dairy cettle in
the troplcs have bean dezlt with. In these czectlons the
grotic of ads;tabhllity of dAairy czttle in the tropicel
countries nd tho breeding methods that have been followed

nhthese countrrios and the results obteined have been briefly
revicved, In the last cection & sumary has been given and
conclusions have teen recched.

No separatec section hee been ellotted to
6incussion beeeuae oach acction hes been discuseed where 1t
wee Coemed neccrsary. thhere enonmelous results have been
ottained by Aifferent workerc, the conditione under which
the observedions were msde havo been compered in order to
trueo the caugsc of the @ifforence and draw conclusion
therefrom All through an attempt has been made to meke a
conperison, whore information was avallable, between the
Buropean cattle cnd thoe Zobus in order tn bring out the
tenetleel dirferencoc between the two groups so that a
definlte conelusion con be drawn as to whether the dediry

cattle of Indic should bz bred from native cotile or from
native-Buropsan erossing,
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The links that indicate the line of deascent of our

domestic cattle from their wild ancestors are firstly the
fossil records and secondly the arawings left Dy the

mmitive man,
Disregarding some coafusion in early terminology

and sowme persisting disagreement, it is evident that our
domesticated cattle came from the wild species of the gemus
Bos, which is the largest genus of the family Bovidae which,
in turn, are the most Fiecialized of the hollow-horned
ruminants.

The genus Bos includes the bibovine group, B. gaurus
(the gaur); B. frontalis (the gayel); and B, sondaicus
(the dbanteng); the bisontine group, B. grunniens (the yak);
B. bonasus (the Eurcpean bison); end B. bison (the American

biaory; the bubaline group, B. caffer (the African buffelo);
B. bubalis (ghe Indian buffalo); BR. mindorensis (the

Mindoro buffalo) and B. depressicornis (the celebes duffalo);
and what we commonly cell cattle, theteurine group, Bos
tauru?lgmxmpean cattle); and Pos indicus (the Zebu cattle)
(Rice ).

These close relatives of our modern domesticated
brecds of cattle form a very interesting and widespread
group of rAammals. Many of them have become domesticeted.

Of the bibovine group, the gaur is the largest of the
present-dsy representatives and is found in India, Burma
end the Malayan regilons. It 18 largely nocturnal in habit

feeding by night end hiding in the jungle by dsy. The
geyal ie a semi-domesticated race of the gaur, kept by the
tribes of the Assam valley. The banteng is the amallest



of this group, found in Burma, Java and I(Sggvneo. and resembles
the European ox in many respects (Kelley ). It provides
meat throughout the Far East.

The bisontine group includes the yak of Tibet as
well os the Buropean and American bison. The yak inhabits
the wild, cold regions of Tidbet and Siberiea. The yek is the
beast of dburden in Tidbet and it is valued for its milk, its
fleeh and its fine silky hair. In America, the bison 1is
almost now extinct. However some have bdeen used to oross
with European bdreeds of cattle to give a hydbrid known as the
Cattelo.

The budbeline group or true dbuffalo, includes all
the semi-heirless Asiatic water-buffaloes and extends through
Africa and India to Malaye, Indo=-China, and the East Indies.
In Egypt and India they are valued for their milk production
but many forms are used for draught purposes.

There are in the whole world between six and seven
hundred million cattle which are commonly grouped under the
one species name of Bos Taurus, although some prefer to give
a seperate species neme, Bos Indicus, to the Zebu cattle.

In the Balkans, Asia Minor, Central Asie, Korea, Formosa and
in Eastern and Southern Africa, there is a wide variety of
forms intermediate in many respects to the extreme Zebu types
and the cattle of Europe.

Concerning the ancestry of European cattle the most
commonly mentioned species or sub-gpecies are:-

l. PR.longifrons - also called B. brachyceros - which was in
Burope as a domesticated animal early in the Neolithic end
presumaebly wes domesticated somewhere north of the Alps or

in north western Asie.

2. Bos primigenius, the Urus or aurochs, known in Caeser's
time as the wild ox of Europe but domesticatad long before
(perheps ecrly in the Neolithic), prodbably south of Alps or



in the Balkans or in Asia Minor.

3. Bos namedicus, Asistic wild ox, vhich was gpread by
tridal migration dbefore 6,000 B.C. to Persia, Mesopotemias,
and Egypt and about the same time to India,

4. Leptobos, a long extinct species which was present as
wild ox in Asia during the Pleiocene and part of the post
Pleiocene period and the females of which were probably
hornless, the males having hofg? botwoan(g?e eye s?2§ete
and the top of the head (Lush , Kelley , Ewart ).

Bos primigenius, the longhorned species, survived
in the wild state in Rurope up to the beginning of the
fifteenth century. It 1s believed that this was probably
‘e veriety of B. nemadicus, aleo a longhorned species, It
is considered by some that the large longhorned cattle of
western Europe ere mainly, if not entirely, descended from
B. primigenius. Wwhatever might be the contention, the place
of B. primigenius in the ancestry of domes é? cattle appears
to be well established (Graves and Forhmen ).

‘Some confusion persists regarding the origin of
the shorthorned bdbreeds. owen(6 came to the conclusion
that shorthorn cattle are doaceg?od from the shorthorned
species B, longifrons. Osborn states that B. longifron is
“the probable ancestor of the amall British breeds of
shorthorned and hornleses cattle."” According to one hypothesis
B, longifron was derived, about 6,000 B.C., @8 a dwarfed
vapiety of the longhorned B. namedicus type.

It 48 oconsidered b, many writers that Leptobos
was the ancestor of all polled cattle and that the Neolithioc
herdasmen by crossing hornless females of the Leptobos race
#ith horned dbulls end interbdrecding the first crosses created
nev breeds characterised by the absence of horns in dboth
species. However meny others still believe that polled

cattle like others are descended fyrom horned ancestors and



Prehictoric and existing
Indian cattle.

. Lyre-horned Malvi bull, ca. 3000 b.c.

Lyre-horned Malvi bull, 3,000 B.C.
Bull on seal from Mohan~jo-dara.

o. Nlalv Bull

Melvi Bull.



that the loss of horns has resulted from what may be termed
a "sponteneous organic change," having occurred in the misty
ages of the past (Ewartw)). If this is true it would
indicate a commmon origin for all Adomestic Kuropean breeds,
glthough most writers believe that they came from two or

more sources.
It gppears that the Bos Indicus or the Zebu cattlo

originated from the B. namadicus or the Asiatic wild ox but
whether there waes any crossing with B, primigenius or
B. longifron is not known

Excavations at Mohan-Jjo-dara have disclosed, in this
Indus valley civilizstion, animel remains dating from 3,000
B. C.

These remains indicate that the same type of Zebu
which is found in India todsy was in use at the time of th(e8
ancient Indus valley civilization (see plate 1). Shirlew
points out that there were actually two types of cattle in
existence at the time of this civilization, "a massive
large-horned humped form and a smaller form :ith short horns
which msy possibly heve becn humpless. " Both the humped and
the humpless types have been found in the excavations.
According to Isz)eein(g)the shorthorned Zebu is the result of
interdreeding in India between B. longifrons and the
lateral-=horned Zebu The only evidence that the former ever
reached Indie is the possidbly humpless variety recovered from
upper strate of the Indus valley and no specimens of the
latersl=horned ~ebu have yet been found. i‘he African cattle
are believed to originate from a nixture of I\ primigenius

with Zebus,
(10)
Ware states that the animel on the seal (plate 1)
resembles more closely the lyre-horned Malvi breed of Indie
znd the reulhe or Gobra lyre-horned Zebus of West Afyrica.

He e£lso sees grect similarity betwoen the Kankre) breed of

Indic and the Pullani cattle of Africa.
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The literature on thiz subject of origin of cattle
is rether involved and this reveals the indeterminabdble
nature of the subject. Prom what has been said before it
eppesrs that the origin of both European (Bos Taurus) and
tropicel (Bos Indicus) types of cattle can de traced to the
common ancestor or ancestors in the remote past. The point
thaet should be emphasised is that no existing bdbreed or
strain of cattle should be regarded as having an independent
creation; cech, throughout very many centuries, has resulted
from continuous specielizations by members of pre-existent
stocks.

The European and the tropical cattle have been
subjected to different types of enviromment from time
irmemorial and through selection, natural and aertificiesl,
they have evolved as two different genetic types, each
adapted to 1ts particular environment temperate or tropical.
R2istinzuishing Leatures:

The general appearance of the more important
British and Zuropean dbeef and dairy bdbreeds is well known.
The characteristics of the Zebu type is shown in the plates
(1 ana 2). The distinguishing features (Kelley(z)(n))
in each type can be tabulated as follows:-



Character

Eurqgean cattle
(British breeds)

Indian cattle
(typical Zebu)

Hump

Ears

8kin

RBack line

Hip dbones

Ribs

- Udder

Halr

Horns

Colour

No hump at wither

Usually carried at
right angles to the
head, comparatively
short and rounded at
the tips.

Generally stretched
relatively tight over
body. Thick in
texture.

Characteristicelly
straight.

Wide and outstanding.

Typically well sprung
with round chest.

Long flat-bottomed,
running well back.
Teats set squarely

end widely spaced.

Long and animels
often rough coated.
In general short

Rair and skin similar
white spotting. comnomn.

Hump which generally
descends abruptly to
the wither.

Long and darooping.

Some dreeds are lop-
-oared. When shorter
the ear is pointed.

Loose end pendulous
below neck, at brisket,
umbilicus and penis.
Thinner texture but
dense. Area greater
than Buropean type on
same sized dbeest.

High at shoulder where
the humpis attached,
low immediately behind
rising again to a peah
between hipbones, and
declining steeply to
the tail.

. Relatively narrow and

not prominent.

Ridbs straighter, chest
more nearly oval, that
is relatively deep and
narrow.

Generally opposite,
but a type of udder
similar to that of
many Friesian cows 1is
not uncommon.

Short and sleek,
animels generally
smooth coated.

Usually long.

The ekin black or
ebony, the hair white,
grey, red or black.,
Most breeds are self-
=coloured.
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Bos Taurus cattle are found in the temperate

countriecs and the Bos Indiocus cattle are found elose to or
within the tropics. These two clesses of cattle not only
constitute the indiginoue breeds of their respective regions
but their natural habitats extended, in course of latter-day
development in stocking with cattle, in other countries of
similar oclimates such as North and South America, Australia,
end New Zealand, the geographical 1solation of which had
prevented the migration of stock in a more natural way.

The distribution, noturcl and artificial, of the
relztively longhaired and unpigmented-skinned Bos Taurus and
the short-haired pigmented skinned Bos Indicus are shown in
the outline mep (Pig.1). Broadly, the Zebus are found between
SEON end 3208 lagtitudes end within the isotherms for VOOF.
Beyond this region, 1.e. in the region of temperate climate
ere found the Taurus cattle. The ecclimttization of the
Taurus cattle in those parts of the tropies with en altitude
o 4,000 fect or s0 has been relatively successful, but,
generally the neurer the Ejustor the more pronounced are tho
Zetu characters, und the less gsuccessful 1s the acclimatization
of the Taurus.

In Burope, countries such e&s $pa1n. Italy, Oreece
and on to Mesopotemie, @1l cut by the 40c parallel of latitude,
hsve short-haired, Zebu-like cattle, though normally without

humps.
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EONOMIC ORT AND §TATUS . TTLE IR fx

India 18 a vast agricultural country with a human
population of 400 million people, %0 of whom are rural in
habit cnd residence and live on agriculture. India's
furmers and their holdings are very small and scattered, of
2 = 3 zeres in size o the average. So use of machinery
for tilling of the snil 1s practically out of the guestion
end the only avaidable source of power is the bullock. Agalr
nost of the people are vegetarisn, milk and milk products
teing the main source of enimal protein in their dlets.

The 2oclel and economic importance of cattle is, therefore,
self-cvident
1. Imoortance of Cattlc in Indign Agriculture:

‘"he !larguess of Linlithgow, the former Viceroy
of India and previously the Chairman of the Royal Comulssion
on Agriculture in Indis observed that "the cow and the
working bullock beuzr on their patient backs the whole
etructure of Indian Agriculture."” This remark puts in a
nutshell the great importence of csttle to Indlan economy.

Rumerically Indis possesses the largest populatior
0f the world -« 200 mlllion cattle, about one-third of the
world eattle population (U. S. Yenr-book(lg)). Owing to
adverse alimetlc and economic conditions the productive value
of the cettle industry of India is not commensurate with its
slze. Still thiz 4c an importent industry in Indis. Tre
actual &nd potenticl value of India's cattle industry is huge
even 1n the present undeveloped state. |

The annual value of milk and milk products is by
a conservative cstimate not less then 300 crores of rupees
or £225 million (sterling). This 138 roughly equivalent to

the value of India's total output of rice end 3 - 4 times



the velue of wheet output (wright).

The output of hides end skins, of which Indls 1s
the largest exporter in the British Rmpire, is annuaelly worth
about 40 crores of rupees or £30 miliion (sterling). The
trade in hides and skins which represent only a minor
by-product of cattle indusiry has a greater wonetary value
than the total Indian sutput of sugar. Inclidentally Indis
is the largest sugar producing and exporting country in the
worid.

Indien cattle used to be exported to America,
Afrles, Austrulia, phillipines end other tropical countries,
and the annuel cxport in 1937-38 reached nearly 2,000 animals
(14). Nowever this is 2 small source of income from cattle
industry.

It 12, however, in relatlion to the agriculture of
the asuntry, that the unijue value of cattle beccmes spperent.
The dullock is zlmost the only source of power aveileble for
carrying out the varisus agrlcultural operations extending
over an area of 20C million seres of cuitlvetbion and sots es
the mejor road transport anilcl. "vithout ox a5 cultivetion
could be possible; without ox no nroduce could be transce-
ported. ” (?Pizht(ls)). The cash value of catile labour in
Indie has teon estimated at 40C crores 2f rupe«s or £300
million (sterling).

Another indirect souree of lncome attrlidutable to
cattle I8 the manure which may be usaed for lncreasing
fertility of the soil.  The cush walue of manure is
estimated at 27C crorec of rupees or £2C0 rmillion.

Therefore the totel cash velue of cattle industry
in Indla, including the milk and milk products, 1s estimated
&t 1,00C crores of rupecs or 750 millioh pounde and this
contributes about half of the totsl agriculturzl income of

the country which has reen estimrted at £,00C crores of
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(10)
rupees or 1,500 million pounds (VWare )s

This shows the sctual value &nd the magnitude of
the cattle industry in India. The potentlal value of cattle
a8 a means of raising the level of soil fertility by way of
compost meking etc. end thus increasing the output of both
cash znd food crops, and &#lso a8 a meens o incrcasing the
milk production of the country by sultable breeding, feeding
and management, and thue adding to the heaith und wealth of
the netion, 1s inczlcularle.

Milk 15 the most perfect singlg food known. The
food vaelue of milk is borne out by the "{ilk in Schools”
gchemes in Britein, New Zealand an?bther countries and need
not de stressed. It contuins, in an easily digestible form,
all the materiels essential for growth @nd maintenance of
life. It is particularly rich in protein of high
bilological value, while milk fet is a great source of energy
and is the most palatahle of animsln fate. Milk also ocontain
gugar end minerals in highly available forms. It is rich
in vitomine, ercept thet vitemin C content is limited.
Consaicdering these sgreclal nmperties it 13 no wonder thet
milk 15 30 imrortant a food stuff for the adults and still
rmore so for children whose hodies are still developing.

Although the high food value of milk is appreciated
everywhere and by everybody, yet there are many countries
such a8 Indis where this coveted food is not within the
rcach of the majority of the people and the consumption per
hecd is very low.

Indiz produces about 6,4CO miliion gallons of
milk znd stsnds second in volume of milk production, U.S.A.
coming first, but this output of milk 13 not much compared
to the large human populstion and 8 s rosult the per capite



congumption of milk per dzy - milk produets converted to m%ig)-
1s miserebly low, only ebout 7 oze. (:1lk *erketing Report )
dany persons includinz children have to go completely without
milk.

A highly industrializsd country like Eritain is
able to import sufficient milk products to reilse the consumptic
but India, bteing predominantly ¢ rurel country, cennot afford
to do 8so. Average per capita income of Indian people is
very emall and onli reople of the higher income group can
afford for higher conswmption of milk.

In the good dairying trects like the Punjab and
8ind the per ceapite conswptli n of milk isthe highest,
18 « 1B ozs. &nd the pecple in these provinces are the
healthicst in Indie wheress in somc cother provinces, Bengsal,
Asgsam and C. .., the per caplite consumption per day i1s not more
then € « 3 0zs. The highly perishatlc nature of milk, the
essembling ana transport difficultics, the high tenperature
etc. make intorprovinclal transferancce or transferance from
ruwral to urban areas, of liguild dlk imprecticeble and so
the surplus milk is coanverted to ghee which has s high keening
gquedity.

It i Interesting to note thet in comparison to

necgre consumption of 7 ozs. in Indles, tho eonounption in
Canada 1a &bout 67 ozs. per day, in New Zealand 66 ozs.,
Australia 44 ozs. ©nd Great Britain 41 ozs. (wWright (15)).
It 1s also noticed that in theose countries, on an average,
ebout 4Cx of the milk conoumption is drunk in the fluid form
In Indie only about & guarter of the production is conswuned
thet way (wright).

In Indle most of the population subsist on a
vogeterlan dlst and milk 1s, in fuct, the only available

source of "first class” protein, while it will supply at the
same time minerals and vitamine.



According to Buropean standard about 10 - 15,, of
the deily inteke of energy should be derived from protein.
This means an intake of about 100 gms. of protein per day,
and of this about one-third should be first class protein.

Thc Indien authorities, however, put the reguirement for an
aversge Indien ct 65 gms. of total protein, of which about
one-=quarter should be of animal origin (Wright). On this
basis and teking milk es the only source of first cless
»rotein an European should consume 36 ozs. and an Indian about
16 ozs. of milk a day. Indian requirement is much smaller
but still 1t needs double the guantity of mllk avalilable at
present in the country.

The necessity for increasing milk consumption 1s
not only to supply first class protein but also to supply a
protective food. with = ve;etarian diet derived from a
very limited wariety of food stuffs, there is a serious risk
of ¢ deficiency of both minerals and vitamins and particulerly
in so fer as the nutrition of the growing children is
concerned, the situation is one of a misereble plight. The

most important task for a social reformés; who wants to see
& healthy nation in India, is to increase India's milk

production. Such an increuse in milk production, however,

would fall to achieve its object unless the income level of

the population could be raised because it is the poor people
who constitute the mejority and who go without milk although
they are the real producers of milk.

From the point of view of nutrition of people,
therefore, the importance of dairy cattle in Indie i1s immensely
grect.

3.  Some Jmportont Indien Dairy Breeds:

The Indien cattle are Bos Indicus or the Zebu, a

humped eanimal, considered to dbe a Aifferent species from the

European cettle, Bos Taurus. That the Zebus arc genetically



- 13 =

different from the Bos Taurus has been repeatedly proved by
the scientists who have shown that in the tropics only cattle
with Zebu dlood can thrive. This point will be made cleer in
the subseguent sections.

In India cattle serve the double purpose of supplyimg
draught end milk whereas in EBuropean countries the dual purpose
enimal 1s for meat and milk. The majority of cattle in Indie
are scrub cattle not dbelonging to any distinoct dbreods.
lowever, the cattle belonging to different provinces have
their distinguishing characteristics as regard size, colour
and capability, and recently the cattle of India have been
emumerated into 28 brecds, in addition to seven breeds of
buffeloes. ‘lost of these breeds are draught or &ual purpose
breeds, A few dairy dbreeds with high milking potentialities
heve 2lso been loccted and they are mainl;, found in the
northern cnd north-western parts of India. One view 1s held
thet these milking breeds of cattle were originally bdbrought
by the Aryens themsleves when they migreted to India ebout
2,0C0 - 3,000 B.C. Anotherlgiew i8 that these breeds are of
indigenous origin (Dasgupta ). It 18 a matter of research
to find out the origin of Indian cattle and in this line
very little has been done.
| 01ver(17) classified Indien cattle into five
well marked groups as follows:-

Group 1. Lyre-horned grey cattle with wide forehesd,
prominant orbital arches, face flat, represented

by dualpurpose breeds such as Kankrej, Malvi and
possibly Therperker, found in north India.

Group 11. Shorthorned, white or light grey, narrow-faced
cattle of northern and centrel Indie, represented
by some draught and dual purpose breecds such as
Bhagnari, Nagori, Herianas, Krishna Valley and
Ongole breeds.
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Group 111. Animele lethargic, usually spotted red and white
or brown and white, with prominent forehead,
letersl and often curly=horned, represented by
prominent milch breeds e.g. Sahiwai, Gir end
possibly Sindhi.

Group 1V. Mediun sized, compact Adraught-type animals, usually
grey, long pointed horns, represented by the
Halliker, Amritmahal, Khillari, Kengeyam breeds.

Group V. Small red or black, shorthorned cattle, represented
by the hill type cattle, possibly of ancient Indis,
Lohani, Afghan and Sri breeds. (For distribution
of breeds see figs. 3 and 4).

18

Kothavala Je

SAHIWAL: This is the premier milch breed of India. These

are purely dairy cattle, which in the past were raised in

large numbers in the dry centrel and southern arees of the

Punjabd. The animals are medium sized. The bullocks are

too slow and lethargic for draught purpose and this breed

lost its importance due to its fallure to meet the agricultura
rejuirements of the country. Recently their milking
potentialities have been realized and the cows have ylelded
large amounts of milk on various Government farms. Pedigree
herds of this breed are maintained on many fearms. Three
outstanding Sahiwail herds are kept at the Government farms at

New Delhi, Lyalpur and Ferozepur. These breeds were

established about thirty years ago and since then the average

milk yleld has increased from 5 = 6 1lbs. to 17 = 20 1lbs. dsily

The average lactation started with 2,000 lbs. of milk end it

hes increased to more than 7,000 lbs. Yields up to

13,000 = 14,000 1bs. of milk in about 308 days of lactation

have been produced by two pedigree cows. The average

snmuel milk yield of Sehiwal cows on & well mainteined herd
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1s about 5,000 = 6,000 1lbs, The plate (3) shows the
photograph of a well bred Sahiwail cow.

SINDHI: The home of this breed is the country around
Karachi. The correct cnlour of this breed is a deep dark
red but varies from dun yellow to almost dark dbrown. The
bull, as a2 rule, runs to a much darker red than the cow.
‘The Sindhis are among the most efficient milch cattle of
Indis. The Sindhis are of medium size and in shape they
are compact with the true wedge shape in the case of the
femsale. The average mature female, weighas about 760 lbs.
end the male about 925 1lbs. The Sindhi cow is perticularly
docile ond is a Adistinctive dairy animal. They can thrive
under varying conditions of soil and climate and it 1is,
therefore, thet they are used for grading up local cattle in
many areas. The bdbullocks are small and efficient draught
animals.

Sindhi cows are high milk ylielders and are
considered to be the most economicel milk producers amongst
the Indian breeds of cattle. Yields as high as 12,CC0 1lbs.
of milk in a lactation of little over 300 days have been
recorded but the average lactetion yleld may dbe taken as
4,C00 1lbs. of milk.

THARPARKER:These are the cattle of the arid semi-desert
tracts of south-west 3ind and are grey-white in colour.
Typicel Therperkers are medium-sized dual-purpose animals,
This breed 1s proving to be one of the best milch breeds

of Indie, while the bullocks are useful for plough or carting.
They ere glso reputed to thrive on scanty fodder. These
points of oxcellence sre moking them popular. Cows on the
Government farms have ylelded up to 9,000 ltes. of milk in

o lactation of 308 days. The average production on well
menaged farms may be teken as 4,000 = 5,000 1lbs. of milk,

Other dual purposc bdbreeds producing good milkers
and good bullocks are Hariana, Gir, Kankre). The sverage
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milk yields of thcse breeds in a lactetion of ten months
mey be taken as 3,000 =« 4,000 1bs, and individual reocords as
high es 7,000 in 326 days of lactation have been obtained.

Bulls of Hariana breed are dbeing extensively and
successfully used for grading up the cattle in Bengal. High
grade cows are good milkers and the bullocks are good
draught animals.

INDIAN BUFFALO: Pictupve on milk production in India would
be incomplete without mentioning the capabilities of Indian
buffelo. Of the different breeds of bulfaloes in India
Murrah has been the most developed for milk production. On
the averege a she=dbuffalo will produce as much as or even
more than the average cow of the beat dairy dbreed in Indis.
The averege butterfat content of buffalo milk (7%) is much
higher than that of the cow's milk (4 - B%).

The high levels of milk production already reached
by the breeds mentioned sbove show the potentielities of
Indien cattlc as milk producere. The Sahiwai on the
Government farms under well manasged conditions has reached
in thirty years a level of milking performance which is in
no way inferior to that of any foreign bdbreed,

4. Eroduotlon of milk and itg guality:

India's milk production has been estimated at
6,400 million gallons of milk, Of this 285% is cansumed as
fluid (1iquid milk) and 67 1s converted to ghee and the
rest (16%) to other products such as Khoa, curd (dahi),
butter, ice-cream, cream etc.

Cows and buffaloes constitute the chief source of
milk supply. Goats also contribute a amall proportion.
According to the cattle census of 1940, Indie possesses 48
million milking cows, 21.4 million milking she-buffaloes and
9. 8 million milking goats.

The proportions of milk production dy these
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animnls are as follows:=-

Cows Sho-buffaloes Goate

Milking animels (million) 49 2. 4 9, 8
% of the total animsals 61 26. 8 12. 2
% of total production 46 51 3

80 although the cows are rmumerically moreé than
double the buffaloes the latter contribute more to the
production then the former. Considering this some people
have stated that more attention should be paid to the
tuffeloes than to the cows in future but that 1s an erroneous
conclusion because the importance of cattle in India is not
only es producers of milk but also as draft animals,

Prom the milk production point of view, some
breeds of India such as Sahiwai, Sindhi, Tharparker, Harianz,
Gir etc. which have been mentioned before, are good but the
everage cow is a poor producer.

Although India has as many milch cattle as Europe
including Russia, the production of milk is only a firth of
that of Europe. Compered with India, Canade produces 25
of Indis's total milk production but with only sbout 6%
cattle.

Considering the daily pmroduction per head of
populetion, New Zealand produces 244 o0zs., Dermmark 148 o0zs.,
Austreliec 6Y ozs., Cenada G6 ogzs. hgreat Britain 14 ozs.
end India only 7 - 8 ozs. (iiripght )

The average annual yield per cow, on all Indie
basis, 1s only 487 1lbs. and per she=buffalo 1,229 lbs. In
certein parts of the funjad which 1s the bdbest dairying
province in India, she=buffeloes yield on the aversge 2,500
1bs. of milk (162 1lbs.b.f. ) and the cows 1,445 1lbs. of milk
(72 1bs. b, £. ) per annum (Milk Marketing Report(ls)).

The above ylelds are poor as compared with those
in foreign countries. Mainly poor feecding and management



are responsible for poor yield of the Indian cows dbecause it
has been found that the village cows when brought to the
Government farms produce 60, more milk in subsequent
lactation and that the first progeny of these cows show a
further increase of 10 to 16% in their milk yields above
their dams (41lk Marketing Repox*t(lﬁ)). Therefore, the
target of Indla's milk production - increasinz it twofolad
in order to reach the required per capita consumption of

16 oz2s = 18 not at ell impossidle to attain if the feeding
and management conditions are improved along with breeding.
The 8ahiwai, the dbest Indian deiry animal is capeable of
taking 2 position in line with the bdbest milkers of the world.
8he has shown in several instances a record of 14,000 1lbs.
of milk in a normal lactetion of about 3C0 days.
2uality oC Milk:

The milk of Indian cows and she-buffaloes is
much richer than that obtained in countries abroad. Cow's
milk tests 4 5 = 5.5% according to different bresds and
dbuffralo milk conteins 6.5 to 85 fat. Cow's milk contains
8. 9% 8.N.F. and 13,7, total solids.
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The problems of cattle improvement in India are
manifold, Apart from the unfavoureble climatic conditions -
high temperature and humidity and uneven distribution of
rainfell moet of which occurs during the monsoon (June -
September) - there are some speciel probdlems in India,

Firstly, the number of cattle in India is far
too great for the follder resources of the country. The arec
of cultivatéed land available per head of dbovine population
ix 1.8 acres as compared with 3.4 acres in Great Britain,
4.5 in New Zealand, 3l1.4 in Canade and 24,9 in U, 8. A. The
Royal Commission on Agriculture estimated that for every
100 acres of nett sown area there are 21 acres fallow, 92
acres of grazing, and 20 bullocks, 17 cows, 16 other cattle,
3 male buffaloes, 3 female buffaloes, 6 young buffaloes
and 27 sheep and goats. This clearly shows the pressure
on land and thc acute nature of the problem (Ware(m)).

Secondly, cattle broeding is mostly in the hands
of amall farmers who are poor and illiterate. According
to a village enquiry (19) in which an intensive survey of
selected breeding tracts was made, the average size of
holdings in different parts of the country varies between
7 and 23 acres. Thesc amall areas have to support 6 - 9
persons and 3 « 7 head of cattle each. Such ammll farmers
are naturally unable to invest capital in pedigree stud
animals snd there has been a tendency all over India to
rely on juantity rather than quality, as an insurance against
such cattle plagues as rinderpost and haemorrhagic septicemi:
which break out in the country periodicelly end carry off
large number of animels.

Thirdly, the cow is a sacred animal to the Hindus.
According to the Vedas, the religious book of Hindus, the
cow must not dbe slaughtered, dbut allowed to live after her

productive period is over and die a2 naturel death. This is
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a most important barrier to the improvement of cattle in
Indic ond involves a great economic loss to the country.

In mony parts of India these different factors have created
e viclous ocirele. Not only 1s the overstocking a cause of
shortage of animal feed and indirectly human food as well
but also 1s one of the major causes of soil erosion decause
the last bhit of the shrud growth 1s graezed by the animsls.
1. Feedlng:

The areas in which the better and poorer types
of cattle are found cen be correlated with the climatic
conditions and the type of cultivation Good breeds of
cattle are €@onfined to comparatively dry areas such as 8ind,
the Punjadb, Rejputana States, Kathiwer (see f£ig. 3) and such
parts of other provinces where similar conditions exist.
Pasture in these areas may be of good guality dbut is often
acarce. Conversely in tracte with a humnid climate, which
are subject to heuvy reinfall or are provided with ample
irrigetion water a very poor type of cattle is found in
spite of the availability of some grazing. In the rice
growing trectc anéd flooded areas of Assam, Benlel, Bihar,
Orissa, HMadras, Travencore otc. where the conditions are very
humid, cattle are generally found to be greatly deteriorated,
both as regards their physical development and capacity for
work.

Apart from the climntic factors on which very
little investigation has been mnde rmutrition is the most
important single factor responsidble for the deterioration
and the poor production of the villege oattle. The Royal
Commission on Agriculture in India stated "no substantial
improvement in the way of broeding is possidble until the
cattle can be better fed. ¥ No doubt the slow rate of
growth, the late maturity and the long 4ry periods of
Indian oattle kept under village oonditions sre due mainly
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to the poor nmutrition. It 18 Quite usual for a cow to

drop her first celf at 4 to 6 years of age, and to have
calving intervals of GOO days. That this is not hereditary
but mutritional has dbeen proved by the experiments at Pusa
(20) where the heifers took the tull at fourteen months

of oge and calved at the age of twenty three months and

the yearling bulls started service at the age of 1} years

as compared with 3 = 3% years in case of ordinary bulls.

The production of the early matured cows was quite up to
the stendard

Cattle feed in India may de divided into (a)
roughages and (b) ooncentrates. The former includes
fodder crops, the straws of cultivated crops such as rice,
wheat, barley end millets etc. and grasses. Concentrates
include oil-cakes, cotton seed, grain, cereal husks end
bran etc.

The total quantity of available feeding stuffs
in India, oconasisting of Aary fodder, green fodder and
ooncentrates, has been estimated at 216 million tons. This
amount of feed for more than 216 million of cattle
population inecluding dbuffaloes, goats and sheep works out
at 6 lbsa. (Elez)' head per day, about half of which is green
(Dasgupte )« This daily ration converted to Ary matter
would come to only 4 lbs. per day.

It hes been said that even the very emell cows
as found in Bengal would require 8 « 10 lbs. of D,!L per
day. working bullocks, bdbuffaloes snd milking cows require
very rmch larger quantities, This gives some ide& cbout
the hopeless conditions of the mutrition of Indian cattle.

The amount of grazing available is very much
insufficient as regards both yleld and acreage. The
problem of feeding human mouths is an immediate one and,

therefore, the grass lands, which can produce crops are



brought under the rugh whenever practicable. The grazing
lands that are avallable are common and econtinuously grazed
without following any rotational system The result 1s
thet within a short time there ia hardly any green leaf
left on the ground which becomes suitable only for the
gxercise, of which the wretched animals aepparently need
very little.

Another difficulty is that, the rainfalls being
seasonal, grass is avcilable only for a few months in the
year; for the reat of the year there is little grass to
be hed. Invezstigetions should be made regerding the
possibility of improving the grazing in Indie and the system
of rotational grezing must be introduced vwherever grazing
ic avellable or cen be developed. The question of making
more uce of the avellable forest grass aos hay and the growiny
of the treos of the fodder species in the minor forest
where much of the grazing occurs should dbe investigated.

Dry fodder such as rice straw and wheat straw
are very poor feed for milking cattle unless balanced with
concentrates and other feeding stuffs. Rice and wheat
strows are very poor in protein and carotene contents,
deficient in minerals and have a wide nutritive ratio 1:40.
Therefore rations for deiry cattle should de supplemented
by minerals. Gresses such as Sudan gress, guinea grass,
elephant grass and the spesr grass which are grown in parts
of Indiflg?ve nutritive ratios detween 1:10 and 1:12
(wright ) and should be more widely usel. L.eguninous
fodders such as Berseem (Egyptien clover), end lueerne
(p1falfa) which have been successfully grown in Indie are
1deecl for milk production (N.R. = 1l:4 ¢0 1:6) and are of
outstanding importance to Indien agriculture by virtue
of their abllity to increace soil fertility. Surplus

fodder, when available, should be conserved as hay and



silage.
Concentrates such as linseed, cottonseed and

earthmut cakes, are very rich in protein and have N.R.
between 1:1 and 1:3. Large quantities of concentrates are
exported annmually from Indda. If this 1s stopped it would
result in a econsiderable increase in the availlable quantity
of digestibdble crude proteins.

There is little use in attempting to inocrease the
produstion of milk in India unless the nmutrition of the
cattle is improved, At present in India there are too
neny cattle drawing on the country's resources. If the
nutrition of these animels can be improved, the cows will
produce more milk, the bullocks will till more land per
head, sn less nmumder will be regquired and they will give
better return |
2. Brecding:

The majority of the cattle maintained in the
villages are of mixed breed and are nondescript in type.

In the villages no breeding policy is followed end dreeding
is absolutely indiscriminate except for a few professional
breeders near the forest areas, who practice a fair amount
of selection in the bdreedin; of their herd. These
professional breeders send their cattle to the forest areas
where they are kept inside pens and are allowed to graze
with the herds headed by selected breeding bulls.

‘The breeding policy ®r cattle in India refers to
the early trials on the Military Dairy Farms and some
Agricultural College Farms to improve the milk yleld of the
indigenous cattle by crossing with Ruropean breeds such as
Friesian, Ayrshire, Shorthorn and Jersey. The immediate
rosults of the crossing with Buropean cattle were certainly
striking. In the first cross, the production increased
6505 but subsequently with further increase in the percentage



of Europeen BWood, the grade animsals becamc unsuitcd to
Indian climatic conditions, their constitution broke down,
they became highly susceptible to disesse cnd thelr
production fell. S0 this policy of grading up Indian
cettle with Buropean bree?gz?ae teen abandoned. In the
opinion of Colonel iatson who was in churge of Militery
Dairy Ferms in India for many years, the general adoption
of such a cross=breeding policy with Buropoan cattle to
improve the milk yields of country stock “"would be fetel
to the developmenti of sound dairying in Indie."

According to Wright(ls)the best solution of the
problem lies in the selection of milking strains from
amongst the Indian cattle.

The experimencs on the Povernment farms where
the milk ylelds of the Indian breeds have more than trebled
in twenty years with & herd average of more than 7,000 1lbs,
show that the strains of cuttle with high milking potential=-
ities are not lacking in Indic and that these stireains can be
developed up to the standard of the best Zuropeen dreeds
by proper feeding, brecding and mansgement.

In view of these points the Govermment hes
recently concentrated on the gredual grading up of the
country cattle with the bulis of selected breeds suited to
different localities. In order to achieve this end the
Centrel and Provinci:l Governmente are maeintalning stud
farms in different areas. In Bengal the local cattle are
being graded up with bulls of Harlena dbreed, imported from
the Punjab which is an excellent dual purpose (milk and
draught) breed and which has well adapted to the local
conditions. Several stud farms located in different perts
supply the stud bulls ts the villagers. In the policy
of ceattle 1mprovement by bfgg?ing in Indic the following

points have been laid down s
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Xs The removal or castration of all the scrut dulls found
in a particular aresa.

2. The supply of the requisite rmumber of bulls of an
approved breed for the area.

3. The replecement of these bulls at regular intervels.
4, The meintenance of a systemetic service record of the
bulls and their progeny if possible.

The total number of available approved bulls is
atill grossly inndejunte. However steps heve been taken
in the right Adirection and some improvement has teken place
during the last few years.

The need of a large number of spproved dbulls can
be met 80 a certain extent by the introduction of artificial
insemination but the feasibility of its application to a
lerge number of acattered enimals in India hes to be
investigated.

An essential step, according to VWright, in
developing high milking strains of Indian breeds of cattle
-le the establishment of herd books ond of & system of milk
recording. Preliminary steps have been taken in this
direction on Government Stud Farms. Progeny testing mast
be carried out at these farme to locate the dbest bulls end
the best utilization of the proven dulls should be made.
The late maturity of Indisn cattle mey appear to de &
great obstacle in the way of improvement of Aziry cattle
but i1t hes been shown in the early meturdty 4ricls that
late meturity is not inherent in the Indian cattle and can
be ensily overcome by better focding, dbreecding cnd
managenent.

In the long term policy of improvement of dairy
cattle, buffalo which contributes grectly to India's
dairy production, can prodbably dbe ruled out. It 18
doudbtful whether the she=buffalo is as good and economic



a producer as the Aeiry cow under well managed conditions.
on the 'illitary Deiry Yamus 1t has besn found that under
good ennditions of feeding and management the ordinary
Sahiwal will produce as much as a buffelo while high
milking stralns of the Sahiwel will produce half as much
egalin, Buffelo is & imch lurger animel then the cow, and
her maeintenance reguirsment is rmichh higher and hence she
cannot bec as efficlent as the cow when she 1s produeing as
much &8 or less than the cow.

& lanagement:

The Indian cuttle are very raich neglecteds
Jgain tho cow and the femule-calf are the most neglectéd
because she 1s velued meinly as a breeder of bullocks. The
cow and the heifer are ordinarily left to eke out their
living from what they can get from grazing and from the
leavings of the bullocks. Broadly, it would be true to
say that if there 1s any fodder avellable aftcr the draught
cattle have been fed, the gow gets 1t, or shares it with
the young stock, for the reost she 1s left to find food
where she cen. when the cow provides some milk for the
household as well as for her calf, cultivators try to spare
her e couple of pounds of a mixture of cotton-seed bran or
01l ceke Oor pulse, but when she is dry, the ration is
withdrawn and she is turned out to find & living for herself
from grazing on some fallow lands carrying very little
green grass.,

In short the management of Indien cattle 1s
deplorable - it's not wonder considering the deplorable
conditions of Indian ocultivators themselves - and they are
exposed. tn the raveges of weather, rain, storms etc.

In & country which has an exacting climate, high
humidity end high temperature, as experienced, during the
greeter part of the year, in the plains where the great
majority of the cattle are located, the question of

manggement 1s extrenely importent. If a plan for intensive



milk production ig to be insugurated, management becomes
more important for the economic performance of the dairy
cattle. Attempts are being made to improve the milk
production of the Indian cattle but such attempts will turn
out fruitless unless the feeding and management conditions
are improved. (13)

It has been shown (Wright ) on the Military
Dairy Farms that the preservation of constitution is a
definite limiting factor in the improvement of milk yield
beyond a certain limit. If high-ylelding cowa are poorly
fed and managed, their constitution breaks down under the
pressure of high milk yields.

The Amportance of good feeding and management for
increasing milk production is also evident from the fact
that some of the serious defects of Indian cows 6.3 1late
maturity, long service and dry periods, can be overcoms,
as has been done at the Imperiel Agriocultural Research
Institute, under well managed conditions.

There are other points of managementa that should
be attended to in order to increase the efficiency of deiry
cattle in Indils, In many places it is necessary to arrange
for an adequate supply of water and, as a measure against
disease, to construct water troughs. Protection, especially
to young animnls eogeinst climetic extremes is necessary if
stock is to be managed at an optimum level. Where milk 1is
to be produced under village conditions, sheds should be
provided so that the quality of milk cen be maintained. In
the urban areas, the cows should be housed in dbuildings and
kept under hygienic conditions. The keeping of cows and
buffeloes in the cities and allowing them to wander about
in the streote 18 a bad practice altogether and should be
stopped. Th_e policy of extracting as mmoh milk as possible

from a cow in one lactation by evil means such as phooka,



a proceas of blowing cir into the uterus, which 1s practised
dally a2t the time of milizing by herdsmen in the cities,

and then sending the wretched animel to the butcher when

ary is abanlutely eantienstional and desorves severe itrsatment.
4. Rlgesse:

Dinease hos beon one of tha createst limiting
factora in cattle irprovement in Indie.

Dicacees, nutritional snd eontagious, take a
heavy toll of cattle erery yesar, The importancc of infectious
cnd contaglous dlsecensez overshoadows the importence of ell
other Adlseecce put together. then an enidemic occurs it
carried owoy thougsands of animels. No relicdblo statistics
cs recards the ennuzl mortelity of the cattle 18 asvellable
tut from the frsgmentcry information raeported to the
veterinary Aepertmeont, the totcl mortslity from epidemic
Aiseases 13 gbout half a million every year. 0f this total,
one disezse only, rinderpest, accounts for 60 Other
infectious Aigessces next in importance to rinderpest, are
haemorrhagic septicaemia, dlaek guarter, authra and foote
~ond-mouth disesces. The mortality from the foot-and-=mouth
diseose 1o vory omell - only 4 to 53 of affected cattle die -
but this discsce ruins the constitution of the animals that
purvive cnd the econonic logss 1s enormous.

The veiterinary service which ic entirely meintainec
by the Govermmcent or putlic bodiecs like municipaelities and
District Boards, i:s very mecgrs, like a &rop in tho ocean,
considerinz the lergeness of Indie's cattle populetion.
Privete practitionsrs are rcre. This state of things is
rosponsidble for nmch suffering amongat the cattle. Fever,
pnouwnmonla, AQysentery. diarrhoez, tubeorculosis, pera-tuber-
culosis, take their toll. Surglicsl ececes often occur;
wounds, cuts, burns, blisters, ulcers and sores, fractures
end dislocetione arc rerely sttended to cnd thesec do cause
a lot of suffering.

In o country like India where the cultivation of



land end trengport of goods - hence the whole structure of
agriculturc - Adepenéd upon the well-teing of tuliocks, the
economiec loss due to cettle dlcecses is inectimadle.

Underenutrition or malnutrition disceses are
comrwn in India ineral deficiency ic the cause of plce
end osteomalaclc in lledras cnd Hyderzbad, and the stunted
growth, lov production, high mortelity end sterility over
the lerger port of Indils (Xaura 24 4 The Alsease known
&0 thé "blindnecs 1n calves®™ which iz wsuclly aesoclated
with 2 nonapecific form of cbtortion in ccttle has dbeen
shov: to be Gue to malnutfég%on (Keurz).

Sen and Sechen reportcd that the "blindness
An cealves” endéd high incildence of sterility among eattle
cre meinly due tc the deficlency of vitanin A =nd carotene
in the rction thet is usuelly devold of green grass and
green fodder. There 1s no doubt that the poor nutrition
of the animcls predisposes them to varloue discasos. So
the guection of improving the mutrition of the cattle and
the extcneion of veterinary service is of primory importance
in the lmrovement »f Qniry cuttle in India,

It can btc swmraarised by saying that the milk
produetion in Indic cinnot be improved by any one single
method. It can be cehicved bty o condtinction of better
brecding, feedihg, mencgement ond Ascace oontrol of the
Aeiry cattle, Ways cnd meons chowld be found out by
proper investigations, to improve the conddtionc in these
respecte. There's o groat irmportcnce of catile shows,
demonatretions vnd fairs in order to Cicsoninaote, anong
the cultivetors, the irproved methods of‘animal mansgement
end ;»roduction in InCic where SC,: of the pecple are
iliitercute, the 1altiative must come from the Covernment

end not from the peaplec.
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6. R Importance of T rature and :

Actual experiments have never been carried nut
in Indie along these lines. However the general
observation is thaet the wet and misty days rather induces
the increased milk yleld of the she-=buffalo whereas the
milk yield of the cow is adversely affected. The
atmospheric temperature all over India is well over IOOOF
during the summer but the rainfall varies & great deal from
province to province. Generally the good breeds of cattle
are located in the comparatively dry parts of India such
es8 Sind, the Punjadb, Rajputana States, Kathiwar and parts
of other provinces where the annuel rseinfall is usually
less then thirty inches but in the flooded areas such as
Assam, Bengal, Bihar, Orissa, Madras and Travancore, where
the rainfall is seventy inches or higher, tho cattle are
poor. However the guality of the cattle in these areas
depends to a large extent on the abundance and the guality
of the feed available, although undoubtedly climete is an
important factor.

No doubt the climetic factors, particularly
high temperature and humidity, have been the cause of the
failure of the Burcopean cattle imported in Indie. The
native cattle which have been bred and selected for
thousands of years are highly resistant to climatic
conditions of Indisa. Howeover, there are breed differences
in the degree of resistance and some brecds are more suited
to the conditions of a particular arees than others.

In the adbscnce of eny definite information and
considering that the poor nutrition and poor management
have been the imumediate cause of low production of Indian
deiry cattle, it cannot be definitely said how much
important are humidity and temperature so far as t?gzgairw

production of India is concerned. Colonel datson who



was connected with the dairy husbandry in India for several
years, states regarding the effect of tempersture, "after
e very poolonged study and after being quite sure that

the temperature was a formidable Adifficulty, I came to the
conclusion that it is not. I had fully satisfied myself
before leeving the country, that the bugbear of temperature
was not in any way s difficulty - granted protection from
diseaso carried by bditing insects and also granted a more
complete food supply than is usual.” 8o it appears that,
provided the bdetter dairy strains are selected from amongst
the native cattle and provided the food supply is improved
and veterinary service extended, the temperature and
humidity as are met with in India will not dbe major
ohstacles in the way of improvement of dairy production.
The influence of temperature onthe production and other
physiological functions of dairy @attle in general will be
dealt with in the subsejuent sections.
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HEAT RBEGULATING MEC S LTION OF

As regards their body terperature animals have
been divided into two great classes - Poikilotherms or
cold blooded animels and homeotherms or warm blooded
animals., In poikilotherms, body temperature fluctuates
with that of the environment. When the environmental
temperature falls to freeging, their body cells freeze,
causing death. Small poikilotherms, therefore descend
below the frost-linc seasonally, to the lower depths of
water, mud or soil, or like same insects, migrate to
warmer climates. Poikilotherms which cannot thus migrate
to warmer climates often perish. Some very amall
poikilotherms desiccate and incapsulate forprotection.

In homeotherms the body temperatum is maintained
at a ?onatant lev?%hmdependant of climetic conditions
(Duke ; Brody ). Agccording to body temperature
homeotherms may be divided into several classes. The body
tempersture ranges from about 3600 (9601?) in elephants to
about 4800 (10901?‘) in small birds. In general the rectal
temperature of margnals in about. 3800 (100 F) end of birds,
4 C higher, namely 42 = 48 c (107 - 109 F) Typical
rectal temperatures - cattle 101 ? (38.5 C ), horses loooF
(88 c). sneep 103 w (39 c), goats 104 » (4c c). swine

u P (3¢ C). cets and dogs 101.5 F (38.6 C)y rabbite
103 F‘ (39.5 C). chickenfs 107. 1 F (41.7 c.), geese 105 F’
(4C. 8 C), doves 41.8 G, rats 37.3 C. , elephants 36.9 C.

Rectal terperature classes:-
o o

36 = 38 C (96 = 101 P) - men, monkeys, mules, asses, ho rses,
rets, mice and elephants.
o o
38 - 40 ¢ (100 - 103 P) cattle, sheep, goats, Adogs, cats,

rabbits, pigs.



40 - 4100 (104 - lOGoF) turkeys, geese, Aucks, owls, pelican
eand vultures.

42 = 4§°c (107 = 10909) fowls, pidgeons, jusils, partfég§es,
pheasants and sparrows (Brody ¥

This constant level of dbody temperature is one

which 1s most faboursble to the activity of nerve and muscle

and it is maintained in two ways:-

(a) physical regulation and

(28
(b) ochemical regulation (Brody; Lusk )).

Evaporation of water from skin (sweating) end
lungs (respiration); moving of blood to surface (for
cooling in sweating species) Hr to interior; 1layers of fat
for insulation against cold; huddling, looking for shelter,
for warm sun, for cool shade, etm
Chemicel temperature regulation:-

Changing metabolic rate by various devices, such
es shivering, changing muscle tension, increased adrensaline

end thyroxine produotion and so on.

The temperature of the living dbody like that

of an inanimate object, tends to come into equilibrum with
the environmental temperature by conductioh, convection and
(27) (28) (29) (30)

radiation. (Brody Lusk Armsby gherman e

Since the homeotherm must maintain its body
temperature constant, its heat loss or thermolysis, must
equel 1ts heat production, or thermogenesis.

Heat production in the animal body is enormous.
It has becn stated that, in man and domestic animnals, only
£0 - 25% of energy produced is converted to mechanicel
energy and thrt the remainder must dbe dissipated as waste
heat. (D111 et al(sl) Mills(32)). If the body of a man

were unable to give off this surplus hedy heat, a single
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day would suffice to raise the body temperature to a
pasteurising temperature, while in the course of a year,
at the same rate a temperature of over 17,00000 would be
reached (Armsbdy).

The loss or gain of heat by radiation, conduction
and convection is not a unijue characteristic of 1living
bodies, although it is only the living body that moves the
Plood to or from the body surface for the best utilization
of these mechenisms. The unijue features of hamedtherms
are:

(1) conservation of bdbody heat = reducing thermolysis - in
cold weather by such means as developing fur, feathers, or
subcutaneous fat, huddling as well as bundling in some
species, finding shelter, increasing heat production by
rmuscular exercise or by increasing spescific qynamic action
by greater food intake (heat increment of feeding), or by
increased production of thyroxine and/or adrenaline,
reducing heat conductivity of eskin by removing the blood
from the surface and reducing evaporetion by decreasing
respiration rate and by shutting off evaporation from the
ekin;

(2) dissipation of body heat - increasing thermolysis -

in hot weather by reversing the above processes, by reducing
the skin oovering, moving the dblood to the surface for
cooling, increasing evaporation rate by producing more
surface moisture (sweat), by increasing the respiration rate,
and by exposure to moving air (as by fanning).

Thus the pathway for the loss of heat varies
with the temperature of the environment. At a low
temperature of environment there is little evaporation of
water ani the heat loss i1s effected through radiation,

conduction or convection. If the environmental temperature

is the same as that of the body, the body cannot lose heat



by radiaetion, conduction or convection; 1t must lose 1t
all by evaporation. If the environmental temperature is
higher than that of the body, the body absorbs heat from
the environment - radiation, conduction and convection are
reversible processes - and the body must dissipate not only
the heat produced by it but also that adsorved by it from
the environment. This loss can be cffected by only one
method, evaporation.

Evaporation is a good cooling method because
approximately 600 calories or 2400 Btu of heat are
dissipated for each quart, or litre of evaporation end it
is not unusual for a hard-working normal person to lose
by evaporation in a hot dry oclimate three quarts per hour =
over ten times the basel heat production or four times the
heat production during hard physicel labour,

The importance of evaporation can be best
realized from the plight of unfortunate persons lacking
sweat glands, They are obliged to keep their clothes moist
to enable them to bear normal swmier temperature and they
are unable to work because of erég%y rising body temperature
on slight exertion. Richardson descridbes a case of
congenituzl abosence of sweat glands. The victim was a boy
of fourteen. He could not play in the summer-time. He
became overhested and had to stop. He would wet his shirt
to dring relief. When julet he was comfortable.

Pigure (5) 1llustrates that as the enviromuantal
temerature approaches body temperature heat dissipation is
shifted from radiation, conduction and convection to
evaporation, There 1s, however, a striking difference in
thies respect between the profusely sweating epecies, man,
and other species which are slightly sweating or non-sweating

In man there is a sharp break in the curve for

0 o
evaporation et torperature 2¢ C or 84 P (the criticel
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0.
temperature for sweating in man is between 27 and 32 C,

Up to this temperature evaporation increases irregularly,
up to 36,. of the total hest dissipation; <following thie
temperature there is a very steep dut orderly rise in
the eveporation (Brody).

Enyironmental B Ca_of tatal heot
temperature. diaaipation effectead
by _evaporation.
o o
29 C 84 V) 36
36-36°C (96-99°F) 100
40°c 104°F) 200
o
In other woeds, at about 100 F all the thermolysis
o

in man is by evaporation end at 104 F the body absords as
much heat from the environment as 1t produces so that
thermolysis by evaporation is twice the thermogenesis.
The same holds true for other profusely sweating enimals
such as the donkey and perhaps for the horse and mule.

The curve of eveporstion as a means of heat loss
with increasing environmental temperature is quite different
in the slightly sweating or non-sweaﬁing species, which
includes the other ferm and labdboratory animels. For these
gpecles there 1s no break in the ocurve at 2900 or at any
other temperature and hence there is no rapid increase in
the evaporation with the increasing atiospheric temperature.
Thelir respirstion rate goes up enormously but this does not
help the animal much above 35'00 (950F). Among the farm
animals the cattle are non-sweating or slightly sweating;
Zebu cattle, however, have more sweat glands than the
European cattle (Freeborn et 81(34)). Pifgsaxave no sweat

glands except on the snout (Robinson et al ) sheep have

(36)
some sweat glands over the(bgc)l.y (Dukes ); fowls have no
= :
sweat glands (Yeatos ct al )e  Among the laborato
(38) 27)

enimels, rabbits (Lee et al ), rats and mice (Brody )
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(31)
end dogs (D11l et al ) are non-sweating. In thcse

animels the increase in percentage of heat dissipation by
evaporatioh, effected mainly through respiration, rises
slowly compared to the profusely sweating epecies. The
plight of non-sweating species in hot weather is evident
from the fact that under such conditions men dissipates only
one-third of his heat by eveporization t‘n?g?;.he respiratory
passages, two-thirds from the skin (Brody )e This is
why the respiration rate in man is relatively independent
of environmental tempercture.

In cattle on the other hand = and this is true
of other non=-sweating or alightly sweatihg species, such es
sheep, swinc, dogs, chickens = the respiration rate rises
rapidly with incressing environmental temperature to
compensate for the inability to sweat, and to increase the
evaporetion from the respiratory passages. The manner in

which the respiration of cattle is affected by temperature

will be dealt with in a separate section.

The relation between chemicel and physicel heat
regulction in homeotherms as influenced by the environmental
temperature is illustrated in the disgram (fig.6). Heut
production is plotted against environmental temperature.
Tempercture segment BB' includes the zone of thermo
neutrality, and also that of physical temperature regulation
Thermel neutrality or thermal zero, is the envirommental
temperature at which hest loss from the body is egual to
the minimun heat production. This thermo neutrality
temperature is 7-1000 (12 to 1801?) below the rectal
temperature. At thermo neutrelity indicated by A in the
figure the animal does not employ thermo=-reguletory devices,
the environmentel temperature is perfectly ad)usted to keep
the body terperature normal without reguletion and the
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animal feels neither hot nor cold, Therm=neutrality 1s
presunsbly the "comnfort Sene" for the animal. The
comfort zone for men 18 considered to be betwedn 22 and
3000 (72 = 850':"). Theromogensis (heat production) begins
to increcse et environmental temperature B' in order to
belance the increasing thermolysis. At environmental
terperature C the body temperature begins to decline despite
the incroasing thermogenesis. The temperature-regulating
mechenism 13 no longer able to cope with the cold.

Environmental terperature D represents the
position st which heat production is maximun, the sumnit
metabolism. Further decline in environmental tempersature
bresks down homeothermic mochaenism and heet production as
well as body temperature declines. At high environmental
tempersture B the body temperaeture begins to rise. The
position of B varies with (1) sweating mechenism (<) nature
of insulation (fur, feathers, fat); (3) size of the
aninal (4) relative humidity and air movement; (5)
tody tenpersture and (G) other factors such as acclimatizat-
ion ete.
N u t hest ion:

A few words should be said esbout the part played
by nervous system in the regulatlion of body temperature.
It is now generally known that the sympathetic nervous
system controls the caliber of meny blood vessels and,
therefore, fgg)conducti?g6?r insuleting properties of the
skin (Prody ;  Dukes Jh

'he nervous heat=reguletine centre is in the
hypothalarmus, &t the head of the spinal cord, Just below
the cerebrun In addition to the vasomotor control of the
caliber of the tlood vessela and, therefore, flow and
Aistribution of dlood, the nervous system also controls the

errangement and position of hairs and feathers - as in



“muffling” of feathers or "raising" of heir - so as to
decreesse or increase thermolysis (heat loss). Tensing of
nuecles or shivering and other muscular activities
nosoclated with heat production are under nervous control,

dircctly or indirectly.
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SOLAR RADIATION IN RELATION T REAT REGULATION IN CATTLE:

Arount of solar rediation obtained ay any place
is influenced by verious fectors such as
(1) the altitude of the sun,
(2) midday intensities of direct solar radiation,
(3) the length of the days
(4) the number of hours with bright sunshine,
(5) the total amount of sun and sky radiation during
various months (Riemerschmid(ay)).
The totel amount of absorption of soler rediation

by the animal body surface comprises the radiation from

the sun, the sky and that reflected from the goound on
the body surface.

The total emount of radiation absorbed by the
body surface of cattle has been found to be strikingly high
e g. more than 20,0CC calories, no metter whether the
animal 1s exposed under the conditions of South grrica
Switzerland or Centrel Europe. Riemerschmid (30) {40
has shown that cattle absdrd nearly three times as much heat
from redietion as they produce by metadbolism during an egual
neriod This fuet points out why the improved European
breeds experience great difficulties in regulating their
tody temperature in the tropics where ghe atmospheric
temperature is already very high The amount of hect
absorted from solar raediaetion by the body surface of cattle

can be reduced 30 - 405 by progiding natural or artificiel
shade.
4 e d £ atio ) a
rezulation:
The arount of absorptiaon of solar redietion or
sunlight depends to a lurge cxtent on the colour of the
coat and also the glossiness and Aullnessz of the coat

(41) (42)
(Bonsma , Riemerschmid et el )



goat colour:

7he animale developed in tropical and sub-
tropical regions are light coloured znd they reflect more
sunlight than the dark coloured animels of tho western
origin. Bonsme stated thet the a.ount of light reflected
from the skins of different animals is directly correlated
with colour intensity, that is, the lighter the colour of
the animal in the same breed, t?zegreater the anount of
1ipht reflected. Riemerschmid stated that colour %gat
the most important factor affccting absorption of solar/by
hiry costs of cattle and the lighter coloured coats
contri?zgg towards keeping the snimal's akin cool.
Bonsme found that the black Aberdsen Angus absong the
rreatest amount of soler radiation. Riemerschmid found

the folloving values of mean effective absorptivity of
enlnsls belonging to different breeds.

white Zulu - 4%y
Cream Simmental - BOj
Red Africaner - 784
Africaner x 3Suasex - BO%
Dark red Sussex - 83
Red Poll - 80,

Black Aberdeen Angus - B89

Bonama(4l)reported that the amount of reflection
13 the grectest for the light cattle of the Brahman end
Jersey breeds. Thic might be one of the reasons why Jersey
cattle has been found to be herdier in the tropics than most
of the other dsiry brecds of Xuropean origin. Another
roeson is probably that the Jersey was developed in an area
with e warm and mild climate. Also the Jersey is a small
enimel snd has large skin surface per unit of weight which
helps greatly in meintaining body temperature, particularly
when cnnling lergely depends upon the degree of radietion of



body heat. However, aninmaln with dark coats which are
adapted to a troplcel climctic area, possess zgher
characteristics, besides coat colour (Rhoad) . Rhoed
stated thatanong the black Aberdeen Angus and their orosses
with Brahman and Africaner there is 1little differcnce in
reflection of solar radiation but still they vary greatly
in the degrees of heat tolerance. Rhoad considers that

the vary;ing degrees of heet tolerance of these black _
enimels must, therefore, be due to physiological differences.
The coat of cattle may be glossy or dull. The
cattle breeds of temperate origin possess dull coat wit?41)
long heire ond alsn an underlayer of wooly heir (Bonsma )i
This type of coat protects the animel from cold by proventin
the rediation of heat from the body end reflecting less
amount of sunlight, but 1s a disadvantage at high temperate
ures, On the other hand the coat of troplcal cattle such
as Africener and Brahman or Zebu have shniny and gloasy
coats with short hairs, which refiects more soler heat and
also help in radiation of heat from the bdbody. These
animals have thicker hair and the density per unit aree 1is
greater than that of European cattle. in Africaner the
average density 1s 4,70C to 65,000 heirs per square inch
conpared to 3,000 per square inch in the csse of the exotic
beel breeds such as Herseford, Shorthorn Also the average
thickness of the hair in the glossy group as represented by
Africener is greeter, 650 microns whereas in Shorthornse

\ (44)
(Qull group) it is 26 microns (Roncme )e

(41) Shorthorns have heavier coatd than Africeners.
Bonsma found that the average weight of the summer coats
of 2«~yecar o0ld Shorthorn heifers was 303 gms, and that of
2=yeur old Africaner heifcrs was 29 gms. in summer, their

winter coats weighed 605 gms. and 129 gnms. reespectiveiy.
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The author statcd that the ardmele with heavier coats
reflect less sunlight then animala with lighter coats.

Sheracter of sidn:

Y4pgmentation of skin is an important factor in
reflection of solar rediation by cattle. Karriaon(és)etated
that the true Brahman, a white or silver haired animal with
bleck points, large Arooninc cars, often a "mealy mouth, "

o loose folded skin which has black nigmentation, stands

out as(zlgype leact discomforted by heat and humidity.

Ponsme conzlders that the yellow pigment in the skin of
Jersey cattle is rich in carotenc, which is prodbadly a valuat
le protective pigment ageinst intense solar radiation.

This 1s supported by Rhoad(43 vho £rund that the amount of
reflection veries with the intensity of individual pigment-
ation,

Another factor is the thickness of the askin.
Bonama(44)atated "it gppears that the thinner the ekin, the
greater the mmount of heat which penetrates the skin and
this results in overheating the body.® The followving
table indicated the thickness of akinz in some of the grade

cattle in fouth ~frica.

TARLE 1.

Breed (sverage of ©

animals in cagh group)

4 Susaex 0. 347 C. 481
2 3ussex 0. 273 0. 382
% Hereford 0. 366 0. 600
3 flereford 0. 309 0. 396
E Africaner 0. 380 0. 610
> Africaner 0. 360 O 424
z Shorthorn 0. 281 0. 380
2 Shorthorn 0. 261 0, 331

The table clearly shows that the skins of high
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grede . friceners &re much thicker than those of the high
crede exotic bLrecds. The suthor observed that when the
uztmospheric temperature was 900}3‘ greater amount of radiant
heat nenetrated the thinner skins of the Shorthorn cattle
£nd the skin terperature in twrn had a direct lnfluenco
upon the body tempersture. In conclusion Bonema stated
“"thickness of the 3kin, therefore to a large extent explains
why the Africaner and Hereford breeds are hardier than the
Shorthorn «nd Aberdeen Angus” under the South African
ennditione.

All this evidence shows thet the amount of solar
radiction absorbed by the cattie is considerable and is
dependent on the colour and cheracter of the coat. The
light coloured 2ebu cattie with thick pigmented skin and
ghort-heired glossy coet refliect more and abeord less solar
hezt end are lees affccted by the tropical sun than the
European cattle with unpigmented or poorly pigmented thin
skin end dull long-haired coat. However, the higher heat
tolerence of the Zebus is, in addition to these character-

jatica, due to physiological differences.
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V
INFLUENCE OF TEMPERATURE ON TIHL PERPOR 10 RY CATTLE:

1. ZIhe Body Temperature of Dalpry Cattlg:
It has been generally observed thet the cattle,

on a hot sunny day, feel uncomfortable in the sun and seek
shelter in t he shade. This i3 particularly so in the case
of temmperate brecds of cattlc imported in the tropical
countries.

Verious workers in different countries heve
studied the effect of environmental temperature, particularly
higher temperature upon the body temper ture of cattle of
different breeds, specially the cattle of Indian origin
(Bos Indicus) and the cattle of European origin (Bos Taurus).

Some observations have also been made on other
animals, The influence of atmospheric tam?ggﬁturo on the
body temperatures of cats (Robinson and Lee )» rabbits
Lae ot a%(ae))’ dngs (Robinson and Lee(GO) s pigs (Robinson
et al 2o ) and sheep (Lee and Robinson e ) has been studled
within the eir temperature range of 70o - 1100F under
ocnntmlled conditions. The normal rectal temperature of
these animals was found to be between 100 - 102°V. In
these animels the rectal temperature began to rise usually
at and above BSOF. The greater the rise in the environ-
mental temperature and the longer the duration of exposure

the greater wes the reaction of the animel and the more
rapid was the rise in the rectal temperature. On the
other hand vhen the temmorature was lowered down to 70°F
no variation in the rectal temperature of these animals
wes observed

hi! body t ature of ca :

The aversge normmel body temperature of cattle

under the ordinary air temperature conditions has been
0 o (62)
found to be 101 £ 0.5 P (Glales ); (Regan and

1
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(63) (64)
Richerdson ); (Seath et al )

mm.ﬁmm%
Armsby . laces C.T. of ruminants at approximated;
560F' (1300)‘ Hays e , studying the 1ngluencg of atmospheric
temperature on B.F. percentage, gives 70 F (21 C) as t he
temperature, above which the increased metabolism was
sufficient to influence marmary secretion. Regan and
Meads(ﬁ")found the C.T. for producing Holstein cows to be
aooF. However, the critical temperature has a range = the
upper critical end the lower oritical (of. heat regulating
mecheanism). The uppor critical temperature of the dairy
cows may be taken es the 70 = BOOF'. » varying with breeds
and probatly level of production. The lower criticel
temperature of well fcd dairy cows which produce large amounts
of extra heat due to fecding must be considerably low
(cf. metabolism).

£ at :

HManresn and Gomez studied the effect of Adaily
variations in the atmospheric temperature on the body
temperature of Indian Nellore cattle at the College of
Agriculture, Phillipines, Determinations were made at
4=-hour intervals during a period of seven consecutive days.
lle found that the average body tamperature of thc Nellore
cattle during the aday (101. 6601?) was significantly higher
than the average body temperature at night (102. 480F'). Also
the body temporeature dbetween £ p.m. and 6 p.m was the
highest during the day and this coincided with the hottest
hours of the Aday. Hoviever thc atmospheric temperatures
at these hours heve not been mentioned and the manner in
which the actmospheric temperature effected the body temperatun
of these animels cannot be knovn

Mgnresa and Faloon(ee)etudied the seasonal
varistions in the body teamperature of Nellore cattle. They
found the average body temperature of these animals to be

significantly higher during the hottest part of the year
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(March - July) than the average body temperature auring
the codler part of the year (August - February). The
correlations betweecn atmospheric and body temperatures
ranged from C. 337 to C. 476. (69)

In the Phillipine native cattle (Manresa etal)
did not find any significant differences between the
average body temperstures during the cool months of the
year end those of the warm months. Apparently the native
cattle in the Phillipines were not very muach affected by the
fluctuations of environmental temperature during the year
end these animals appear to be more heat tolerant than the
Indien Nellore ceattle. However no conclusion can be made
in this respect because the details about the fluctuations
of atmospheric temperatures during the respective periods
of observation are wanting.

“Cro)

anresa ond Erce » in connection with the
problem involved in acclimatization of various breeds of
cattle, speclally thosc originated in the temperate
countries, studied the fluctuations in the body temperatures
of Jersey and Holstein-Priesian cattle in the Phillipines.
They found that in both the breeds the afternoon temperature:
were significantly higher than the morning temperatures.
The autrors pointed out that when the afternoon tenperatures
of the Jersey and Holstein-Friesiaen cattle were compared,
it was found that thc Holstein-Friesian constantly showed
higher tody temperature than the Jersey. The corresponding
etmospheric temperatures are not given, The authors,
from nine months' observations, found the average body
tenperatures of Jersey and Holstein-?rieeian cattle in the
Phillipines to be 102.02 F and 102.88 F respectively. The
body temperatures as given by these authors differ from
those given by Smith (71) for the hormasl dairy cettle in
the United Stetes. He gives the range of fluctuation of

rectal temperature for deiry cattlo, breed not mentioned,



o 0
as 100.4 to 102.74 P, with the mean at 10l1.48 F. It

appears from these figures that the Holstein~-Friesian
cattle were comparativdly more affected dby the comparatively
higher temperatures in the Phillipines than the Jerseye.
This i1s in agreement with the observations of Freeborn etal
(84), who found that the Jersey cows had better control of
environmental temperatures than the Friesians. The results

are given in the f»ollowing teble.

IABLE 2.
Room Temp. Body Temp.

o Holstelin. Jersey.
76 P. 10z. 39%. 101, 6°F.
80 - 103. 3 1028.6 "
86 " 103.8 ¥ 103.1 "

As the table shows, the Holsteins lost control of
their body temperature at BOOP whereas the Jerseys maintained
their normal body temperature until the environmental
temperature reached 8501‘-‘. Similar differences in the
reactions of the Jerseys and Holsteins to environmental
tempereture were found by Seath etal (& in Louisiana,

They made observations on thirty six Holstein and forty six
Jersey milking cows during the summer of 1944 and forty one
Holsteins and twenty seven Jerseys in 1946 in Louisians
where the conditions are such that wide variations occur

in both temperature and humidity. Alr temperatures during
days nf observetions varied in 1944 from 65 - 93013' with an
average of 865. lOF. In 1945 the range was from 76 - 9101?
with an average of 86. 6°F'. Results of the observations are

summarised in the following table,



1944 B4
Renge  Mean  S.D. Reange Moan Shl.

Adr temp. °OF. 65-93 86. 1 6.17 75«91 8B6.6 ATH
Relat. humidity i« 2791 56. 8 14,06 Bl-9] 73.5 100
Body (rectal) temp.

) Op,

Holsteins 100, 2 103.31 1.27 100.0 103.46 1.2
=106, 6 =104 O
Jerseys 100. 3 102. 60 99,0 102,71

As shown in the table a pronounced differences was
found between the .Jerseys and Holsteins as regards body
temperature. In 1944 the Holsteins' body temperature
averaged 103. aoF' as compared to 102. GOF for Jerseys. This
took place when air temperatures averaged 8b. lol!. In 1946
the average for Holsteins was 104, EOF‘ or O. 801? higher thano
that for Jerseys when the average air temperature was 86,6 F.
Minimum, or normal temperatures were 'round to be about the
gsame for the two breeds, with higher maximum temperatures
registered by Holsteins. The authors also noted that the
rete of increase of body temperature as the result of air
temperature increase was greater for Holsteins than that
for Jerseys. The great difference in size between the
Jersey and the Holstein cattle may be a responsible factor
for the dffference in reactions to high atmaph(egéo
temperature between these two breeds (Davidson) . Also
the Holstein, being bdigger feeders than the Jersey, according
to Davidson, normally function on a higher plane of nutrition
and hence, are more sensitive to high temperatures and high

humidities. They are also not as well equipped for the



radiation of heat from their body as are the Jerseys owing
to their size (i.e. 1less bodi'?gurface per unit weight).
)

Manresa and Erce compared the mean body
temperature of Indian Nellore cattle taken dbetween 2 and 4 p.m
for one complete year with the mean dbody temperature of
the Jersey taken at the same time of the asy. They found
that the mean body temperature of the Nellore cattle
(101. 840F') was not significantly different from the mean
body temperature of the Jersey in the Phillipines and so the
Jerseys compared fevourably with the Nellore cattle as
regards dbody temperature, as affected by higher atmospheric
temperatures. Neverthelcss the raising of Jerseys in the
Phillipines has not been generally successful. Hence the
authors concluded that environmentel temperature is not
the only factor involved in the difficulties of raising
cettle of temperate climate origin in the Phillipines.

In his studies at Jeanerette during the swumuer
of 1937, Rhoad( 73)11.5;«'(1 Aberdeen Angus cows as representatives
of Bos Taurus species and Guzerat cows ase representatives of
Ros Indicus or Brahman species. The crossbdbred types were
¥, end Pg back crosses of Aberdeen Angus x Guzerat matings.
Ilis observations give further evidence showing that high
atmospheric temperature influenced in unlike manner the body
temperatures of typical Bos Taurus and Bos Indicus cattle.

He found thaet the body temperature of Bos Taurue animals,
represented by Aberdeen Angus, were influenced to a greater
degree by high atmospheric tempergtures than that of Bos
Indicus animals represented by the Guzerat bdrecd. He furthe:
observed that, when exposed to direct solar radiation under
summer climatic conditions the body temperatures of all these
cattle responded upwards producing, when exposed for a
considerable length of time, o febrile condition in the Bos
Taurus animals.



(74)
Rhoad made further studies on the

fluctuations of body terperature in order to determine the
part pleyed by genetic differenccs in adaptability of

cattle. Rectal tempwerature readings were made on each of
the genctic typos as an index to their efficience in disposing
of excess body heat. fean rectal temperatures at various
shade temperatures, with experimental animals held in the

shede, were as follows: =

'E!%‘ :s

o
Temp. = F.

Shede temp. Purebred #Angus - FANgus - Puredbred
Angus. 1Brahman. gﬂralmm Brahman,

86 - ©6 10%. 8 101. © 100, © 101.0
76 - 86 1C1.7 10%. 4 101.0 101.0
66 - 76 100. 4 100. 7 100. 6 100. 7
66 « Gb 99, V 100. 8 100. 6 100. 1
46 « 66 99, 7 101.1 100. & 99, 2

The table shows that as atmospheric temperatures
incrcase above SOOF' there is a gencral inorcase in rectal
temperatures, within each genetic typo. This 1s most
evident with the purebred Aberdeen Angusa The pure-bdbred
Brahmans were least affected and the pure-bred Aberdeen Angus
were most affected by the high atmosphercl temperatures and
the reuaction of the grade animals inoreased with the increase
in the percentage of Angus blood in them

Imparting heat to the animal body through exposure
to direct sun rays caused an added burden on the process
of hcat disposal which i1s reflected in the increased rectal

following
temperatures of the experimental animals as shown in the/
table: -



TABLE S.

Mean rectal temperatures with cows in the shade
and in the sun (°F),

Shade temp. Cows Puredbred 3#Angus - pFANgus - Purebred
held in Ab, Angus ‘Arahman jBRrahmen Brahman

86 - 956 sun 104. 0 103. 4 101. 8 101. 3
shade 102. 8 101. 9 106G, ¢ 101. G
76 - 856 sun 102. 4 101. v 101.1 101.1
shado 1C1. 7 101.0 101. O 101. ¢

o

The values indicate that at 80 F in the shade the
pure=bred Aberdeen Angus and the three-juarter Angus were
significantly influenced, =#hilst the half-bred and pure-bred
Brahman were not significantly affected by exposure io
dirccg sunrays. At 900?., however, the body temporesture of
each pcnetic type was significantly influenced by direct
solar redlaztion although the differences with the half-bred
and pure-~-bred Rrahmen were only slight. This is further
erphasised in the figure (7) which éhows the course of
body temperatures for cich genetic type in one of the
sovercost tests of the oxperiinent carried out by the author.

In conclusion the author steted that “the pure=bred
end :l=bred Aberdeen Angus are not physiologically adapted
to the high temperatures and intensc solar radlations of
tropical climates. "

(76) (76)

In his subsejguent experimonts ithoad
attempted to moasurc heat tolorance of bdbeef ocnttle of
Indien and EBuropeocn origin, The heat tolorance was obtaine

o
by subtracting from 10C the number of tenths of a F. bty

which normel body temperature (IOIOF) was exceeded when
the animals were kept in thc cun with shade terpercture of
about SOOF. The valucs of the coefficient of heat
tolerance obtained on 193 aninrls ovor 3-yearsc' period are

an follows: ~
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Gourse of body temperature of experimental
enimale exposed to direct sun rays on &
clezr calm mor(m.

(Prom Rhoad, A, O. )
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TABLE 6.

Animalse Coeff. of heat tolerence.
Pure=bred Bralman 8Y
7 Brehman - é— Angus 84
' 84
i%uro-bred Santa Gertrudis 82
% Africaner - § Angus 80
Pure-bred Jersey 79
% Brahman - 3 Angus 77
Grade !lereford 73
¥ Africener - 3 Angus 72
rure=bred Adberdeen Angus BO

(44)

S8imilar observations were made by Bonsma in

his experiments at Messina, South Africa, viith dulls of
lereford, Aberdeen Angus, Shorthorn and Af'ricander cattle.
The body temperature, etiaospheric temperatures in the shede
as well a3 in the sun were recorded. The following table
indicates the various fluctuaotions of atmosphoric and body
temperatures of the animals at 1 hour intervals between

6 a.ra and 6 p.m

) )
Time Temp. ( F) Body terp. of bulls ( F)

Sun Shade Hereford Ab. Angus S)xort- Afric- Shorthorn x
No. 3 0. 3606 horn  ander Africander

0. 6 0. 62 F. 1

8. a. m gl 78 102, 2 102, 9 102.8 102,1 102.1
2

9 - 80 102. 3 102. v 103. 3 102.2 102.1
1c * 84 83 102. 6 108. & 1044 102.3 10%Z.1
1 " 84 83 10z. 6 103. 6 1066 102.3 10%2.1
s 90 90 102. 8 104. 2 107.2 102,3 10%2.0

verh 94 9l 103. 4 106. 2 106.0 102.2 102.0
¢ 97 92 103. 6 106. 4 106.0 101.5 10z. =
" 101 94 103, 7 106. 2 106.8 102,0 10%. 2
“ 106 93 103. 4 d106. 2 106. 3 101.9 102.%
¥ 96 93 102. 7 105. 8 106.6 102.0 10z.1

(MW ROE




?rom the table it cleurly appears that as gsoon
as the atmospheric temporature in the shade rose &above ﬁOOF
it was accompanicd by a rise in the body temperature of
enimalns belonging to exotic beef breeds but the dbody
temperature of the Africander bull remained constant cnd
in this respect the Africaner can be compered with the
Guzerat or Nellore cattlc of Indian origin. " The figure (8)
clecrly indicates the trend in the rise of body temperature
of these different dbreo:s.

The author stated that even during winter the
regulation of body terperature, in particular the expulsion
of surplus hout, was an important problom to cattlc
belonging; to thec exotic boef brecds. “Adthouch the solar
rediation intensity recorded in gram calories per sjuare Cik
per minute on & cclf-rogulating galvanometer has greatly
dininished by 3 to 4 p.r», there is still a constant rise
in body tempcratures of bulls tclonging to the exotic beef
brecds. " This clearly indicates that during the earlier
pert of the day, when the solur energy was high, these
gnimels accumlated an cxcessive amount of surplus heat
which could not be expelled immediately. He further
observed thaot the amount of heat accumlated in the body
wes -0 groat that the cnimel body wes in a gtute of fever
even jlong after the atmospheric terperaturc has declined to
telow the critical terperaturce which was apparently
considered to ?89?009 for these animals, In this respect
lanresa et al elso reported that Holstein-Friesian
cuttlc end also llerefords in the rhilippines were freguently
seen panting most frightfully in the shade while Indian
lellore cattln were comfortably grazing in the direct raeys
of the sun

That the exposure to the sun further increuses the

(62)
reactiona of the cattlc has &lso beoen observed by Galas
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in Jersey cattle in the gulf coast region of Louisiane,
e reported thot keeging cows in the sun at higher
temperatures (up to 96 F) caused an average rise of C. 7OF
in body temperature as compared with the body temperature
of the semo cows kept in the shude at the same alr temperature.
The relationship between aztmospheric temperature and the
body tempeggture of the cattle was statistically analysed
by Galas . He took a total of 3,298 individual
readingcs of body terperatures of Jersey cattle at various
air temperaturos over & lG-=month period. The author
found & wide renge of body temperaturc of the individval
cows even at lower temporatures, the range being from
ve &0 IOUO? at air temperatures below 70 P and this showed
no relationship to air temporature (= «0.08); but at air
temperature above 70 # the averuge body temperature increase.
consistently with the incrocase in air tempcrature and the
author found a definite relationship between body temperature
and ailr temperecture (r = +C, 59
(84) (78}

Seath et al also, found a definitely
high =and positive correlation dbetween dbody temperatures of
Nolstains and Jerseys and alr temperatures within the range
of 6.‘3o - QSOP during two seasons (1944 and 1v46). They
seperated the effect of hupidity on body temperature. The
correlation betweon elr terperaturc and body termperature
for 1lv4d was C. 0674, end for 19465, 0. 534, - 30 far prectically
nn obvservations have becn made on the effect of very low
environmental temperatures upon the body temperature of
dairy cows and we have 1ittle idea about how the body
temmerature reacts to the temperatures as low as freezing
point or even lower than thut nor could we know the lower
critieal teimersture of the dairy animuls if there's any.
"oweveor, llarlass (77)eubjected Black Pled Lowluand cows to

o] o)
terperatures es low as 6 C (42,8 F). In 2 winter experiment



(from 1st December 193:v to 1lst February 1Y4U) he kept six
animals in heated byres at eix different temperatures

“400 (75. 4ow). 20 c (68 p). 16 € (60.8 F), 150 (5905').

10 c (50 F) and 6 C (42.8 9') He found that the body
temperatures rose to the "upper limit of the normal range”

at high byre tamperature.. but remained constent dbetween

16 c (60,8 ?) and 6 o] (42.8 1@). It has not been stated what
the suthor considered to tc the normal range of body
temperature and consejuently what the “upper limit of the
norma range"” was, could not be known, Als0 because the
detalls of the experiment were not obtainsble, no idea could
be mede about the procedure adoptod and no definite conciusion
can be arrived &t as to the effect of low atmospheric
temperature on the body temperature but most probably the

tody temporature is very much less or not a,preciably ffected

by the low &3 compared to the high atmospheric temperatures.

la of dity: .
(38) (69,
In rebbits (L?gcgt al) , cats (Robinaogsand Lee)
a0
dogs (Rotinson and Lee) (& pige (Robinson et al) and
sheep (lLee and Robinson) it has been definitely shown

that at higher atmospheric temperatures (above BBOF) the
reaction of thesec tnimels is further increcsed by high
relativc humidity and also the higher the air temperature
the grecter %g4§he effcet of humidity on body tempereature,
Secth et el studied the offect of relativc hunidity

on the body temperature of Jerscy and Illolstein cattle during
tw> yeecrs (1U44 and 1%45) within the range of 27 = Ll .
Usin: thelr feirly extensive data they found the correlation
coefficients to be (. 438 for 1lud4 and ~0, 6569 for 145, Ho
explenatlion hes teen glven why the correlation betwecn
hunidity and tody tempecraturc took & reversal form in two
yers. The,, ¢lso obtalncd the following multiple recression

¢ uctions having x to renresent cir temerature c¢nd y to



"57—

represent hupidity. For 1v44, estimated body temperature

= 0.1364 x + 0.0099y - 9.08

For 1945, estimated bod; temperature = 0.1988x +0.0129y -~ 14.8Q
Multiple regression eguations indicate that one degree
increase in ailr temperature was responsible for from 13 to

15 times increese in body temperature as was an increase of
one percent in hunidity.

The authors concluded that "thanges in air temperature
to be the major cause of increases in body temperature. "
However their conclusion does not necessarily mean that
reletive humidity has no influence on body temperature at
all. It might be that humidity has not as great an influence

as atmospheric temperature.



2. Affect of temperature on respiration and pulge refQg:

reapiration rate and probably pulse rate too eare

& meesure of an animcl's ability to eliminate surplus body
heat and as such respiration and pulsé ratec, ond particulerly
respiration rate like tod; terperature, may be related to the
eanc or difficulty with which an animol can dispost of extre
hect produced in the body due to higher environmental
temperature and/or the metabolic function.

How respirction eliminates heat?

Expired air 1s heated practically to the temperature
of the body and is practically saturated with water vapour.
S8ince the temperature of the inspired eir i1s usually distinctly
telow that of the body and the water vapour content usually
below saturation, breathing i1s the cause of heat loss from
the body by reeson of warminfvg?e inspired air and evaporating
water from the lungs (Dukes) .

In non=sweating or slightly sweating animmls like
cattle respiration i.e. oevaporation of water throlgh lungs
is the principal mcans of getting rid of surplus hoct.

Sveating mochanisn, however, 1s more developed in the ngus
(lros Indicus) (cf. heat regulating mechanism). Kellky )

steted “Zebus heve retained end buropean cattle have precticelly
lost thelr ebility to nerspire, i.e. swcat.” French S
rec;.orts thut €9 goon an the alr temperature rizec above the
reglon of thermel neutrality, Trom one-=ané=a-half tlmes to
tulcc the ziount of uater is vaporized through the skin of
Zcbus ¢s compured with that of Buropeen cattle. 1t secemo
likely, thercfore, thiet, as in the cese of bod, tempscrature,
the Zebus will be less affected by high®tmospheric temperatures
than the Bos Taurus animals so far as the respiration anad

nulsc rates, particulaorly res:iration rate, are concerned,

Animels other than cattle:

38 ) - (bY)

In rebbits (Loc ct al) , cats (Robinson etdbhee)

(6C), and pigs (lobinaon et al)
doge (Robinson and Loc)
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it has been found under controlled conditions (temperuture
0 o

range 70.. ™ = 110 ®) that the respiration rete (normel
6C - 6C/minute) becan to rise slowly at 7601? above which it
rosc with greateg end greater effect as the air temperature
incrcesed to 11C =

(61)

In sheep (Lee end Robinson) » however, the o
respiration rete did not markedly increase until above SO *.

The rise in nulse rates of these animals was very
much less compared to the rise in respiration rate. llowever
it showed a moderate but definite response to high environmental
temperature, increasing above QUOB‘ or 8so.

One thing is apparent from these observations that
the reepiration rate beging to rise at & lower atmospheric
temperature than 1s necessary to affect the tody temperature.
It 18 expected considering the fact that the animal attempts
to meintaln body teuperature by increasing respiration rate
and that the body temperature would not rise until the
increased rute of respiration fails to cope with the incresased
rote of heat production at higher atmospheric temperatures.

Apart from cnvironmental temperature, other factors
such ze production of cowe and plane of hutrition, sheering

cte. mey influence the respirstion and/or pulse rates to
some extent.
(81)

Maller clves a brief sumary of 169Z observations
of nulse ¢nd rospiration counts in four breeds of cows =
Holstein, Jerseys, Ayrshire and Guernseys - in relation to
milizx production and summer snd winter tempeoratures, which
shows thet both rotes are capeble of great change. Yuller
himseclf says thct, in the dairy herd, there was no correlation
Yetiieen either respirstion and pulse roctes and age, milk yleld
or temperature. His datae might be interpreted differently.

*rom the Aute presented, 1t appears thet there might be &



bred difference in both pulse and respiration rates, Holsteins
end &yrshires having higher maximun and average rates than
Guerneeys and Jerseys, which might be correlated with higher
averace milk yield, It further appeers thet there might be
differcnces in respiration and pulse rates within the breed
according to level of production. (83?18 is, to some extent,
supported by :itzman and Benedict who found that the
sume cow has hipgher pulse rate when milking than when Adry.

They elso found the pulse rates of steers vo vary
in relation to the rlane of nutrition; the average for
submaintenance pcriods dbeing 33, for mailntenance 44, and
during futtening 78 beats per minute. These differences
ere highly significent. nespiration rates are not given.
It would beo interesting to know if respirestion rates also
veried with the phne of nutrition.

fitchell and Heamilton & found in steers that
sheering may dring sbout a small difference in pulse rate

in favour of the shorn cteer.

Jormal re rotion and pulse rutes:

In beef eattle Bonsma stated that normel respiration
(62) (64)(7,
rote should be 20 per minute. Gelas and Seath et al
consider that n?gE?I regpiration of deiry cattle im 22 per

minute. Dukes gives normnl pulse rate per minute of

ox e8 40 « 6C eand of dairy cow os 6C « 70.

Seath and Miller in Loulslans observed the
day time changes in body tempercture, respiration end pulse
rctes. Obeervetions were made on six milking cows, three
Jergeys and throe Holstelns. 'ulse countec were made from
cocecygeal erteries of the tail, and respiration counts from
flank movements end thecse counte were teken during five
periods of the day over three deys in Septenbor. The results
are given in the following table:



T 1 8
T4me of Alr teup. Relative Body respiration fulse
day htnldity temp. rate
o) o

65.45 a.m. T3.0 P 8%. 3/ 101.7 P 63 per min. 66 per mih,
g2 " gc.6 " 8l. 3" 102.4 " 6s " 9 67 "
6. 2¢ " 83.1 " T4, 3" 102.6 " 71 66 " “
2 O p.m 86.7 " 73, €" 103, 3 * 77 ¢ " 68 * "
Ju @ " Y- @8sE ° 66. 3" 103.6 " 7o v " e7 " o

This observation gives indicetion how the three
veriebles tody tempera%gre, respiration rate and pulse rate
reacted simultaneously/the changes in &tmospheric tempereature
during the dey time. The tatle shows thet, on evereging for
the dsy, 1.8°F increesc in the body temperature was accompgnied
with an increase of 16 regpirations per minute and 1 pulse

o
beet ;;er minute. Between 78 and 8C P of air temperature

rospirstion rateo was not rmch affected but above 800F the
rise in the respiration rete was repid and continuous. At
these temperatures the cows were gpparently unable to eliminate
heat fest enough to prevent further changes in their body
temperasiure and respiration rate and as & result both increasef,
Reletive hunldity dccreased from 81.3 to 74 3 p.c. and even
if this should help in heat eliinination the help was not greet.
The change in yu%eg rete wes not significant.

Galas : studied therespiration raete of milking
Jerscy cows an affected by air temperatures under the condition:
of 3Southern Louisilana. The cows were in normal health and
uniformly fed throughout the period of observation (16 months).
A total of 3,208 readings of reespiraztion rate mre mede at
verious temperatures. The huge amount of date produced by
him shows that the average resgiration re.te began to increese

£t a louwer air tempersturc (61 F) than did the body temperature



o]
(7¢c =). The rate continued to increese slowly as the aelr
o

temmereture rose to 67 F and then bqgan to incrcase more
repldly. His datu further shows that therec was s great
variability in the regpirction rate amonngs the individuale

et ordinery air terpcerstures but this variabllity increeseqd,
o

ao the air temperatures rose, with a sherp increuse &t 69 ¥
and esbove. The respireations per minute for individusl cows
renced fiom 8 to 78 at alr temporatures below 690F and fron
16 to 127 at alr temperatures adbove GSOW. Hle found that
the eversge respiration rute ranged from 2(¢ per minute st an
average air temperature of 500F to UC per minmute at an

average eir tempersture of 950P with & correlation coefficient
of G, 77, Thls shows a very high correlation between air
terpersture and respiration rate.

s%gé}ar observations werec made by Regan and
itdchardson in their studies of rogpiretion end pulse
retes with six pairs of high producing dsiry aenimals of
Holstein, Jersey and Guernsey breeds under controlled conditions
at Celifornie Zxperimental Station. The animels were kept
in 2 large psychometric room in which the air temperature
was increased from 40 to IOOOF. Except for changes in

environmental temperature, uniform conditions were established,

The cows were held ut euach tewmperature for & periocd of & to

1C deays. Data for the first ¢ dAsys of the period was, howevcr,
not included. The results are given in the following table:

\ w

-

iloom term, Body tem. Respirations iulse rate
IR or. per minute. per minute.

40 101.1 12 -

b0 101.C 17 T2

60 101. ¢ 28 68

70 1C1, 3 42 63

8C 101. & 56 61

85 d0Z, % V(] by

oC 102. 7 88 60

5 102, 7 106 &

1C0 1C5. 1 124 -
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Thut the respiretion and julse reetes do not
necessarily increase together is supportcd by egan end
?dcherdson's deta. The teble shows that the respiration
and pulse rates were cctuelly inversely affected by the high
atmospheric temperatures. Aa the room temperature increased
there was a rise 1n the respirstion rate and a fall in the
rulse rute but the respiration rute wee comparatively mich
more affected than the j;ulse rate. The table also shows
thut the respiretion rote begen to increese at a lower
etizospheric temperature as compared with the body temperature.
'he increase in respiration raste, although within the nomaal

0
range, was first noticed at 50 ¥ whereas the body temperature

d1id not rise until 700?. This is in full agreement with
Geales's observations. Regan and Richardson's data present
an interesting study. According to Vant Hoff's law the apeed
of chemical reaction is approximately doubled with cach
1ncreaa?23§ IOOC (IBOF). It has been shown by others
(Brody) thet this law applies to the breathing of
poikilothermous animols, Xegan et al's data obtained with
cows fit this law julte well. It beecomes also cleur that
this autometic control of tody temperuature by breathing
probably comprisos the cow's prinoipal method of heat
requlation, The effect on the pulse rete appoars to tc
another physiologicel differeonce tetween man and the cow in
thelr response to heat. i«hile the pulze beut of man speeds
» in an overhested condition, that of the cow as shown by
Regan and kichardson tendcd to slow down. The authors
conaiger that thegse fects are in thorough accord with the
method of heat dissipation used by each. Theoy stated "ilan's
firstline of defence agalnst a pyrexial condition is to
increase the flow of blood through the capllluriesdf the skin,

hencec, an acceleretion of the heart rate facilitates the



eliminstion of heat from the body. Since the cow does not
sweat, her dry akin in a hot environment may actuelly acguire
a temperature sbove that of the body, in which case increesing
the rate of circulation would tend to place an added burden
upon the heat Aissipation mechenism while a slowing of the
heart rate would be actually beneficial.”

However this is not in complete egreement with the
observations made by others in other non-sweating smaller
enimals such as rebbits, cats, dogs andpigs. In these
animals the pulse rate slightly tended to rise at environ-
mentel temperature above 90°F or so and this apparently
seecms to be more likely considoring the fact that blood
circuletion aeppears to increase at high environmental
terperatures. |

(34)

Preeborn et al found in rabbits that blood
vessels of the skin were dilated and more blood was passed
into them as tho room temperature increased, They measured
the diameter of u given capillery in a rabbit's ear with
o binocular microscope and an eyepiece micrometer at given

temperatures and found the following resulte:-

o o o o
Room temperature 60 F 70 F® 80 F 90 F
Dilation o 84 ma. 1. 056 mn 1.00 mn. 1,689 mn

This dilation of blood vessels of askin and the
increecsed blood flow in them facilitatos heat radiation as
well ae evaporation from the skin. This evaporation of oource
is not sweating and ocours in all amimnals (Ewnrez:.t'.a6 or
non-sweating) including man. whitehouse et al calls
thic “osmotic water" which passes freely through the skin by
osmosis or diffusion in increasing amounts as the atmospheric
termperature is inorecased. In sweatinc animals however, the

passage of this so-called osmotic water stops, when the

sweating commences and the skin surface becomes saturated with



with sweat. This kind of water loas(gg?m the body has been
callcd insensible water loss by Dukes .

30 1t appears thet in non=-sweating animals like
rabbits, s well as cows, more blood will be pumped into the
peripheral blood vessels at higher temperatures in order to
effect a part of heat loss through radiation, conduction and
osmatic covaporation tInder these conditions pulse ratc is
likely to increuse in order to speed up blood flow and the
increasc 13 likely t o0 continue until the air temperature
approaches body tempercture at which no more heat will de
radiested from the body. At a temperature higher than body
temperature the body will absord heat and, therefore, it
will bte to the advantage of the animal to slow down the pulse
ratc and decrecse the blood flow in the dlood vessels of
the akin, These conditions are however likely to bde
nodified by the presence or absence of hairy coat affecting
heat radiation - conduction process and osmatic eveporation;
am also by the presence of sweat glands in which case
increased blood flow 111 be maintained at all higher temper-

aturec to facllitate sweating, This explanation seems to
agrec with the results obtained by the workers with rabbits,
ccts, dogo and pigs and also with Seath et al's(64 observations
with Holstein and Jersey cows within the aid temperature

range of 65 « QSOF. These latter workers found that both
simple and partial correlations botween alr temperature end

pulse rate were positive ggd avcraged slightly loss than

G.-%, Seath and Miller also notcd slight increasc in
pulse retc with the increused atr(no heric temperature.
63
Regan and Richardson's explanation of decreased

pulse rete at high environmental temperature is reasonabdle
at vory high temperature but this 13 not convincing enough

for thc decrease in the jjulse rate at a temperature as low as



0
6C ™ end vhen the animsls were not possiblg exposed to direct

solar rediation. However the change in the pulse rete of
the cows apparently is iery amall as compared with that in
the respiration rate.

As in body tempoerature a great difference has dbeen
reported by Rhoad (Bv?and others between the Bos Taurus and
Ros Indicus cattle in their respiratory reactions to higher
environmentel temperatures. Rhoad studied the x'espiratiorax
rates of pure=-bred Holstein, Holstein-Zebu crosses (3 to 16
Holsteins) and Zebus under tropical conditions in Minas,
Brazil, and found a very large breed difference between the

pure=bred Holsteins and Holstein-Zeébu crosses on the one hand

and Zebus on the other, as shown in the following table.

IABLE 0.

Average respiration rete at varying degrees
of externei temperature.

Average respiration rate per min.

Aver,
Animal welght

Kg. 119 199c 239% 299% 36°%
6 rure-bred Holsteins 666 28.C 30,2 44,4 92.4 107.0
8 Holst.=Zebu crosses 430 20. 0 22.4 29,8 74,0 89. 3
2 %.obus 432 236 0 23.0 27.0 345 46, O

The trend in the change of the respiration rate
of thesc animals 1s clearly shown in Figure (9). The
figure and the table point out that the cattle of European
em Indian origin responded differently to high thermal

onvironmants and that their crossbred types respnonded in &n

intermediate manner. The respiration of the pure~bred and
o] o
high grade Holstein begen to rise at 19 C (66.2 ) but that

of Zebus remaincd constant at this temperature. Between
o] o o)

o)
23 C (73.4 ) and 29 C (84.2 ¥) the respirction rate of



Respiration per mimite at verying degree
of external temperature.

1. Puredbred Bolstein.
2, OCrocs=bred Holstein~-Zebu.

%m?n’%’oaa, A 0, (87)y,



pure=bred end high grade cross-bred Buropean cattle was
considerably increased, while that of Indian cagtle was only
slightly inecreesed. Between 290and 3600 (96.8 F) respiration
rate was further increcsed. “At 3600 the Ruropean cattle, "
Rhoad states, "have apparently reached their maximum efforts
of physicel regulation through the lungs.® This however is
not indicated in the respiration curve for Zebu cattle. The
respiration curve of the cross-dbreds with high percentage
of Holstein blood, although lower than that of the pure=bred
grou;, is of the same type as of the latter.

ouring the period of observation relative humdity
varied from 67 to 81 p.c. the maximm corresponding with
the maximum tempereatures. Although Rhoad 4id not analyse
the part pleyed by humidit,; ho stated that high external
temerature and humidity influenced "the respiration rates
of Buropean and Indian cattle in unlike ways, indicating
e species difference in the manner of response to troplical
temperatures. " He suggested that "the loss of energy in
dairy csettle as the result of higher atmospheric temperatures
is in a large wey responsible for the low production records
of European dairy ocettle in the tropics. ™ He attributed
this "loss of energy" to the convulsive respiratory movements
which were often so strong that the whole body was forced
into a rhythm with the flank movements. He further astated
that the primary cause of the dreak down of these animals
et higher temperatures was the almost complete failure of
hoat disr;osal by radiation and the shift of the burden on
to the water eveporation through the lungs. These observat-
ions were supported by Rhoad's‘Ta further studies made at
Jeanerette using Aberdeen Angus as representative of Bos
Taurus and Guzerat cows as representative of Bos Indicus.
The cross-bred animels used were ¥ and Fp back-crosses of

Aberdeen Angus and Guzerct nmatings. The observations were
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wore made during the summer. He found that the respiration
rates of these animals rose and fell concurrently with the
rise and fall of stmospheric temperature during the course
of the summer A4sy. He further observed the additional
edverse effect of the direct sun on the respiration rate.
The figure £10) shows that when exposed to the direct sun
under summer conditions the respiration rate of all these
cattle responded further upwards but more so with Bos Taurus
animals than with the Bos Indicus. It is also evident from
the figure that the P crosses of Bos Taurus x Bos Indicus
showed greater efficiency in heat disposal and hence amaller
rise in the respiration rates than the back cross animals
to the Bos Teaurus. That the higher percentage of Zebu
blood in a cross bdbred animal increases the efficlency in
dispnsal of sur plus heat at(!’xis;her atmospheric temperctures
is further supported by his obaervution in connection
with his studies on the genetic differences in the
adaptability of cettle to tropicel and sub-tropical climetes.

Results were us follows:=-

Iﬂ&a l;.

Mean rete of respiration at verious shade temperatures

with the experimental nnimals held in the shade (respiration
per minute).

Shadc Tem;. Purcbred -;— Angus- 7’ Angus = l'urebred
O, Angus. % Brahman, 3 Brahman Brahman

86 - Ub 88. 9 88.0 44, 8 3%. 7

76 - 86 67.6 44, 4 31.8 26. 5

66 « 75 6C. & 28. 4 26. 7 22. 3

66 - 66 34,0 23. 5 20. 8 16.1

46 - B5 20. 2 15. 3 11.6 12, 7

The table clearliy shows the influence of Zebg
tlood in an enimal on its resgonse in respiration rate to
higher atmospheric temperaturcs. In this respect the

eninmel with 50,2 Zebu blood 1s more similur to purebred Zetus
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enl thet with 75, Angus blood is more similar to purebred
Angrus, Similerly Bonsmu (44)1n South Africa found great
genetic differsnces betwedn Africaner cattle belonging to
exotic beef breeds such as Hereford, Aberdeeh Angus and
Shorthorn. Atmospheric temperatures were teken in the sun
end shade and the respirstion counts of the animals were
taken in the sun. The deta presented by him shows that,
as the atmospheric tempercture rose above BOOF it was
accompanied by a considerable increase in the respirction
rate of animals belonging to exotic breeds. There appears
to be some breed difference. The Aberdeen Angus and the
Shorthorn animels seemed to recct similarly and more strongly
than the Hereford animal. The Africaner animal like the
Zebus (both belonging to Bos Indicus) and the Shorthorn x
Africaner ¥; animal wre very imich less affected and their
respirction rates 4id not seem to increase significantly
within the sun temperature range of 81 - 101OF. In contrast
to ihoad's observation, the Shorthorn x Africaner F; animal
appeared to be more efficient than the purebred Africaner.
However, considering the very smzll nunber of animals used
by Ronsmz, Rhoad's observation 1s more conclusive. In
conclusion Bonsma stated "In the case of exotic breeds, the
respiratory centre loses 1ts normal function of controlling
the rhythmical movement of respiration when the temperature
rises above 800?, their breathing consejuently being rapid,
irregular and shallow. ®

(88)

Bonsma found similar genctic differences among
calves belonging to Africaner bdreed asnd exotic beef breeds,
in their respiratory reactions to high enwironmentel
tomperstures

(64)

3cath et al studied the relationship between

the eir temperature within the range of 65 to 93°F and

respiration rates of Jersey and Holstein cattle, They made
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otservations on 36 Holstein and 16 Jersey cows over 2 years.
The partial correlations between air temperature and
respiration rate (humidity held constant) were found to dbe
0. 748 and 0. 363 for the respective years. The first year's

(62)
correlation coefficient i1c similar to that found by Galas (0,77

Effect of humidity on respiration and pulge rete:

Workere with rebbits, cats, pigs and dogs found
that humidity had no effect on the respiration rate of these
animals at loweroenwirgpmental temperatures but at higher
temperatures (95 - 110 ™) humidity (256 - 96%) had a definite
effect. They found that high humnidity further increased
the respiration rate ofthese animals at high temperatures
and that fhe effect of humidity was greater and greater with
the increase in terperature and humidity and that low humidity
had a sparing action on the reepiration rate at these
temperatures.

In these animals humidity had no definite effect
on pulse rate. However at comparatively lower temperatures
(70 - 950?) the rate tended to fall slightly and at higher
temperaturos (100 - 1100F) had a slight tendency to increase
with higher ?gz%dities. In Qairy cows (Jersey and Holstein)
Seath et al studied the effect of huunidity on the
respiration and pulse rate, On the partial correlation
basis they found a negetive correletion dbetween relative
humidity (27 - ©1%) and respiration rate, that is, increase
in humidity 3lightly lowered the respiration rate. This
appcers to be contrary to the observations made with ameller
animals (mentioned above) under controlled conditions, and
because Seath et al's results were obtained under uncontrolled
(ordinary) conditions of temperature and humidity no
conclusion can dbe drawn from their results. However, the

effect of humidity wes not so important as compered with
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the cnvironmental temperature. On the basis of multiple
regression eyjuetion thesc authors have shown that one degree
change in alr temperaturc was responsible for from 41 to 43
times as much change in respiration rate as one percent
chenge in humidity. The suthors concluded that "Changes in
alr tempecrature appeared to be the major cause of incresase
in the respirction rate of milking cows. "

Their analysis of relationship between humnidity
end pulse rete on the basis of peartisl correlation (with
eir tempersture constent) gave a velue of =0.056 for the first
yeur and O, 07 for next year, thus leaving a guestion to
its rcal relationship. In conclusion the authors stated
"pulse reates werc less affected by either eir tempercture
or relative hunidity” in comparison vwith their effect on
the respiration rate of milking cows.

It cen be concluded that high atmospheric temperature
greatly affect the body temperature and respiration rate of
cattle. 2 ulse rete 18 not ap;reciably affected. The wupper
critical temperature of dairy cattle may be considered to
lie between 70 - BOOF depending on the breed and individuality.
As the atiwspheric temperature rises above this upper critical
1imit elimination of body heat becomes a problem for the
animel. As a consejuence the respiration rate and body
temperature increase and at a greater rate with the increase
in air temperature. However the Bos Indicus cattle
are genetically different from the Bos Taurus cattle in
this respoct. At higher temperatures and particularly in
the sun, the body temperature and respiration of the Taurus
cattle increase considerably whereas the Zebus are not
significantly affected. The high heat tolerance of the
Zebus 18 due to their better heat-regulating mechanisn (
presence of sweat glands, coat character and other hereditary
fectors). Under the tropical temperature conditions the

derree of heat mesistance of an animal is proportional to



the percentage of Zebu blood in the animal. Higher
hwnidity may aggravate the reactions of the cattle at higher
temperatures, by adding an extra dburden to the problem of
heat disposal. However the effect of humidity is
compsratively much less than that of the environmenteal

temperature.



3.Blood of beiry Cattle:

Furebred dairy stock of torperute origin fall to
cdupt to the tropiecoul and subtropicel climates, Some
workere undertook studiec on the hcemutology of these animals
in an attempt to deternidne whether the chenges in the blood
plcture of these aninuls, when imported into the tropicel
&nd suttroplcal enuntries, could be token =8 2 physicel
Lesis for evalunting the degrec of their edaptebility to
tre tropicel and Bubtr0picel‘climates.

Munrese and Ryes(ea)atudied the haemoglotin content
of #hillipine native cattle, and Indien Nellores, 1lolsteins
and herefords imported in the rhillipines. The haemoglobin
content per 10C c.c. of blood of these gnimels wae found to
te as follows: -

Indian Nellore - 9,87

Bhillipine tative - 9. 46

Holstein~Fricslian .- 8. 28

Mereford - 8,76

(90)

In leter studies danresc et cl found still
lower haemoglobin index (6.86) for the Holstein-Friesians
in the ihillipines. These figures for the Priesians in
the ihillirines are significently lower than those reported
for the seme breed in U, S. A McKay(Ql), Neel and Becker(gg)
and Brooks and Huges(QS) found thc haemoglobin index of the
Hclstein-?ries}qns in U.S. A. to vary within 10.6 - 1l.1C.
‘janreso ct al(JD)attributed this low haemoglobin content
of Holstein-Frieslens in the rhillipines to the effect aof
higher environmentel termeraturcs. Although Indisn Nellore
cettle heve ccelinmotized completely to the environmsntal
conditions 1in the £hillipines varietions in the haemoglobin
co?gz?t of these animals have bcen reported by ianrese et
al . They studled the blood of ten animals at intervals

of £4 hours., The everages of haemoglobin content for
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mature animals were found to be as follows:=-

6,30 a.m. = © 81 gms. per 10C cc. of blood.

& 2 - 919 " " " " " "
AL BE ™ - 911 " moom W n
2 p.m = 8.92 " I "
4,30 " - €27 " I T T "

They found a slight negative correlation (~O.226)
tetween haemoglobin index and atmospheric tggg?rature.

In another study Menress, Gomez and others found a
negetive correlation (-C.183) between haemoglobin index
and body tempereture of th?géndian Nellore.

Menresa and JOrig found also seasonal variations
in the haemoglobin content of the Philli;jine native cattle.
They studied the blood cnontent of three male and femnle
native cattlc over a perind of one year at weekly intervals.
Data presented by thom show thut the lowest velucs (7.6 =
7.9) occurred in the months of April, !May and June and the
highest values (11.2 - 11.3) occurred in the months of
ilovember - December. These authors did not find a correlatio:
between heemoglobin content and body temperature of these
animels. lowever they found that the haemoglobin index
was slightly negatively correlated with atmospheric temperatur

In their investigations on Nellore cattlc Manresa
et al (4C) also observed seasonszl variations in the haemo-
globtin content of the Wod, the index being highcr during
the cooler months of December, January and February than
in the surmer.

As regardc calciuwm, phosphorus and sugar content
of the blood of these animals the authoos did not £ind any
relationship with ctmospheric temporature.

In conclusion they stated that "with animslc
already ccclinmatized to a given environment such as the

Indien !ellore in thc ihiliipines, fluctuations in the blood
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composition teke place without seriously affecting
constitutionul vigour. "

The effect of sudden decrease in environmental
terperature on the( blood picture of cattle has been studied
by Delaune ct al (.)7). They found that sudden fells in
tempereture produced sharp rises in leucocyte count but
di1d not produce any chenge in erythrocyte numnber or haemo-
glotin content. A drop as greoat at 370F inoreased leucocyte
count to as much as 26,756C whereas the normal was 9,600 «

11, GCO.

Prom these observations it appears that high
atmospheric temperatures may lower the haemoglobin content
slightly of the Zebus and possibly greatly of the tempersate
breeds. Since oxygen must be carried by haemoglobin for
metebolic processes, the decresse in the haemoglobin content
of bloo” must seriously affect the metobollsm and hence the
consistution of the animal. However, considering that other
fectors such as increuse in body temperature and respiration
rete of Kuropean cattle imported in the tropical countries,
#nd@ also the poor nutrition leading to weak conditution of
those animels, may dircctly or indirectly affect their
blood composition, and also considering that the basic
research in this line is inadeguate, no conclusion cen bdbe
errived gt regarding the influence of environmental temperature
on the blood of cattle although there seems to be some
indicction that at lesst the haemoglobin content of the
blood of dairy enimels, specially European cattle mey be
directly or indirectly influencod by the higher tropical

atmogphoric temperature.
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4, Metaboliam of Dairy Cgttle:
The term metadbolism is commonly used to designate

"the totelity of the chemlcal and physical changes which
the meterials of the resorbed food, or of the tissues formed
from then, undergo(gg)being converted into the exoretory
products. " (Armsby )i So metabolism is not simply a
burning process of £00d nsteriaels dut in reality a highly
complex aation of the living cells of the organism, still
the final result i1s rmch the same in both cases.

In experiments on animal metabolism, usually the
"basal metabolism" 1s Aetermined. Basal metaboliem is the
energy metabolism when the animal is at cogplete rost and
in "post-absorptive” condition. The time required to reach
this post—absorptive state varied azgg to animal, eg.
12=18 hours fasting in meg9 Ssheman ) and 48=-72 hours
fasting in cattle (Brodi'mo)).

Bfody et al have used another term "resting
metabolism® in their studies on domestic animals, "Resting
metabolian” differs fram the "basal metabolisu™ only in that
the animals are not in the post-absorptive condition. The
resting metebolism measurements are made in the morning dbeforr
the morning feeding, that 1s, 10-12 hours following the
preceding regular evening feeding. Another important point
is that basal metabolism does not include the heat inorement
of feeding (S.D.A. and fermentation heat) but the resting
metadbolism does, because the indigestion of food is still
continuing. In dairy cattle Brody et aluoo) found that
the heat production of resting metabolism is 24~-27% higher
than the basal metabolic heat production.

There is a superior 1limit and a lower limit of
environmental temperature beyond which the regulation of dody
tempereture cannot be carried out by pyhsicel means such as

radiation, conduction and evaporation (cf. heat regulating



mechanism). The only method by which the temperature of
the animal can be maintained in a cold environment is an
increase in the rate of generation of .hoat by chemical
meens and naturally the metabolic rate or dbasal metabolism
velue is increased.

(101) (102)

In hens vwinchester and Kleiber et al
found that the fasting heat production is inversely
correlated w%gg atmospheric tempefggge. S8imilarly in
cat (Armsbdy) and dog (Rubner) metabolic heat
p oduction has dbeen found to decrease with increasing
environmental temperature. _

Definite seasonal metabolic rhythm in humens has
been reported although there is, as usual, considerable
disagreement in details (Gustafson and Benedict) (104),

(105) (100) (107)
Oriffith et al) » (McKay , (Ta1t) » (4cOregor
(108) (109
and Loh) , (Hartin) . In their studies on dasal
metabolism of women Hafkesbring et al(nO) found that the
metabolism was 5 p.c. higher in cold weather than that in
hot weather.
(111)

In goata Brody et al found a seasonasl metabolic
rhythm similar as in humans, the maximum ococurring in early
spring and the minimum in swmmer. In an earlier experiment
(112) they obtained similar results with sheep. In an
experiment with hog, under the conditions of ceontrolled
temerat?ﬁss;nd similar food throughout the period Cepstick
and wood foung the oritical temperature to dbe
approximately 68,7 F. At this temperature the basal
metaboliam was minirmm and below this there was a linear
increase in heat production with decreasing envirompental
temperature,

A few other workers, on the other hand, have noted

an increase in metabolism at very high temperatures. (gh)ie
)

'1g of particular interest because Rogen and Richardson
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(65)
and Hays whose works will be cited later (ef. production)

found, contrary to their expcctation, that the fat content of
cow's milk increasaiabove 850F. llays believed that this
vas probably due to increased metabolism of the cows at
higher temperatures. (108)
In his observations on guinea~-pig and dog Rubngr
found that basal metabolism increased above and below 86 F
in the former and 68°F in the latter.
lieConnel and his associates(114) stated that
contrary to what might be expected, metabolisia of man increased
with exposure to high temperatures. They found th t there
is a zone of minumuwa metabolism between 750 and Bsor-‘ and
that the metabolic rate became excessive when the temperature
of the environmental exceeded the body temperature.
In an attempt to study the effect of temperature

(118)
on the basal metabolism of runinants Magee subjected

a goat to various temperatures from 300 - IOOOF'. He
found rather a long critical range of temperature rog the
goat, 550 - 7001% As the temperature fell below 66 F
metabolism increased slightly but gradually, and as the
temperature rose above 700? metabolism showed a pronounced
gradual increase, He stated that below 55°F metabolisan
incregsed due to oxidation necessary to cope with the
increasing heat loss and above 7OOF metabolism increased
owing to the gradually increasing efforts of the animal to
promote heat dissipation by inecreasing respiration rate.

It appeaps from these observations that there is
e rapid increasc in basal metabolism with the deorcase in
environmental temperature, However, this is no proof that
there will be a similar rise in metabolism of normally fed
dairy cows under the farm conditions. No experiment has
been conducted to study the effect of envirommental tenmperaturc

on the basal metabolism of fasting dalry cows. In produecing



dairy cows it is not also possidble to measure basal
metabolism at normal level of production because fasting
profoundly depresses milk production (washburn et al(ne)).
Another campliocated, rathefligt);eresung situation, has been
observed by Washburn et al in their studies of basal
metaboliam of lactating cows, They found that the total
heat produotion per day of a 820 pound cow was the same as
that of the 1120 pound 4dry cow in spite of 300 pounds
live-weight difference. It might seem that the extra
energy in the amall cow was expended for milk.production.
But this was not found to be the case because after three
days' fasting, when the milk production of the small cow
was very much reduced the heat production of the small cow
with respect to body weight was not appreciadbly aifferent
from that of the 1 glg:;w oow,

washburn suggested that a part of extra heat
production during lactation may be essential for higher
meintenance of the hypertrophid, active mammary gland and
higher endoorine activity, which may continue even during
starvation. These observations point out the difficulties
in studying basal metabolism of producing dairy cows.
However, a few general observations have been made on the
metabolism of da%g.‘};)cows under ordinary faerm conditions.

Dice in oconnection with his studies on dbarn
versus shed cows in North Dskota during winter months, when
the minimum environmental temperature went, severel times,
below zero degree F., stated that "milk cows on full feed,
when housed in a cold stable, produce sufficient surplus heat
over usuel maintenance requirements to maintein body
temperatures without using nutrients for that purpose. "
The large amount of extra heat production, in dairy oatt.loz

118
due to feeding has been reported by several others (Jordan
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(119) (120)
Armsby » Brody ) (of. production). l(:raxasoheir
observation with steérs, Benedict and Ritzman found that
the total heat production of these animals, when kept on
maintenance ration, 4id not increase when the temperature was
lowered by even as mich as 3001‘. ,» but it 4id increase vhen
the animals were kept on sub-maintenance ration, showving that
the heat "increment due to feeding” at maintenance level was
sufficient and could be utilized for maintaining body
temperature.

It can be concluded, therefore, that the
metaboliam of well fed deiry cows is not affected by low
temperature within reasonabdble limit. Unlike simple~stomached
animals and prodbabdbly other emaller ruminants, dairy cattle
produce huge emounts of extra heat due to feeding, which
can be conveniently used for the maintenance of body
temperature at low envirommental temperatures without
increasing metaboliem solely for this purpose. At higher
taperatures, however, this surplus heat production
aggravates the problem of heat disposel and seriously affect

normal metaboliem
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5. Pood Consumption and Utilization of Dairy Cattle:
Consumption:

It has bean saild before that in ruminants,

particularly in deiry cattle, large emounts of "extra heat
due to fecding" 18 generated within the boqy. Bonmna(M)
stated that this heat increment of feecding is directly
proportional to the guantity of fodder consumed, It has
also been stated before that this extra heat cen be utilizead
by the animal for the purpose of maintaining body temperature
under low atmospheric temperature conditionsz but at higher
onvironmental temperatures, this heat is an extra burden
to thc animal and has to be dissipated. So 1t 1s juite
naturel to expect that a dairy cow will consume more at
lower temperatures and much less at higher temperatures. In
this rospect Bonsma . found, in South Africa, that when
the body termerature of the cow began to rise at higher
atmospheric temperaturcs, the animal ate less so that the
metabolic heat production might be reduced and that under
such circumstances an animal of temperate origin which hes
becen accustomed to» higher level of feeding was affected
moat. PFriesland dairy cattle which are large eaters and
consejuently more susceptible to over-hecting under the
conditions of high atmospheric temperatures, consumed too
little for their production during hot spells and as a result
the milk production immediately dropped during these periods.
Utilization:

From a three-year triael with beef cattle in
Missouri, ‘.‘f.aters(lzl)found that cattle housed in barne
rojquired 10. 77 1lbs. of L. il , cattle in open sheds reguired
1C. 26 1bs. end cattle in an open lot with no shelter other
than wind=breek and with corn stalks for bedding, rejuired

only 1C.22 1bs. of dry matter for & pound of weéght geain.
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Thus he stated "The cattle confined in a barn at night and
during stormgy weather ate less, made smaller gains and less
galn per pound of dry matter consumed than cattle that had
access to an open shod of less econamical gains than 4id
those which were in an open lot without shelter and with
pile of corn stalks to lie on."™ This observation made by
\vaters on beef cattle wecs oonrirged by similar rosults
obtained by uairo‘and Tthave(lzu and Cochel and Doty(lzs)
at Pennsylvania; and Potter and w1thycombe(124)at Oragon.
Dice(125 made similar observations on dairy cows at

North Dakota, Hs compared the cows kept in dairy barn with
similar groups kept in open shed. The average teamgperature
of the barn for two trkls was 48°F.. and 28.3OF for the shed.
The results obtained by him has been arranged in the
following table:

w

ist Triai 2nd Triel

Rarn Cows Shed Cows Barn Cows Shed Cows

Aver, temp. 4807 28, 30F 48, 00F 28, 3°F

D. . for 118 fat 2.49y 1bs. 2,18 1lbs. 2,397 1lbs. 2.263 lbs,

D, "( milk 1.0071 * 0.0871 " 0.0961 " 0.0897 "
mC. )

Y. D, N " " fat 16.03 " 14,02 " 18,38 " 17.31 "

TD.N" 1 ](.b. mi]).k ¢.6484 0.6644 " 00,7285 " 0.6924 "
®.C.

Test of milk 3. 88, 4. 535 3. 695,, Se 98;:

The above table schows that shed cows used less
D. P, and T. . N. for every pound of buttorfat than the dbarn
covis. /A18n when the milk 1s corrected for 4, fat the shed
cows reguired less D.¥, and T.D.H. for every pound of milk
than the bern cows. So the shed cows exposed to lower
atmospheric temperuatures utilized food, 23 measured from the

D. I’ and T.D, . vealues, somewhat botter than the barn cows.
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It could be at least said that the comparatively lower
temperatures of the shed had no adverse effect on the food
utilization of the produeing cows. He(az) continued this
observetion during four more seasons, the shed cows and

barn cows dbeing reversed in alternaete months during the

last two seasons, During these trials the cows were fed
corn silage and alfalfa hay in proportion to body wéighs,

and fed grain according to production. The results obtained

were as follows:

Sepurate groups of cows.

1t Season 2nd Season

Barn Shed Barn Shed

Cows. Cows, Cows. Cows.
o
‘jean temp. ™. 45, 3 31. 80 51. 16 24, 87
Lbs. protein for 100 1bs. 9, 36 8. 99 10. 49 9. 26
45> milk.
Lbs., T.0.0. " . - 71.19 68. 26 8C, 3C 70, 99
47, milk.
Seme cows in barn and shed - alternate months.
3rd Season 4th Season
o
{lean Temp. F. 62. 2 26. 96 63. 90 34, 96
Lbs. irotein £nor 100 1bs. 10.16 4C. 03 9. 32 Y, 22
4> milk.
Lbs. 7.D.R. " “ ¥o79, 04 78, 12 68, Y3 68, 29
4y milk.
Surmary of all trials.
Lbs. Protein for 100 1lbs. Y.83 9. 37
4, milk.

Lbs. T.D.H. oo v 74,86 .41
4, milk.




The table shows soemwhat better utilization of digestible
nutrients by the shed cows than the barn cows, Also the
summary of production and weight geins prosented by the

authors showed that the shed cows produced more 4% milk

(82,882 1bs. ) than the barn cows (82,453 1lbs. ) and elso

gainod more in weight (2621 1lbs. ) than the barn cows (980 1bs. ).
80 the betier utilization of the digestible mutrients by

the shed cows wes not at the cost of production or weight

gain,

In conclusion the author stated "that cows housed
in & cold shed require anything somewhat less protein and
T.D.N. for milk &nd butterfat production than the cows in
the deairy dern. *

Bonsm(M)in South Afric: observed the dstrimentel
effect of higher atmospheric tempoeratures on the food
utilization of European cattle. Ho stated that tho ability
of these animals to convert large guantities of fodder into
flesh and milk is suppressed by the high atmospheric
temperasture which causes a feverish rise in the body temperature
aend also a loss of appetite. ) (88)

At the Messina Experimental Station Bonema
attempted to stimulate the growth of animals by increasing
the protein content of the diet but this 4id not result in
any marked improvement in the rase of growth. He coneluded
"It 1s clear that in hot areas where animals experience great
adifficulty in eliminating surplus hoat, additional protein
in the diet feils to stimilate growth unless methods are
cdopted et the samo time to facllitate the expulsion of
surplus heat. " He suggested this could be done in tho case
of stud bulls by giving the animals a shower bath at about
10 e.r. in the morning or by keeping them in cool, well
ventileted stables. As reportcd by workers in India
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(237)
(:dnnet and Sinhe) shower bathing of producing cows

and buffeloes at Mideday dAuring the sumer ocould dbe prectised
with nrofitable results.

That higher environmental temperature is an
imprrtent factor affecting food utilization and consejuently
wvolght gain, is elso borne out by Bonsma's observation on
the ary mature cows running on the rench in South Africa.

He found that these animsnls gained in weight and built wp
body tissues during the late autumm and early winter when
the feed was scarce end mutritive value of the granss wes
considerabdbly low rather than in the easrly aeand mid eummer
when the pasture had betier growth and nutritive value was
higher. No doudbt that the growth of the animals during the
cooler months in gpite of the relative scarcity and poor
quality of the pasture in this period, was due to the dbetter
stimiletion of the physiological functions of the animels
end hence better utilization of the availadble feed.
Similarly he found that on the high veld where the climate
iz suitable, the growth of cattle was retarded due to lack
of fecd whereas on the tropicel low veld where the average
annual toemperatures are above 6501?. s the growth was retarded
because the snimsls were unable, under the conditions of

the high emxvironmental temperatures, “to metabolise properly
sufficlent food for normal existence. "

It 1s evident from these observations that higher
environmentsl temperatures have a detrimental effect and
lower snvironmentsl temperatures, probadbly within reasonable
limits, hcve rather beneficial effect upon the food
consunption and utilization of the dairy cettle.



6. __Grazing performance of dairy cgttle:

It is recognized that grazing the dsiry cow on
good pasture is the cheepest way of getting the most out
of her. 80 1t would be interesting to know how the
environmental tempereature, such as warm or cool weeather,
influences the grazing of the dsiry animals but the published
reports on the activities of dalry cattle while on pasture,
are rolatively few.

(85)

Seath and iiller made a detalled study of
the effect of warm weasthor on grazing performance of milking
cows during the sumner at Baton Range, Louisiana, Three
}‘rersey and threc Holstein cows were used and observations
were madeduring five 24-Mpur periods. Cows had access to
rolatively good permanent pasture, well provided with aehade,
vhich concisted largely of Bermuda, Dallis and oarpet grasses
The cows werc brought to the barn for morning (&.46 a.m™ )
and efternoon (3 p.m ) milkings. During the poriod of
observations the atmospheric temperatures taken in the
shade varled widely - 72 = 86°F' during the days and 62 = 8101?
at nights. The summary of the resulits of their observections

is glven in the following table:

Grazing ond air temperature relationships (average of 6 cows
for daytime end night).

24~ Hours spent grazing or not grazing.
hour Avereago cir
per- temperat- Hours

iods. ures. in Daytime 3lght Dally totals
Pae-
Day- 1ght turc Graz- Not rgz- Not Graz- Not
time ing Graz- ing Grez- ing Graz-
ing, Ang. ing.

Days °F Op

1 86 81 7.2 1.9 67 6.5 3.1 8.4 8.8

2 86 71 7.3 1.8 6.6 6. 38 80 9.3

4] 82 73 7.2 2.8 4.4 B.1 49 7.9 9.3

5 72 G2 16.8 4.5 2.8 6.C 4b 9.6 7.5




The grezing result- of the first two days of observations
appear to be representative of how miliking cows perform on
pasture during the relativoly warm weather. The daytime
reriod consistoed of the time after the cows antered pasture
in the morning (7.15 a.m ) and they left in the afternoon
(2.36 p.m ). During this period the cows grazed only 1.9
hours the first day and even less, 1.8 hours, the second
day. /s contrasted to this, time spent not grazing

(moatly in shade) was 6.7 hours for the first day and B.6
hours the second day. The daytime atmospheric temperatures
for these two days averaged 860 end 8501?. y respectively.

The night totels for grezing - after p.m milking until
morning milking at 5.46 a.m for these first two nights were
6.5 and 6.2 houre respectively. Thus grazing at night for
these warm days ejuailod more than three times that for the
daytime. For the third dsy the grezing record showed an
intermediate status. Daytime grazing increased approximatel)
one hour to a totsl of 2.8 hours while grazing at night fell
off 1.1 hours. On the fourth and fifth days daytime grazing
incressed to 4 5 hours for each of these two days. Night
grazing decrecced to 4.7 and § hours regpectively for these
days. The results on the fourth und L£ifth days as compared
with first and second days, give some evidence of how cooler
weather influences grazing habits of dairy cows. The air
temperatures during these two days all through were much
lovier than those during thce first two days. AD a rosult
the cows spont more time grazing durdng the daytime on

the lest two days, nearly 2.4 times the averege for the
first two warm Adays. Aso the cows spent less time grazing
et night during the last two daye as compared with first

end second days. In spite of this decrease in time spent
in grazing during the night, the total grazings during



twenty four hours for these cooler days wero 9.2 hours and
9. 5 hours respectively, or more than one hour longer than
for the first three days. Appearently on the first two
deys the grazing aectivities of the cows greatly inoroesed
during the night becsuse the air temperature at night were
comparatively lower than at deytime. On the last tvwo
cooler days, however, the cows showed inoreeased activities
during the daytime.

The results obtained by Sceath and Miller cennot
be reasonably compared with those obtained by other workers,
because, apart from the size, produstion etoc. of the cows,
the air temperaturec during the periods of observation have
not been noted. (126)

NMkeson et al mede observations with milking
cows during the deylight periods only and again in his
24~hour(§gg%od observations he used 4dry cows and heifers.
Hodgson made observatione during daylight hours only.
According to Atkeson et al the Ary cows spent on good
pastures about seven hours in grezing, the greater portion
of the tine (4.3 hours) occurring at daytime and 2,7 hours
at night time. Seath and :iller rather found that on
cooder days the cows spent more or less egual time in
grazing during the.day and at night. This i1s so without tak-
ing into consideration the interferences in grazing during
the milking hours. COneiderihg the length of the time the
cowa were on the pasture during the day (approximmtely 7%
hours) and at night (approximately ©; - 10 hours) the cows
grazed longer during the daytime than at night on the two
cooler days. On the percentage basis about 23/; grazing took
rlace @uring the day and about 77,, at night on the first
two warmer days in Seath and Miller's observations. on the

other hand, on the two cooler days 46;; grazing occurred at



(128)
day cnd 54, at night. Hancoeck and tallace

lew Zealand, however, found that 68/ grazing took place
between 7 a.m and 3 p.m and 425 between 6 p.m and
4,45 o, That the cows spent comparatively less time
during the day than at night even on the cooler days in
Seath end Miller's observation could be possidbly due to the
reason that the day temperatures during those two days,
although comparatively cooler, wero not cool enough for
the cowo, Seath and Ailler's observations, however,
conclueively show that higher atmospheric temperstures
(abovc 720F' during the day) significantly decpesse the
time spent in grazing by dairy cows during the dsylight
hours £nd incresse the night grazing and also depress
the total grazing.
B ) o

Differences have been observed betwecn DBos Taurus
and Ros Indicus animals in their grazing performance under
tropical temperatures. Using Aberdeen Angus, Brahman
cows an'd\?l and ¥2 Angus x Brahman cross-bred animels
i-zhoe.d(‘m“ at Jeenerette, studied the effect of summer
temperastures, as well as soler yvyaitlation and shade on the
grazing hatits of these animals, Observations were made
on a wsrm overcest day, on a clear and calm day and on a
clear duy with gentle btreezos. Atmoszheric temperatures
during these cays varied from 740 to 940?. s the highest
occurring in the afternoon (12 - 6 n.m ) end the lowest
in the morning (6 a.m < 1% noon). The results obtained
wilth the neme enimals on these three different days were

as follows:



Grazing habits of Aberdeen Angus, Brahman and cross-bred
cuttle,

i/arm overcust day.

Av. percent. of day

SR ———
No. Resting
Type of animel of Grazing
anim-
als Sun ghade
A'berdcen Angk 2 73. Y 26.1
Angus - .- Brahman 2 60. 3 39. 7
i ' Angus - 5 Brahman 2 64 36
Trobtred DRrahman 2 74.56 26. 6
clear und calin day.
Aberdeen Angus 2 49. 6 o7 49, 8
2 Angus - 3 Drehmen 2 64. ¢ 2.7 4l. 3
% Angus - 5 Brahman 2 53. 4 32, 3 14. 3
Furebtred Rrahinan 2 76. 5 23. b -
Cleer day with gentle bree:ze.
Aberdeen Angus 2 69.1 2l 28,8
2 Angus -« ' Drahman 2 60. & £, 8 36. 6
%z tngus - ; Brahmon 2 8GC. £ 1¢. 8 -
Purebred Drahncn 2 32. 8 17.8 -

The table shows that, on a warm overcast day
(with no sun throughout the period of observetion) the
% Aberdeen Angus animels spent less time grazing then
even the purebred Adberdecn Angus type. The author
attributed this to the smell size of thece anlipals weighing
about 200 1bs., less thun other animals. Being swall the
animals might have ucjulred a f1ll guicker. On this duy
there was precticelly no difference dbetwoen the purebred
Angus and purebred Brehman animels.

Corpered to this 1t is seen that on the dbright



sunny day the purebred Angus spent the least time and the
pﬁrebred Brahmen the most time in grazing, and the cross-bred
animels were intermediate, The purebred Angus spent the
most time in the shade, then the % Angus, then the half=bred,
while the purebred Brahman did not seek the shade when not
grazing but remained in the open pasture. The purebdbred
Brahmans spont the least time resting. It is clear from
the table thet on a bright warm day the & Angus animals were
similar to the purebred Angus in grazing hebits and the
half-brecds were similar to the purebred Brahmans. Rhoad
statcd that the purebrod and i1 bred Angus animals not only
utilized less tota. time in grazing under dbright esumner
conditions, but also grazed more freguently than the Z-bred
and specially the purebred Brahmens. This might be possibly
due to the reason that, because the pure=bred and the

J=braod Aberdeen Angus animils were less efficient to stand
the hot sun, they could not graze for long at a stress and
therefore had to graze more frejuently in an attempt to
satisfy their appetite.

The table further shows the effect of gentlp
breeze on a bright hot dgy. Light breezes increased the
tine spent in grazing und decreased the time resting for
all groups but moro so for the purebred Angus and cross-=bred
animsls. This favourecbie offect of light wind on the
crazing of cattle under high atmospheric temperature
conditions has bcen noted by Bonsme(44)ae well. He
further states that on hot days the animals grazo against
the wind whilc on cool days they graze with the wind.
Probably gentle breeges have a cooling %rfcct on the andmel s.

However as the cows have no sweat glands'and as there 1is

very little evaporation from the skin gentle dbreeczes cannot

cool these asnimals appreciatly unless the ?ir ?emperature
129
is lower than the skin temperature (Brody) « In the
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tropicel countries the skin temperature of the animals out
in the gun d-> rise very juiekly and may be as much(gz
26 = 3C F higher thon the alr temperature (Bonema) and
then 1light wind must have a ocooling effect on these animals.
Bonsme(M) found similar genetic differences
between Africaner breed and exotic beef breeds of Kuropean
origin in their grazing performance under the hot South
African oonditions. The atmospheric temperature during
the period ranged from 81 to 10101?. In addition to the
percontage of day grazing by different bdbreeds, he noted also
the number of times they defecated, urinated and the
runinstions per minute. The results obtained by him are

given in the following table:

SABLE 49

#age No, of times No.of Runminstions/minut.
of day defecated & times

Brecd graz= total weight urin-

ing (1bs). ated Al b, i,
Africaner 89,. 8 16,56 1 49 651
Hereford 79, 6 16. 6 2 61 66
Shorthorn 78, 5] 10.26 2 67 0
Abterdcen Angus 75,5 1 426 O 54 (0]

The table showas that the Africaner grazed for o
longer time then the exotic breeds. Further thc exotic
breeds, Shorthorn and Aberdeen .\ngus, ceased to runinate
altogether after the mid-day when, it has been stated,
the air temperatures considerably increased. These animeals
particularly Aberdeen Angus tended to defecatc and urinate
loss than the other animals. In thesec respects Hereford
scemed to be least affected umong these exotic animales.

This 1s juite likoly considering that the body temperature

and reepiretion rcte of the Heroford animal 4s rmuch less



affecte’ by high atmospheric temperetures than the
Shorthorn snd Angus eninals (of. body temperature, respiratio
and pulse rate).

Conclusion cen be made from these observations that
higher environnental temperatures (above 'IOOF') adversely
affect the grazing performence of dairy cuttle and that in
the tropicel countries where, in addition to the high
atmospheric temperectures, tho solar raediation is intense,
tho cattle breeds of Eurcpean origin are very much less
efficient as grazing animels than the Bos Indicus cattloe.

Tho incresscd activity of cows at night following
warn day indicates the importanco of allowving cows accaess
to good night pastures. The plan of leaving cows overnight
on & poor peddock 8o thut they will be convenient to tho
milking shed in the morning, 1s moat certainly a poor
management practice, at least during tho weim sumer

period.



2. Endogrine Glgnds:

It has not yet been established to what extent
environmental temperature affects the functions of ductless
glanads. Comparatively l1littlc research work oxcepting
some genorel observation has as yet been carried out in this
direction

According to Bonsma(44) great fluctuations in
temperature such as are found in continentel Rurope, havo
o stimleating effect upon the ductless glands, He states
that one of the main functions of these glands 1is to
regulate the body metabolism and maintain the body temperatur
and that fluctuations in the atmospheric temperature
conseguently demands inecreased activity on the part of these
glanas. If the terperaturc fluctuates only slightly es
in theo cace of many cattle ranching areas in the tropical
c¢nd subtropical countries, theno glands do little work
and long periods of heat have a suppressive offoct upon
thern.

Pituitary:
(44)

Ronsma states that the secretion of the
anterior pituitary gland is closely connected with the
development of the bony structure or skeleton. In the
trqpical and subtropical countries the function of the
pituitary gland is suppressed and as a result thc animals
in thene countries have smallor and weaker bony structure.
“urthermore, the heightened sexusnl uctivity of animals
during the epring and autunn has been attridbuted to the
stimulative effcct of weather conditions upon the pituitery
cland during these seasons. '

The detrimental effecct of high temperature on
the produciion of the anterior pituitary hormone necessary
for lobule-elveolar growth of(r{gr(r)x)nary gland has becn

observed by ‘Mixner and Turner . They injected in
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mice progecterone and anterior pitultary extraog eeparagely
each accompanied by oestrone in mice kept at 77 and 96 F.
The response to progesterone wae much diminished at the
higher temperature whereas the response to pituitary extraot
was unaffected. They concluded that progesteronc (with
oestrone) promotes mammary lobule-alveolar growth by
stimilating the pituitary to scoret an appropriate hormone
and that high temperature inhibits the production of this
hormone.
Thyroia:

The effect of temperature on thyroid has been
observed by several workers. Exposuro to cold causes a
compensatory increase in thyrotropin production which leads
to marked morphological and functiaonsl stimulation of the

o
thyroid, Thus rats kept a temperature of 30.2 F for

about one month, usually have greatly enlarged thyroids

which exhibit histological signs of hyperplasia, eﬁn:i.?r
to those produced by thyrotropin injection (Selye) .

It 18 dbelieved that the resulting increase in thyroid-hormoneo
production plays an important role in the maintenance of
body temperuture and adaptation to cold by fecilitating
compensatory heat production through an increase in tissue

metabolisin
(132)
Leblond and Gross found that throidectomized

rats die within ¢ week whereas normel rats survive for
o o)
several weeks or monthas when oxposed to 2 C (35.6 F).

The stimulating effect of cold and the suppressing
effect of heat on thyroid and throxine production with its

consejuent effect on metabolism have been noted others in
(133) (134 (138)
rats (Dampsey and Astwood ; Dampsey et al ¢ Ring )
(136 t1a7)
pigeons (Riddle , z-jn.r:?g)(serliner and ..arbriton :
Mlackenzie and Berlin(er ) ), man and other enimals
133

(Dampsey snd Astwood p In rams, the hypofunctioning

/



of the thyroid under summor temperatures leads to eummer-
sterility as indicated by the increased mumber of abnormal
spermatozoa in the semen, the degeneration of germinal
epitheliun with c?ggg?pent failure of spermatogenesis
(Bogart and Mayer "

The diminished thyroid asctivity resulting in
sterility in rems occurs at a comparatively lower tempersturc
than is necessary for affeoting the spermetogenetic functions
of the tostis through raising scrotal temperature (of.
effect of teomperature on testicular function). Adminigt-
ration of thyroxine or thyroid active protein orelly or
by injection alleviates the symptoms of sumner sterility
in rams.

In addition to reproduction, the secretion of
thyroid gland has been reported to play an 1ﬁggg§nnt nole
in growth and lactation (Schultze and Turner )

Ralston and othere(141), by injecting thyroxine in lactating
cowna, obtained an increase in the production of milk

(13.6 p.n.) end fat (2.6 p.o.)

Tostis:

Testis hormmone is necessary for normal reppvoduction
of the male (of. factors affecting fertility). As regards
the influence of temperature on the produstion of this
hormone the observations are not in full agreement.
Moore(l42) stated that in cryptorchid and experimentally
produced cryptorchid rats end guinea pigs in which the
testes were subjected to abdominal temperatures which are
higher than scrotal temperatures the secretion of testis
hormone was normal, Jerfrles(IAS)found that the testes
of rats confined in the abdomen for sixty days, &l1though
in a2 degenerative state, produced as much hormone as 4id
the normal testes. Nelson(144). however, contimuing his
experiment with rats for still longer periods noted a

gradual decline in hormonc secretion with consejuent

detrimental offect on other organs including pituitary



gland, thus showing that the temperature affecting one
gland may indirectly affect other gla?cnl.zb gnd disturd the
endocrine balance. Hanes and Hooker made observations
on pigs. In contrast to the other workers cited above
who used, as criteria of hormone production, hormanally
regulatéd characters in their cryptorchid animels, these
latter workers measured the juantity of hormone itself by
assaying them in dbird units. The values obtained by them
indicate that in the pig the coryptorohid ?eates contain
approximately one half as much hormone as do the scrotal
testes.
Adrenal:

(131)

Selye states that extreme heat or cold, in
addition to other factors, affects the functioning of the
adrensl medulla as well as ocortical cells and that long
continued exposure to these factors causes histologic signs
of increesed adrenaline and corticoid hormone secretion,

The influence of temperature on the functions of
other glands is not known However all this evidence,
although not oonclusive in many cases, indicate that high
temperature probadbly affects and low temperature stimilates
the endocrine glands and that temperature through its
direct effect on any partiocular gland may disturbd the
endocrine balangce. Since the ductless glands play an
essential part in growth, reproduction and production, the
influence of temperature on these glands mey have a bearing
on the performance of an animal.



B. _INFLUENCE OF ERATURE ON_GRQWIH OF D

Apart from heredity many environmental factors
affect gmowth, that is, the rate of live-weight gain.
NMutrition is the most important factor and other importent
factors are cli.rna;:;‘?’3 season, shelter, shade and diseasac,
(dcMeekan et al) . Of the oclimatic factors temperature
is important.

Animals other then cattle:
In chicks f#/inchester and Kleiber(47) and Kleiber

(48)
end Dougherty found under controlled conditions that

both higher and lower environmental temperatures depressed
the growth. The maximum growth ocourred at 2100 (69. aol")
and above and below this temperature the growth ?ﬁg?he

chicks gradual y declined. Kempster and Parker founad

e precipitate decline in the growth of chickens during a

hot July when the maximum daily temperature rose to llooF
and the mean daily temperature to 98°F'. They found a
definite negative relationship between the envirommeantal
tegperature and the growth of chickens within the terperature
range of 60 = llOoF'. (50)

YcKay and Brown discussed literature on the
scasonal growth in children. There 1s considerable
diaagreement in details but the fact eppears to be that
the growth in children of verying asges between 56 - 16 years
tends to be most repid (about one pound gain in weight per
month) during autumn end least rapid (about } pound per
month) in the spring months. Seasonal variations in food
supply, sunshine and tempereaeture were held responsible for
variations in weight incrouse among children.

(61) Interesting observations have been made by
Ogle in mice. He compared the growth rete of mice
kept in cold room and hot room Unfortunately the temper-

atures have not been mentioned. At the beginning of the



experiment the hot room group avereged 8,64 gms. and the
cold room group averaged 8. 36 gms. By the end of the
experiment the hot room group averaged 20.79 gms. whereas
the cold room group averaged 27.62 gms. with steady inorease
in weight all through the period. Together with tlese
different rates of increazse in body weight there were

found significant differences in the growth of the body

skeleton. The hot room group had shorter bodies and longer

tails than the cold room M—%g ratio of the hot/

group averaged greater (0.432) than the cold room group
(c.324). It appeers from this experiment that cooler
temperatures stimilated the increase in weight and body
length at a more rapid rate and uniformly while the higher
temperatures depressed 1it, Another interesting point to
note here is that the rate of skeleton growth in the hot
room group continues at the expense of rate of gain in
weight. That 1s rather expected because dbasic needs such
as formation of skeleton must be met first. Similar
stimileting effect of coolness (G6 = BOOF‘) and depressing
effect of higher taqperatufgeseQ - 92°F) on the growth of
mice was observed by Mills . The effect of very low
environmental temperatures on the growth of mice has not
been studied but undoubtedlyothe high t27 eratures, higher
than upper critical (81 - 84 F) (Brody ), definitely
affect their growth.

gSattle:

Dice (53) compared the weight gains between cows
kept in the closed stable versus cows kept in the open shed.
The observations were made during successive winters in

North Dekota. During the preliminary triel which lasted
for two months November - Deeamber a group of five cows

kept in the barn was compared with a similar group of cows



turned out in the cold morning and left out ell day. The
mean temperature for November was 22°F'. » and for December
was boF'..' the minimm going below gzero several times. It
was found that the barn cows gained 184 pounds in live-weight
and the shed cows 207 pounds during the two months. To
check these results other grour:e of shed cows were turned
out night and day Quring next ebruary - March and Quring
November - Decamber and were ocompared with similar groups
kept in the dairyobam. 'ghe mean terperatures for February
and March were 23 P and 27 ¥ respectively and for November
and December 30. 4 and 19, BOF‘ respectively. The weight

gains of the shed and bexn groups are given in the following

tatle:
IABLE 6.
Nedght Sumpery.
Barn cows Shed cows
Ho. cows
Lbs., gain or Lbs. gain or loss
loss.
Feh. - iferch 3 - 92 + 61
Nov. - December 4 +340 +401
Total 7 +248 +462
Av. galn per
cow. + 3b + 66

In another two trials lasting for five months each

during the winters of next two ycars the results were as

follovwe:

st trial
Barn cows ed cows Burn cows Shed cOWS

292 426 459 566

Lbs. gain in wolght 21, 8 51.6 24, 8

flean term. % 45. 3
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Durdng all these trials tho cows werc fed grain
and sllsge. This experiment wac further continued during

the next two seasons and in these triasls the two groups

were reversed in alternate months to overcome any of the
inevitable differences betweon the groups. The cows were
fed corn silege and slfalfa hey in proportion to t helr bdbody
woight and werc fed grain according to their production.
The weight gains for the two groups dAuring the two seasons

were a8 followo:

18t season 2nd season

Barn cows 3Shed cows Barn cows Shed com

ean temp. 2= 52, 2 28. 9 53. 9 34. 9
Lbs. gain in weight. +363 +440 =134 +1199

Data presented in thesec tables show that the cows
in the cold shed vhere the atmospheric temperature was mach
lower than in the dbarn, tended to gain somewhat more body
wbight than other cows or the same cowa when kept in a
standard dairy dbarn. The author concluded that tho dairy
cows when well fed and sheltered from the wind, snow or
rein and have a2 Adry place to dbed down "Can withstand
exposure to cold temperature. ”

(64)

Dice also mede observations on yearling
heifers during threc ceasons. He housed one growp in open
shed where the average toemperatures were below freezing and
another similar grou; in a closed shed where the temperatures
were usually cbove froezing. From the trials during the
first two seasons he found that the heifers in the closed

shed on the averege put on more weight, and grew better,
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&8 1ndlocated by the gain in height at withers, than the
heifers in the open shed. Results obtained 4during the
third year did not confirm this observation. However,

in each of the three years the closed shed heifers mede the
best gains in ekeletal growth. The details of the
experiment are not given. However, it sppears that the
young calves, unlike the cows, are somowhat sensitive to
excessive cold.

Compearative observations have been made on the
growth of calves belonging to native tropicel bdbreeds end
temperate breeds imported in the troplics. It is generally
true that the luarger breeds of cattle come from temperate
regions where food 1s available in abundance and that the
smaller breeds have originatcd in countries lesc favoured
in this respect. It 18 elso true thut when a breed is-
taken from a poor to a rich region or vice versa,; it 1lnoreases
or decreases in size with succeeding generations. This
occurs (Carneiro and Rhoad(55 )when the large Eurcpean
breeds are transported to the warm tropicel climates where
there 13 an abundance of forage during the rainy season dut
e shortage during the 4ry season. The tropics are also
characterised by a laeck of forege rich in proteins and, in
some regions, b 52 lack of ?éz?rala essential for full
growth (Hammond s Keurs I8 In addition, the growth
of cattle nuffers from the influence of enviromeental factors
other than nutritionel. (55)

Cerneiro and Rkhouad reported on the gevelopment
of calves in Drazil where the climete is tropical. In their
experiment 102 calves werec kept at various stations and used
Tfor welght analysic at various ages. The calvesw ere
cross-bred Holstein - Zebus, purebred Holsteins and purebred

Frowvn Gwiss, The calves from birth were reared under ideel
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conditions =nd sufficlent nutrients in dbelenced proportions
were cupplied all througl The suthors compared the data
cbtained by them for lolctein and Brown Swiss calves,

with the normel for the breeds. The figures presented

by them show that the moan weight of the calves at birth,

os compared with the normal, was low for the purebred
Bolstein and RBrown Swias, The differenée, however was not
very great, Notwithstanding lower weight at birth the
celves developed at normal rate until the fourth month of
age when growth began to decline. This docline wes actuted
after the sixth month. Thus the offspring of imported cows
born in Brazil reached only £20 kgma. (compared to 263 kgs.
for normal) et twelve months of age. Theirl dcte (cee figure
11) further show that, under similer conditions, the growth
of Holstein=Zebu cross-bred calvos in relation to the live
welpght of their dems, was even above the normal for the
Nlolstein breed,

The authors concluded that environmental factors
other than nndrition und care were responsible for the
subnormal development of the purebred Holstein and Brown
Swiss calves in the tropics. No doubdbt, of these
envitonmental factors high tropical temperature is the
irportant one. (67)

D) jakov reported that for economy of fuel and
labour and to Adevelop young stock resistant to low
temgperatures the calves on the Karavaevo Pedigree Farm

(U.8.8.R. ) are reared in the following waey. The animals

are kept from birth in nntreated byres where in winter the
o (&) (o]

0
tempercturo may be 28 low as-l1ll to =20 C (6 to =4 F).

"rom early epring until laete autumn the calves are kept in
the oren. The pregnant cows and the newly born calves are

well fed and well managecd, He reported that 42 celves
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torn &n the ferm in winter 1938 weighed 37.4 - 37.8 kg. at
birth and grew normally with a daily gein in live weight
0" 723 = 1019 gms. Newmann L made observations on t he
influence of nstablo tomperature on the growth of calves and
their hair covering. Three groups of calves (25 in each)
were used in e 90 day experiment. Group 1 calves were
resred at tomperatures of 12 - 17oc (63.6 -62.6°F) at
1l metre from thg gronng and Group 2 cglves at temperatures
varying from =3 to +10 C (26.6 - 80.0 F) a8 one metre from
the ground (stell not heated). Oroup 3 calves wero roared
et the samo temperaturoc as Group 1 up to 16 days of age,
after which thoy were kept undor the same conditions as
Group 2. All groups received the same rations. During
the period of 10 - 9C days of age, Group 2 made the biggest
weight increases and at 80 days had the longest hair
covering, there were also fewcst cases of sickness in this
group. Group 1 calves made better gains than Group 3 but
were inferior to the latter in regard to hair covering and
health, The breed has not been stated and the details
of the experiment regarding the controlling of the stable
temperature and grouping of culves have not been mentioned.
However, it appears that lower temperatures (-3 to 1000)
stimilated better weight gains and hair growth and health;
and that coclimatising thc calves first to relatively higher
temperatures (12 to 1700), although ohly for a short period,
end then shifting them to lower temperatures (-3 %o IOOC)
gffacted thelir weight gain but the lower temperatures lator
on stimulated hair growth,

Apparently little 1nvéetigation on the effect of
temperature on growth of dairy cattle has so far bean made.

llowever, from the observations that have beoen cited above

it could probably dbe paid that higher temperztures as occur
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in the tropics, affect sdversely the growth of dairy cattle,
perticularly of Buropean breeds, and that low temperatures
within reasonsble limits Qo not affect, rather stimilate

growth, However, young calves which are unable to consume
much roughage end produce much extra heat "duec to feeding"
and whose coat has not fully developed, should probably

be protected from severe cold and rough weather.



when we speak of animals being fertile, we mean

that they are capable of successfully reproducing themselves.
It 18 hardly necessary to streass the importance of fertility
in deiry cattle. Because every year the slder animals

in & herd are to be replaced by younger ones, the ohier'aim
of e doiry farmer must be to have enimals of persistent
fertility. Any fellure in the roproductive capacity of

his dsiry stock will mean economic loss. So 1t will be
interesting, particularly for a dairy farmer in a tropical
country to know whether environmental tempereture has any
effect on the fertility of deiry cows.

Under wild conditions cattle breed at & more or
less definite seeson of the year as 4o many wild animals.
Domeasticated cattle, however, have no definite breeding
season, they will bdbreed any time of the year but their
brceding efficiency and reproductive cepacity or fertility
aroc not the sasme all round the year. It 1s generally
agreed that 1t 1s easler to get a cow in calf in spring
than in autumn, It eppecrs, therefore, that there is a
seasonal influence on the reproductive efficiency of cattle.
de_Factors affectins fortility:

The reproductive efficiency or fertility of an
animal 1is influenced by several internal and external
factorz. The internal factors are: (1) the sex glends,
(£2) the endocrine glands, (3) genetic influences and (4)
agec of the animel ete.

The external fuctors affecting fertility are
related to the environment and the supply of food. External
factors are: (1) plane of nutrition, (2) disecse, (3)
climatic fectors, (4) management and (5) breeding method

(177)
(McMeekan Je Some of thesce cxternal factors play a
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role in the fertility either directly or 1nd1re¢‘:t1y as they
affect the internal mechaniam

Anternal factors:

The pex glandg - these are the testes in the male and the
overiees in the female. The primary organ in the male
roproductive system is the tostis which has two distinct
functions - (a) the elaboration of spermatozoa or
spermatogenesis and (b) the production of internal secretion.
Seminiferous tubules are the seat of sperm production.
Various factors such as seasonal and nutritional can cause
degenerction of these tubules and conseguently the production
of normal sperms.

The internnl secretion of the testes or the testio-
=hormone controls the function of the accessory sox glands
and ducts and also the sex desire. The testis-hormone 1is
also responsible for prolonging the life of spermatozoa
vithin the epididymis (Anderson( 178). Therefore the normal
functionin; of the testes - secretion of hormone and
spermatogenesis - 1s the most important fector for the
fertlility of the male. The effect of tamperature on the
testicular functions will be discussed later. The effect
of temperature on testie horone has been dealt with before
(ef. "kndocrine gland:.a". )

Qvary:

Although the ovary 15 similar to the testis in
that it is concerncd with the production of germ cells and
sex hormones, the functionsof the testis are simple by
conmparison The chicf duty of the testis is the
production of large nwubers of viaeble spermatozoa, whereas
the overy 15 concerned not only with the production of
vicble ova but also with the nourishment of the developing
enmbryo. The ovariuan hormonos, directly or indirectly are
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responsible for the development of vagina, uterus, the
nouriehment of the factus, the development of the mammary
glands and perhaps to some extent, the actual secretion of
milk (Rice(IW). Tho details of the parts played by ovary
are not, howover, within the scope of the presont purpose.
Endocrine glands - Thoso glends control to a great extent
the functioning of the gonads either directly by secreting
hormones which act on gonads or indirectly through affecting
the metabolic functions of the animel. Of the endocrine
glends, the pituiltary and the thyroid are important so far
as fertility is concerncd. The effeot of temperature on
the thyroid and pituitary relations has been dealt with
elsewhere (of. Endoorine glands). Other internal factors
such zs heredity end age of the animal are independent of
the temperature and so do not come into this discussion.
The externnl factors affecting fertility include
the plane of nutrition, the climatic conditions, seasonal
changes, management, such as exercise, and disease etc.
The importance of plane of nutrition in fertility ic well
knovmn. The low plane of nutrition affects the fertility
enormously and a very high plane of nutrition, on the other
hand, may lead to c condition of adiposity which 1s very
comnon cause of infertility. Very fat animals 4o not
come in season in a marked way, and when they do come in
season the periods are gpt to be irregular and likely to
be missed, or the animals may fall to breed al-together.
The climatic and seasonal factors include temperature,
humidity, light weather conditions etec. fie are particularly
concerned with the effect of temperature on fertility.
Temperature may exert an indirect effect on the
fortility or breeding efficiency through its influence on
the supply of feed. In the tropical ocountries, particularly

the hirh temperature conditions during the summer, are
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associated with drought and poor growth of pasture, A8 a
result the animals are maintained on a low plane of nutrition
during this period. The low plane of nutrition affecting
the nourishment of the animals and probably the normal
glandular functions will have adverse effects on fertility.
Also under aourished animnls with poor resistance become

an easy prey to diseases which undoubtedly affect the
reproductive efficiency. 80 temperature, besides acting
directly, exerts its influence indirectly through other
channels.

Many workers have studied the effects of temperature
on the fertility of animels but most of the experiments have
been conducted on the smaller animals such as rats, guinesa-
pigs, rabbits, sheep etc. and relatively few observations
have been made on the dairy cattle. However the results
obteined with amaller animals may possibly be aepplicable in
dairy cattle.
kEffoct of tepperature on tegtiouler funotione:

ifoore stated that temperature is very important
for "reawakoning™ of reproductive activity of animals.

In rams it has been observed in Australia

(181)
(oun and(Sanders ) end in 4issouri (iackenzie and

Rerliner 182)) that high summer temperatures lead to the
degeneration of the semen juality. In hotter districts
degeneration mey be so marked that normal spermatozoa may
be entirely adbsent in the semen.

Effect similar to high atmospheric temperatures

(183)(184)

have been produced by scrotal insulation (Phillips )e
Lhen the testis of & ram is wrapped with bags, the normal
heat loss 18 prevented, the scrotal and testicular temperat-
ures rise and in a few days the germinal epithelium and
seminiferous tubules degenercte. The testicular functions

recovor after insulation if it is not continued too long.
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(184)
Phillips found that it took about three weeks for the

spermatogenetic functions to recover after four weeks'
insulation. In guineapigs, after a brief exposure (16 to
o) o

o
3¢ minutes) to high temperature, 46 C (114.8 F) to 47 0(186)
o
(116.6 ), the recovery period was about 12 days (Young )s
In natural or experimentsl cryptorchid animals - 4ogs
(186) (187) (188)
(ariffiths ( 9-) Crew ), rats and guineapigs (Moore )s
18
rams (Moore ), = devdopment of testis suffers and the
germinal epithelium degenerates or may be entirely lacking.
Direct =& lication of heat to the scrotum and testis

(190)
( Pukul , Moore ) produces similar effects, the

degeneration taking place in shorter timo at higher temperat-
ures.

The resistance of the spermatozoa to heat depends to
some extent on the stage of development or maturity. Sperms
alrecdy "ripened” in the epididymis ere more resistant to

(186) (191)
heat than those int he testis (Young » Heller )e

The Qegencration of the testis at body temperature
or ebove 1s be:(l.%ggsid to be due to heat lability of testicular
proteins (Fuku ), or due to the production of hypersemic
condition of the testis assoclated with oedema, which results
into lack of oxygen and accumilation of CO @&ue to vascular

(189) (192) 2
stegnation (!oore s Barrow Do

In contrast to the high temperatures, low temperat-
urcs 4o not & pear to de detrimental( Ig‘;g.he testicular
functio s. In rams (Phillipe et al ) sudbjected to an
exposure of -loc (30.4 P) to -3 c (26. 6OF‘) tor 45 mi.nntee.
scrotal temperature dropped from 33. 3 C (92 F) to 26,6 c
(78 ?) but no detrimental effect on the testes was produced,

The resulte with the eryptorchid and the
experimentally produced cryptorchid animals indicate that
the testis functions, normally, at a temperature lower than
that of the body. This is effected by the thermoregulatory

function of the scrotun
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3. Thermo-resuiatory function of the gorotum:

In men and in all the domesticated enimals the
teotes or testicles are a palr of glands lying outside the
body cavity in the scrotum which is situated posteriorily
between the eanus and the urogenital opening. The scrotum
consists of a pair of pouch-like sacs commniceting with
the body cavity by the inguinal canals through shich the
spermetic cords and vese deferentia pass. The spermatic
cords contaln the blood vessels and nerves which supply the
tonstes, end tho vesa deferentia are the duets which convey
the testiouler ?ggge}ation to the urothra or comumon urogenitsal
canal (Marshall )

A peculiar temperature relationship to
spermatogenesis oxists in marmmnls with the development of
scrotal pouch. The scrotum, from an evolutionary point of
view has been a gradual development. In the lowest growp
of mamuals (Monotremeta) the tostes remain in the body cavity
tlways as they do in birds. In Insectivona (eg. the mole)
the testen descend periodically into temporary receptacles
and there is no trme scrotun

In many rodents the testes, after descending into
the scrotun at the commencement of rut, are withdrawn into
the body cavity ot thec end of the period. In most higher
mernals, the testes, after descanding into the sorotum during
esrly life (and generally before birth), remain there
permanently, but exceptions include whale, elephant, rhinoceros
and sesal. It 1s noteworthy that in the ram, after tupping,
the orguns apparently become smaller and tend to be drawn
upwerde without, however, passing into the cavity of the
abdomen.

This evolutionury change in the position of the
testes from the abdominzl cavity into the scrotum in t he
mammals has adapted the testis to a different situation,
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the conditions of which are markedly different from those

of the general abdominul cavity. The testis can no longer
function in the primitive position. ‘“he great difference
between the two situations is one of teiperature. The
tempeorature within the testis i1s considerabdbly lower then that
within the abdomen and the temperature of the scrotum in
which the testes &re lodged must necessaerily dbe lower than
that of the abdominal cavity um(lgg;)wnml conditions. This
was observed by lMoore and Juick in ruts, guineapigs and
rebbits, In cvery case observed the temperature was

lo - 1%00 (1.8 = 2, ’c'ol?) lower in the scrotum than that in
abdominal cavity at the same moment. uoore(leo), however.
reported a still greater difference - 8 - 10 C (144 - 18 F')
- botween scrotal and a ggnﬁnal temperatures in these animals,
In rams (Phillips et al ) at room temperatures of 66 to
75°E’ ‘the scrotal tempersture was 1lil. 7°F' and the testicular
tempeareture 8. 80*3 lower than the body temperature (103. GOF).
In a study with a Sussoex bull Quintan ot al (295) found the
average scrotel temeragure 12 the sun and sgade. at anoair
temperaeture range of 66 - 91 F., to be 93.8 P and 92,7 F
respectively. The body temperature at this range of eair
terperature averaged 102. SOF. S0 the sorotal temperature of
the bull in the shed was 6. BOF and in the sun 8. 4OF lower thean
the boQy temperature.

In a further observatisn (196)thoy measured the
intre-testicular temperature with a thermo-needlc and it was
found to remain between $4. 50 and 96. 202-‘ at an air temperature
range of 590- 10001»‘. Artificial displacement of the testis
to the close oontectye ths body of the bull resulted in an
increase of t esticular temperature by 4.5°F. It is evident
from these observations that the scrotal and the testicular
temporatures in the farm animuls as well as in other mammals

arc definitely lower than the body temperatures. It elso



eppeors that the scrotal temperature is lower than the
testicular temperature under normal conditions.

That the temperature of the testes must be maint-
ained constant end lower than the body $&gperature for the
normal spermatogenetic function is evident froia the
observations already cited vhere it was scen thet the raising
of the testicular temperature due to high atmospheric
tempercturec, by replacing testos in the abdouainel cavity
or by direct epplication of heat on the surface of the testes,
lcods to tho degencretion of all seminiferouc tubules and
fFerminal epithelium

There exists e scrotal-testls relationship for
mointeining the temperature of the testes. This reletion-
ship 1s one in which the scrotuma functions to reg*&gg§ the
environnontal tempersture for the testis. Koore states
that the scrotum is a "temperature regulating mechanism
by virtue of its exposed position, thin walls and its response
to temperature, "

Ilow this thermoregulatory action of the scrotum
is effected’

It has been rather commaon observation that during
hot weather the scrota, expecially of bulls and rams, are
mich more psndulous, whereas on cold days the scrotum is
contracted and the testes drawn close to the body. This
means that the scrotwa does react to the temperature changes.
The scrotum maintaing the testis aut a normal tergmreture )
either druwing it awsy or close to the body depending on
whether the weather 1s hot or cold.

(196)

wulnten et ul found that, in the bull, the
scrotcl length averasged 24, £ cik at low (500 - 77°F) and
26.0 an at high ('7'7o - 104OF') alr temperatures. They
further stated that the length of the scrotum decreased
when the animel was expozed to cold in & cooling chamber.
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(186)
Crew pointed out theaet this adjustment in the position

of the scrotum at different conditions of atmospheric (297)
temperature is controlled by the tunioca dartos. Lieben
gives the following description of the tunica dartos. The
tunice dartos is a anooth mscular coat oconsisting of two
layersa. The outer layer is very delicate, clings closely

to the gkin of the scrotum and has fibres arranged in various
directions. The inner and by far the stronger layer consists
of muscular fibres which for the greater part are turned in
the direction from the amus to the root of the penis. In
the region of the raphe the tunicea dartos turns over on the
connectivc tissue-like dividing wall of the scrotwa; thus
esch testis rests in an %xlxgiymual sac of smooth musculature.

Phillips et al studied the physiology of the
tunica dartos of the ram and stated that it functions very
much a8 a thermostat would, furnishing the mechanism by which
the thermo=reguletory function of the scrotum is accomplished.
warmth causes & relaxation of the dartos muscle with e
conseajuent removal of the testes from the warmer body
temperatures whereeo lowering of external temperature results
in 1ts contrection, holding the testes close to the body
(184)(180)

. At intermediate temperatures there is constant
adjustment, the dartos contracting and relaxing as a result
of very amall (deorecses or increases in scrotal temperature.
In rams, i’hillips et 01(184) found that even the isolated
dartos reacted quickly to temperature changes, contrgcting
us the temperature decreascd and relexing as it increased.
They found it to be most sensitive to changes at temperatures
approeching the normel ascrotal temperature.

In his work with humans and dogs Lieben(w?)found
the dartos to react cven when far removed spots in the body
were stimulated by applicetions of warm or cold water or

ether. The Aartos has been found to be innervated by the



by the sympathetic and parasympathetic nervous system in
such a menner that eech scrotel half receives its nerves from
the abdominal cord on the same side. Irritation of the
sympathetics and the ramus comnunicas from the first two
sacral segments resulted in contraction of the dartos but
there were no c(:gggz)'actione when nerves from other segments
were irritated . It appears from this observation that
the contraction or relazation of the dartos, as the caso
may be, 1s effected through the reaction of these n?gg?.
The experiments carried out by Phillips and Andrevs
indicate that in the ram the tunica dartos is dependent upon
a testicular hormone for the development and maintenance of
its reactivity to temperature changes.

¥From all this evidence it appears certain that the
scrotum is an organ the function of which is to regulate the
temperature of the testes and that such regulation 1is
easential for maeintenance of contimaed germ cell differentiation

in mammals including the farm animels.

The fertility of a dairy bull or a dairy cow is

more or less interdependent. The fertility or the
reproductive officiency is ordinarily Jjudged by the number ‘
of insemninations reguired per conception but this number depends
es much on the reproductive efficiency of the cow as that of
the bull.

The effect of temperature on fertility has been
conclusively shoxitgzi).n laboratory animals.

idlls carried out an experiment with while mice
under controlled conditions. Keeping other factors e.g.
matrition, light etc, uniform and varying the temperature
it was found that, at the "stimulating coolness" (60-7001?),

the mice were dorn in large litters of "highly viable young,"
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grew most rapldly and matured earliect. Sexual cycle started
early. Immediate conception followed elmost every asdult
mating and the young born were of greauter individual size.
when the mice were subjected to conditions of high temperature
(69 = 92°F) and hunddity (60 - 70%) srowth was greatly
retarded and mapurity mmch delayed and this Aifference in
development was malntained throughout the life span Many
gppurently heelthy females raiscd in this moist heat never
concedved, although mated repeatedly with outsidce normal
meles of kKnown hlgh fertillty. Both meles and females
mated Just as freely and with as mmich zest as did those in
the cold rooms. It was concluded that the lack of
reproductivity of the hot room mice was due to actual
suppression of gonadal tissue activity in the sex glands.
The author further stated that "there sesms to be an
optimm environmental temperature for the mouse, probably
around 'ICO?. » with depression of growth rate and fertility
if temperature f21ls below 650&‘ or rises far adbove 'IOOF. a
The evidences so far obtainsd with dalry cattle
have not dbeen so clear cut as in the case of laboratory
enimels such &s mice ete. The main ressons for this are:-
(1) these large animals cennot be so easily handled, (2)
the e xperiment 1s time-consuning and more expensive;
(3) e suffieciently big space 1s required to handle a feirly
large number of cnimals; (4) the controlling of all
necessary conditlions in a bigger space with larger animels
is difficult. In view of these difficulties no experiment
has beon made on the offect of teiperature on the
roproductive cupacity ol dalry cattle under controlled
conditione of temporature, Various general observations
nade by aifferent workers in different countries, however,

indiceate the effect of temperzsture fairly conclusively.
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(g) Effcct of Sgason on Semen Juality:

The quality of the semen of a fertile buli is
Judged from ths following properties:- Volume of the
ejJaculate; motility, concentretion, viabllity on storage,
ragpiration rate and mrpl(xia%g r of the spermatozoa; and
tH of tho semen (Andersnn J.

Atternt has been made to correlate fertility and
serien character. Swanson and ?Ierrmnugg)found that
canception rate was not significantly correlated with pH,

7’ C. of abnormal gpormetozon or ooncontration of spermatozoa.
lle found & highly significent linear correlation between
conception rate and viabllity on storage. This is more

of theoretical than of practical interest because such
1nfomt%%0 ie not svailadle until af'ter use of nemen.
Anderson found that the semen of good fertils bulls, on
the average, hed a high concentration of spermatozoa with
gnod motility end low pemanzgg;)or abnormel srermatozoe.

Devis and Ww1llisms found o highly significant
negative correlstion between pH and volume, and between
pH ond motility - the higher the pH velue of the semen the
lower the motility and the volwme. Their £indings indicate
thet the p!! change moy be of use for evaluating dsiry dbull
semen.

However greot variability has been observed in the
semen nronerties amone ajsculetes of different bulls ag well
a3 emong those of 282? same bull (Herman and Swenson )
and, eo Anderson stated, it is neocessary to base the
ontimete of the juelity of 2 bull's semen on as many coriteria
an possitle,

Pew studies have been madc of seasonal variations
in the smemen guality. wWeatherdby ot al(w4) reported
monthly sversges of semen volume, concentration and longevity

for five dairy bpllsc corrrising BPrown Owiss, Rolstein~
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-Friesian and Jersey breeds at the New Jersey Agriocultural
Experimentel Station. The data presented by them show that,
only from two bulls, semen samples were studied all through
the year and that the longevity, concentration and volume
varied from month to month Longevity which was correlated
with fertility was generally higher in June end July than
in other months but the differences among the months were
very slight.

Anderaon(QGO) presented monthly average semen
volume and motility observations made on dulls, both dairy
and beef, in Kenya. The figures and the data produced
indicate a rother distinct seasonal variation with volume
and rpotility low from Ma.ragg)August.

rhiliips et al studied the semen character-
istics of three bveef type and three mlking Shorthorn btulls
at intervals of two weeks throughout e year. They found
that the two bdreeds responded differently to the influence
of season only in storage characteristios. In both dreeds
the rmumber of abnormal spermctozoa with abnormal heads,
necks and middle nieces was highest in swmer and lowest in
wintoer. Ilo significant seasonal verlations were found in
motility, volume and longevity of the sperms though total
spernm production was the highest in spring end the lowest
in autum, If the quality of the semen is Judged by the
nunber of normal and abnormal apermatozoa then these results
agreed, on thc whole, with their earlier obdbservations on
the dairy dbulls in which, from an examination of the results
of 1136 matings during the period 1936 - 42, they found
that the semen Juality decreased during the smrmez'2 06)

Contrary to these observations Anderson
reportod that good juality semen coincided with high
temperstures and bed juality with low tegperatures in Kenye.

He atatecd that certain climatic conditions which include
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temperature and amount of sunshine appeared tooaffectobull
semen in Kenya. The maximum temperatures (76 to 80 F)
experienced during the period of observations (July 1u39 =
December 1941) were not considered to be particularly high
and within this range a high temperature was associated with
better semen and vice versa. It has been sgtated that, in
genersl, mating desire and semen guality were highest during
January - February and September ~ Octobdber, when temperatures
and hours of sunshine were highest and humidity lowest. In
April - August the temperatures were comparatively low and
the relative humidity wes the highest. The semen produced
during this period was stated to be poorest. In conclusion
the author stated "under Kenya conditions there would appear
to ke a basic seasonal rhythm in dbull semen, an increase in
semen chearacteristics being associated with warmer climatioc
conditions and vice versa. A lengthy period of high
tenpercture may have an adverse effeot,

In this observation the temperature variation was
very snall and the high hunidity accompanying the relatively
low temperatures might offset the temperature effect.
llovever, the Adata show that there was considerable variation
between years, between dbulls and between farms. Hence no
conclusion can be dz'gg{’x)from this observation

Erdb et al studied semen samples produced by
four young and heslthy Holstein, Jersey and Syrshire bulls
over a period of one year at the Purdue University Agricultural
Station. The animels were maintained under the same system
of manasgement end on a uniform grain ration without any accoss
to pasture throughout the yocar.

The data pregented show that the averagce semen
volume, avorage initial motility and averege longevity of
sperms were the least in July, August and September (summer)

and the average number of abnormal spermatozoa was the highest



(26 p. c. ) during these months. The average concentration
of spermatozosz cnd total sperm per ejaculate was maximum
during April, Mey and June (spring).

The data was surmarised and statistically
anelysed for season variations in all the ohmcterietice
of the semen except pH which showed little change in elther
the same or betweon different bulls. The analysis shows
that, considering all the characteristios, semen produced
during the spring was of the superior juality and that
produced during the summer was the poorest. The semen
produced in sutum and winter did not vary significantly
from the inean. |

Since the management and plane of mutrition were
similar throughout the experimental period it can de
concluded that the changes observed in the emmen gquality
were the results of those factors which characterise the
seasons -~ temperature, light, reletive humidity and other .
genereal atmospheric factors.

The authors believed that temperature changes
were greatly responsible for the seasonal differences in
the semen guality. They stated that, during the summer
months vhen the inferior juality semen was produced,
total motility, survival, concentration, initial motility
and volume were least at the times the maximum temperatures
occurred., They further stated that "the rapid changes
in temperature either up or down seemed to be reflected in
the semon guality. " -

In the dairy dbulls of the Mimssouri University
herd Swanson and Honnan( 208)(11(1 not £ind any significant
seasonal effect on the semen guality. In this experiment
thirteen purebred dulls, Holstein-Friesians, Jerseys and
Guernseys were used. They varied in age from 13 to 13

years, the average being 6 yoars. Uniform ration
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consisting of legume hay and grain mixture was supplied all
the year round.

The data end the curves presented 4did not indicate
any definite seasonal variations of some semen charecteristics
but others seemed to very with the seasons. Volume &appeared
to be greater in spring months (April to July). Initial
motility and viability were significantly lower in winter
months (Jenuery to March) then in spring and summer (July
to September) end the pH of the semen was significantly lower
in the summer (6.42) than in the fall (6.82) and the winter
(6.69).

The concentratioq and percentage of abnormal
spermatozoa were not significantly different during the emena
It appears from this study that the semen juality was poor
in winter as compared with the spring and swummer months and
the low temperatures during the winter appear to have e
deleterious effect on the somen juality.

However the authors otated that these changes were
conftned to o0ld bulls (over four years old) and the semen
from young bulls was as good in motility and viability in
December and January as it was in June and July. The aged
bulls seemed to suffer more from cold weather than the
youncger bulls and showed less sexual desire or vigour in
winter. The general lowered physicel vigour possidbly was
reflected in decreassed vitality of their spermatozosa. 8ince
the majority of the dbulls were aged bulls the changes in the
average semen quality in this study was probably due to the
poor physical conditions of the bulls during winter and not
due to the direct seasonal effect on the semen character-
istics. Considering these points the suthors concluded
"1t does not seem that spermatogenesis in the dairy bull
is significantly affected by season. "
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However, The detrimental effect of sudden changes in weather,
either hot or cold on the semen juality was observed by both
et nl (209)

BErb/and Swanson and Herman Herman and Swansan found,
in one out of ten bdbulls studied, that the quality of the
semen decreesed, initial motility waes poor and longevity
lessened under the conditions of 60ld icy weather. Apparently
the literature in general is not in complete agreement on
the effect of season on the semen quality of bulls.,  Moreover
in most of these experiments feeding and management conditions
have not been mentioned and the temperatures during the
periods of observation have not been recorded and, therefore,
no definite conclusion regarding the effect of temperature
on semen quality can dbe arrived at. However the reasonable
expectation(%vghle respect appears to be borne out by
Erdb et al's observation which was made under the uniform
conditions of feeding and management and on fully active
Pulle of good fertility.

That the season as represented by temperature has
a definite effect on the semen juality is evident from the
figure presented by them The figure (No.1l1l2) clearly shows
that the average total number of abnormal spermatozoa
increased, and total motility, longevity, concentration,
survivel, initial motility and volume, total sperm per
ejaculate 1.e. 21l the cheracteristics which can be related

with fertility, were the least wvhen the maximum temperatures
occurred during the months of July, August and September.

It has been evident from Erd ot al's observat-
ion that high environmental temperatures are detrimentel to
the semen juslity of(g?éﬁ'y bulls. This is supported by the
findings of lLagerlof vho raised the scrotal temperature
of a dull by means of scrotal insulation He found that
the insulation resulted in changes in the germinal epithelium



acocompanied with poor semen quality. The longer the period
of insulation the more marked were the changes in the
number of normel spermatozoa and the greater was the increase
in abnormmal types. The increase in the number of abnormal
spermatozoa started about eleven days after the begimning
of insulation, the insulation dbeing carried out on alternate
aays. Motility was the first to be affected (at about 6 to
9 Aanys). There was an increase in “unripe” spermatozoe
(1. e. spermatozoa with protoplasmic drops on their neck)
ebout the same per%ggee)m the increase in abnormal types.
Anderson noted a decrease in semen quality in
the bull after aneplasmosis and foot and mouth disease. He
observed thet this was probadbly due to increased body
temperature effecting spermatogenesis rether than to the
actunl Aisease processes. In one bull, Just after the
recovery from foot and mouth disease the concentration of
spermatozoa was normal, but the motility was poor (20 pecC.)
and the pH was rather high; nine weeks later the motility was
good (80 p.c.) and the pH lower (6.60), since when the bull
maintained the production of good sperwms. Laserlof( ad)
reported that the inflammation of one testicle might disturd
spemeatogenesis in the other as well, through the rise in
scrotal temperature and the disturbance in the heat reguleting
function of the scrotum The infected testicle swelled up
greatly and could not move up and down in the scrotum in
the normal manner. The bull showed fever and high temperature
The high tempersture remained for eometime and after about a
fortnight spermatozon were very few or absent. He stated
thet if the affected testicle is removed immediately at the
beginning of the infection it is possidble to save the sound
testicle.

It appears certain from these observations that
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that higher atmospheric temperatures in a similar wey, by
causing the body end scrotal temperatures of the desiry dbulls

to rise, will dbring about spermatogenetic degeneration,

From t he foregoing findings that poor quality semen
is produced under the higher summer temperatures it can be
expectéd that the mumber of services required per conception
during the summer, depending upon the severity of temperature
of course, will de greater than that in the spring and th&le)
winter. This was found to be the case by Morgan end Davis .
These authors studied 38 years' breeding data of the
university of Nebraska dairy heprd. Considering dulls of
all ages mated to 2,090 cows, they found that 2. 21 servigces
were required per conception over this period. It was
found that elightly more services per cow were reguired
from May to October than from November to April, with the
lowest number rojuired in December and the highest in
September.

Similar results were obteined by Miller end Graves
in the herd of dairy cattle maintained at the U. S, D. A.
Animal Husbandry LExperimental Parm, Belteville. The herd

(213’

consisted of purebred Holsteins and Jerseys and grades of
the two breeds, The authors found that during the months of
July, August and September more services were required per
conception than in other months of the year.

Phillips et al(aob)'ho, in their studies on the
seasonnl variations in semen of bulls, noted the semen
quality to be poor during the swmuer with greater number
of abnormal spermatozoa, found, in an examination of the
results of 1136 matings over eight years, that the decrease
in semen juality resulted in decreased breeding efficiency.
The highest percentege of fertile matings occurred in April

(6S. 6;5) eand the lowest in August (40.87%). This shows that
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the epring temperstures, ignoring the effect of feeding etc.
which have not been mentioned, are optimua for the fertility
of dairy enimals and that both the higher and lower
temperatures, although the latter comperatively less severely,
affoct the droeding efficiency. his i1s in sagreement with
{207) 208)
Erb ot al , Swanson end Herman who found the better
quality of semen to be nroduced in spring.

(214)
Hammond statad that, although cows will breed

at any time of the year, yet in England there is an optimum
time -~ during the sumer months (May = July) - when the
reproductive force is at its meximin and conversely &uring
the 00ld weather of the winter months (November - Jammary)
the reproductive powers are at a minimm He also recognise:
that there i3 an optimum temperature for the reproductive
efficiency of the cows, This seems quite likely considering
the fact that the cummer temperatures in England are not
excessivoly high, rather mild, and the winter temperatures
are exceedingly low, ( gggcially during severely cold weather.

Erdb et al studied the droeding efficiency in
the Purdue University dairy herd for the twenty year period
and found oconsiderable seasonal variation The studly
included 1,440 servicesn resulting in 822 conceptions. They
found that the highest averago efficiency (74 3%) for the
year ocourred in the month of May and the lowes? averege
efficiency (68.2%) in the month of August.

This observation is in camplete agrecment with
Phillips ot 61'8(205). The feed conditions and management
and temperatures have not been mentioned and the authors
have not atiriduted this great difference in bdrecding
efficlency between scasons to any factor or factors. But
it can be ressonably sald that the temperature was a main

faetor, if not the s ngle factor, for this difference.
That the ztmospheric temperature, speciaelly high
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atmospheric tempereture greatly affect the breeding
erfiniencfzgg)dairy cattle is borne out by the observations
of Dawson mode on twenty proved (aged) sires used at
sceveral experimental stetions of the United States Department
of Agriculture, eéxcept Beltsville. The sires inecluded
eight Jerseys, two Guernseys end ten Holsteins and they
varied from five to ton years of age at the time. The
bulls were fed and managed well at all the Stations. The
feed consisted of good juality legume hey and grain mixture;
silage wac fed sparingly.

The femeles in the various herds where the bulls
were in service were fed and managed under desireable
conditions. All cows on official test were given good
legume heay and silage, and a grain mixture. The herds
were subjected periodicelly to tcsts for Bang's disease
and it was believed that dbrecding trouble with females was
no more serious in theso herds than in the average breeding
herd.

Considering the service records of all the twenty
bulls used at all Stetions except Beltsville, the authors
found that there was a tendency for the fertility to de
somewhat higher during the months of February, April, July
end October, when the fértility bazed on number of services
to fertile cows, averaged 42. Ui The low treads were
found in June, September and November (figure 13) when the
average fertility wes 36. 5. So the acasonal effect was
not pronounced snd it could not be expected because of the
wide range of climatic conditions which prevalled at these
stetions,

The author subseguently divided the Stations into
two groups - (a) the southern group; and (b) the western

end northern grow - according to climatic conditions, and
studied the service records of the two groups seperately.
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0f the nineteen of the sires nine were included in the
southern group and ten in the western and northern group.

As 1t appears from the figure (No.13) the sires
used at the southern Stations had decidedly lower average
fertility (36,.) than those used at t he western and northern
Stations (493). The author attributed thesc differences to
higher temperatures and humidity at the southern 3tations.
/t the western and norther Stations during the summer the
.temperature rose quite high but es 2 rule dropped sharply
et night. In the figure has been 1nclude%2§7§urve drawn
from the observetions of iiller and Graves who, in a
study of £2 young and o0ld bulls used only at the Beltsville
Stetion over « period of four years and including 1,539
services of fertile cows, found the lowest fertility (23;)
in July -~ September, after which the fertility increased
during the fall end winter months (see figure). Mller
end Greves suggested that the hot weather during the sumner
influenced the functioning of the genital organs adversely
end tha t genitel efficlency increased with the advent of
autum. This is in agreement with the previously cited
observatione on the effect of teipperaturc on the genitel
function in sheep and the laboratory animals. The figure
further ehows that the curve for the southern groupe follows
that of Mlller end Graves's Deltsville group more closely
than does the curve of western and northern group. It has
been stated that this was so because the temperature and
hunidity conditions at Beltsville were more similar to the
southern grou;. of Stations.

Thet the higher environmental temperature affects
the fertil;ty of the Qairy ceattle not only through the bull
tut also through the cow has been noted by Bonama(44) in
South Africe. lle stated that if bulls which are kept in

the shade serve cows which have been out in the sun, the
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higzh body temporature of the latter will have a deleterious
effect upon the vitality of the spermatozoa and the cows will
consegquently not conceive and "this apparently, is one of
the reesons vhy so few cows cclve during July, August and
September on farms where the bulls run with the cows during
the summer. "

It has not been studied whether atmospheric
temperature hos any effect o the functions of the ovary
of a cow suech &8s production and maturation of ova or the heat
cycle nf the cow, although it has been noted that under
naturel condition?2§g§ cows have semssonsl breocding system
0f the aewes Rhosad reported that the major dbreeds come in
hect @nd breecd during October gnd lovember, when the
temperatures are considerably below the averege of swmuer
months.

However, 1t hus been odbserved that, on the whols,
the reproductive efficlency of thc cows are greatly affected
by atmospheric tem?g§8§urea. gpecially higher temperatures.

Villegas reported on the lolstein-Friesian
cows which were importsed in Singapore (where the temperatures
are usually very high) cnd of which one lot was kept in
eir=conditioned barn at 700? and the other lot in the

freely ventilated bern. In the air-conditioned dbarn 68%

of the cows concelved within five months as corpared with
only 26/. in the ventilated barn

Few workers have noted that the Zebus and the
European cattle imported in the tropical countries are
affected differently by environmental temperatures so far
as fertility is conecerned. The purebred Furopean dairy
cows imported in the gropical countries have been found to
heve longer service periods than the Zebus, Harrieon(zgo)

in Trinidad, studled the service periods of purebred Zebus

en? purebred Friesians and also tho influence of Zsbu dblood



on the service periods in the Zebtw-Friesian crosses in

Trinlided. He obtained the following results:

TABLE 2Q.

Grade Av. Service Periods
(aays)

Puare Friesian 236, 1

% " 176, 4

s 9 1641

,} " 131, 6

& < 1ld. 4

Pure Zebu 100, 1

It appears from the table that in the tropiocal
conmntries the higher the proportion of Friesian dlood in
a Gairy ahimal, the longer the service period This agrees
with the observation of Villegas that the greater percentage
of the imported Driesians in Singspore conceived within .
five months when kept in a eir-conditioned barn than vhen
kept in a ventilated barn

In Hong Kong where the high atmospheric temperatures
with high hunidity occur from March to October, Wataon(em)
similarly found that the imported cattle of European breeds
(Holstein, Ayrshire, Jersey) would have a rest period of at
least nix months after parturition whereas the native cattle
would usually conceive within four months of calving.
Rerrison obtained similar results with regard to the service
records, These are presented in the following table. The
average service records have been cslculated by taking the

everage service record of the purebred Zebu as 100:

Grade " Relative no.of services
Purebdbred Friesian 382
§ " 362
3 » 211
7 2 19C

1 . 109
Pure Zebu 1CC




These figures show that the Friesiano in the
tropice required about 3.8 times the mumbor of services per
conception &s compared with the Zebus and that with the
increcse of Priesian blood in the enim=l the mumber of
services rejuired per conceptlion increased.

9imilsrly Andemon(M) reported that in Kenya
an averago of l.3 services was rejulred per conccption in the
Zebu herds whereas in the grade hards (treeds not mentioned)
the rumber 5f servicos rojuired per conception varied from
1.9 to 9.2 with an average of 3. 6. In these odservations
this variation 4n the numbor of services per conception is
probadbly a measure of fertility of both the ocow and the
bull rather than the cow or the bull alone.

Considerahle differences in thc fertility of Zebu
bulls and bulls of imported BEuropean breeds in the tropics
have also beon rocorded. |

(222)

Andergon stated that the fertility of dulls in
Kenya, mainly purcbred bulls of Aifferent dbreeds (breeds
not mentioned). estimatcd from cows with good brecding records,
had been found to vary from 1C. 2 to 62. 8+ in differcnt grade
herds, with an average of 27,6, t/hereas in two herds of
Zebu cattle the avereage fertllity of the dbulls wae 71, 4%
end 83, 3L respectively.

(223

Daubney on the other hand 4id not find any
evidence that atmospheric tempersture conditions in Kenya
adversely affcct reproductive functions in purobrod and
grade Burppean dulls to any eappreelehle extent, He has
gtated that almont the whole of the areas in Kenya where
stock-ralsing 1s already established enjJoys an annual
temperature below GSOF and he regarded that thisz temperature
ic eminently sulted to the raising oféattle of European
breeds. However, he adnitted that in some arcas and in

certain aeacons terperature conditions may be more adverse.
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It appears that the cause of this difference in
observotions made by Anderson and Daubney is due to the
variatle temperature conditions, from season to season and
from area to area. However there seems to be no doubt
that the more adverse temperature conditions will affect
the fertility of the cattle of Buropean breeds ix(xllégr)nya.

In Kenya it has been noted by Anderson that
apart from the actual temperature to which the animel is
exposed, the period of exposure has a greater effect in
grade then in Zebu cattle. He stated that the intermittent
neture of the periods of the high and the low daily
minimum temperatures experienced in the highlands of Kenya
probably offset, to a great sextent, any adverse effect that
high temperature might have on male reproduction.

The degonerating cffects of higher atmospheric
temperatures on t-h? ﬁfotic (imported) beef broeds have been
observed by Bonama et al in South Africa. They found that
many bulls delonging to the exotic dreeds (Aberdeen Angus,
Shorthorn and Hereford) became temporarily sterile during the
hot months.. They attridbuted this to the increase in scrotel,
testicular end body temperatures due to high atmospheric
tameraturga During the hot months with atmospheric temperat-
ures of 90 ™ the body temperatures of the bulls of these
breeds rose to 10601'" and the scrotal temperature to 1150F.
This abnormally high scrotcl and testicular temperaturesc
most probably resulted, as has been shown in rams and the
laboratory animmls, in thc testicular degeneration.

The authoos further noted that the scrotal skins
of these bulls was very thin (0.15 to 0.2 oms. ) and that
thie caused the temperature of the testes, which are in direct
contoct with the akin, to rise much higher than even the
body temperature did The fertility of the Africaner bdbulls,
on the other hand, were practically unaffected dby the
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higher atmospheric terperatures. They stated that this was
probatbly due to the fact that these animals were equipped
with efficient mechanism for regulating dbody and testicular
temperatures. They noted that in the Africaner bulls the
skin of the scrotum is twice as thiock (C.4 cms.) as that

of tho exotic animanls and that when the atmospheric
temperature rises high the scrotum of the Africaner bdull

is retractod so that the skin becomes puckered and consequent-
ly a poor conductor of heat. In addition the testicles are
retracted against the periviscgpl cavity so that their
temperature does ngg r{tgg above that of the bdody temperature.

It appears/therefore, that overheating of the
testicles resulted in the sterility of the dulls delonging
to the exotic breeds in South Africa.

In conclusion, the authors stated that in the
case of Africaner cattle, "the seasonal fluctuations in
conception are, therefore, due to seasoncl fluctuations in
the sexual activity of the females rather than to lowered
fertility of the bulls.® In the case of the exotic beef
breeds, however, the cows also showed seasonal fluctuations
in sexunl cctivity, but the seasonal fluctuations in conceptio
reflected "real changes in the fertility of the dbulls. "

It cen dbe concluded from all this evidence that
the environmental temperature has a profound influence upon
the reproductive efficiency of cattle. Extremes of temper-
ature, dboth high and low, greatly affect the semen quality
of dbulls, HAigh temperatures cause the body and scrotal
temperature of the dbulls to rise, the prolonced exposure
lcading to spermatogenetic degeneration. Further the
increased body temperuture of o cow at high atmospheric
temperature will have a deleterious effect upon the spermatoz
oa deposited in her genetella. Tho net result is lowered
breedin;: efficiency. Zebus are more fertile than the
European cattle under tropicsl temperature conditions.
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5) E gy of hea ation £ -

From what has been said before it appears that the
lowered fertility of bulls Gue to higher atmospheric
temperstures is mainly due to the increase in the tagperature
of the tectes which function nomally at a temperature below
the body tempersture. Thermo-regulatory action of the
scrotun helps to maintain the testicular temperature at
normol either moving the testes away or elose to the bdody.
This mechanism becomss useless when the body and scrotal
temperatures both rise under the high environmmentel temperat-
ure conditions; amd as a result the temperaturc of the
testes rises., Rise in the scrotal and body temperatures,
on the other hand, are dependent on the efficiency of heat
dissipation. The scrotal and body temperatures of an
animal which possesses an efficient heat regulating mechanism
is unaffected by higher environmentgl temperatures, within
limit of course, whereas in the animals with less efficient
mechanism the scrotal and body temperatures doth rise rapidly.

That the efficiency of surplus heat Aissipation is
1@017%12)1‘01- male reproduction has been noted dy Phillips
et a1 in rams. They made observations on two rams in
which the testes under the handicap of high condition (fat)
and a ocovering of wool, were unable to contimic normal
spermatogenesis. After removal of the fleece, with some
goincident lowering in condition, the testes regained normal
spormctogenetic function. The situation with these two
rams perallels that of the rams which were subjected to
scrotal insulction by others.

In all these cases the dissipation of the surplus
heat from the body and the scrotum was made difficult and ‘
a8 a result spermetogcnetic degeneration took place, (290)

The differencos in fertility found by Harrison
(178)(222) (219) (a4}

Anderson » Villegas and Bonsma between the
Zebug ond European cattle imported in the tropios can bdbe
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assoclated with the efficiency of heat regulation. The 2Zebus
have besn found to be mMmuch more efficient (cf.dody temperature,
respiration and pulse rate) than the European cattle in
disposing of surplus heat and their body temperature,

compered to the Buropean cattle, is only slightly affected

by higher atmospheric temperatures of the tropios. Apert
from this (28? Zebu dbulls most probadbly posses, as noted

by Bonsme in Africaner, thicker scrotal skin and can
perform better scrotal adjustment by retraction and puckering
of the scrotum, than the bulls of the European breeds.

Hence the temperature of the testes of the Zebu bulls at
higher atmospheric temperatures is maintained at more or less
normal level which is necessary for normal functioning of the
testes and so their fertility is either unaffected or only
slightly affected by higher tropicel temperatures. On the
other hand the fertility of Eurcopean bulls which are much
less efficient in elimination of surplus heat is serioualy
affected. Therefore, efficioncy in heat dissipation at

high environmental temperatures is important in the fertility
of dsiry cattle under tropical conditions.
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D. INFLUENCE OF THEMPERATURE ON PRODUCTION OF DAIRY COWS:

Environmental temperatures mey affect the
production of a dairy cow through direct and indirect
1hfluences. The indirect influences are exerted through its
effects on tho constitution of the animal and the availabilit}
or the abundance of feed. Although many other climatic
factors act in collaboration with temperature - and if meny
cases it is impossidble to negregate the effect of temperature
Trom thc efflect of other climatic fectors - temperature has
been found to be a factor in d4irectly affecting the day to
day production of the deiry cows (both the production of milk
and butterfat). It 1s aleo a generel observation that
humidity along with temperature plays an importent part in
this respect but enough evidence is not asveilable sypporting

thin obscrvation.

Various workers in different countries have
carried out cxperiments or made observetions in order to
study the effect of environmental temperature with its
secsonal end diurnal changes and also when inoreased or
decreased artificially uwpon the production of the dairy cows.

It 1s generally believed that the dairy cows
unliiko the steers are least able to withstand exposure to
cold Lompeoratures. Henry and .'Aorriaon(ez“) stated that the
steer, gorged with ferd4 and svery day adding to the heat-
=~holding layai- of fat Just beneath the skin, prefers the yard
or open shed to the stable in winter. The cow of dairy
type and temperament stands in strong contrast, her system
being sseverely taxed through the anrmial drain of maternity
end the daily loss of milk, "She is speare instead of being
protected by fat and consejuently has more body surface to
radiste heat than the steer per 100 1lbs. L.W. Furthermore
her hide 1is msually thinner and her coat more scanty than in
the cose of the beef steer, She should, therefore, be

comfortably housed in a well=ventilated, well-lighted stable
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having a temperature not below 40 to BOOF in winter. "
Ec.kles(eza). on the other hand, stated that "dairy cattle,
when well fed, are not sensitive to low temperature as is
sometimes assumed, " but the cows and young stock should not
be unduly exposed to severe weather, while cold rains and
snow storms are speclelly to be avoided.

Jordan(ne), as early as 1906 reported that
dairy cows produced 55-86% more heat than their maintenance
needs and Armaby(ng), therefore, saw no reason why a cow
might not be subjected to low temperatures without causing
any extra heat production for maintenance of body temperature.

Aninmals wintering outdoors develop in response to
cold weather, highly insulating coats of fur and feathers
and subcutaneous fat. Further by driving the blood from
the body surface at declining temperature the blood is kept
from cooling and the skin becomeg highly non-conductive to
heat. #loreover farm enimals consune large gquantitics of
feed associated with high heat production due to feeding.

In ruminants, particularly in cattle, with their diets
containing large amount of roughage and with the rumen
microflorea converting even urea to protein and fermenting
the ingested feed stuffs with high heat production, gxgogxtra
heat increment due to fecding is very great. Brody

stated that this heat increment in fara animals is about
205 of the mross energy of the customary dbalanced mixed
rations conswned, and that heat production in dairy cattle
under normal fecd conditions is about 507; ebove that in the
fasting condition. This extra heat due to feeding can be
utilized esdvantageously by the animal for maintaining body
temperature. Brody stated that this partly explains why
ruminants, on a poor hey diet can be eaeily wintered in the
cold weutern states of {i.S. A. where the temperature is often

o
as low as «40 R,
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It eppears, therefore, rather certain that the
deiry cowe do not decrease in their efficiency, nor arethey
uncomfortable under the conditions of cold weather, provided
they are protected from severe changes in weather such as
snow, rains and storms. It 18 true that under bdasal metabol-
ism condétione thg critical temperature of ferm animals is
60 to 70 P (16-21 C). Such values have been reported for

(27)(120)
domestic fovls, pigs and steers (Brody )« These
critical vaelues may dbe interesting theoretically and for
research purposes but they are prodbadly without signifiocance
under the conditions of normal management aystems becsuse the
animsels on the farm are not on a basalfietabolism level end
the surplus heat produced by the animals due to the effect of
feoding roughages etc. is huge and can be utilized for the
maintenance of body temperature etc. in cold weather.
However under high environmental temperature conditions this
surplus heat mroduction is a serious burden to the dsiry animal
and the disposal of it is a difficult prodblem (of. heat
regulating mechanism). There appears, therefore, to be
hardly any critical temperature lower down on t he socale
below which heat production should be increased for maintaining
body temperature but there is definitely a high oriticel
temperature sbove which the normal physiological processes
such os body terperature, respiration rete and metadolic
functiongetec. arc affected. Considering these it appears
thet at low temperatures the production of the well fed deiry
cows would not be effected but at higher temperatures
production will dbe seriously affected because of the
physiological upset of the cows. The optimum reange of
tenperature for production, therefore, appears to be a large
one starting from the upper critical temperature down the
soale to a sufficiently low tempereture. This 1is, however,

only an expectation and £ will be interesting to see how far
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it agrees with the results of the actual observations,
- : i

Buckley at Maryland in comparing open stables
with closed stables found that 'the effects of extremely low
temperatures are pracu?g%%' negative in reducing the flow of
milk. ¥ Woodward et al also compared the open shed with
the closed dbarn for milking cows and reported that cows
*consumed somewhat more feed and produced slightly more mili
when kept in the(gggx)x shed than when kept in the closed barn.”
Kelley and Rupel studied the relation of stable environ-
ment to milk production and found that under wisoconsin
conditions the optimum stable temperature for dairy cows
appeered to be about SOOF and that cows ruming in a pen
withstand low temperatures better than stanchioned cows.
Regen and Richardson(sa)obtained similar results with cows
housed in air-conditioned room They demonstrated that
heavy milking cows withstand cold temperatureer better than
warm temperatures. On the other hand Davis(zdg)oompared an
open shed with a barmn for milking cows in Pemnsylvania and
concluded thet drops in atmospheric temperature decreased the
milk yield for both groups and that the cows in the open
shed consumed more roughage then the cows in the bdbarn. Thg
detalls of these observations were not obtainable. Speir(eaw
carried out experiments at Newton, England on the production
of milk in winter under free versus restricted ventiletion.
He observed thet free ventilation is an important factor in
the production of milk in mid-winter and that this is desirable
for the production of wholesome milk Just as for the health
of the animals. He further stated that there was no
difficulty in producing milk in freely ventilated byres in the
coldest weather in Englend and thet "rather more milk has been
produced under conditions of free ventilation than where

ventiletion wee restricted, "
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(126)
Dice working at North Dekota Agriocultural

College Farm has shown that the dairy cow withstands long
periods of exposure to temperatures as low as OOP with 1little
loss either in production or in the efficienay of food
utilization. vWorking with ocows kept in an open shed versus
cows kept in a dairy dbarn he showed that, for three two=month
periods in different years, th= cows kept in open shed were
somewvhat more persistent producers than similar groups housed
in the dairy dbern and that milch cows can stand low temperat-
ures provided they l(xgav? access to shelter that is Ary and free
from drafts. Dice conducted further experiments on the
influence of stable temperature on the production of dsiry
cows. The preliminary work on the project was done to
demonstrate the effect of turning milking cows out in the
yard in the morning cold weather and leaving them out all
day. The production end persistency of production of a
group of five cows were compared with that of a similar group
kept in the dbarm and turned out for exercise for a few houes
on nice days. All of the cows were kept in the bdbern during
the night. At the end of two months, November-December it
was found thet the out-of-door cows maintained their
production on & par with those kept in the barn, The mean
temperature Hr November was 22°F. » for December 90)?. s with the
minimum going bdelow zero several times. The health of the
yard cows was not affected by the exposure to cold. The
barn cows gained 184 pounds in live weight and the yard cows
geined 207 pounds during the two months period.

To check these results other groups of cows were
turned out night and day during February=-ilarch end again
during November-December with access to an open shed. The
production of these groups was compared with that of similar
groups housed in the dsiry dbarn The mean temperatures for
Fedbruary and March were 23. Oo? and 27. Oo? respectively and
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o o
for November and December were 30.4 F and 19.8 P, The

following tedle gives the result of the two comparisons.

In Barn In ghed

Period No. of Daily prodn. ofdy Daily prodn.
covis milk of 4% milk

Barn Shed .18t month 2nd month 1st mth. 2nd mth

Feb=!larch 3 3 88. 7& 8l. 86 98,27 91.41
Nov=Degc, 4 4 118. 48 103. 27 116,12 101.44
Total 7 7 204, 22 186. 13 214,39 192,86
Lbe. drop in daily 19, 09 21. 64
production
% arop in Aaily 9. 36 10. 06
production
1bs. daily prod- 29. 17 26. 46 30.63 27.66
uced per
cow

The data scem to indicate that the cows housed
in cold jquarters roduced practically as well as thosc kept ‘
in the standard dairy bdbarm. The percentege drop in productior
wes slightly higher in the shed cows than in the bdrn cows
but th- difference is not significant.

The experiment was further contimied during the
next two seasons and the method was somewhat changed. One
group was kept in the dairy barn while the other group was
in the shed and then the next month the two groups were
reversed. This plan served to overcome any of the inevitable
differences that existed in the two groups. The producing
abllity, stage of lactation, size and bdbreed of the cows were
considered in meking up groups. The cows were fed hay,
sllage and grain according to their needs.

The summary of the results obtalned are given
in the following tabdble.
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IABLE 23

Same cows in barn and shed - alternate months

1st Deason 2nd Season

Barn cows Shed cows Barn cows ghedcows

Lbs. 4% milk produced 16,388 16, 306 27,910 27,887

Mean humidity 83. 60 73. gg gg- gg g;’: gg
Mean tenp. OF b2. 20 206, .

Lbs. gein or loegin +383 +440 =134 +1199
weight.

The table shows thet although the temperature in
the shed was very much lower than that in the barn, the
production of ?.C.M. (fet corrected milk) was practicelly
the same in the barn and the shed. It eppears that the
temperatures below 54°P and as lov as or lower than freezing

point 414 not meke any eppreciable difference in the
Yboduction 80 far as the health of the animmis was concerne
the shed animals as 1B evidenced by the weight gains aia
remerkably better than the barn animals.

The experiments carried out by Dice demonstrate
that the idea that dairy cows receiving an adequate ration
need to be kept in warm barn to be comfortable is unsound.
The author in his concluding remarks stated that, provided
the dairy cows receive an sdequate ration, have shelter from
the wind, snow or rain, andhave a dry place to bed down,
"thoy can withstand exposure to cold temperature and they
will produce prectically the same in a eold stable as they
will do in a stable where the temperature is about 50 "

He further stated that milk cows on full feed, when houscd in
a cold stable produce sufficient surplus heat tofaaintain
body temperature without using nutrients specially for that
purpose (cf. metabolism).

(231)
Wwoodwerd et al in Washington studied the
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influence of season on milk production and found that, apart
from feed supply, temperature is an important cause of
fluctuestion of milk yield from season to season. They
obteined 15,492 D.N.I.A. lactation records from 12 states

end compaered the monthly yields with those shown by 101
lactations from Beltsville herd, where feed conditions were
kept uniform by constant indoor feeding of the cows. At
Beltsville, under the controlled conditions of feed supply,
the maximum yield of milk occurred in spring(May) and the
minimun yield in July when it was the hottest. In the

12 states the minimum yleld occurred from October to December.
The author stated that the food supply had much to do normally
with the seasonsl fluctuations in milk yield in the states
end that on e uniform level of fecding the high temperatures
were found t> be the causc of the minimmam yield in July and
comparatively low temperature in May coincided with the
maxinmum yleld.

Full details of the experiment were not available
and whether the May tempersturc was the lowest in the year
and, 1if not, how production was affected during the coldest
monthe cannot be said, However the adverse effect of high
summer temperatures 1s evident,

(232)(233)(234)

Campbell ‘dn his study on tho effect
of night on milk production at the University of Reading
stated that temperature was the mein cause of the difference
between the morning milk yield and night milk yield, It 1s
usually believed that the longer interval between night
milking ond morning milking is the main ceuse of the difference
in the milk yield but Campbell found it to dbe otherwise. He
stated that these may be differences of over 350F between
day snd night temperatures outside in the spring and summer
months in southern England. He made observations with five

cows and a heifer and presented data to show the proportions



between morning and evening yields of milk and fat, and
fati, in the case of individual cows milked alternatively at
6 a,m and 9 p,m. and again at 6.30 e.m and 3. 30 p. m In
each case the intervals between milkings were 16 and 9 hours.

He found that when the 16 hour interval was
between night and morning milkings, & bagger proportion of
milk was produced at the morning milking than was produced at
nicht when the same interval wes between morning and night
milkings. | In conclusion he said that the coparatively
lower tempercture during the night might tend to higher
milk production of l?ggg)rat content in the morning.

Harlass in an experiment with Black Pled
Lowland cows attempted to ascertain the most satisfactory
renge (optimum range) of temperature for production
Bighteen cows at the height of lactaetion were divided into
three gooups of six animels according to age, performance
end pedigree. Group ] Was allowed to graze day and night,
while OGrouwp 1i end L4l were housed at night snd by day
respectively during the first period of the experiment. Eac
group was then subjected to alternative treatment auring the
two subsequent periods. During the first period (June to
July) tho "lowest” average enviromnental temperatures were
found to correspond to "the lowest" milk yleld (23.2 kg.
Group i). the "highest” average temperatures to the “intermed
iate" yleld (24 2 kg. Growp 1%), and tho "mediun” temperature
to the "highest" yield (25 kg. Group 111). The opposite
wes true of fat content, Qroup g giving the highest daily
yiela (744 g. ) followed by Groupd (722 g ) end Group 111
(698 & ). In the 2nd period (July to August), it has been
stated, continuous grazing had an unfavourable effect on milk
fat mainly due to "high maximum temperatures", and in the
3rd period (August to September) housing by dsy was found

to lower milk yield, since high maximua temperatures no



longer occurred, while housing by night increased both milk
yield and fat content. It is remariked by the author that
“Milch cows should, therefore, be protected from extremes of
temperatures (maxXimum in sumuer ond minimm in early eummer
or sutum). In this experiment of Harlass atmoepheric
temperatures have not bean mentioned and the “highest”,
"lowest” and "intermediate® tamperatures are vague terms.
It haec been stated that Group 1 was subjected to 24 hours'
grazing end consequently to the “lowest” environmentai
temperatures. It has not been mentioned whether any shelter
was provided to protect the enimels from sudden weather
changes which alone, apart from low temperature, might have
affected production. Moreover the yields of milk and
butter-fat are not sufficiently different to show any
marked effect of temperature and this aifference in
production might dbe due to growp differences. The dest way
that the experiment could dbe done was (1) firstly to cheak
the production of the animels individually as well as a
group under uniform conditions of management and then (2)
to sudbject the three groups of animals to the three treatments
seeing that all the animals were adegquately fed according
to 1live weight and production and that other oonditions
excepting the variations of environmental temperatures were
similar as far as possible.

In the second period of this observation the
hizh maximmm terperaturcs to which the cows were exposed
during continuous day and night grazing had an unfavourable
effect on the milk fat content. The effect of temperature
on the butter-fat percentage will be dealt with later.
Contimuing the experimont during winter (December - February)
Herlass kept six Black Pled Lowland cows in a heated byre
at six different temperatures. It has been stated that the
highest milk yields were ususlly found at medium byre
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temporstures - 16 C (61 ?), 15 c (89 r) end 10 G 5> (60 P);

high tanmerutures - ‘.4 C (75 F) and 20 o} (68 #), and low
temperatures - 6 c (45 F) = lowered milk yleld. It has
been stated that the same was true of total fat, but low
byre temperatures increased the fat percentage. It was
observed thet "the most satisfectory temperatures for goth
milk end fat performance, therefore, ranged bvotween 10 C
(50 T) and 16 G (61 F). *

According to Harlass the optimum range of
emrironmental tempegature for maximum production or milk lay

between 60 F' end 60 P and temperatures as low as 43 F geve
the lowest yielad. This sppears to be contradictory to the

results obtained by Dice who found that the temperatures
between Zsoani 53°F' did not effect the milk yield appreciabdly.
The number of animals used by lHarlass = one for each treatmens
~ wag very small end vhether the animals were reversed hes not
been mentioned, Even breed difference might be a responsible
frctor for this difference in ?gggrvatim

#1tzel and Heizer » Yniversity of wisconsin,
ladison, studled the effect of temperature on production.
They conpored during two winters, two herds, each of 17
Holstoin-friesians, one kept in an insulated stell barn and
the other in an open pen barn flean outside tenmperatures
were 40, 80 and 35. 8014‘ respectively auring the two periods
end in the stall dbarn the temperature was 46-66017'. It was
stated thet in the first year of the experiment milk production
in neither barn varied with changes of temperature dbut in the
cold open dbarn 1t everaged 7.4 less than inthe werm insulated
barn. During the second year when the cows were distributed
at random, the producition of F.C.!L was the same in the warm
and the cold barn.

(237)
Sinha and Minnet carried out observations at

the Imperial Veterinary Research Institute, Indie on fifteen



milking dbuffeloes in order to ascertaln whether any reletione
ship exists betwecen milk yield and cooling of the body by
daily wetting of the body surface. Fifteen duffaloes

8-10 yecars were selected so as to obtain a group of animels
as near es possible to their maximal yleld, which is usually
at about 90 days efter calving. Four sets of observations
were made over consecutive periods of ten days each auring
May end June when the daily air temperatures varied from
710- llsoF. During the first period the animals were
spleshed with bucketfuls of weter for five mimites morning
and evening every day two hours before milking. Body
temperetures of the animals were recorded immediately before
and one=half hour after splashing. During the second period
no splashing was done. During the third period the animals
were divided into two sub=groups « one of which was given
deily splashing and the othor none, their average duration of
lactation at this time being 106+2 and 105.6 days respectively
During the fourth period splashing was followed. Ay
temperatures, relative humidity, body temperature variations,
the falls in body temperature after splashing and the
corresponding averaege milk yields were recorded every
morning and evening The body temperatures after splashing
dropped by 1 to 4 F. The milk yields Aduring splashing
periods were compared alternately with the ylelds during the
preceding and following non=-splashing periods (this omitted
the effect of stage of lactation on production) and also

the yields of the sub=group 1 were comparsd with those of
the sub-group 1l and the differences were statistioally
anelysed. Data precented show that the ylields of the
animals when splashed were greater than when not splashed
end in every caese the differences were highly significant.
This experiment bears out the importance of body wetting

of cattle during very hot weather in tropical countries.
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When this is not prectised ac o daily routine the milk yield
decreases. As has been dealt with elsevhere the heot
dissipation of the cattle becomes difficult when the air
temperature rises above 7001" or 80, normal phyaiological
functions of the animal are disturbed; the dody temperature
rises and the milk production suffers.

The effectiveness of artificial cooling of the
dairy cows in overcoming the deprassing effects which the long
contimied periods of hot wgather have upon milk production
was reported from Georgiauae)&'marmental 8tation. In this
oxperiment the cows were artifioclelly cooled by covering them
during the day with light muslin cloths kept moiat to stimul-
ate coolinz by evaporation. It was found that contimued hot
weather (temperaeture not montioned) was the Amportant factor
in depressing the milk ylelds end artificial cooling was
decidedly effective in eaoing the situation and no bad effects
such as cold or other physiological dlgturbances were observed

That high environmentel temperature affects
milk production has bean conclusively showvn by :icgan and
Richardson(ss). Thoy conducted expsriments with dairy cows
of Hol=atoin, Jersey and Quernscy breeds kept in an air-cond-
itioned room in which termperature cowld de controlled keeping
the other varisbles cuch as humidity and air movement etc.
constent. Except for changes in environmental temperature
uniform conditions wore established. All cows wvere glven
e standord diet in accordance with their individual needs
ond vere allowed freo access to dArinking water. The cows
woere held at each terperature for a period of {rom 6§ to 10
days. The deta for the first two Auyc of each beriod vere,
however, not included in the averages, thus eliminating the
possibility of eny influence being exerted by the condition
of the previoue period, The following table shows the
effect of high atmospheric tempersature on the production of

rmilk.
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IABLE 24

Adr temperature Body temperature NMilk production

a\%?' %p lbe. per day
40 101.1 29
60 101.0 28
60 101. 0 27
70 101. 3 27
80 101. 8 26
86 102. 7 23
80 103. 7 20
96 106. 1 17

The table clearly shows that as the atmospheric
temperature increased from 40 to 95°F' milk production graduall
dropped from 29 to 17 pounds a Aay. It also eppears from
the table that between 40 and 70014' the decrease in production

o
was not great but above 70 F t he decrease was more marked.

At 'IOOF' the body temperatures of the animals started to rise
and more merkedly so ss the atmospheric temperature increased
further and further. 80 the decreese in milk yield at higher
atmospheric temperatures can be related to the phenomenon of
hqat dssipation, when held at high temperatures for more
than 24 hours heat production of the cow exceeds heat loss
(cf. hect repuleting mechanism), body tempereture rises and
the milk production decreases. Recen and Richardson's |
results also give fi'rther support to the observations made

(226) (228) (230)
by oz.ggg-s = Buckley » Kelley and Rupel » Speir ’
Dice - that the low environemtnal temperatures as low as
or even lower than freezing point 4o not affect milk product-
ion appreciably if the cow is protected from wind, snow and
rain, Rather it appears that low temperatures within
reasonatle 1limit tend to increase milk production of well fed
cows.

The observetions made by other workers mentioned

before were not completely free from the influence of many
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uncontrolled factors that accompany group experiments under
ordinary conditions of dairy herd management, so little
information of fundamental nature could be obtained from
those obdbservations. The experiment conducted by Regean

and Richardson under controlled conditions, however, conclusiv
ely show that as the environmental temperature rises agove

the upper criticel 1limit of heat regulation - 70 to 80 F
depending on the breed - the production of milk of a deiry
cow is definitely affected. o

Observations made by Rhoad(uag)in Brazil also
bear out the detrimental effect of high environmental
temperature upon the pooduction of milk, He reported that
purebred European Adairy cattle (in this case it was Holstein
cows) imported in the tropics produced, on balanced rations,
only 56% of their apparent cepacity.

That high quelity dairy cows of the European
type produce dbest under relatively cool conditions is well
illustrated by the results obtained by Villegas(zlg) with
Holstein cows kept at 70°F in an aeir-conditioned barn in
Singapore. Cows in this dbarn produced an everege of 24
pounds of milk a day es compared with the production of 9
pounds for a similsr group in an open, ventilated barn exposed
to tropicel temperaturecs. This importance of the temperature
effect on milk production is often ignored and the changes in
production in tropicel countries are attributed to other
fectors e. g. humiditytzﬁgﬁd changes etc.

Bender at the New Jersey Statioh, in en
effort to evaluate the effect of temperature and humidity
took records of temperature and humidity during 216 lactation
periods of cows and stated that, "if the temperature factor
does influence daily production, its effect is not for any
definite period The temperature factor probably works in

connection with some other factor, such as humidity. "
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Continuing this study in co-operation with the Walker Gordon
Leboratories, he found that hwmldity not temperature, appeared
to affect milk production. The effect was not direct but
mede the animals to go off feed. He further stated that a
humidity renge between 50 and 76 appeared to be normal for
dairy cows and that high produoing animals were apperently
lmore susceptidble to humidity variations then the low producing
animals. The deteils of the work were not avellable, so it
could not be sald how the production was affected dy the
fluctuations in the temperature and humidity. Prom t he
knowledge of heat regulating mechanism it seems guite likely
that high humidity in combination with high temperature makes
it more difficult for the cows to disaipate heat. It 1s not
known what happened at the New Jersey Station regarding
temperature and humidity. However, in view of the observat-
ions made by others, which have been already cited, it cannot
be generalised thet humidity, not teamperature, affects
production. whon temperature and humidity are both operating
together, tempereture is decidedly the more important factor
than humidity in affecting milk production.

That the high temperature in association with
high humidity has a greater effect on m.'z.%lzcl roduction is
supported by the observations of Watson onthe imported
cows in Hong Kong. He reported that the climate of Hong Kong
may be termed sub=traopical, actusl tropical heat with very
high huntdity occurring only for seven months, Merch -~ October
He mede the following remarks regerding the effect of such
e climate on dairy cattle of temperate origin in a large
dairy herd on this island. "Cattle in the herd are all of
BEuropean breeds. Since 1930, 440 Holstein, Ayrshire and
Jersey adults have been added to the herd, these cows coming
variously from Canads, Australia, Scotland and Holland.
Importations usually arrivo intthe winter, Until Msrch or
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Aprid cows thrive and those which are in milk by this time
yield up to the standerds expefted of them from their records.
wWith the arrival of hot weather a marked depreciation ooccurs
in the milk yleld; this of course also occurs in locelly

bred animels dbut not to the seme extent. "

The factors which usually ocause varietion in

the fat content of milk are:
(1) Breed,

(2) size witX breed

(3) Intervals between milking ‘
(4) Day to day variation

(6) Stage of lactation

(8) Stege of milking

(7) 8esasonsl variation.

Various workers have found that the season of
the year has a definite effect upon the percentege of butter-
fat. with the change of the season the weather and feed
conditions change. It will be seen that, apart from the
chenges in feod, tempersture changes have been found to dbe
mainly responsible for the seasonal changes in the butter=fat
percentage.

(228)

Eckles stated that the decline in test is
usually noted soon after the cows are turned out to pasture
in the epring. Towards fall the test dbegins to go up
slightly. In an experiment at Missouri he(%n1 tabulated
lactation records of 240 cows in the iiissouri and Iowa Experi.
mental Station herds and found that regardless of shen
lactation dbegan, the percentage of fat plotted followed a
curve for the year, being lowest in June and July and
greduelly rising to the highest point in December and Janueary
&nd then declining until mid-sumnuer.

(242)
White and Judkins concluded that milk tests
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lower in fat content in summer months than' it does in winter

months and that this variation is due to seasonal changes.
He elso found that the same relation exists in eolid not fat.
This conclusion was drawn from data taken on 49 cows over a
period of 7§ years.

weaver and uathews(m)fcmnd. from a study of
the Iowa State College dairy herd over a period of one year,
that the fat tcst was highest AQuring the first half of the
winter or during Jenuary, gradually declining to the second
helf of the sumuer, August and early 8September when the
lowest test ococurred, and then increasing rather repidly in
the feall. Ayrshire and Holstein tests were approximately
0. 6% lower in the second half of esumaer than in the first
half of winter. Guernsey and Jersey tests were epproximately
1. 1% lower.

Ragsdale and 'rnmer(m)fomud in a study of
4,10C Guernsey, Jersey and Holstein-Friesian Advanced Registry
records that, irrespective of time of freshening, "the
percentage of fat in milk when plotted follows a gemeral
curve, being lowest during summer months, gradually rising,
reaching a peak during thc winter months and then again
declining during the spring and summer.” The peak was
reached in December at 4. 765% and the lowest point in August
at 4. 32/

(248)

Golding ot al studied the milk of a typicel
herd of hecalthy 8horthorn cows for five years at the National
Institute of Research in Dairying, England, and they found
thet in each of the five years there was clearly a fall in
the percentage of fet in the morning's milk in the spring
when the cows were on young grass.

These works show beyond doudbt that the season
of the year hes a definite effect upon the butter-fat test

of milk, This test 1s the highest in winter when the cows



are fed concentrates and lowest Auring the summer when the
cows are turned on gress. /Again another important difference
between the summer conditions and winter conditions is the
difference of temperature., So it eppears that either the
pasture or the temperature or the two together are the causes
of the difference in the test. It has often been assumed
that this decline in test during the sumuer months is the
result of the feed, (247)

Clothier consldering the differsnces in
feeding prectices bdetween swmner and winter seasons in
Arizona, finde it "inmpossidble to delieve that the seasonal
varietions in butter-fet content of milk, observed in Arizonsa,
are not due 40 directly to changes in feed. " However, &all
other workers on this subject suggest temperature as a
probable cause.

(225)

Eckles states "the fact that the test is
the lowest during the period the grass is the bdest (in early
surmmer) and that it shows a tendency to increase towards
winter when the grain feeding begins is easily interpreted
to mean that the grass is the cause of the depression.
Experimental work has shown that this is an error. The
same decline in test during the swmer and the increase in
the fell hes been found tn occur in the same manner with
cows receiving a typicel winter ration throaghout the sumier
and having no access to pasture grass. " He further states
that "the effect of the season is apparently the result of
weather conditions, specially heat and humidlty.‘ It 18 founa
thet during a period of hot, humid weather the percentege of
fat 1s depressed while if the conditions are the reverse, A4ary
end cool, the test is increasod This intensity of the effect
of the season exerted through the weather conditions varies
with the loceltty. It is apparently more marked in the
southern than in the northern part of the United States.



Its practical importance is primarily that it explains the
low tests of summer which, as noted, ere often attributed
erroneously to the feed. * He comtiﬁued that "the results
of the seasonal effect are epecielly noticeable with high
producing oows on official tost. The summer tests under
these conditions are often very Aaisespointing . It has also
a bearing on the best time of the year to have cows freshen.
It 1o found thet fall celving gives a slightly higher test
for the year than does spring calves, because it bdbrings the
hicghest milk yield and the highest test at the same time. "

It may be noted here that the theory of fall celving whioh
will zive the highest yield of butter in United States cannot
possibly be applied in New Zegland where the cows are fed
solely on pasture, hey and silasge with little or noconcentrat
o8 and where 1t has been found desirable, considering the
economy of production, to have the cows fresheén in spring

so that the period of poak production of the cow coincides
with the peak period of pasture growth.

That temperature and not the pasture is the
cause of low test in ?QZS f)mmner is also sypported dy the
observations of Hills J He stated that the results
obtained in a study of the local creemery butter~fat tests
of milk of 30 herds in Vermont during the months of May,

June and July 1891, and July, August and September, 1892,
points “strongly to the probebility that when cows are put

on nesture the percentage of fet rises as temperature falls,
and falls as temperaturc rises. In other words, the
percentage of fat in milk varies inversely with the temperature
changes, "

Various other workers have attempted to dtudy
the effect of temperature on the fat content and the
composition of milkdirectly.

(243)
Weaver and HlHathews working with Ayrshire,
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Holstein, Guernsey and Jersey cattle, concluded thct butter-
fat testo were lower with higher ocutside and inside temperat-
ures. They sdded that, as measured by regression
coefficients, dbutter=fat tests were affected more dy chenges
in environmental temperature than by other factors studied
and further, thet there were indicaetions that variations in
the butter~-fut test were more closely related to variations
in outside temperature.

(233)

Cenmpbdell University of Reading canducted
experiment with the odbject of finding out if there was any
reletion between high dally ranges of tempereture in any
one week or month and the number of low fats produced. By
daily range of temperature he meant the difference between
the naximun day temperature and the minimn night tenperature
and by low fats, the fats at or below 2, 96/ The data show
that the maximum range of temperature for the year (8901-‘)
oceurred in September and this maximm range coincided with
an increased percent of low fats (16. 65) over the preceding
month (13. 63). The suthor suggested that wide range of
tempersture variations was the cause of greater percentage
of low fats in some r(ngzgt)xs as compared with other months.

Brooks found that when warming a stable
for cows during the months of December to March there was
a definitely lower fat test in the wing that was warmed to
55°F' and maintained at this temperature then in the wing
which was not wermed.

(319)

. Armsby quotes Speir stating that between
o

40 and 53 F temperature fluctuatione heve no epprecieble

effect on the percentnge of fat. (250)
Regsdale and Brody demonstreted the effect
within the rangc of 37-70°F on the percentage
of temperature/ofl fot in milk. They made observations on
ten cows during the months of March and April. All the

conditions that could be controlled such as feed and exercise
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were
of the animals/kept approximately uniform throughout the

period so that the effect of temperature on fat percentage
wes uninfluenced by other factors. The results show

falirly oconclusively that there is a relation between
temperature and the percentage of fat with roughly an increase
of about O, 2% in the test for a decrease of 1001? in the

) o
temperature betwean the observed temperature limits (37 - 70 F

Haye(ﬁo)mde similar observations in a study
of the University of Missouri Dairy Herd over a period of
2856 days starting in Jenuary, in which the envirommental
temperatures and the average fat tests were recorded. The
temperature ranged from 86. 5o to 24, 50? and the tests ranged
from 3,17 to 3. 60% He found that the lower the temperature
the higher the test, the increase in teat amounting to
0. 079% for each 1001? lowering of the temperature. However,
tecause of the many variables the author did not oconsider
this result as of much significance. In the second phase
of the experiment the author conducted seven controlled
temperature trials on two Jersey cows at 100? intervals of
temperature, with all other conditions remaining normal.

The range of temperature was from 92, 70 to 27°F - & sgpread
of 65, 'IOF'. This variation in temperature was accompanied
bty & total inecresse of 0. 824% gn the fat test, or an average

increcse of C. 086/« for each 10 F lowering of the temperature,

The results are given in the following table.

2ABLE 28.
A sumnary of all the controlled trials.
Trial Totel number Average texgp. Average percent
of days for entire fat for entire
trial®p trial
| 8 92,7 6. 388
Yl 4 60. 0 Be 277
o | 6 72, 6 6. 149
¥ 4 60. 9 6. 424
v 6 62. & 5. 646
111 6% 39. 9 6. 099
Vil 5) 27.0 6. 012
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The data show that in the controlled trials
there wee e constant increase in the percentage of fat as

o o o
the terpereature droppred below 70 % Prom 72.6 to 27 F

there was & temperature range of 48. 501? and a total increase
of C. 863 percent, -or an average increase of 0. 189% fat for
each looF‘ lowering of the tenperature. This is nearly in
acoord with the observation of Ragsdele and Brody wgo
reported a rise o;’ 0. 25 fat for each decrease of 10 F within
the range of 700 and 3001?, In these trials otoﬁays there
was en actual increase in tho fat test above 70 ¥,  The
euthor delieved this might have deen due to increased
meteboliam, induced by higher temperature(cf. metabolism)

or the result of disturbing the animels dy the sudden changes
from one temperature to another. In conclusion he stated
it would seem that there is a renge of temperature between
700 and QOOF within which the lowest testing milk is
produced. A vearietion in the envirommentel temperature
either way will bdring about an inorease in the percentage

of fat in cows milk, "™ and "that all other conditions
remaining constant, there is an increase of approximetely

C. 25 fat in cows milk for each J.OOF lowering of the temperat-
ure within the limits of 700 and 300P. "

It 1s usually observed that thero is a differ-
ence in temperature during night and dsy, tenperature during
night bdbeing usuelly lower than the day temperature. Hes
this temperature difference got anything to do with the
compearetively lower testing of milk in the morning and higher
festing in the evening? Uneven intervals between milkings
under ordinary conditions are often considered to be an
important factor ceusing morning milk to test low.

Ministry of Agriculture end Fisheries (1929)
stated "80 far as the percentage of fst is concerned, the

intervals bdetween milkings constitute the most important

of the known factors associated with variations in the



- 168 -

composition of milk. " (253)
On the other hand contrary to this Capbdbell
expresses tho opinion that temperature variation per 24 hours
"is a fruitful ceause of morning milk being low in fat under
twice daily milking conditions with uneven mtegg%? * 1In
enother trial with eix cows in winter Campdell tried
to determine the part played by the uncven intervels in
this respect. He found that when a 18-hour intervel was
between night and morning milkings, & larger yield of milk
with lower test was produced at the morning milking than was
produced at night when the same interval wes between morning
and night milkings. He oconcluded that “night itself or
factors operating at night tend to high r&%\; production of
low fat content. In a further trial ho ¢gllked the
cows thrice deily at 6 e, 2 p.m and 10 p.m at eight
hour intervale, took a totel of 10,689 samples from individ-
uel cows and t ested for fat. Of thie number 1,262 or
11, 8% fell to or below £.98% of fat. The low fats were

protuced per milking as follows:

6 a. - 38, 9/
2 pems - 34, 46

It 13 seen that the greatest number of low fats occurred in
the morning milkings.

According to Campbdell low tamperature during
the night is probably the cause of comparatively lower
tent of morning milk. This appoeers to be in contradiction
to the observetions made by other workers who found that low
temperature tends to raise the fat tect of milk. According
tn the observations cited before, the morning milk which
is secroted guring night under lower temgerature conditions
should bc richer than the evening mdlk. It appecrs that
the amount of milk yleld has some influence on the test -
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the test falling with increase in nmilk yleld
Woodward et al(zal)observed that the bduffer-fat
content declined aes the milk yield rose, If this 1s true
the greater yleld of milk in morning and not the temperature
variation durikg twenty four hours is the ceuse of morning
milk testing low
This is supported by the observations mede by
Houston and Hale(zsl)on seven cross-bred Shorthorn cows in
north Ireland. Temperature differences between day =nd
night were very amall only s.soF to produce any definite effect
However after studying the effect of temperature seperately
and statistically he stated that "changes in temperature are
not the chief cause of the diurnal variations in yield and
composition; and the dimrnel variationz in the milk yielq,
buttern-fat yield and S.N.F. yleld are independent of temperature
changes. " In oonclusion he stated that the diurnal variations
in the butter-fat percentage are mainly due to variations in
the milk yleld.
This observation was not, however, supported
by Brooke(zbz)who studied the relationship between milk
production and percentage of butter=fat. In order to
determine the extent of this relationship he recorded the
average amount of milk produced daily each month for all cows
irrespective of time of freshening and correlated with the
respective percentages of butter-fat for these months. The
Coefficient of correlation was found to be r = «0.1676. This
would indicate that the emount of milk produced was not a
determining factor in the percentege of butter-fat when the
effect of stage of lactation was eliminated.
(66) (249)
Like other workers (Hays » Brooks
(260) (248) (243)
Ragodele and Brody , Hills , Weaver and Mathews )
Brooks found a close inverse significant correlation between

the percentage of butter-fat of cow's milk and the environmentel



-160-

temporature. He took records of 409 lactations of the

cows in the Kansaee Agricultural Experimental Station dairy
herd over the period of fifteen years. In this study the
author has made an attempt to eliminate such factors as
stage of lactation and gestation, condition of animml, feeding
and bdreed differences using the only records of 366 days
duration and having the same number of animels freshening
each month end the same number of enimnls from each of the
four breeds, Jersey, Guernsey, Ayrshire and Holstein, The
date are present~d showing the average monthly environmentel
temperature, average deily production each month and average
monthly tests for individual breeds. The envirammenteld
temperatures varied from 2901? (Jamary) to 78. SOF (Taly).
The highest average test (4,26,:) for all dreeds ococurred in
December (31. 50?) and the lowest average test (3.83j%) occurred
in August (77. QOF'). The data was statistically analysed
and the relationship was found to dbe r = <0, 872 which 1is
highly significent. The data for all enimals have been
also sumarised by seasons, spring season consisting of
March, April, Mey; sumser of June, July, August; fall of
September, October, November and winter of December, Jenucry,
February respectively. The means for the seasons are shown

in the following table.

ZABLE 20.
o
Season M1k per day Fate per day ,i of b.f. Temp, ™
pounds pounds per day
Spring 26, 2 1. 0637 4, 060 b4, 2
Swoner 24. 7 0. 9631 3. 899 76.9
Fall 24,2 0. 9806 4, 062 b67. 4
Wiinter 23. 7 C. 9990 4, 2186 30. 6

It 18 noted from the table that the lowest meen
o)
temperature of 3C. 5 F ococurring in the winter seeson is
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accompanied by the highest average percentage of butter-fat,
while the highest mean temperature of 76. QOF in the summer
season is coincident with the lowest percentage of butter-fat.
This is in agreement with the observations of other workers
already cited. (253)

Contrary to these observations, Bartlett ’
however, did not find any significant decrease in the fat
test of the cows kept in a room artificielly heated to about
BOOF by means of hot water radiations, as compared with the
test of the control animals housed at the prevailing air
temperature of about 4OOF. Two pairs of animals were used;
one from each pair was subjccted to high temperature while
the other one was kept as control at the air temperature.
The animals were changed over from hot to cold and vice versa
during the course of the experiment. Feeding, milking,
stage of lactation and general mmnsagemeant etc. were almost
identicel for each pair. The results show that a significant
change was observed only in the case of S.N.F. where an aver-
age decrease of 0.163j% solids in the fat-free milk occurred
in 44 cases fo 1. The milk yleld wus reduced by 0.16 1b.
per day and the fat % by O.04, neither dbeing significant,
The author concluded, "although the experimentel conditions
of temperature were contimually higher than English sumer
conditions, the experimentel depression in milk quality was
relatively small. It appears reasonable to suppose,
therefore, that high temperature 1s not the only faotor
reeponsible for low gquality summer milk, *

The number of animals used by Bartlett was amall.
Moreover he did not subject the animals to intermediate
terperatures between 400 and BOOF. Hays(ss)fbund that the
fat content somewhat increased after 720F and that might be
the reason why Bartlett dia nog £ind any significant differencc

o
in the test between 40 and 80 F. Therefore it cannot bdbe
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said from Bartlett's observation that high temperature does
not decresse fat percentege. On the contrary, the evidences
cited before conclusively show theat high environnental
temperatures do decrease and low environmental temperatures
do increase the fat content of cow's milk

That the environmental tamperature, particularly
the higher temperatures have influence not only on the
composition of milk but also on its pwsico-ohemigg:l”
properties has been shown by Rogan end Richardson under
controlled temperature conditions. They kept six pairs of
high producing deiry cows, including Holsteins, Jerseys and
Guernseys in & psychometric room, varying the temperatures
from 400 to QOOF'. The animals were held at each temperature
for 5§ =« 10 days and the data for the first two days were
excluded in order to eliminate the influence of the previous

period. Excepting temperature, humidity, feed and air

movement etc. were kept uniform The results obtained by
them are given in the following tabdle.

Milk fat
Temp. Pat 8, N.P. Casein Freez P.B. Renin constant s
. B Ja % -ing coag-
point ulat-
-9C ion R.M.  Iodine

Min, Sec value number

40 42 826 2,26 0,836 6.53 410 28,80 30,561
60 42 8,26 2,23 3.60 29,36 31,63
60 42 8.06 2,03 409 28.16

70 41 6812 2,06 0,538 6.66 4,13 28,73 31,90
80 40 7.88 2,07 400 20,14 31,77
86 ‘3.9 7,68 1.93 438 268.88 31.34
90 40 7.64 1,91 449 28.16 3l.44
96 43 7.68 1.81 0,626 6,686 6,06 26,66 37.12




The table clearly shows that the changes in the couposition
and properties of milk became merked with a definite trend
es the temperature of the room rose to or above BOOF. There
was a merked decrease in the percentage of S.N.F. andin the
protein content. Thers was a lowering of the freezing point
depression and the lengthening of the time of rennet coagulat-
ion The values for t he percentage of gutter-rat and tge
pH tended, however, to increase above 86 F. Between YO and
950F' there were merked changes in the chargoteristics of
the milk fat, as indicated by a lowering of the R. M, value
and an increase in the iodine number. The percentage of
butter-fat remeined constant between 400 and GOOF. after
which it started to fall gradually until 8501?. The fall
between 80o and 850F was reather sharp. It started rising
gharply agein as the temperature increased above 8501? and
the test at 950? was even higher than that at 4001'. No
explanation has been offered by the authors regarding this
rise in test above 8501?. The similar rise in test at
higher temperature was observed by Hays(ea) but the rise
took place above 72°F'. In both these experiments carried
out under controlled conditions the test of cow's milk
responded to environnental temperature in similar way.
According to Hays the lowest test occurs within the range of
70 - BOOF‘ above and below which the test risea Ascording to
Regan and Richardson this range lies between 80 and BBOF.
The two ranges as found by thesc workers individually, although
somewhat Aiffer, cre reasonably close. This elight
difference is not unexpected considering thet this range will
depend upon the upper critical temperatmres of the animals.
Tre upper criticel temperatures again will depend, apert
from dbreed differences and individuality of the enimals,
upon (1) eweatihg mechanism, (2) relative hunidity and air

movement, (3) naturoe of insulation (fur, feathers, fat);
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(4) ratio of surface ares to body weight; (5) body temperat-
(6) other factors, such as acolimatization.
The influence of acclimetization is shown by

(264)

Gelino et al in their work on rats. They foundothat in
o

rats the body temperature began to rise at 32 C (89.6 P)
o o o o o o

if acclimatized to 10 - 12 C (60 - 83,6 F'). at 33 C (91.4 P)
o

ir acolimatized to 12 = 18 Cc (55.6 - 64.4 F), and at 30 C
(96 F) if aoclimatized to 290- 32 C (84 - 89.6 F‘. So it 1is
not likely that all these conditions were similar in both

of Hays' and Regan and Richardson's experiments. Moreover
in Hays' work only Jersey cows were used and in Regan end
Richardson's work Jersey, Holstein and Guernsey cows were
used. The letter workers in the same experiment took the
body temperatures of the animals end they found that the
upper limit of heat regulation for these animele was between
80o and BEOP above which the body temperatures of the animmls
started to rise distinctly and the composition of the milk
was affected. They stated that "until the cow becomes
hyperthermic, her milk is quite uniform in composition and
behaviour, Significant changes ocour in the milk after the

'upper critical temperature' has been reached. "

Regan and Richardson's observation that the
time of rennet coagulation and pH of milk increased at high
envirormentel tu@z;:-atures is suypported by the data presented
by Fredborn et al : The data (see Table 28) show that,
as in the case of the effect on body temperature, there are

distinct breed differences in the change of milk character-
istics at higher terperatures.
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IABLE 26.

Body temp. Rennet coagulation Hydrogen ion

Room
m- ./ &
P'“qp Hol= Jer- Tolstein Jersey Holstein Jersey
stein gey  min sec. min, sec.
OF. Ws
76 102,3 101.5 4 36 4 11 6. 89 6. 67
80 103.3 101.6 &6 31 3 45 6. 63 6. 56
6B 103.8 103.1 6 06 4 46 6. 64 6. 76

As this table shows the Holsteins loat control
of their body temperature at BOOF' with conourrent changes
in the composition of the milk The Jerseys maintained
their normal body temperature at BOOP and milk charecteristio
2lso rameined normal. The higher envirommental temperatures,
thus affecting the body temperature affected the composition
of milk and differently in different bdbreeds.

These changes in the physico-chemécal properties
of milk at h‘igher environmental temperatures can probably
be best explained on the dasis of blood changes bdbrought
about to facilitate hea%sgseipation.

D111 et al have shown that in dogs the
lowering of the serum protein takes place at high temgperature:
If a similar change occurs in cows it might well explain the
reduced protein sontent of the milk of cows.

As for the freezing point Daviee(%s) states
"the oemotic pressure of milk and hence the depression of
the freezing point, is dAue chiefly to the contained lactose
end soluble salts. The fat has no offect and the effect
of protein is negligible. " So also Eakles(zw)stated that
milk sugar and ash determine the freezing point of milk.

The date produced dy Regan and Richardson show that between
40 end 70°F‘ the tgoeztng point of the milk very slightly

lowered but at 96 P it became significantly high. The



higher freezing point as obtained by these cuthors indicates
a decrease 1n the esoluble components of the milk, Since

the cow does not sweat, the blood serum chlorides show littlg4
or no variation with increasing temperatures (Preeborn et al
and es a result the sugar content °§5$1°°d may decrease at
these temperatures. Lee and Scot found in their
exzeriments with cats which is also a non-sweating animal,
thet a hot environment resulted in the lowering of the cat's
blood sugar. It would seem probable, therefors, tha@ the
rise in the freezing point at higher temperatures is due to
lowering of the milk sugar content which, in turn, may be
due to the lowering of the bdlood sugar content of the animals
et these temperatures.

As regerds the increase in the pH of milk at
higher temperatures, Regan and Richardson stated thaet this
"mey be best accounted for by the decrecse in the milk colloid
content as arrectiné membfggg)eqnilibria.“ This can also
be explained by Hagrerd's belief that the hydrogen ion
goncentretion of dlood is decreased when the body becomes
overheated.

Regan and Richardson stated that the increased
time of rennet coagulation at higher temperatures can be
explained partially by the increassed pH and that the lower
calcium ion concentration might also> be involved.

The changes in the characteristics of the
butter=-fat necreted at high temperatures can be best
explained as the result of hyperthermic wnder~-mutrition or
"physi?%gg%cal" under~-fecding as celled by Eckles and
Palmer 3 Regem and Richardson observed that at high
temperatures the appetite of the animals greatly diminished.

The decrease in R, ¥, value and the increase in
iodine number at higher temperatufggg§e supported dby the
observations of Eckles and Pelmer who stated that all

trpes of under-feeding (induced and physiologicel) have
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narked effects on tho physical and chemical contents of the
bhuttern=-fat which are characterizod by a decline in

Reichert-Meissl number and saponification velue and an increase
in the 1odine value.

I% can bo concluded from theée observations that
low environmental temperatures a3z low as or even lower than
freexing point do not affect the production of dairy animals
12 they are fed well and protected from severity of weather
such &8 =now, storm and rain, Low temperaturecs rather
increase the fat content of milk lligh atmospheric
temperatures -« higher than upper critical tamperatures
(70 - BOOF) - affect the normal physiological functions of
the dairy animals such as body temperature, respiration rate
and metabolism ote. AB a conoeguence the milk ;yield is
lowered end the composition wnd physico-chemical properties
of milk are seriously cffecteod. At high temperatures the
fot percentage (withih certain range of temperature), S.N.P,
percentage, ceeein percentaege and R,:l value decrease; the
pH of milk, icdine number and the time of rennet coagulation
increese; and the freezing point rises. The extent to
which the producticn of milk and its composition and
properties are zffccted depends somevhat on the breed and
can be relsted to the efficiency with which a dairy cow can
dissipeate surplmus bdody heat under the conditione of high

atmospheric tenperctures.
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A deteiled study of this section is beyond the
scope of this dissertation; nor any definite conoclusion
regarding the direct influence of environmental temperature
on discane incidence and disease resistance of dairy cattle.
can be arrived at because so many other factors are involved.
Thus temperature, .by affecting the metabolic and other
physiological functions which have been already dealt with
may predispose the cattle to diseases and here disease
incidence and resistance will dbe only & secondary effect of
tempersture.

DRigesse Incidenge:

Ocourrence and incidence of a disease in a
particular country may bdbe greatly influenced by its climetic
factors such as temperature and humidity because these factors
have a grect influcnce on the life history of disease produc-
ing organiasms.

The optimum tmpemtnre of the pathogem.c
bacteria is that of the dody 37 - 39 c (98.6 - 102, 2 F')
Unfavourable temperatures, both high and low, may profoundly
affect a particular specles of bacteria, preventing growth,
alteru(\gqsv%x'nlome and preventing sporulation (Gaiger enad
Davies ) For oxar:ple in the case of anthrax dbacillus

o
gmwth ceases below 12 C (55.6 F)» spomlation ceases below

18 c (co. 80) and above 42 c (107.6 ﬂ') virulence is permanently
decreased and above 43 C (109.4 F) growth of bdeacillus ceases.
Low temperatures are usually less destructive to bacterial
life and many organiams survive freezing temperaturec e, g
tubercle dbacillus has dbeen found alive in animal tissues
frozen at lsoF' for several years. Higher temperatures, on

the other hand, act more or lescs fatally upon bacteriea.
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Again moist heat is more severe to bacteria than dry heat
(147) (148)

(K1immer )e Roemmnele observed that the warmth and

the presence of moisture in the air shorten the incubation

period of foot and mouth disease in pigs and favour a severe

attack, Cold and dry conditions on tﬂe other hand increase

the incubation period and favour mild attack.

S8imilarly the climatic factors have great
influence on worm parasites. Conditions of temperature
and moisture in the tropics are ideally suited to the
egurvival of mzny parasites and facilitates their dissemination

(149) (150)
(culbertson ,» Smith

) The chances for exposure
to these parasites is then grea6er in the tropics and since
this exposure may also 1nvoive a larger number of parasites,
the chances for more severe infestation and infection would
be greater.

Effect of temperature has been noted on the
growth and development of nematodes infesting pigs (ottoun) .

(182) 163) 154

Cram ) and sheep (Fallis )e Schwartz stated
thet low temperatures Ihave a greatly detrimental effect on
the development and vitality of egss and larvee of swine
kidney worm In U.S.A. the centres of kidney work infestat-
ion are confined to the southern states and in Australia to
the north-eastern coastel belt, mainly hecause temperatures in
these areas are comparatively higher (Ross and K.auzal(lsa)).

Tick infestation and tieck fever heve dbeen a
serious obstacle to the cattle improvement in the tropics.
Tick fever is a specific disease of cattle caused by a
protozoan parasit?lgge piroplasma bigeminum or Babesia
bigeminum (Kelley Y. The various synonyms of tick fever
in different countries are - Texas fever, bloody murrain,
Southern cattle fever (U.S.A.), bovine malaria (Europe),
triesteza (South Americe), heart water, red water (South

Africe, Great Britein and Australia and piroplasmosis. In
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natural conditions this disease is spread by cattle tick.
Climatic factors such as temperature and hum%i%gg'qppear to
have influence on tick infestation. Kelley stated that
the disease exists in its most aout&g%'m during eusuer and
autumn months in Auetralie. Myers reported the
presence of cattle tick in New Zealand, The New Zealand
cattle tiack, however, does not carry the tick fever. This
tick 18 mainly found in NHorth Auckland peninsula and spreads
along the east coast and the west coast up to Taranaki.

Very rarely tick is found in other parts of North Island
end in South Islend. This distribution of tiek in the
North Auckland peninsula and along the coastal regions of
North Island has been attributed to an "equable and warm
climate"” in these areas. Myerd stated that "™tick is a
tropical insect and varmth and high humidity are the necessar;
climatic factors for the tick," and that the climatic
factors, "particularly the warmth has been a marked feature
in keeping it far from spreading further south in New Zealand.
It has been further stated that dry heat as well as excessive
moisture have severe effects on %{ggg. especially when they
are off the host. Van Saceghem found thet ticks do
not trensmit East Coast fever in Belgian Congo at about
8,000 feet and that the heat factor evidently affects not
only the number of ticks at high altitude but also the
virmulence of organism inoculated by them He believes that
it 48 the low temperature on the mountains and high plateaux
that prevents the tiacks fro?&gggpogating the disease.
Similerly Forthingham et al reported that East Coast
fever cannot exist for a prolonged period in cold atmosphere
at high altitudes in South Africe and Kenya and that the
comnon vecting tick (R. appendiculatus) cannot survive and

become established in these arees.

These observations indicate that temperature
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in combination with humidity and possibly other climatic
factors may influence the oacurrence and incidence of
livestock disesses in a perticular country or in a partiocular
season and may explain to some extent the preponderance of
some diseases o, g. Rindorpest, F. & M. disease, Anthrax,
Blackleg, prioplaemosis and estoparasites, tick, biting flies,
mosquitoes, Tsetse fly eto. in the tropics; and others e.g.
T.B. Brucellosis, mastitis etc. in the tamperate countries.
Diseasg reslatance: (249)

Culdbertson stated thet the alimatic factors,
temperature and humidity seem to be significant in natural
resistance of man to amoebic infection and that the indivia-
uals who have the infection often improve on removal from
tropios to temperate zones. Ill:l.tzi(:52 colleoted large mmber
of statistics on the morbidity and mortality rates in man
from T.B., acute regpiratory infection, aoute aeppendicitis
end correlated them with atmospheric conditians. His
observetion shows that tropical climate with the consequent
dirfioculty of body heat loss, produce retarded physiocal
development and lowered resistance to infection, as contraste
with the much more vigorous existance and heightened resistan
to infection enjoyed by people of cooler countries where
"climetic stimulation® 1is grezter. However, in drawving any
conclusion from this observation, other factors such as bdbette
sanitetion and better nutrition as prevalent in codler
countries must be considered.

The effect of temperature on disease m?%gge)moe
has been observed ez?erirmtally in mice by Vieighman ’
Colvin and Mille o wugnan'a observation under varying
conditions of temperature (50 - 68 F) and humidity (60 = 1007%
indicates that the mice when infected with definite amounts
of different disease ppoducing organisms, die earlier in an
atmosphere heated to GBOF end saturated with moisture
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o
(1005 humtdity) as compared with 868 F and 60% humidity.

Colvin and mle(ml)made gn mtegestmg
observaticn varying temperature from 66 to 95 F with
humidity kept constant (685%) and injecting different Adoses
of infectiomns orgémism (haemolytic strbtococons)a His
results conclusively show that thoomlco ko;gt at S0 F dled
more quickly than those kept at 66 and 70 F and that the
former group succumbed with only one=fourth the oculture dose
needed to kill those of the latter two groups. In conclus-
ion the author stated that‘the difficulty in disposing the
surplus body heat and lowered metaboliem under high temperat-
ure conditions result in a "aharply reduced ability to fight
infectious invasion. "

In rabbits cralley(mz)obsemd the effect of
temperature and humidity on the capacity of the animals to
remove bacteria from the lungs when they were made to inhale
very large numbers of bacteria. He found that under normal
conditions (air temperature '7801? and relative humdity 468%),
80% of the organismse were removed in the first hour and
90% in three hours. When the animals were subjected to
extremss of temperature (100 P and 30% humidity or 39 P and
80% humidity) or first to one extrwmme and then to enother,
the rate of removal was definitely depressed. However at
the lowest tonperature (39011') it cannot be said whether the
effect was due to low temperature or high humidity. It

extremes of
appears from these observations that the/temperature, either
too high or too low, affect the resistance of an animal to
diseases. The results obtained with mice that the high temp
eratures combined with high humidity lowers the natural
rdsistance to disease and that it 1s a matter of ease or
difficulty with which an animal can dispose of surplus body
heat have also been observed in Burppean cattle when they

are exposed to high tropical temperatures. This point and
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the heredity factor in disease resistance will be mede clear
in the discussion that fdllows.
Zebyu versus European cattle:

The importence of hereditary factors in controll-
ing the physiological functions of the animal dody and thus
affecting thc animal's power of resistance or susceptidbility
to diseases, has been fully recognized in livestock breeding.

Several workers have, in fact, by selective
breeding with a view tovgreater dmmunity to cewt?%gédiseases
succeeded in gggducing strains of fowls (L@nhzigs) » Hutt
aend Bruckner ) and mice (Gowen and Schott ) possessing
a very high degree of resistance to certsain Adiseases -
typhoid and malignant growth %?ngwls. and typhoid in mouse.
Similerly Cameron and others were able to develop strains
of pigs possessing a considerable degree of resistance to
contagious abortion caused by Brucella Suls. Lambert et al &)
Bome years ago, indicated the existence of genstic Adifferencet
in horases in regard to their susceptibility to a certain type
of horse sickness. An example of racial differences in the
resistance of man to malarial infection and worm infestation

(167) (168)
is found among negroes and BEuropean (Cameron s Otto )P
Negroes are highly resistaht and the whites are highly
susceptidbile to these Aiseases.

These hereditary racial differences which hsave
been brought about by natural selection through ages have
been observed batwe?g)the Zebus and the Eurgpean cattle.

Kelley reported that the Zebus possess a
high degree of immunity to tick infestation and tick=borne
diceasos in Australia whereas the Buropean breeds of cattle
are very much susceptible, Bonema(lsg)stated that the
Zebu cattle in Africa have proved to dbe protected ageinst
all the tick-bdborne parasites,

(170)
Shrode and Lush reported that "fexas fever
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is a serious Adisease for European cattle but is such & mild
disease with Zebus that many cattlemen think the Zebus

and their higher grades are idmymne, ™ They further stated
that careful exeminrtion, including temperature readings
after fthoculetion, shows that the immunity is not complete,
os some at least among them do have the disease although in
such a slight form tl(l%lghey scarcely seem sick,

Schmidt , at the Texas immmization station
innoculeted many pure and grade Zebus with blood from cattle
carrying piroplasmosis., He found that the Zebus have such
a high degree of resistance that itl%'?ntioally emounts to
a phyelological immunity, Edwards with years of
experience in India stated that Indian cattle are highly
resistant to piroplasmosis and it is not regardt(agvgt)s a
serious infection of indigenous stock. Curson reported
thet the Zulu cattle in South and Central Africa possess
hereditary resistnggggo heart water, rod water and gall
sickness. Bonsama made observation over a period of
seven years on the resistance to tick infestetion of
Africaner cattle and cattle dbelonging to exotic European
breeds kept at Mara Experimental Station. His data show
that 61% of the calves of European breeds died from tick
infestation within the average age of five months whereas
only 6% of the Africaner celves died with eleven months
of age. Both Bonarm(lag)and Kelley(z)observed that the
resistance to tick infestation inoreased with the percentage
of Zebu blood in the off-spring. Bonama further stated
that the differences in the tick infestation between Zebu
end Ruropean cattle cun be correlated with the differences
in the number of ticks they harbour. On the basis of unit
area about 71 ~ 74% of all the ticks counted ococurred on the
exotic breeds and only 26 - 29% were found in the Africaner

cattle. This tick rejellance of Zebus is due to some
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(169) (11)
mxphologiea%vzhamcters ( Bonama » Kelley , Babagook

end Clausen ), which again are inherited. These

charactersare:-

(a) The skin of the Zebus secretes sebum which with sweat
gives & repellant odour repugnant to insect life.

(b) Their akin is very tough end dense and 4ifficult to
puncture,

(¢c) <zebus have short coat which restricts lodgement end does
not provide shelter for tiocks.

(a) In the Zedbus the penniculus musale is very nuch
well-developed, and admits of mich skin covemant. This
can be used to twitch flies off from the dody.

(e) The tail which is devoid of vertebrae at the tip can
move more freely and help in dbrushing the ticks off.

In addition to this, since the Zebus can regulate heat

better, posses emnll stomachs and are able to remein relatively

Bong without water (Kelley(n)), they remmin outside in the

sun in the open paddocks rather than in shady places, water

holes end cattle camps, where the population of the seed
ticke zre the greatest, On the other hand the European
breeds without these Zebu characteristics rest in such heavily
infested e reas for a much greater length of time snd dbecome
highly 4infested.

(172)

With regard to other diseases Edwards stated
that the Indian cattle in the plains, where the atmospheric
temperature is very high, are 60X more resistant to rinder-
pest than British-bred cattle. "Some strains,* he stateq,
"are more resistant than others."” He considers that “the
resistant ctrains have rosul ted from natural selections
during waves of infection which, with varying intensity,
have swept through the cattle populetion of India periodically
since time limmemorisal. "

As regards foot and mouth disease and anthras,
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he stated that the Indian cattle are more resistant than
British breeds but that no such dirrziggges exist with

regard to tuberculosis. Carmichael » however, stated
that all through Equatorial Africa, where Zebu type of cattle
predominate, bovine 1. B. 18 rare and suggested that these
cattle heve specific resistance to tuberoulosis. The
long=-horned Awkale type of cattle in Ugenda, which are
apparently not Zebu, has dbeen stated to have a very high
susceptibility to T.B. He elso reported a marked resistance
of Zedg calves to subcutaneous injection of tubercle dbacillus

of standard virulence whilst the Ankole calves showed little

resistence.
(176)

Hornby quoted from several reports to show
that T.B. is generally regarded as a comparatively unimportant
disease in South Africe. Discussing the low incidence of
disease in Tanganyika Territory he state@ that the native
races of cattle, particularly Zebu, are more resistant to
infection than the imported Eurcopean cattle.

It appears from ell this evidence that temperat-
ure, both high end low, by affecting the growth and develop-
ment of the Adisease producing organiams may have a profound
effect on the incidence of disease and that temperature may
greatly influence the natural resistance of the live stock
including cattle. Prolonged exposure to cold, partiocularly
if nutrition 1s not adequate, produces an exceesive loss of
body heat and energy in cattle end similarly prolonged
exposure to high temperature affect greatly the normal
metabolic and other physiologicel functions, such as
respiration and body temperature. In either case the animal
losces condition and vitality with the consequent lowered

resistance to disease.
In regard to disease resistance under tropical
conditions Bos Indicus cattle are genedically superior to
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Bos Teurus cattle. At higher temperature and humidity

Bos Indicuc is more efficient in regulating body heat and

as such is more resistant to tropical temperature than the
Taurus cattle. Temperature, affecting the vitel functions
of the Buropean ocattle Iin the tropics, mayxredispose them
to tropical Aaiseases. o doubt tapperature is an tmortan.t
factor responsidle for the fallure end degenerztion of
Buropean cattle in the tropics (cf. adaptability).



sl

Influence of taperature on adaptability
of dairy cattle.

RS-

178,
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The optimum developrient, production and

reproduction in farm animals can dbe attained only in an
optimum environment, "Maximin menifegetation of an animel's
genotic potentialities can occur only when the environment

is optinum, that 1s, where the preveiling conditions with
regard to climate, level of nutrition, general health and
animal management are so favourable, that the animal can
express the whole of its genotypic meke up, in its phenotype .
If tho enviromment 18 less than optimum this is obviously im-
possible. " (Bisacth(zso)).

The importance of enviranmant has been observed
in the cases of importing Buropean breeds of cattle in the
tropics in an attempt to improve the production of the
tropical cattle. flolatein~-Friesians, Ayrah%rea, ghorthorns,
Jeraeys(%gg?rted,in Indic (Wrightls), Olver(gel)
(vatson ), Fhillipines (Zanresa and others
end in Jemaica (Imd(zsz)) ; Holstein=Friesians in
Singspore (Ville 332?19)) end in the sub=tropical part of
7.8.A (williaems ); Sussex, Aberdeen Angus, Hereford

(73)(74)(78)(76)
South Africe

and Shorthorn in Bragzil (Rhoad ’
(Bonemn(44)(88) Tanganyilka (Frenoh(gsa)(zes) and K
(267) (2‘}%) ) i

(Daubney ) have falled to adapt to the tropical

Hong Ko
(s')rS (53’)’?&9 )x('go;

environment. Whon these cattle are bred for soveral
generations in the troples, they degenerate and produce
little. whon thesa are brod pure by importing bulls of the
samo breed the off-gpring produce even less because the
constitution of these animals is not suited to the tropiocal
environment. When they are crossed with the native cattle
which are either Isuu or sontain a high percentage of Zebu
blood, the half-bred off-spring produce much more than the
purebred animals and are well suited to the tropicel conditia
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In the deiry breeds it has been found that as the proportion

|

of Eurgpean blood increases from + to 3 or § in the grade
snimels, they degenerate, changes taeke place in types and
the milk production zeuggf)ars. |

Hemmond studied several generations of some
native-bréd Buropeen dairy or dual purpose breeds and some
imported pure stock in Jameica. He found that the stock
which had been native~-bred for saeveral generations were of
markedly different type from the original (see pl‘i{'?)'

The changes consisted of coarseness, that is, proportionately
larger size of head and legs, with flat-sided and shabdy
tarrels, and comparatively large horms(where present), and
the charaocters 8 a whole approached those of the native
stock.

The degenerative changes of the Buropean breeds
in the tropics have been attridbuted to a combination of
factors such as climate, mutrition and sublethal infection

(261)(262)(268) (261)
of troxai?géo (;neases (Ilmzxgxexg) s Olver ’
Bisschop » Teodereanu )e

It has been stated that the improved European
cattle grow more rapidly than native tropical cattle and
hence require more food, including more bone-duilding
material. But the tropical pastures during the dry season
are of very low feed value, high in fibre and low in protein
content. In the tropics thowﬁgwth of the grasses 1is
limited by rainfall and starts/the onset of wet season end
is reduced during any intervening short d4ry periods. In
some arees phosphorus defisciency ocours, apart from (223
effect of drought, due to deficiency in s0il (Kaura )
and the cattle, especially improved Buropean breeds, show
low blood(gézgssphoms, poor bone growth and poor production
(Bisschop ). Therefore the main problem of feeding in

the tropics would appear to be the supply of less fibrous,
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bDegeneration in o high-grede Jeorsey

cow (sbove) in the tropics. Her daughter
below by a Sahiwal Zebu bull is not only

of better constitution, but has also (263
given higher milk yiclds (Hammond, J, (268)),
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protein rich and, if possible, succulant foeods Auring the
dry season. Hammond suggests that ensilage of grass or
forege orops in the early stages of growth or irrigation of
pastures may be successfully practised to overcome the
problem of nutrition.

The sublethal infection of tronicel diseases sucl
as tick fever, according to Hanmond, reduce the vitality of
imported European cattle, cause general unthriftiness,
prevent the development of their body form and thus leed to
the dogeneration changes.

However, the most important limiting factor to
the adaptadbility of the Buropean breeds in the tropics
appears to be the high atmospheric temperatures. Thus Olver
(261)stated that *. . ..., the work that has been done in Indig,
by cooss=brecding with exogenous siresz, tends clearly to
indicate thet adility to withstend a tropicel sun is one of
the most important fectors affecting acclimatization in
tropicel countries. ™

(219)

Villegas reportad thet even vwhen additionsal
green fecd wos added eas supplement to the pasture allowance
of Herefords imported in the Phillipinee, the cnimals were
found to reduce in flesh gradually. *Reproduction went on
felrly well but a number of young were either wesk or born
dead, Thosse that survived btecame stunted, thus failing
to reach normal size at meaturity.* Gonzelez(QVO)rqported
about the puredbreds and gredes of the Jersey, Shorthorn,
Ayrshire snd Holstein immorted in the Philli;ines from U.S. A,
and Australis. He steted that "thesé animels are generally
inmported in celf, kept in derns under very sanitary oondition
and given imported feed similar to what they were fed at
home. They milk well int he first ozlvings, dut soon
deteriorate in health and production and die apperently from
no other cause than simple inability to stand local
conditions. The animals fall an easy prey to rinderpest and

foot end mouth diseases. "
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He further stated that while imported dairy cattle manage

to 1live for a time and reproduce, it has dbeen almost impossible

to reise satiasfectory calves from them "The calves born

are generally weak sn:d most of them die before weaning.

Those that survive this period turn out to be inferior

individuals which aro not worth keeping. "
lieschOp(gao)observed that, in South Africs,

even when the nutrition was improved by supplying bone meal

the purrebred and high grade Red Polls deteriorated greatly

in type and quality whereas the native cattle rather improved.

These observations clearly show that provision
of good nutrition and improved sanitetion alone cannot
prevent the degeneration of the temperacte cattle brought in
the tropics. That the most importent factor is the high
tropicel temperature is not realized by many bdbreederas.

In Kenya and South Africs the Buropean cattle
have acclimatized juite well at high altitudes where the
terperature 18 milder than in the plains dut where the feed
and disease oonditions, apparently, are not much different

(267) (44)(88)
(Daudbney , DBonsma

). In conclusion Deubney state
that Buropean stock can be raised in thooe areas of Kenye
wherc the mean annuul temperature does not exceed 650F
provided the management is good and nutrition adequate and
thet, in the areas where the mean armmmual temperature is
higher than GBOF.. the improvement of nstive cattle for

miik production should be effected by the use of high class

Indian Sehiwal bdbulls.
~ (44)(88)

The explanctions offered by Bonsma as
regerds why the Zebus aro suited to the tropics end the
Zuropean cattle are not, apeers to be the right ones.
teccordd ng to what he calls "metabolic explanation,” the
ouropeen cettie have become adapted to cold tempersture and

high degree of feeding end their physiological functions have
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developed accordingly whereas the Zebus have adapted to high
temerature and low standurds of feedingz. Znergy for
ection, growth :nd production cen be derived only from
metebbiism of food stuffs. In the case of Zuropean cattle,
under high etmosnheric temperature conditions in the tropios
the enimel consumes less (cf. Food Consumtion Utilization)
end the body slows down metabolism in order tn reduce the
heazt increment of feeding and thus prevent oveﬁheating of
body. The result is that the animsl euffers from 'tropicel’
under-nourishment.

Therefore, the whole quoestion of adantation is
one of raete of heatexpulsion The Bos Teurus cattle,
because of thelr comperetively larger gize ¢nd less body
surface per unit of live weight, thicker skin, absence of
sveat glands, ebsence of pigment in the skin and presence of
longer coet, 1s rmch less efficient in the expulsion of
surplus body heat. As 8 result their vitel physiological
functions, respirastion and dody temperaturc, are seriously
efrected and they becomo undernourished and highly susceptible
to tronical disecses. The Zsebus, on the other hand, being
more officient in the alimination of extra body heat are
comperstively rmich more resistant to tropical tempersatures.
This is the reeson why the Zebuz imported in tropiced and
sub=troricel countrice such eg Bragil, Austrslis, Phillipines
heve acclimatized o0 suoccessflly.

It eppecrs thot the problem of adaptability

and hence the problem of improvement of dairy pooduction
in e tropical country cen be tzaakled from two angles, (1)
by improving the environment or (2) by evolving breed or
breeds of Adsiry cattle suilted to the elimnte nf the country.
Atterpt in the direction of the first point has been made by
providine an air-c¢onditinoned harn for Holstein-Friesian cows

£€219)
in Singapore (Villeges ) and significent results have been
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obtalned. Sprinkling cold weter on the animel body on hot
(237) (271)
summer days (Sinha 2nd Minnet , Seath and Miller )
in order to lower the'respiration rate and body temperature
end maintain production has met with some success, The use
of some substitute for sweat glands, perhsps some spongy,
porous covering such es rubber or acetate spongg or a cover
of somc such fabric as Jutse, which holds moisture, may dbe
feaslble, but such improvementsof environment ere of
temporary nature and are not economical under commercial
conditions. The second possible way of overcoming the
aroblem of adaptabllity - by developing suitable breeds for

the tropics - will be dealt with in the next section
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Breeding deiry cattle in the tropics.

184,
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Milk production of the native cattle (Zedu)
in the tropics is very poor and so there has been felt a
great need in the tropical countries for the improvement
of deiry production by breeding better deiry cattle, It
could be stressed here that the deiry production in the
tropics cannot be improved by breeding unless it is coupled
with better nutritional and managemental practices.

The most important point that should dbe
remembered in attempting th breed improved dairy cattle
in the tropiocs 1s that the Zebu cattle are genetically suited
to withstand the rigours of the tropical climate - high
temperature and high humidity - where as the highly
gpecielised dairy breeds of temperate origin are not.
Ability to withatand tropical environment is as much an
inherent charsescteristic of breeds of cattle as capacity
for milk production

This point was overlooked or not properly
understood by the early breeders who attempted to inocrease
the dairy production in a tropical country by importing
European breeds, The problem that faces a tropical dsiry
breeder is to combine the capecity for high production with
the high resistance to tropical heat and humidity.

The dreeding methods that have been or can be
followed for improvement of tropical dairy cattle are as
follows: =
(1) Importing Buropeen breeds aend mainteining them as

purebred - the result has been an absolute failure.

(2) orading up native cattle with bulls of Buropeen breeds -
this 2lso has resulted in fallure. The purebred as
well as the high grade animals fail to adapt to
tropical heat.

(3) Crossing and back-crossing to the native bull or to
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the European bull in order to retain, in the off-spring,
a certain percentage of Zebu blood (60%) desirable for
high heat tolerance and high production. Such methods
necessitate the maintenance of at least two breeds, one
of which is unsuited to the environment. Yore-over
such methods cannot dbring about any improvement of
permanent nature and cannot be followed as & breeding
policy for the entire country.
To evolve £ new breed by oroesing the native cattle
wilk a suitable Eurgpean dairy bdbreed followed by
indbreeding of the cross-bred animals in ocamdination with
rigid selection and thus fixing the high milking
capacity and high heat resistance in the off-sgprihg.
This has been done in developing a new beef breed,
(276 (274

Santa Gertrudis (Rhoad » Manresa ) in the King
Ranch, Texas, which possesses high productive efficiency
and high heat tolerance. This i8 an example ahowing
that new and improvad breeds of cattle for the tropios
can be evolved through judicious cross~breeding of
Zebu and European cattle combined with akilful selection
end intelligent matihg.

The foundation bull of Sante Gertrudis breed

was "Monkey" a cross-bred Zebu with Nellore bdlood predaminating

and with some percentage of Durhem and Shorthorn dblood.

He was bred on the 8ebu-Shorthorn cross animals. Method of

breeding used in the formetion of Santa Gertrudis bdbreed

wae as follows: -

Brahman -~ Durham - 8horthorn X Brahman - Shortho:
= 7/16th 1/16th 3 P;
"Monkey" '
Brahmen -« B8horthorn X Brahman '« Durham - Shorthorr
7 T . ¥ 7/32na 9/32nd
' _

Brahman - 8horthorn X!Brahman - ghorthorn - Durham
1 3 vy 26/64th 7/64th

Brahman  Shorthorn - Durham
(’anta Aertmidis)
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Santa Gertrudis animals are claimod to breed true to the

type.

Such a brecding method, hovever, is very muach
time consuming, should be extended over a considerable
number of generations, rejuiresgreat akill and is also beset
with hagzards, for it necessitates the mating of cross=bdbred
sires with cross-bred dans; if not done aystematically,
no results can be obtainod and all labour will dbe lost.

Such methods can be underteken by Government but not

suitable for individual dbreeders.

(8) Grading up of native cattle with bulls of high milking
Zebu dbreeds such as Sahiwal, Sindhi etc. This 18 a
very practical method and is dbeing followed in parts
of Kenya where the use of 8ahiwal bulls has been
advocated (Daubnoy(zav)).

(6) Developing dairy strains through selection and brecding
from indigenous cattle. This method is suiteble only
if the native cattle possess potentialities for high
production of milk. This method has been adopted by
Indie Government and herds with high milking ocapacity
have been developed on the Government Farms (of.
Production in India).

One or more of these methodg,&gyﬁgpeen or are
being tried in various tropiocel counttiee/ﬁ Some work is
being donc to improve the beef animals but the principles
involved are the same as can be applied in dbreeding deiry
animals,

In the United States of America, around the
Gulf of Mexico cross-brecding of Zebu with standard European
beef breeds for resistance to sub=tropical climatic condition

has been a general prectice. Prom one of these crosses

1
has evolved the Sante Gertrudis in the King Ranch, Texas,



Centres of Zebu croas-breeding

The auwdors correazond to those m@ oned
in the tost. (Adopted from Kelley\<)).
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which has been elready mentioned. In an experimental wey
the U, S. Department of Agriculture is developing a new type
at the Iberia Livestock erimental Farm, Jeenerettez.
Louisians, where Rhoad(zm (2?5)(218)13 stationed, by crossing
Indian Zebu with Aberdeen Angus. Other orosses using the
Africaner are also being made for purposes of comparison.
That dairy strains of the Indian Zebu cattle
have not been used in the continental United States to
improve the heat resisting ability of dairy cattle is partly
owing to relatively milder temperature as compared with
tropical Gulf Coast regions, and partly owing to the

(34,
avallability of Jerseys which, according to Freeborn et al

possess greater heet tolemnozzi.gt)m some of the other breeds
in the United S8States, Rhoad found that the Jersey breed
has a heat tolerance somewhat superior to % Indian Zebu - 3
Angus cattle, The predaminance of Jersey cattle in the
Southern States of America, as pointed out by Davidaon(zm)o
may be explained on this basis.

The failure of purebred Holstein-Friesian in
the sub-tropical part of America resulting in lowered
fertility du.“_'e\6 :«)) *unfavourable weather" has been reported
by williams &

(277)

Rhoad has discussed the problem of raising
milk production in tropical Amerioce. Originally the
native stock were Spanish and Portugese cattle imported in
the early days of colonization. These were later crossed
with the North European brecds and recently with the Indian
Zebu. All grades of these corosses are present, The suthor
has discussed three possible lines of improvement of the
present dairy cattle.population -
(a) Selection from original native cattle,
(b) Grading up by Buropean dulls,

(c) PFixation of new type by selecting and drecding from



among the existing crosses of native-Zedbu and native-European
cattle.

The last method has been advocated by the author
for the improvement ?f daix-y cattle in tropical Americe.
A very recent report ehowe that the Bureau of Dairy
fndustry are importing bulls end cows of Sindhi dreed in an
attempt to build up a new dairy breed for hot Southern Gulf
area, by crossing these animals with the Jerseys in the
same way £8 has been done in case of Sante Gertrudie. The
results of this experiment would dbe of particular gxterest
to the bl%odere in tropical countries. In Brezil and
Argentin# work 1s continuing to evolve cross-bre mtg;-( ;‘1?18) larg
favoured areas Zebu~-Rurcpean crossing (Rhoed
(278) . 263 279

). Hammond and Metevier ahave discussed the

breeding work at Trinidad, Jamaica, particularly at the
Govermment 8tock Farms, where Zebus from India are being
crossed with Buropeen dairy cattle, notadbly Friesians.
Purebred and high grade Friesiens have failed, as in other
tropicel countries, to stand the climate of Jamaiocea. The
later policy has been to fix a dairy bdbreed suited to local
conditions by rigid( gg%gcuon among the hybri¢ enimmls.

Soyeur reported from Morocco that the native
cattle were first corossed with European cattle to increase
milk production. The crose-bred animals became highly
susceptidble to disease and this made the importation and use
of Zebu cattle desirable. The Zedbus from iledagascer end
Budan were not satisfactory whereas the Indian Zebus gave
excellent results. A "wise combinetion" of three types =
indigenous, Zebu and Bupopean - has been aimed at.

Prom Tunis in North Africa it has been reported

(281)
(Theiler ) that the production and immunity to tick-borne

diseases were increased by mating looel cattle with the
Zebus from Indla.
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8 (282)
From U. S. S.R. Zhuravok reported experiments

underteken with the odbjeot of extablishing a useful dairy
type of cattle resistant to piroplaamosis. Selected Zebu
bulls were mated with high-yielding Red German cows. The
firast cross animals gave good ylelds and, although dbecame
infected with blood parssites, showed high resistance to the
disease, Only & few (3 of 23 infected) died whereas the
rate of mortality emong Red German cattle under similar
conditions was much }(% ggr.

9 Stewart discussed the breeds of cattle of
west Coast of Africa and their resistance to Adisease. The
cattle are humpless with varying percentages of Zebu dlood,
He stated that the best cattle, located in the North-east
of the Northern Territories, contains the highest concentrat-
ion of Zebu blood Smith(zgz)reported that from 1892 to
1907 ell attempts to introduce Burcpean cattle into the
Southern provinces of Nigeria had been a failure. Improve-
ment now is being made by the use of "hydrid' British and
Zebu cattle bred in the high Ken{ge gomtrzr.

j8Puvier and Bouvier reported that in the
Belgian Congo, the most satisfactory bdreed is undoubtedly
the Africaner, which is cansidered to dbe the only purebredd
that does not degenerate after a few generations. The
Hereford cannot stand the climate but the F) crosses with
Africaner, which is & Zebu, are resistant to climate. The
cross-bred type, though not yet fixed, has deen claimed to be

promising. The only dsiry bdreed is Friesian, kept solely

by buropeans. 11
(286)
In South Africa Schutte s Curson and
(286) (287) (288)(289)
Bisschop » Curson and Thornton » Bissachop
(44)(68)
cnd Bonsme et a1 have discussed the native dreeds and

the prodlem of improving them for beef purpose. They found
thet the British breeds, Hereford Sussex, Aberdeen Angus



and Shorthorne degenerated when introduced into the 8outh

Africen territories. It has been stgted that British breeds
gave unsatisfactory results in those parts of the country
with an average tenmperature higher than 6801" during the
coldest month. That the higher environmentel temperature
is the main factor responsible for the failure of the British
breeds in South Africa has been conclusively shown by
Bonsma et al. On the other hand indigenous Africaner breed
is highly reaistant to high temperaturé and has been develope:
into a standard dbeef breed. From further up the East
(265)(266)
African coest French reported the attenptalazt
improving the native short-horned Zebu of Tangamyika by
crossing with imported breeds from South Africa, India and
Burope. He stated that grading up by Buropean breeds,
Ayrshire and Friesian, gave in the first cross animels muach
improved in size and productivity dbut higher grades droke
down constitutionally a&nd were disappointing in growth reate,
body development and milk yield. This was not due to m?290
less digestive efficiency of these animals dbecause French
did not find any significent differences in the digestive
powers of Zebu and high grade Ayrshires-Zebu cattle. The
cause of the failure of these animals was found to be the
high environmental tenperature which impaired the temperature
=regulating mechanism resulting in higher dody temperatures
and respiratory rates. The suitable dbreeding policy was
stated to be either to select and bdbreed from indigenous
cattle or to grede them up with dbulls of suitable Indicn
breed.  Still further north, Taram:\s\o(zgl) , dlscussing
animal industry in Iftalien Somaliland, stated that by
Judicious selection from among the native cattle an extremely
hardy end resistent animal could be evolved which would be
invaluable for sgricultural work. He also stated that the

milk yleld of Somali cows im unsatisfactory and that Someldl
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Brown Swiss oross animals gave satisfactory ylelds. Howover,
no further reports have been made adbout the sdaptability
of the cross~bred eanimels to th&:limte of the country.
The prodblem of breeding in Ir(xg%g)fgsbg.ncmased mnl(: Bgergduotion
has been discussed by Kartha ; Ma in 3
(207) 13) (299) (10)
Murari s  Wright ; Schneider and Ware .
India for centuries has had a very large population of Zedbu
cattle, the average production of which is very low. This
led to the foundation, in the earlier days, of the Uilitary
Dairy Parms in order to get an adeguate supply of wholesome
milk for the troops. Priesian, Ayrshire, Shorthorn and
Jersey cattle were imported and mated with native cattle.
The fallure of the Buropean cattle in India has dbeen mentioned
before (cof. Adaptability). It was found that any admixture
of Buropean blood greater than 50%, mede the cross breeds
unsuited to the climatic conditions of India. MacGuckin
stated that "cross-bred end grade cows are not so efficient
in throwing off body heat. If they produce large gquantities
of milk during hot weather, their comnstitution or thet of
their progeny deteriorates. " S0 the policy of improving
milk production of the native cattle by gradihg up with the
bulls of Furopean breeds has been abandoned and the present
policy has been to develop deiry strains by selecting and
breeding from among the Indian dbreeds with high milking
potentielities and great success has been attained in this
Yespect. Sahiwal, Sindhi and Tharparker herds on the
Govermment Dairy Ferms have attained an average production
of more then 7,000 1lbs. Of milk per laoctation showing that
pure Indiaen cattle when bred and menaged properly can more
than hold their own with Buropean cattle in economy of
production. Bulls of these improved strains are now being
uged to grade up the ;:attle in the villages. Recently herd

books have been opened by the Central Government for
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Sehiwel, Sindhi and Heriana breeds, The animels cannot be
entered into the herd books unless they give certain minimmn
yields and satiefy certain oonfomtio?g.g 4) Progress is being
made in this direction (Indian F'ax-mm%5 (274)(300) (301)

In the Phillipine Ialands Manresa s

70

Manresa and Erce have observed that purebred animels,
Friesians, Jerseys and Heredords, imported fram temperate
climetes, are unsuited to the local environment. These
workers have shown thet not only the metabolic funections such
as body temperature and respiration rate bput elso the dlood
units e. g&. haemoglobin ilndex of thess animals, are adversely
affected, They reported that a beef=Adraught breed is deing
developed in the College of Agriculture from an admixture of
native cattle, Indian Zebus and Herefords. This new breed
has dbeen named Phillamin. In a similar way the Department
of Agriculture is also working on a dairy brecd for the
Phillipines. The 4ifficulties associated with this attempt
of evolving and fixing a new bdreed from native-Buropean=Zebu
crossing have been realized and discussed by these woi'écers.
Among f‘pe Pacific Islands, thel gethexfland East Indies, New
Guinez and the Solomon Islands, it has been found that the
cattle with Zebu blood do better than Europegn breed?.

In the tropical north Australia (Kelley 2)(11)
British=-bred beef breeds, Hereford, Shorthorn, are not so
suited to the environment as the Zebus. The cross-bred
animals grow nuch better and produce heavier carcasses of
better gquality. The cross-bred animmls show great resistanc
to high atmospheric temperature, drought and tick infestation
and it has been stated that the mortality rate among these
animals is lower than among British breeds. The present
policy has been to breed and rear ZQbu-Britiaﬁ cross-bred
enimals end meintein the Zebu blood between 26 end 60% in

the cross animals.
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All this evidence shows the superiority of the
Zebus or cattle with Zebu blood over the QJuropean cattle
under the conditions of tropicel and sub=tropical
tenperatures. The primery couse of the failure of
Iuropean cettle in the tropics is the inferiority of their
heat regulsting mechanism and inability to maintain dody
tenperature et normael level at high atmospheric temperatures.
Therefore the poliocy of grading up tropicel cattle with the
bulls of Faropean dairy breeds is a wrong one. The bdbreeding
policy for improving the daivy oattle in a tropical country
ghould be either to seslect and breed from indigencus cattle
with high milking potentislities, if any, or to grade up the
netive cattle with bulls of a suitable tropical Aairy bdbreed
possessing high milking cepacity, or fix and ovolve a new
dairy dreed by orossing the native or some other suitable
Zebu cattle with & suitable Xuropean deiry breed followed
by Judicicus indbreeding. The first two methode, if possible
are easier and leas expensive than, and preferable to the
last method.
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1. Indie poseesses a large cattle population - about 200
‘million cattle. Indian cattle are mostly 4ual purpose
(mi1k end draught) snd t‘he average ammual production per
cow is very low - only 48"7 1bs. of milk. India'e total
milk production has dbeen estimated at 6,400 million gelions
of milk. The per capite consumption of milk per day - milk
products converted to milk - is miserably low, only about

7 ozs. Therefore for the nutrition of the Indian people
who subsist mainly on a vegetarian diet, there is a great
need for increesed production and cansumption of milk. It
has been estimated that the per capite consumption of milk
per day should be increased to 15 ozs. and so the total
milk production in India should be increased twofold.
Problems of cattle improvement in Indie are manifold =
religo-social, feeding, breeding, managementel and also
climatic.

2 Temperature, particularly high temperature, has a great
influence on the performance of dairy cattle. High tanpperat-
ure adversely affects the physiological funoctions of a dairy
cow = body temperature riases, réapim‘tion rate inoreases,
haemoglodbin content of dblood tends to fall, metadbolism, food
consunption and utilization, grazing performance, functions
of endocrine glands, growth, reproduction, production and
disease resistance of the animal are seriously affected.

Be The detrimental effect of high temperature on dasiry
cattle cen be releted to the phenomenon of regulation of
body temperature and the efficiency of a dairy cow in
disposing of surplus body heat. In addition to the
mechanical heat production subsidiary to the maintenance of
body temperature, blood circulatioh, respiration and other
rhysiological and metabdlic functions, dairy cattle produce
a huge amount of extra heat due to feeding of roughsages

(S.D. A, and fermentation heat) and also absorbd large amount
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of solar heet- on bright sunny days. In order to maintain
body temperature at normel, this surplus heat must bde
dissipated. Under the conditions of low environmental
temperatures, however, the extra heat due to feeding cen bdbe
conveniently utilized by the cow to maintain body temperature
without increasing metabolism solely for this purpose. This
is whx?well fed dairy cow can withstand temperature as low as
or lower than freeging point and why her performence is not
appreciably affected at reasonably low temperatures.

On the other hand, the disposal of surplus body
ieat 1s a serious problem to the dairy cow at the high
environmental temperatures. The cow 1s a non=-sweating or
slightly sweating animel end all the surplus hest is to be
d1ssipated by means of radlation, conduction end convection
processes and evaporation from the lungs. As the environ-
mental temperature approaches body temperature, all the
burden fa2lls upon respiration. At still higher temperatures
heat is absorbed by the body from the environment - radiation,
conduction and convection are reversible processes - and
respiration alone cannot cope with the heat production and
the animel reaches a state of hyperthermic feverish condition.
The upper critical temperature for a dairy cow lies dbetween
700 and BOOF depending on the breed. Above this critical
temperature her vital functions such as body temperature
end respiration rate are impaired, she consumes less food in
order to minimise heat increment due to feeding and suffers
from what can dbe called "physiological undernutrition. "

As a result sll1 the important physiologicel functions and
growth, reproduction, production, that is, the performance
of the dalry cow, are seriously affected.

4, The tropicel cattle, known as the Zebus or Bos Indicus,
are geneticelly different from the Bos Taurus or European
cettle and, unlike the latter, are highly resistant to

tropical temperatures. Due to their possessing numerous
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sweat glands, thick —pigmented skin, short-heired coat and
greater body surfazce per unit liveweight, they cen ‘dlssipato
surplus body heat very efficiently end are lesst effected by
high temperstures whereas the European cattle are highly
vulnerstle.

6. The 1nerrioienc$' of heat disposal of the Eurcpean cattle
et high environmsntal temperatures elso explains why the
Eurcpean deiry bdreeds when imported into the tropical countries
fall to adapt themselves to tropical climate, become highly
susceptible to tropicel diseases and degenerate in type and
production.

6. The past attempts to improve deiry production in
tropical countries by grading up the native cattle with
“uropean breeds heve been futile. In bdreeding dairy cattle
for the tropics, the odbJect should de to combine high heat
resistance and high milking capacity in the animals and this
can be achieved either

(2) by developing deiry strains through selecting and breeding
from anongst the native Zebu cattle or

(Y) by evolving a new breed through oroesing the native cattle
with a suitadble EBuropean bdreed followed by interbdrseeding of
the cross~bred enimsls in combinastion with rigid selection
end thus fixing the high heat tolerance and high milking
obility in the offspring or

(c) by grading up native cattle with the dulls of a high
yielding Zebu bdbreed.

The practicability of these methods and the difficulties
therein have been discussed.

a The great influence of high temperature on the perform-
ance of dairy cattle has hardly teen realized in Indis and
the early attempts to increase India's deiry production by
importing Curopean dairy breeds heve feilod. The results

obtained on Government Dairy Farms in recent years have amply

shown that certain dbresds of Indian cattle e, g SAHIWAL, SINC
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THARPARKER and a few others, are endowed with potentiealitiocs
for high milk production. In breeding dairy cattle in Indie
in order to incresse deiry production which is so vitally
imgportant for balanced nutrition of the Indian people, there
is no need to import European dairy cettle either for grading
up purposes or 