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INTRODUCTION



INTRODUCTION

Crossbreeding with superior exotic breeds of cattle
is the accepted policy of the Government of India to improve

the milk production potential of our cattle.

Bulls of temperate origin with better genetic potential
for milk are being utilliased for this purpose, Considerable
progress haa been made in this field during the paat few
decades. The population of crossbred cattle, in the
country, has increased tremendously which resulted in a
boost of the milk production, But the farmers are finding
it diffieult to take advantage of the full production
potential of the erossbred cattle, due to obvious reasons.
Acute shortage of the feeds and fodders and climatic stress
on the animals due to poor adaptability, combined with the
traditional and inadeguate husbandry practices are the

important lacunae.

The climate of the Indian subcontinent is essentially
tropical, characterised by the occcurence of three distinet
seasona -~ winter (October to Pebruary), Summer (March to
June) and Rainy (July to September) (ICAR, 1977). Such a
classifiication of the climate is applicable only to the
northern parts of the country. In South India, especially

in Xerala, no distinct winter season prevails and there are



two wet periods and az distinet dry season (Nair, 1973).

The rainy aseason, known as South~west and North-east
Monsoons, spread from June to October, the bulk of the pre-
cipitation being received during the former season. The
rainfall ranges from 150-700 cm in the year. There is
absence of seasonal rhythm and little variation in day
length (Nair, 1973). Mean ambient temperature is 27°C

and temperature as high as 40°C used to be experienced
during the months of March and April. The relative humidity

is hign throughout the year.

The prevailing ambient temperature and humidity iwmpose
stress on animals. This results in a low input - output
efficiency of feed energy for productive processes as

compared to that of cooler climates. (MeDowell, 1972).

Since climate is one of the limitting factors in live-
stock production, the present study was undertaken o
find out the distribution of climate in this locality and
to study its effeet on certain physiological reactions as
well as growth, dry matier intake and water econsumption of

crossbred cattle.
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REVIEW OF LITERATURE

Bioclimatology, as the name implies, is the study of
the direct and indirect inter-relationships betueen the
geophysical and geochemical environments of the atmosphere
and the living organisms i.e., plant and animals
(Mchowell, 1972). Though this branch of science is of
recent origin, considerable amount of work has been carried
out in this field, especially, with regard to the influence
of climatic elements on livestock production. A good
number of publications dealing with this subjeet are avail-
able from the western countries where the existing climatic
conditions are not so hazardous to livestock production,

In a tropical eountry like India, where the climatic elements
pose serious problems for livestock production, comparatively

very little work has been undertaken in thie field so far.

Since ambient temperature and relative humidity are
the two importamt bioclimatic factors whicn impose stress
on animals in the tropics, through their effects on rectal
temperature, respiration, dry matter intake, water congsum-
ption and growth, the previous reporits on these topics

are reviewed under different heads.



Rectal temperature

Homoeothermic animals maintain a constant body tem-
perature with only very narrow fluctuations. The body
temperature of mammals is seen affected by the age, the
foetus having a higher temperature which gradually declines
after birth and through advancing age to attain the level
characteristic of the species. The fall in tempersture
according to advaneing age amounted to 39.1° to 38.3%°C
in cattle (Hafez, 1968). Rectal temperature is usually
taken as an index of the body temperature because, at this
location a thermometer can be deeply inserted into the
body of a conscious animal without exciting the animal,
Quoting Bligh,Findlay (1961) has reported that for all
practical purposes, the rectal temperature appeared a very
good measure of the temperature of the animal which was
within 0.2 to 0.3°C of the mean circulating blood tempera-
ture provided the heat content of the animal remained
congstant or changed only very slowly. The normel rectal
temperature for adult dairy cattle ranged between 38.0°C
and 39,3°C (Herz and Steinhauf, 1978). Body temperature
wasg seen elevated during feeding, exercise, oestrous and
at the terminal periods of pregnancy and was seen depressed
during starvation and after the ingestion of large quanti-
ties of cold water. Citing MacDonald, Findlay (1962) has
reported that the rectal temperature of sheep fell by 1-2°C



and took two hours to return to normal after ingestion of
cold water. Rectal temperature also showed diurnal fluctua-
tion, having a minimam in the early morning and a maximum
in the late afternoon (Hafez, 1968). lrenn et al. (1961)
feported elevations in the rectal temperature of animals

in the mid morning and afiernoon, which declined during
early morning and evening., They have reported further that
calves had the highest temperatures followed by pregnant
cows, normal cows and ovariectomized cows in the declining

order,

Many observations were made on the reaction of the
rectal temperature of cattle according to varying condi-
tions of ambient temperature and relative humidity by
previous workers. Kibler et al. (1950) observed that
when Holstein and Jersey cows were subjected to tempera-
tures ranging from 50°* to 105°® (10° to 40.5°C) in a
climatic chamber, the rectal temperature began to rise at
a chamber temperature of 70* to S80°F (21.1° to 26.6°C)
and at 105°F (40.5°C) the rectal temperature of Holsteins
reached 108°F (42.,2°C) and that of Jerseys 106°F (41.1°C).
In a similar study Regan (1951) reported a rise in the body
temperature when animals were exposed to temperatures ahove
80°F (26.6°C) in the case of Holsteins and 85°F (29.4°C)
in the ecase of Jerseys and Guernseys. By exposing Brown
Swiss and Brahman cows and heifers to increasing temperature

from 40°F (4.5°C) to 105°F (40.5°C), Kibler and Brody (1952)

Ahmarosod o M*iems i Yhe vantal +amnavatirira $ha »i aa



starting at 80°F (26.7°C) in lactating Brown swiss cows,
at 90°F (32.2°C) in both the heifers and at 100°F (37.7°C)

in dry Breahman cows.

Alcaide (1953) reported the highest body temperature
for Philippine native cattle in May (38.65°C) and the
lowest in February (38.37°C). But when the body tempera-
ture was compared between the dry and the wet seasons
(January-May Vs. June~Decemter) the difference was not
significent. There was 2 significant sex difference in
the meen body temperature, as that of males was found to
be 38.46+0.021° ¢ and that of females 38.56+0,027°C.

Asker et al.(1953) reported that when buffaloes, Bgyptian,
Jersey, Shorthorn and grade Shorthorn cows were exposed
to sun for two hours, the rectal temperature was found in-
creagsed and the effect was of the highest magnitude in
buffaloes and the lovest in Egyptian cows., They have also
reported a significant positive correlation between air

temperature and rectal temperatare.

Findlay (1953) has reported the combined effect of
temperature and humidity on rectal temperature of Ayreshire
calves. Upto 30°C ablow or high humidity no significant
effect was noticed on rectal temperature. Above 30°C
the rectal temperature commenced to rise. The discomfort
noticed was more at high ambient temperature in high relativ

humidity than that in low relative humidity. When Jersey
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and Jersey x Sindhi (P1) crossbred cows were exposed to
ambient temperature of 105°'F (40.5°C) and 34 mm Hg vapour
pressure, MeDowell et al.(1953) observed an increase in

the rectal temperature of all the animals, the increase
being more pronounced in the Jersey than the crossbreds. In
a similar study with pustralian Illaware Shorthorn (A.I.S)
and Jersey cows, Robinson and Klemm (1953) reported a noti-
ceable rise in rectal temperature with sm ambient tempera-
ture above 95°F (34.9°C) and the rise in the rectal tem~
perature parallelled rise in humidity. dJohnston anmd
Branton (1954) reported a significant seasonal difference
in the rectal temperature of Holstein, Guer@?y end Jersey
bulls in the Gulf coast area. Comparing the effects of
weather conditions on buffaloes, Friesian cows and calves,
Alim and Ahmed (1956) reported a significant relation
betveen body temperature and air temperature in the case of
Friesians where as in the case of buffaloes, they observed

no significant relation between those two parameters.

The rectal temperatures of Holstein, Jersey and Indian
cows of the same weight as the Jerseys, rose to 108°FR
(42.2°C), 106°F(41.1°C) and 105°F (40.5°C) respectivelg.
when exposed to an ambient temperature of 105°F(40,5°C)
(Brody, 1956). Among them the Indian cows were found to
be the most heat tolerant. Johnston (1958) reporied an

increase in rectzl iemperature of animals exposed to high



ambient temperature, without prior adaptation. In a
study conducted with exotic crossbreds and Indian breeds
of cattle, Mullick and Kehar (1958) have reported a
positive correlation between air temperature and rectal

temperature.

Many workers have reported increase in the rectal
temperature of animals exposed to high environmential tem-
peratures both in climatic chambers and outside
(Bianca, 1959 a and b, Harris et al. 1960; wWilliams et al.
1960; Bond et al. 1961),

With regards to the combined effects of ambient tem-
perature and relative humidity, Bhatnagar and Choudhury
(1960) reported that the rectal temperature wvas affected
by the ambient temperature. Comparing air conditioning of
barns with hot weather conditions, Johnston et al.(1960)
observed increased rectal temperature for cows maintained
under hot weather conditions (ambient temperature of
70~97°F (21.1-36°C) as against 62-72°F (16.6-22,2°C) in the
air conditioned baran). ™ullick (1960) reported a decrease
in the rectal temperature of cows during summer months when

the hunidity wvas high.

Based on a study of the influence of the roughage

ration on dairy cows at high climatic temperatures,
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geott and Moody (1960) reported a signifieantly low body

temperature for animals maintained on low roughage ration.

When the effects of ailr temperature, wind veloeity,
solar radialion and vapour nressure on the responses of
cattle were compared, Shrode et al. (1960) reported that
alr temperature was the most important environmental va-
riable producing summer strews in eattle. Johnson et al.
(1961) reported 2.55°C rise in the rectzl temperature of
animals exposed to ambient itemperature of 88°F (31.1°C)
as against an exposure to 65°F (18.3°C). Raghavan and
Mullick (1961) reported higher rectal temperature in buffalo
bulls with the rise in the air temperature. Thompson gﬁ al,
(1962) reported an adverse effect of high ambient tempera-
ture on rectal temperature. Ven Arsdel and Bogart (1962)
have also reported an association beiween ambient tempera—

ture and rectal temperature.

Bianca (1963) reported that the” rectal temperature
responge of animals can be used as ar indicator of the heat
tolerance of animals since that gave the clearest and mbst
consistent reaction of animals to heat stress. Thompson et a
(1963) reported a rise in the rectal temperature of
Holstein heifers following initial exposure to a hot environ-
ment, (75~95°F) (2%.9-34.9°C) and thereafter a decline on
continuous exposure. According to the report of Rao and

Mullick (1965) changes in the ambient temperature is a
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major cause in bringing out changes in the body temperature
of kids, humidity having the least influence. But Riggs
(1966) has reported that atmospheriec temperature is signi-
ficantly correlated with body temperature of animsls m;in-
tained at warm, humid areas. In a study of the influence
of environmental temperature on calorigenesis of dairylcatt]
Yousef and Johnson (1966) and Moody et al., (1967) have
reported a signiiicant increase in the rectal temperature
of cows when exposed to high ambient temperature (32°C)
indicating a serious disturbance in the cows' thermal
equilibrium, A highly significant positive correlation
between rectal temperature snd ambient temperature was
reported by Pandey eand Roy (1969) in buffzlo cows. Study-
ing the responses of Hereford end Brahman x Hereford steer
calves to the climatic environment, Riggs (196y) has
reported that of all the climatic factors studied, atmos-
pheric temperature had the greatest association with body
temperature of animals., Taneja (1969) has reported
inerease in rectal temperature of Marwaeri sheep with in~

creasing environmental temperature.

By subjecting steer to summer (32°C and 58 to 924 RH)
and winter (7°C and 58 to 929 RH) environments in a climatic
chamber and three rations ~ high (73% TDN) Medium (674 TDN)
and low (614 TDN) energy - Klett and Schilling (1970)
observed that the body temperaiure of the animals tended
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t0 parallel increases in atmospheric temperature. -

Humidity did not appear to have an effeect until the tem-
perature rose to 25°C and above. Maust and McDowell (1971)
have reported that more than 61 per cent of the variation
in body temperature of cows was associated with the elimatic
variables when exposed to environments having mean daily
temperature exceeding 27°C and relative humidity more than
60 per cent. Wunen sheep were exposed to a hot environment
(32°C and 88% RH) Hussain and Bhattacharya (1973) obse;ved
significant increase in the rectal temperature of the
animals, compared to a eooler environment (22°C and 654 RH)
and the effect was more in the animals fed a high roughage
ration. Morrison el al. (1973) reported a significant
reduction in the reetal temperature of cattle exposed to a
temperature of 27°C and more, when sprinkled with water fox
one minute at an interval of 30 minutes. Comparing Scotch
Highland and gebu breeds of cattle, Olbrich et al. (1973)
noticed increase in the rectal temperature of the Scoteh
Highland heifers when the atmospherie temperature was raised
from 9°C to 31°C. Increase in the rectal temperature of
Jersey cows exposedfzn”éir temperature of 30°C was reported
by Bandaranayska and Holuwes (1976).

Joshi et al. (1977) reported significant increase
(P /0.01) in the rectal temperature of Jamnspari bucks
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expoged to a controlled heat stress eavironment (45°C dry

bulb temperature and 13.4 mm Hg. vapour pressure).
Respiration

Increased respiratory activity is an important means
of heat dissipation in domestic livestock at high températur
That was usually the first visible siga of response to heat
stress, and was placed third in the sequence of adaptive
reactions, as the unnoticed processes of vasodilation and
sweating usually occured earlier (MeDowell, 1972). Increa-~
ging the rate of respiration causes an increased dissipa-
tion of heat in two ways; at first by warming the inspgred
alr and secondly by increasing evaporation from the respi-
ratory passages and lungs. The greater the volume of air

|

that could be breathed in, warmed and humidified, the
greater the resultant heat loss.

The ,reaction of breathing to heat, is assumed to
fall in two phases. In the first phase, respiratory rate
increaseS (in cows to 2 maximum of 200 per minute) while
the breathing becomes shallower. In the second phase,
the opposite occurs and the air turnover increases. The
change over from the first to the second phase took place
in adult cattle at rectal temperatures of about 40.5°C
(Herz and Steinhauf, 1978). Following exposure to severe
heat stress, the respiration .rate of ~rcalves rose rapidlv

at first from 88 to a maximum of 218 per minute and then
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fell to 167 per minute while breathing at first became
shallower and then deeper. The change over took place
at a rectal temperature of 40.6°C (Bianea, 1958).

The effeet of the thermal environment on the respi-
ration rate has been widely investigated for cattle, in
the field as well as in the laboratory. Xibler et al.
(1950) have shown that the respiratory rate of ecattle
enhanced with increasing air temperature in the range of
50° to 105°*F (10° bo 40.5°C),the visible rise in Holstein
cows beginning at 60°F (15.5°C) being the steepest between
TO*F (21.1°C) and 80°*F (26.6°C) and reaching 3 to 4 times
the level of 50°F (10°C) at 95° to 105°F (54.9° to 40.5°C);
the rise in the Jersey cattle began at TO°r (21.1°C) and
at 100°F (37.3°C) reached a level, 5 to 6 times more than
the level at 50°F (10°G). Regan (1951) reported a double
fold increase in respiration rate in Jersey and Guernsey
cows for each 20°F (11.1°C) increase in the ambient tem-
perature from 32° to 80°F (0° to 26.6°C). Sementovskaja
and Garkavi (1951) reported a decline in the respiration

|
rate of cows exposed to cooler temperatures (~0.2° to -13°C]

then Brown Swiss and Brahman cows and heifers were
subjeected 1o air temperalure in the range of 40° to 105°F
(4.4° to 40.5°¢) Kibler and Brody (1952) observed steep
rise in the respiration rate of all animals at an air

temperature of 70°F (21.1°C) the rise being more rapid in
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the Brown swiss heifers. Rates as high as 160 and 130

vere attained in the B.S. and Brahmanheifers, respectively.
Though the pattern of respiration rate was similar for cows
the maximum rate was not so high. Alcaide (1953) has report
the highest respiration rate for Philippine native bulls
under natural environment as 29.1 per minute in May and

the lowest as 26.0 per minute in January. He observed no
difference in the respiration rate between the wet

(June-December) and dry (Jaunary-May) seasons,

In an experiment with buffaloes, FEgyptian, Jerseyr
shorthorn and grade Shorthorn cows, Asker ei al. (1953)
noted inereased respiration rate in all the animals foi-
lowing exposure to sun, the increase being the highest
in pure Shorthorns and the least in the buffaloes., They
have also reported that changes in the ambient temperature
had a greater effect than changes in relative humidity,
Findlay (1953) reported four to five times increase in the
respiration rate of Ayreshire calves from the normal rate,
when they were exposed to ambient temperature ranging from
30°* to 40°C and low humidity, the maximam values being
obtained at 40°C.

Comparing the respiratory activity of Jersey and
sindhi x Jersey (F1) crossbred cows, following exposure
to 105°F (40.5°C) ambiert temperature and 34 mm Hg.vapour

pressure, McDowell et al. (1953) observed increased
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respiratory activity in both the breeds, the reaction

being more prominent in the Jerseys. Robinson and Klemm
(1953) have reported increased respiratory activity in

a group of Australian Tllawara shorthorn cows follouing
exposure to a hot and humid environment. When compared with
a group of Jersey cows of similar status, the respiration
rate was found to be increased in both the breeds following
exposure, the increase being more pronounced in A.I,S. cows.
Significant seasonal differences in the respiration rate

of dairy bulls has been reported by Johnsiton and

Branton (1954).

The respiratory reactions of 4 months old Ayreshire
calves followlng exposure to varying combingtions of ambieni
temperature and relative humidity have been reported by
Beakley and Findlay (1955). Accordingly, the respiration
rate of all the calves increased with increasing environ-
mental temperature and humidity, the magnitude of the
maximm value varying linearly with environmental tempera-
ture by 4.9 respirations per minute per °C., Ambient tem-
peratures of 30° and 35°C at high humidity had the same
effect on respiration rate as 33° and 46°0 at low humidity.
Significant effect of weather conditions on respiration
rate of buffeloes and Priesian cows and cazlves has been
reported by Alim and Ahmed (1956), the ambient temperature
being significantly correlated with the respiration rate.
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In a study of the respiratory activity of calves
subjected to thermal stress, Findlay (1956) observed
respiratory frequencies of 70, 120 amd 140 per minute
following exposure to ambient temperatures of 20°, 30°
and 40°C. Johngton (1958) reported that there is a
marked increase in the respiration rate of dairy cows
subjected suddenly to hot weather without prior adaptation.
Mullick and Kehar (1958) reported significant positive
correlation between respiration rate and atmospheric tem-
perature, in a group of exotic crossbred and Indian zebu
cows, Following exposure of Ayreshire calves in a climatic
chamber, to 45°C dry buld temperature and 28°C wet bulb
temperature with 28 per cent RH, Bianca (1959 a) observed
rapid rise in the respiration rate from 63 per wmimzte to

180-215 per ninute.

Bhatnagar and Choudhury (1960) reported that respira-
tory rate of buffalo calves is the physiological reaction
most sensitive to changes in ambient temperature. Increased
respiration rate was noticed when lactating Holstein and
Jersey cows were exposed to direct solar radiation
(Aarris et al., 1960). But air temperature variation was
found to be the predominant cause of varistion in respira-
tion rate while solar radiation was of consideraole impor-—
tance as a direct cause of inerease respiration rales of
animals exposed to the sun, Comparing the performsnce of

cows in an air conditioned barn (temp.62° to T72°F)
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(16.6° to 22,2°C) with those in a shade barn (temp. 70“
to 97°F) (21.1° 1o 36.1°C) Johnston et al. (1960) ob-
served increased respiration rates for cows under hot

conditions.

Mullick (1960) reported that the respiration rate of
cattle and buffaloes remained unchanged during the summer
months under low and high humid conditions. The report
was based on a study conducted for three years on groups

of cattle and buffaloes of both sexes,

Scott and Moody (1960) have reported a deeline of
14,1 respirations per minute for cows maintained on a low
roughage ration as against, those maintained omn a high
roughage ration, both groups being exposed to hot environ-
ment (80°F (26.6°C) winimum temperature and 105° to 110°F
(40.5° to 43.3°C) maximum temperature). sShrode et al.(1960)
have reported that a satisfactory explanation for varia-
tion in respiration rate of animals can be accomplished
with air temperature taken as the independent variable.
In a study of the influence of solar radiation, air tey-
perature, vapour pressure and wind velocity on the phys‘io—
logical responses of dairy heifers, Williams et al. (19€0)
observed that the respiration rate was affected more by
solar radiation than by the other weather influences.

Johnson et al. (1961) have reported an increase of 28.84
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respirations per minute in the case of cows exposed to
ambient temperature of 83°F (31.1°0) in relation to those
exposed to 65°F (18,3°C) ambient temperature. Statistically
significant increase in the respiration rate of buffalo
bulls exposed to high ambient temperature has been reported
by Raghavan and Mullick (1961).

Comparing the effect of two housing systems on the
physiological reactions of buffalo cows, Misra et al. (1962)
have reported significant positive correlation between
respiration rate and ambient temperature where as the
effect of relative humidity was nov significant.
Thompsor. et al. (1962) also have reported significant
adverse effect of hot conditions (75° to 90°F) (23%.9° to
32.2°C) on the respiration rate of snimals. In a study
conducted by Thompson et al. (1363) the respiratlon rate
of Holstein heifers was found to rise following initial
exposure to hot (75°~95°F) (23%.9°-34.9°C) conditions and

then declined on continuous exposure.

Rao and Mullick (1965) have reported variations in the
respiration rate of kids with the slightest variotion of
air temperature, relative humidity having least effect on
respiration rate. Atmospheric temperature had significant
positive correlation with respiratioa rate of Hereford
steers, irrespective of altitude, rainfall and relative
humidity of the locations (Riggs, 1966). Yousef and
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Johnson (1966) have reported signiticant increase in the
respiration rate of cows when exposed to ambient iempera-
ture of 32°C. Significant increase in the respiration rate
of buffalo cows during summer has beenr reported by Pandey
and Roy (1969)., Comparing Hereford with the 1 Brahman x
Hereford steer calves, Riggs (1969) reported significantly
higher respiration rate for Herefords than crossbreds and
of the climatic variables, atmospheric temperature had the

greatest association with the respiration rate,

In a study of the physiological reactions of aiult
Marwari sheep during the period of one year, Tanejz (1969)
reported significant increase in the respiration rate of the
animals with an increase in the ambient temperature. Klett
and Schilling (1970) have shown that the respiration rate
of steers tended to parallel increases in air temperature
while bumidity did vot appear to have an effect until the
temperature rose to 25°C and above. Righer ambient tempe-
rature increased the respiration rate of sheep and the
influence was more pronounced in animals fed with a high
roughage ration. (Hussain and Bhattacharya, 1973). In a
study conducted by Morrison et al. (1973) it was shown that
sprinkling cold water for one minute at every %0 minutes

interval or housing in a refrigerated air conditioned barn
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during hot hours (temp. above 27°C) resulted in a lowered

respiratory rates of steers.

Olbrich et al. (1973) have reported increase in the
respiration rate of Zebu and Scotch high land heifers when
exposed to increasing ambient temperature (9°-31°V)
Bandaranayaka and Holmes (1976) also have reported incfeased
respiration rate of Jersey cows subjected to increasing
ambient temperature (15° and 30°C). Significantly increa-
sed respiration rate of Jamnapari bucks exposed to control-
led heat stress (45°C dry bulb temperature and 13.4 mm Hg

vapour pressure) have been reported by Joshi et al. (1977).

In a study of the respiratory responses of ¥ 'Dama 'and
Boran cattle to climatic conditions in Nigeria, Yassen
(1977) has reported that the respiration rates were clgsely
associated with the ambient temperatures, the highest res-
piration rate being recorded at 14,00 hours when the air

. |
temperature was at the maximum,

Dry matter intake

Feed consumption (dry matter intake) is regulatediby
the hunger centre. The amount of food consumed is at !
least partly determined by the organisms ability to give
off the heat produced by that food. The effect of the !

amount of feed consumed on metabolic heat and on heat
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tolerance depends partly on the quality of the feed.
Herz and Steinhauf (1978) reported that a low crude fibre

ration increased heat tolerance.

One of the first noticeable responses of most live-
stock to thermal stress was a decrease in food intake, the
extent of the depression being directly related to the level
of stress (McDowell, 1972). Kibler et al. (1950) have
reported decline in the heat production of Jersey and
Holstein cows subjected to increasing air temperature in
a climatic chamber. The decline was noticed at chamber
temperatures of 80°F (26.6°C) and above and that decline
in heat production with rising ambient temperature was
explained by referring to the rapid reduction in feed con-
sumption above 80°'F (26.6°C). Ragsdale et al. (1950)
reported that increasing chambe r temperature from 80°F to
95°F (26.6°C to 34.9°C) depressed feed consumption of

Jersey and Holstein cows.

Comparing the responses of Brahman, Jersey and Holstein
cows to changes in temperature, 50° to 105°F (10°* +o 46.5'0)
and 50° to 8°F (10° to 13.3°C), Ragsdale et al. (1951)
noted decline in the feed consumption of all the animals
with increasing ambient temperature, the decline begimnming
at 75°F (23.9°C) in the Turopean and 95°F (34,9°C) in
the Brahman cows, Similarly, a declining temperature increa-

sed the hay dry matter intalte of all the animals. Regan (195
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also has reported a fall in the appetite of cows
subjected to temperatures above 80°F (26.6°C).

In a comparative study of the responses of Brahman and
Brown Swiss cows and heifers to heat stress, Ragsdale et =2l.
(1952) observed the following changes. When the temperature
had increased from 40° to 105°F (4.4° to 40,5°C), Brah&ans
maintained their initial level of feed consumption upto
100°F (37.7°C) whereas that of the Brown Swiss declined

from 27 1b TDN at 80°*F (26.6°C) to 2 1b at 105°F (40.5{0).
dohnston et al. (1957) reported that the dry mattér

intakes of two groups of cows - one kept in a climatic!

chamber at 70°F (21.1°C) and 15 mm Hg vapour pressure and
the other kept in an open barm or pasture with tree shade
at mean maximum temperature of 92.7°F (33.7°C) minimum
temperature of 70°F (21.1°C) and vapour pressure of !

19.7 mm of Hg - were 25.4 1bs and 25.2 1lbs respectively.

Dipression in the feed consumption of cows subjected
to hot weather has been reported by Johnston (1958).
MacDonald and Bell (1959) have ‘reported increased feed |

intake in cows exposed to declining ambient temperatures.

The stress enforced on the animal by a higher ambient
temperature and a high level of relative humidity was much

more than that caused by a low ambient temperature and high
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humidity or a high ambient temperature and low humidity.
Thus Davis and Merilan (1960) observed that environmeaﬂs of
80°F (26.6°C) and 80 per cent relative humidity, 90°F
(32.2°@) and 20 per cent relative humidity and 65°F (18.3°C)
and 50 per cent relative humidity had very little effect

on feed intake and digestability in a group of Holstein
cows. But environments of 90°R (32.2°C) and 40 per cent
relative humid:ty and 90°F (32.2°C) and 50 per cent

relative humidity decreased the dry matter intake by 5%07 1v
and 6,72 1b respectively, less than that of the animals

maintained under normal cnvironment.

By subjecting sheep to two temperature conditions
(20° to 40°F Vs. T0°® to T8°F) (-6.6" to 4,4°C Vs. 21.1° to
25.5°C) Choi and Butcher (1961) observed that the feed
consumption of‘the two groups were 3.3 1b and 2.7 1b pér
day per sheep, respectively, the differences being highly
significant. Quoting Brody and associates, Findlay (1961)
reported that there was a rapid depression in the feed con~
sumption of European cattle when the air temperature exceede
75°F (2%.9°C). In a study of the factors affecting fooﬁ and
water intakes of Faropean (Shorthorn) and Zebu (Boran)
eattle, Horrocks ard Phillips (1961) have reported that the
feed intake did not vary significantly between the diff;rent

Seasons.
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When Jersey, Holstein and Red Sindhi x Holstein |
erossbred heifers maintained in a cool atmosphere
(60°~70°F) (15.5° to 21.,1°C) were exposed to a hot at-
mosphere (75°~95°F) (23.9° to 34.9°C) for 40 days, Johnston
et 2l1.(1961) could observe a decline in dry matter int:lake
during the first 20 days exposure, which rose to the normal
level during the second 20 days. Johnson et al. (1962) have
reported that among 31 weather measurements studied, the
dry buld temperature and maxjmum temperature had the most
significant influence on the responses of the animal and
they significantly reduced the feed consumption of the anima
when elevated. Mlera et al. (1962) have reported a 3015 per
cent decline in the fodder consumption of the buffalo cows
when the ambient temperature exceeded 93.5°F (34.2°C).
Reduction in the feed dry matter intake of cows under high
ambient temperzture has also been demonstrated by Wayman
et al.(1962). Johnson et 2l.(1963) have reported that
ambient temperature above 80°F (26.6°C) with varying com-
binations of relative humidity (25 per cent - B0 per cent)
caused significant decline in the TDY¥ consumption of lacta-
ting Holstein cows. They have reported an inversely pro-
portional relationship between TDN consumption and rect?.l
temperature, showing a % 1lb loss in TDN consumption for

each degree rise in rectzl temperature.
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Randel and Rusoff (1963) observed that when calves,

from birth to 90 days of age, were subjected to an environ-
ment of 70° to 95°F (21.1° to 34.9°C) ambient temperature
and 20 mm Hg vapour pressure there was a significant redu-
etion in their dry matter consumption compared to that of a
control group subjected to a cooler environment. A similar
observation was made by Thompson et al. (1963) when
Holstein heifers were subjected to a cool (38°=65°F)
(3.3°-18,3°C) and a controlled hot (75° to 95°F) (23.9° to
34,9°C) environments., Average daily feed consumption of
these animals decreased from 15.7 1b to 14.7 1b.

sims and Porter (1966) have reported that the dry
matter intake of Holsiein Friesian cows were depressed'by
90 per cent and 71 per cent of the intake at temperature
less then 75°F (2%3.9°C) by an ambient temperature more than
75°F (23%.9°C) and 80°F (26.6°C) respectively, with a s£g—
nificant correlation of =0.36 between daily mean tempeJature
and forage dry matter intake., Yousef and Johnson (1966 )
have reported 50 per cent reduction in the feed intake of
Holstein cows subjected to high ambient temperature (32°C).
Marked depression in the feed intake of Holstein cows was
reported by Moody et gl. (1967) when the animals were
exposed to a hot environment (32°C and 604 RH) and fed a
high fat diet, the effect on the feed intake was found to
be indépendent of the ration effect. In a study of the
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climatic effects on feed lot performance of steers, Klett
|

et al.(1969) have reported that increased ambient tempera-
ture was not significantly related to feed intake. But
there was significant increase in the feed intake with

|
inerease in the humidity of the atmosphere.

Comparing the feed intake of steers during summer!
(33°C) with that during winter (7°C), Klett and Schilling
(1970) have reported significant decline in the feed
intake during summer. Ray et al.(1970) have reported
the average daily feed intake of three groups of steers
as 9.39 kg, 9.19 kg and 10.75 kg in a study to evaluate two
methods of alleviating heat stress. The maximm ambient
temperature during the test period was 47.8°C. The first
group had access to shade only (control); in the second
group the roof aad a portion of the lot was sprinkled with
water and in the third group the animals were being cooled
by forced movement of precooled air. The feed intake of
group I and IT did not differ significantly whereas the
feed intake of group III showed significant difference from
that of the other two groups. Maust and McDowell (1971)
have reported that at a temperature of 27°C and 60 per cent
relative humidity only 3 per cent of the variation in the

feed intake of Holstein cows was associated with weather.

[
Hussain and Battacharya (1973) have reported that the

feed inteske of sheep decreased when they were exposed to
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high ambient temperature and bhumidity (323C)and 88 per
cent, respectively). Sprinkling the cattle at shades
during the summer in California or housing in refrigerated
air conditioned barns at 24°C resulted in significantly
higher feed consumption compared with cattle under shade and
not sprinkled (Morrison et al., 1973). When Jersey cows
were exposed to two ambient temperatures (15°C Vs. 30’q).
Bandaranayaka and Holmes (1976) observed 11 and 21 per cent
decrease in the feed intake of the two cows exposed to |30'(!
temperature compared to that of the cows at 15°C. MNo
significant difference in the feed conmmption of Holstein
calves was observed by Imccl et al.(1976) when the calves
were exposed to two environments (29.5° to 30.6°C air tem-
perature at 62,3 to 70.2% RH Vs. 26.0° to 29.4°C at 52,3 to
68.34 RH). Significant decrease in the food consumption
of Jaumapari bucks exposed to heat stress (45°C dry bulP
temperature and 13.4 mm Hg vapour pressure) has been

reported by Joshi et al. (1977).
Water consumption

The amount of water required by an animal varies with
the type of =nimel), age, stage of productivity, type of
feeding and the climatic environment (McDowell, 1972).
Variation in water consumption could be regarded as a m‘ethod
of heat regulation, The rate of moisture vaporization from

the body increased with increasing ambient temperature, and
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also tended to increase with increasing metabolic rate and
therefore with increasing rates of productive processes

and consequently with feed consumption (‘Hammond, 1954).
Water intake was seen fundamentally dependent on wa'ber‘ loss,
which, in turn, was correlated to ambient temperature a‘mi

other factors (Hafez, 1968).

Under normal conditions, water consumption appeared
directly related to the dry matter intake., In a study of
the water intake of lactating dairy cows, ILittle and Skilaw
(1978) have reported significant positive correlation

between water consumption and dry matter intake.

Water consumption under heat stress conditions has
been dealt with in previous studies. Comparing the influence
of temperature 50°F to O°F (10® to -17.7°C) and 50°* to 95°F
(10° to 34.9°¢) on various functions of lactating Jersey
and Holstein cows, Ragsdale et al. (1950) have reported
‘that water consumption of the animals parallelled feed \con-
sumption, with greater individual variation, and teunded
to increase as temperature rose above 80°F (26.6°C). The
tendency of animals to inerease their water consumption
has been demonstrated by Thompson et al. (1950) in an
experiment in which six Holstein and six Jersey cows were
exposed to temperatures 50°F and 100°F (10°C to 37.7°C)
in a elimatic laboratory. There was a significant increase

in water consumption when the temperature was increased to

100°F (37.7°C) from 50°F (10°C).
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Ragsodale et al. (1951) have reported that Turopean

cattle exposed to high ambient temperatures above 95°R
(34.9°C) decreased their water consumption. lhereas,
Brahmans exposed to the same temperature increased their
water consumption. In all the animals, the freguency

of drinking increased with increasing temperature. The‘
sane observations have been made by the authors in a later
study with Brown Swiss and Brahman cows and heifers

(Regadale et al. 1952).

Water consumption as a function of live weight and
dry matter intake, and the unit increase in water congum-
ption with rising ambient temperature were observed by
Bailey and Broster (1958) in growving dairy heifers. They
have reported positive partial regression woefficients of
water consumption on mean temperature and mean live weight.
These coefficients indicated that water consumption increase
by 0.0355 gal. per °F rise in temperature and 0.0142 gal.
per 1lb inerease in live weight., Average water consumption

ranged from 6.4 to 9.2 1b per 100 1b live weight.

Harbin et al. (1958) have reported significant positive
correlation between water intake and ambient temperature,
relative humidity having no significant effect on water
intake when the ambient temperature was held constant.
Bond et al. (1961) have reported that the water intake of

heifers tended to increase with increasing ambient temperatu
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Choi et al.(1961) have reported significant difference
in the water intake of two groups of sheep - one maint?ined
at 20-40°F (=6.6° to 4.4°C) ambient temperature and the
other at 70-78°F (21.1° t0 25.5°C) ~ the intake being more
in the high temperature group. Comparing the reaction
of Buropean {Shorthorn) and Zebu (Boran) cattle under hot
and cold environments, Horrocks ard Phillips (1961) have
concluded that increasing ambient temperature significantly
increased the water intake of the animals, the increase

being more obvious in the Shorthorn than the Boran cattle.

When two groups of lactating cows (ad-libitum fed Vs.
control fed) were exposed to two environments (65°F (18.3%°C)
504 RH and 88°F (31.1°C), 504 RH) the water consumption of
the zd libitum fed animals decreased with increasing ambient
temperature and that of the control fed animals increased
(Johnson et al., 1961)., Johnston et al. (1961) have reportied
17 per cent increase in the water consumption of heifers
expogsed to a hot environment (75° to 95°F) (23.9° to 34.9°C)
over that at a cooler environment (60-70°F) (15.5° to 21.1°C

Misra et al.(1462) have reported that the water intake
of buffalo cows increased by 13.5 per cent when the
ambient temperature exceeded 93.5°'F (34.2°C). Comparing the
water intake of lactating cows during the wet and dry
seasons in Trinidad, Wilson et al. (1962) have observed,

24 per cent difference in total water intake between the two
|
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seasons. The mean daily intake was 18.5 1b per cow 1n‘the
wet season. Yousef and Johnson (1966) reported 27 per

cent decline in the water consumption or Holstein cows ex-~
posed to hot environment (32°C). Moody et al.(1967) have
reported significant increase in the water intake of
Holstein cows fed high fat ration when subjected to high
ambient temperature (32.2°C). McDowell et al.(1969) have
reported 28 per cent increase in the water consumption of
Holotein cows exposed to 32.2°C ambient temperature.

Taneja (1969) has reported that the water intake of

Marwari sheep increasea with inereasing ambient temperature.
The same observation has been made by Hussain and Bhatachary
(1973) in Avasi sheep. dJoshi et al. (1977) have reported
that a controlled heat stress (45°C dry bulb temperature

and 13.4 mm Hg vapour pressure) compared to a cool environ~
ment (18,5°C dry buldb temperature and 9,5 mm Hg vapour
pressure), significantly increased the water consumption

of bucks.

Ggrowth

Growth is a complex set of metabolic events which are
environmentally and genetically controlled (Hafez, 1968).
Among the climatic conditions that impose stress on growth
ambient temperature and relative humidity are the important
ones. The climatic conditions also affect the amouni of

food and water intalke, the avalilability of the potential
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|
energy in the ingested forage, the animals heat producgion
system and the net energy available for productivity, the
combined effect of all of them resulting in changes in

‘the growtn pattern.

Various workers have reported on the influence ofj
ambient temperature amd relative numidity on growth of
cattle. Ragsdale et al., (1950) have reported that the body
weights of Jersey and Holsieln cows were decreased when the
temperature of the climatic chamber was increased from
80° to 95°F (26.6° to 34.9°0)., Comparing Brahman and
Earopean catitle, Ragsdale et al. (1951 and 1952) have repor-
ted that increasing temperatures had no effect on the body
weight of the Brahmans upto 100°F (37.7°C), but depressed
the body weight of Buropean cattle, beginming at 80°F
{26.6°C), =nd decreasing temperature had no significant
effeet. wWhen cows fed normal rations were exposed to low
ambient temperature (-0.2° to -13°C) Sementovskaje ani
Garkavi (1951) observed decline in the body weight of animal
at the rate of 511 g daily. By feeding supplements at the
rate of 25~30 per cent of normszl diet the animals were able
to maintain body weight. Bianca (1959a) has reported that
+the weight gain of calves exposed to high ambient tempera-
ture varied with the heat tolerance capacity of the animal,
the gain being the minimum for the least heat tolerant anima
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Vhen calves were exposed daily in a c¢limatie chamber to
increased ambient temperatures, they lost 2.82 kg body

welght on an average, during a single exposure (Bianca 1959

Guoting Brody snd associates, Findlay (1961) has
reported that when Brahmen, Santa Gerirudis and shorthorn
cattle vere exposed to environments of 50°F (10°C) and
80°F (26.6°C), the janta Gerirudis and RBrahman catile were
little affected by 80°F (26.6°C) environment as compared
with the 50°F (10°C) envirveument. The elevated temperature
had a profound depressive effeet on the growth raze of the
shorthorns, +them lagging behind the others by almost 200 1lb
in body weight at 8 months compared with only 50 lb at the
same age at 50°F (10°C).

“hen to groups of lactating Holstein cows (ad libitua
fed and control fed) were exposed alternately to two envi~
ronments (65°F (18.3°C), 504 RH and 88°F (351.1°C), 50% RH).
Johncon et al.(1961) observed 35.5 1b decline in the body
weight of the ad libitum fed animals on exposure to the hot
eavironment eompared to 58.41 1b increase in the body weight
of the control fed animals exposed to the same environuent.
Johnston et sl. (1961) rcported decline in the average
daily gain of dairy heifers cxposed to a hot envirenmeudl

(75° %0 95°F) (23.9° to 34.9°C).



Comparing the responses of two groups of Holstein
calves subjected to either a hot environment (75° to 95°')
(23.9° %o 34.9°C), 20 mm Hg vapour pressure) or a cold
environment (winter climate), Randel and Rusoff (1963)
have reported significantly lower weight gain for the
calves subjected to the hot environmeat. The average daily
weight gain of dairy heifers subjected to hot environment
(75 to 95°F) (23.9° to 34.,3°C) decreased from 1.8 1lb at
a cold environment (38° to 65°F)(3.3° to 18.3°C) to 1.1 1b
(Thompson et al., 1963). In a study of the effect of high
fat ration under eool (15° to 24°C =nd 604 RH) and hot
(32.2°C and 60% RH) environments, Moody et al. (1967)
observed significant decline in the body weight of the

animals when exposed ito the hot environment.

Klett et al.(1969) have reported that elevated ambient
temperatures had a depressing effect (P /0.01) on total
gain of feed lot steers. Comparing the effects of season,
sex and hormonal growth stimulaunts on feed lot performances
of beef cattle, Ray et 2l.(1969) have reported that seasonal
differences were the most important source of wvariation in
feed lot performance (Summer Vs. Winter), gains during
wvinter being 14~24 per cent greater than during summer.
Teneja (1969) has reported that the body weight of Marwari
sheep was high during the rainy season and low during the

dry season, Significant difference in the dally gain of
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steers which were either sprinkled with cold water or
directly cooled by the ecirculation of precooled air with
that of steers which had access to shade only during summer
in Arizona has been reported by Ray et al. (1970), the gain

being higher for the two groups which were cooled.

Morrison et al.(1973) have reported significantly
higher rate of gain for cattle sprinkled during summer

(temperature above 27°C) to alleviate heat stress.

Vheat (1970) has reported seasonal variations in the
body weights of Nigerian cattle, the animals gaining weight
during the wet season and losing weight duxring the dry
season, No significant difference has been noticed in +the
daily gains of two groups of calves maintained under two
environments - 29,5° to 30.6°C and 62.3 to 70.24 ®H Vs.
26,0° to0 29.4°C and 52,3 to 68.3% RH. (Imcci et al., 1976).
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10cation
Mennuthy, Trichur District, Werala State, the
location of the present study is geographically situated

at longitude 76°, 16" B
at latitude 10°, 32" ¥ and
at an altitude of 22.25 metres above MST.

Meteorological data

The meteorological data over a period of five years
from 1974 to 1978 obtained from the Metcorological obser-
vatory Unit attached to District Agriculturel Farm, Mannuthy
were used to study the climatic picture of Mannuthy.

Monthly averages of bright sunshine (hours per day), wind
veloeity (km per hour), naximum and minimum tempersture (°C)
relative humidity (%) and monthly total rainfall for this
period were analysed to foeus light on the various facets

of the macroclimate at this locality.

Since ambient tewmperature amd relative humidity are
the importent bioclimatic factors which impgse stress on
+the animals, these and rainfall which affects the anim&ls
indirectly through influencing the fed supply are consi-
dered as the basis for the classification of the climatic

environment,
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Experimental animals

Crossbred calves, born and brought up in the Uaiversity
Iivestock Farm, Mannuthy were used for the study. Eleven
uncastrated male calves of 10-24 (Mean 17 months ) months
of age and five female calves of seven mounths of age were

selected and stationed inside a conventional cattle shed.
Housing of animals

The conventional cattle shed in which the animals vere
housed comprised of conerete floor with tile roof and was

well lighted and ventilated.

The animals were tied in a single row with double

ropes to facilitate individual feeding and watering,

Feeding and watering

The feed given included a commercial conceuntrate
nixture (pellets) and green grass or silage aecording to
the availability. The concentrate ration was fixed in excess
of their requirements, based on Morrison atandards

(Morrison, 19547 and fodder and water were given ad lionitum.

Measured quantity of the concentrate was given indl-
vidually in buckets at 7.30 a.m. immediately after noting
the rectal temperature and respiration rate. All the animals

consumed the entire quantity of concentrate offered to
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them by about half to one hour. If at all any quantity
had been left over, it was offered after watering and

was readily consmed.

Vater was offered ad libitum,two times a day - by
8.30 a.m. in the morning and 2,30 p.m. in the afternoon.
Measured quentity was offered and the actual quaniity con-~

sumed was recorded.

Fodder was fed ad libitum. It vas offered in two
halves - one in the morning at 10 a.m., axd the other in the
evening by 4.30 p.m. 1leighed quaatity of fodder was offered
and the quantity left over in each session of feeding was
veighed seperately, to record the actuzl quantity consumed.
The fodder left over ia the morning feeding was ireighed
by 3.30 p.m. and that of the evening feeding was weighed

in the early morning of the next day.

All the animals vere washed daily soon after the

concentrate feeding and watering,.

Observations

The rectal temperature, respiration rate, dry matter
intzke, water consumption znd body weight of the animals
vere obgerved over a period of 12 months, from July 1978
to June 1979.

The rectal temperature and respiration rate or the

animals were recorded two times daily - at 7.a.m. in the

morning ard at 2 p.m. in the aftemmoon, The actual quentity
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of feed (concentrate as well as roughage) and water con-
sumed were also recorded. All these observations were made
for six consecutive days in a month. The dry matter content
of the concentrate as well as roughage fed was estimated

on these days to assess the actual dry matter intake.

Body weights of the animals were recorded before the

commencement of the study and then every month.

The maximum and minimum temperature and the relative
humidity inside the shed where the animals were housed,

were recorded daily throughout the experimental period.

Analysis of data

Correlations between the anima) responses and the
two important climatic variables - maximam temperature ard
relative humidity - were worked out to know the relation-
ship between them, The regression of the animal responses
on the climatic variables were also worked out to have lan
idea of the extent of influence the climatic variables
have on the animal responses, under the conditions of the
present study. Statistical methods.. of analysis of corre-
lation and regression were worked out as suggested by

Ssnedecor and Cochran (1967).
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The climatic data over the period from 1974 to 1978
are presented in Table 1,and represented in Fig. 1. The
climograph and hythergraph of Manmathy, based on the above

data are shown in Fig.2 and 3, respectively.

The classification of the climate of the locality
is shown in Fig.4, taking into account the monthly distri-
butions of ambient temperaiure, relative humidity and

rainfall.

The mean daily zmbient temperature and relative
humidity during the period of this study (suly, 1978 to
June 1979) io presented in Teble 2 and is represented
in Pig.5.

Taole 3 presents the mean daily rectal temperature of
the ailimals, observed during the study and the wmean daily
respiration rates observed during this period is presented
in Table 4. The effects of the monthly changes in ambieut
temperature and relative humidity on the above two physio-

logieal norms is prepresented in PFig. 6-10.

The average daily dry matter intake and the dry matter
intake as a percentage of the body weight are presented
in Tables 5 and 6 respectively. Fig. 11 and 12 represent
the influence of ambieant temperature and relative humidity

on dry matter intake.
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The mean daily water consumption =md water consumption
expressed as a function of the dry matter intake are shown
in Tables 7 and 8 and fig. 15 and 14 represent the influ-
ence of ambient temperature and relative humidity on these

two observations,

Tables 9 and 10 present the mean monthly body weiéht
and monthly weight gain of the animals during the study.
The influence of the climatic elements on monthly weigl‘x‘r.

gain are shown in Pig. 15.

The correlation and regression coefficients have been
worked out taking ambient temperature and relative humidity
as the iladependent variables and rectal temperature, res-
piration rale, dry matter intake, water consumption and
body weight as the dependent variables. The values are
presented in Tables 11 to 19,



Table 1. Pive year monthly average of meteorological data at Mannuthy
(Tatitude 10* 32"N; Longitude 76° 16"E; Altitude 22.25
meter above MSL)

JAN FEB MAR  APRIL MAY JUNE JULY AUG SEPT ocT NOV DEC

No. of hours of
bright sunshine
(daily ave.) 8,16 8.11 7.64 6.29 4.44 2.31 1,38 1,67 3.61 4.15 5.21 6.69
wind veloeity km,
per hour
(daily ave.) 9.67 T7.66 5.16 4.85 4.78 3,72 3,75 4.17 3.82 3.19 3.86 10.62
Maximum temperature

‘¢ (daily ave,) 31.14 33.63 35.14 34.55 32.35 29,26 28,15 28,55 30.25 30.13 3%0.23 30.21
Minimum temperature
*C (daily ave.) 21.15 22.89 24.65 25.80 25.27 23.84 23,28 23.62 24.06 23.67 23.27 22.52
Relative humidity
4 (daily ave.) 58,49 57.54 64,98 70.0%3 75.68 84.39 86.52 84.92 80.26 79.60 77.92 64.84
Vapour pressure 15.36 15.88 19.95 22.68 22.79 22.2% 21.89 21.89 21.60 21.70 20.61 16.87
mm of Hg (daily ave.)
Rainfall mm
(monthly total) Ni1 70.06 21.16 76.62 220.08 581.48 796.44 511.62 260,76 220.34 242.34 9.10
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Table 2. Mean daily maximum teumperature (°C) and relative humidity ()

during the period from July 1978 4o June, 1979.

N

MONTH JULY  AUG SEPT  QCT nov DEC JAN FEB MARCH APRIT. MAY JUNE  MEBAW

Jl

Maximm

tempera-

ture 28.45 28.46 30.09 31.24 30.70 30.73 32.00 33.55 35.33 35.53 33,08 30.68 31.652
'4'_0048

Relative

humidity 87.61 88.53 80.02 79.42 74,57 66.90 65,84 69.29 T72.48 72.2% T7.05 84.78 76.26%
0.64

44
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Table 4., Mean daily respiration rate of animals (nos. per minute)

MOWTH JUL AUG STPT  OCT NOV DEC JAN FEB MARCH APRIT MAY JUNE MEAN
Males 30.973 32.291 42.955 47.455 82.371 33.606 31,759 41.484 46,378 48,985 48.744 3%0.774 ;8:2;28
Females .. .o 41,616 46,700 39.664 32.632 36.166 42,600 45.166 49.768 48.700 31.468 ié.gggg
Mean 30.973 22.291 42,536 47.219 41.525 33.302 33.136 41.833 45.999 49.230 48.730 30.991 40.263

+6.9238

oy
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Table 5. Mean daily dry matter intake of animals (XKg/day)

MONTH JUL AUG SEPT OCT NOV DEC JAN FEB MAR APR MAY JUN MEAN

Males 5.239 5.525 6.324 5.8B28 6.625 5,473 6.081 6,676 6.079 6,048 6.934 7.345 6.181+
0

.0838

Females .. +o 34497 3.466 4.488 4.186 4.391 4,799 4.469 4.934 5.316 5.938 g-

Mean 5.239 5.525 5.441 5.090 5.956 5.071 5.553 6,090 5.576 5.700 6.428 6.718 5.733+

0,1482

49+
1147

9



Table 6. Dry matter intoke as percentage of body weight.

MONTH J0L AU SEPT OCT WOV DEC JaN FEB MAR APR MAY  JONE MEAN

Males 2.842 2,716 2,919 2.464 2,551 2,032 2,093 2,189 1,924 1.813% 2.050 2,063 2.305+
0.041

Females .. e 44158 3.407 3.679 3.211 3,020 3,071 2.642 2.695 2.753% 2.814 8.1421

WMean 2.842 2,716 3,306 2.759 2.904 2,400 2.383 2,465 2.149 2.088 2.270 2.298 2.58?:

Iy



Ambient temperature (°C)

20 o8 20 3@ 3i

——— —— Ambient temperature

—~—— — —-Relative humidity

Dry matter intake

[e2
s
b .
M
te & <
I3
q -~
w2
A4
<4 L
72 T Y
o
!
g <
K o
o &
]
2]
&
e L
]
~
[3)
5

26

5

T T [ T T ’ 1 1 ¥ 3 T 7

Iy A S 0 N D J P M A M J
Months

Fig.11, Influencc of ambient temperature and relative

humidity on dry matter intake.

2

7

6
Dry matter intake kg/day



(%) £3TpTuny SATIRTU
06 a8 08 Gl oL 69 09
1 f

| [ t

Relative numidivy
Ambient temperature

Dry matter inieke

(*1m Lpog Jo(y) exeiur asijem Lag

oF 6L 8t Lt ot ok v ¢k e 1 O¢ 6z & le 92 &2
axnjersdwel juaTquy



Table 7. Mean daily water consumption of animals (litres/day).

MONTH JUL AUG SEPT OCT WOV DEC JAN FEB MAR APR MAY JUN MEAN

Males 5.555 6.732 13.496 15.318 15.856 14.758 18.985 16.992 21.564 18.561 17.292 10.621 13.2224
+U,

Temales .. .o 84325 9,958 12,767 12.716 16.767 14.942 19.533 17.28% 15.375 11.600 13.927
+0.5417

Mean 5.555 6.732 11.8680 13.643 14.891 14,120 18,292 16.352 20,929 18,161 16.693 10,927 14.442
+1.33




Table 8., Mean daily water consumption expressed as a function of dry matter intake,

(Water consumption (1it) =+ Dry matter intake (kg))

MONTH JUL

AUG SEPT OCT NOV DEC JAN PFEB MAR APR MAY JUN MEAW

Males 1.145 1.316 2.174 2.647 2.411 2.682 3.131 2,555 3.547 3.071 2.506 1.462 2.387+

Females .o

Mean 1,145 1,316 2.241 2,719 2.546 2,792 3.355 2.742 3.811 3.229 2.634 1.621 2.583+
2

0.1817
ee 2,389 2,877 2.842 3.033 3.846 3.153 4.390 3.576 2.917 1.971 (3)-9891
«JJ2

0.235

34
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Table 9. Mean monthly body weight of animals (kg)

MONTH JUL AUG SEP oct novV DEC JAN FEB MAR APR MAY JUN MEAN

Males 187.42 207.14 222.82 241.97 265.40 278.24 297.07 311.80 322,20 339.67 342.22 359.35 28%.23%1

Females .. .e 84.16 102,04 122.64 131,16 145.80 156,80 170.08 183.08 193.04 211.28 150,008+
5.852

Mean  187.42 207.14 179.49 198.24 220.79 232.28 249.80 263.36 274.66 290.74 295.60 313,08 2%5.212:
2,383

0%



Table 10. Mean monthly weight gain of amimals (kg/month)

MONTH JUL AUG SEP  O0CT NOV aEC JA FEB MAR APR MAY JUN MEAN

Males 28.60 19.72 15.68 19.16 23.43 12.84 18.84 14.73 10.40 17.47 2.55 17.13 16.711+
1 1

.88

Females .. .e 2.56 i7.88 20.60 8,52 14.64 11.00 13,28 13.00 9.96 18.24 12.968+
2.012

Mean 28.60 19.72 11.581 18,756 22,544 11.488 17.525 13.563 11.300 16.075 4.863 17.4%5 15.682+
1.782

14
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Table 11, Correlations beitween the climatic variables and animal responses

Animal responses

Climatic variables

Rectal tem-  Respirgtion Dry matier wWater con- Body .eight
perature intake sumption
X5 X % X6 %7
Male =0.357# 0.638% -0,652% 0.763%% =0.372%
Ambient tem~
perature ¥.S N.S
.o Female =~0,207"° 0.561% -0,685* 0.748% -0,002"°
Relative Male O.416* -0,253% 0.514% -0.725% 0.246%
monddity  pemate  0.027"+% 0.057%+%  0,195"+5  -0.503 0.12%+5

* gignifiecant (P /0.01)
W.S. Non significant.

25



Table 12. Regression of Rectal temperature (X3) on Ambient temperature (X;)
Relative humidity (X,) and Respiration (X4)- Males .

Regression coefficients -0.03490 0.005856 0.00795

S.D, of Regression coefficieats 0.01075 G.00259 0.00249

T. values =3.24508 2.26031 3.18967
Intercept constent 38.91883

Model: X3 = 38,91883 -0.03490X1 1~O.00586X2 + O.OO79'5X4
(B2 = 0.24720)

ANOVA
Source Se Se d.f. M.S. F R =
SE(R)=
Regression 1.13141 3 0.37714 14.01032% 0,49719
Error 3.44556 128 0.02692 F3,128 0:16407
Total 4.57697 131

* Significant (P /0.01)

144



Table 1%, Regression of Reetal tenperature (X3) on pmbient temperature (X1)
Relative humidity (X?) and Respiration (X4)~ Females .

Regression coefficients -0,05795 ~0.00686 0.01605

S.De of regression coefficicnts 0.01551 0.00365 0.00343

T. values -4,28922 -1.87973 4.67795
Intercept constant 40.55828

Model: Xy = 40.55828-0,05795X,-0.00686X, + 0.01605 X,
(8% & 0.35286)

ANOVA
Source 33 def, M, 3 F =
SD(R)
Regression 0.44196 3 0.14732 8.36082% 0.54902
Frror N0.8105%3% 46 0.01762 F3,46 0.13274
Total 1.25249 49

* signifrcant (P /0.01)

¥



Table 14. Hegression of Respiretion rate (X4) on Anbient temperatuxe (X1)
Relative humidity Xz) and Rectal temperature (X3)‘ Males ,

Regression coefficienss 2.87368 0.19385 9.25934
S.D. of regression coefficients 0.28461 ¢.08861 2.,90295
7. Values 10.11441 2.18755 3.1896%

Iatercept constant  ~423%.443%19

Model: X = =~423.44319 + 2.87868X1 + 0.19385X2 + 9,25934}{3

(R2=0.48750)

ANOVA
Souree 85 d.f. M.3 F R =
SE(R)
Regression 3816,34357 3 1272.11452 40,58555% 0.69821
BError 4012.03548 128 31.34403% ¥3%,128 5.59827
Total 7828.37905 131

* oignificant (P £0.01)

14



Table 1b. Regression of Respiration rate(X#) on Ambient temperature (X1),
Relative humidity (X,) and Rectal temperature (Xé)—‘Females.

Regression coefficients 2.81566 0.3%6931 20,08443

$.D. of regression coefficients 0.38392 0,12230 4.29%352

T. Values 7.33405 3.,01976 4,67784
Intercept constant ~857.04561

Model: Xy= -857.04561 + 2.81566X1 + 0.36931X2 + 20.08443X3

(R°= 0.58341)

ANOVE
Source S5 d.f M.S R =
SE(R) =
Regression 1420,.43513 3 473.47838 21.,47351% 0.76381
Error 1014.27307 46 22.04941 F3,46 4.69568
Total 243%4.70820 49

* gignificant (P /0.01)

96



Table 16. Regression of Dry matter intake (X5) on Ambient temperature (x1),
Relative humidity (X,) water consumption (XG) and Body
Weight (X7) - Males.
Regression coefficients -0.11429 0.02119 0.01715 0.01157
S.N. of regression coeffieients 0,03552 0.00973 0.01641 0.00077
T. values -3.21790 2.17699 1.04516 15.10528
Intercept constant = 4.67177

Model: XS = 4.67177 - 0.11429X1 + ’).02119X2 +

O.O1715X6 + 0.01157X7

(R?=0.677%%)

ANOVA
Source S8 d.f. MS r R =
- SE(R) =
Regression 82,29994 4 20.57948 66.,64705% 0.82300
Error 39.20688 127 0.30872 4,127 0.55562
Total 121.50¢e82 131

* Signpificant (P /0.01)

LS



Table 17. Regression Dry matter iatake (x5) on Ambient temperature (X,),
Relative humidity (x2), Vlater consumption (XG) and Body

veight (X7) - Females

Regression coefficlents -0,09232 ~0.00333 -0.01571 0.02082

SeD. of regression coefficients 0.02949 0.00773 0.01624 0,00110

T.values ~3.13078 =-0.43122 =0.96747 19.01211
Intercept constant = 4.,88510

Model s Xy = 4.88510 - 0.09232%; - 0.00333K, - 0.01571%; + 0.02082X7

(R?=0.90998)

ANOVA
Source S8 d.f M3 F R =
SE(R)=
Regression 29.01088 4 T7.25272 113.71716*  0.,95393
Error 2.87004 45 0.06378 4,45, 0.25254
Total 31.88092 49

*Significant (P /0.01)

185



Table 13, Regression of water consumption (XG) on Ambjent temperature (X1),
Relative humidity (XZ)’ Dry matter intake (X‘i) and Body

weight (X#) - Males

Regression coefficients 1.07219 -0,2982% 0.49709
5.0, of regression coefficients 0.17460 0.04634 0.47563
7. value 6.14101 -6.43%632 1.04511

0.00388
0.00689
0.56360

Intercept constant = -0.62421

Model: X = ~0.62421 + 1.07219%, - 0.29825)(2 + 0.49709X5 + 0.00388X7

( E°=0.69536)
ANOVA
Source SS af MS P R =
SL(R)
Regression 2593.27058 4 648.31765 72.47002% 0,.83388
Error 1136.14353 127 8+94601 PF4,127 2.99099
Total 3729.41411 131
*Significant (P /0.01)

6%



Table 19. Regression of water consamption (Xs) on Ambient Temperature (X1)
Relative humidity (X2), Dry matter inteke ( XS) and Body Weight (X7)

- PFemales.
Regression coefficients 0.90877 =-0,22046 -1.29700 0.04750
S.D. of regression coeffiecients 0.26278 0.06222 1.34050 0,02905
T.values 3.45835 =3.54299 -0.96755 1.63468

Intercept constant = =0.24612

Model: X, = =0.24612 + 0,90877X, - 0.22046 X, =1.29700X. + 0.04750
Model: Xg 1 2 5 Xy

(2= 0.67052)

ANOVA
Source 33 af, MS R =
SE(R)
Regression 482.08716 4 120.52179  22.89378% 0.81885
Error 2%6.89757 45 5.26439 2.29443%
Total 718.93473 49

* gignificant (P /0.01)

09



DISCUSSION
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extensively used in India for crossbreeding with the
native cattle. Thoush the temperate dairy breeds have

good production potential they possess only poor adapta-
bility to the environmental conditions prevalling in the
tropics. The Indian cattle, on the contrary, are well
adapted to the extreme environments of the tropies but are
poor producers. Hence, it is only natural to assume that
the high production potential of the temperate breeds and
the adaptability of the Indiancattle can be combined inﬂthe

crossbreds. And we have achieved considerable progress in

this field of dairy cattle crossbreeding.
\
Performance of many of the crossbreds in this country

is not upto the expected level. The role of the elimatic
environment on the performance of crossbred cattle in this
country has been receiving considerable attention in recent
years. Many published reports on this subjeet are avail-
able from foreign countries and comparatively few reports
are available from India. The present study was carried
out to provide informations on the performance of cro ssbred

cattle under the prevailing climatic conditions of this
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logality. An attempt has also been made to classify the
distribution of climate in this locality.

Climatic picture

The average meteorological data, over a period of five
years, showed that there are two distinet seasons prevail-
ing in this locality, namely the rainy and the dry seasous.
The rainy season was from May to November and the dry season
wag seen spread over the monihs of December, January, |
February, March and April, The rainy season was ohaccacT.eri-
sed by a monthly rain fall above 200 mm. The relative hL.midi'!
and vapour pressure were the highest during that period and
the ambient temperature, sunshine hours and wind veloci‘Ly

were the lowest,

The reverse picture was seen in the dry season -
ambient temperature, hours of sunshine and wind velocity
were the highest, coupled with comparatively low relatiwlre
humidity and vapour pressure. Average monthly rainfall during
this period has been negligible except during the month‘ of
April when the average rainfall was 76.62 mm, This can be
attributed to the pre-monsoon showers received towards "the
end of April. But that rainfall did not affect the ambient

temperature ard hours of sanshine. |

To be more specifie, each season was further subdivided
into two groups, based on the prevailing ambient temperature
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(Pig.4). Thus the rainy season was divided intos

a) Cold and wet characterised by a maximum temperature

below 30°C and a rainfall above 500 mm (June-August).

b) Warm end wet characterised by & maximum temperature
above 30°C and a rainfall below 500 mm (May, 3eptenle r

to November),

gimilarly, the dry season is divided intog

a) Warm and dry where the maximum temperature did mot
exceed 32°C {Decenber and January)

b) Hot and dry where the maximum temperature was above
32°0 (Pebruary-April).

Seasons
} Rainy Dry
N /\
Cold and wet Yarm and wed Varm and dry I Hot and d:ﬂ

This classification roughly agrees vith the classifi-
cation of Indian climate (ICAR, 1977) in which the climate
was divided into three seasons - winter (Qctober to
February), summer (March to June) and rainy (July to
September). Dut the cool winter season did not appear in
this locality since the ambient temperature never fell

below 25°C,
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From Fig. 2 it can be seen that the climograph of this
locality falls within the upper right hand section of the
diagram which corresponds to hot and moist climate. This
reveals that the area is wsuited for the temperate breeds
of cattle. This result is in agreemeat with the report

of Hammond (1954).

The hythergraph of this locality shown in Pig.3 repre-
sents a typical hythergraph of a hot~wet area which is un-
suited for rearing sheep for wool production. The hyther-
graph in this study is similar 1o the one shown by
Heammond (1954) for Colombo, Ceylon which is representative

of a hot-wet area.
Animal responses

Meny workers had reported that ambient temperature and
relative humidity were the two important elimatic elements
which exert pressure on animals in the tropics (Hammond, 1954
Brody, 19563 Williamson and Payne, 1959 aad Mchowell, 1972).
So the influence of those two climatic elemenis on the per-

formance of animals was cbserved in the present study.

Rectal temperature

The means of rectal temperature of the animals observed
during the study were %8.579+0,187°C in the males and
38.843+0.160°C ia the females. The monthly mean values of
the rectal temperature (Table 3) inaicated that the rectal
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temperature showed very little variation betweeun the
months whereas the ambient temperature and relative hunfidity
during this period (Table 2), showed very great veria

tion between the months.

The ambient temperature was found to be the highest
(35.53°C) during April and the lowest (28.45°C) during July.
The relative humidity was the highest (88.53%) during August
and the lowest (65.84%) during Jaauary. The mean value of
the rectal temperature was the highest (38,855°C) during
September and the lowest (33.478°C) during June, This
shows that irrespective of the wide variation in the ambient
temperature and relative humidity, the rectal temperature
showed only very slight variation and it did not follow the

changes in ambient temperature and relative humidity.
|

This is not in agreement with the reports of previoua
workers, in which, cattle exposed to higher ambient tem-
peratures showed increased rectzsl temperature (yibler et al.
19503 Regan, 1951; Kibler and Brody, 1952; Findlay, 1953;
Johnston and Branton, 19543 Brody, 1956; Bianca, 1959 a & b;
Harris gt al. 1960; shrode et al.1960; Rigegs, 1969; Olbrich
et 2al,1973; Bandaranayaka and Holmes, 1976). But most of
those observations were made in climatic chambers using

|
temperate breeds of cattle.
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In Philippine cattle, Alcaide (1953) sobserved that
the rectal temperature of the animals did not vary signifi-
cantly between the dry and wet seasons., Similarly, a
decrease in the rectal temperature of cows during summer
has been reported by Mullick (1960) when the humidity was
high. Both those reports relate to the reaction of the
animgls under natural conditions where thc air temperature
did not reach any harmful level for a prolonged time. But
that was not the same with chamber conditions where the tem~
perature ranged from 10-40°C with usually low humidity and
animals were exposed to constant temperatures for prolonged
period. Moreover, most of the workers have agreed to the
fact that the animals showed increased temperature at chamber
temperatures above 80°F (26.6°C) (Kibler et al., 1950; Regan,
1951; Kibler and Brody, 1952; Findlay, 1953; Robinson and
Elem, 1953%; Brody, 1956; Johnson et 21.1961; Yousef and
Johnson, 1966; Moody et al. 1967; Bandaranayaka snd Iolmes,
1976). So it can be safely assumed that under the prevail-
ing micro-climate of the cattle sheds, the animals are not
subjected to any heat stress amounting to derangement in
their thermo regulatory mechaniem, manifested by an increase

in their rectal temperature.

Apart from this, some of the workers have reported
that comparing the temperate breeds of cattle, the Zebu and
their crosses with temperate cattle were more heat tolerant

than the temperate cattle and they could withstand higher
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ambient temperature without any apparent change in
their rectal temperature. (Kibler and Brody, 1952; Asker
et al.1953; McDowell et 2l.1953; Brody, 1956; Olbrich

et 81.1973).
[

In the present study also, the crossbred animals gain-
tained their rectal temperature throughout the year without

much appreciable variation. u

The coefficient of correlations of rectal temperature
with ambient temperature were =-0.357 in males and «0,207
in the females and significant correlation was observed
only in the males (P /0.01) and the ditference between the
male and female was found to be non significant. The same
with relative humidity were 0.416 in the males and 0.027 in
the femazles, that being signifieant (P /0.01) in the males
only. The difference between the male and female was found
to be significant (P /0.01)., The regression coefficients
of rectal temperature on ambient temperature and relative
bhumidity were -0.,03520.,011 and 0.006:0.003, respectively in
males and =-0,058+40,014 and «0.007+0.,004 respectively in
the females.

Here also the findings are not in agreement with ear-
lier reports. Significant positive correlations between

air temperature and rectal temperature were reported by
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Asket et 21.(1953), Alim and Ahmed (1956), Mullick and
Kehar (1958) and Pandey and Roy (1969). 3But as stated
earlier, the studies were conducted in climatic chambers

end the animals had nov been adapted to a hot environment.

When buffaloes and Holstein cows were exposed to high
ambient temperature, Alim and Ahmed (31956) observed a posi-
tive relation between ambient temperature and rectsl tem-
perature, in the Holstein cows only. The buffalo, which is
adapted to a hot and humid environment did not show any sig-
nificant reaction. dJohaston (1958) has reported that hot
and humid coaditions have very litcle effect on cows which
have been previously adapted to such conditions by a gradual
exposure., Thompson et al. (1963) have reported that initial
exposure to a hot environment resuited in am increase in the
rectal temperature of Holstein hesifers and there was a decline
on continuous exposure., Based on those reports and from the
results of the study, it becomes evident that the crossbred
animals born and brought wp in this locality are well adapted
to the climatic conditions of this locality.

From table 3, it may be seen that the rectal temperatures
of the animals were the highest at the beginning of the study
and gradaally declined towards the end of the study. The
mean age of the male calves was 17 months and that of the

female ecalves 7 months at the beginning of the study.
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Hafez (1968) has reported that the body temperatures of
animals were affected by age, the foetus having a highex
temperature which gradually declined after birth and
advancing age to attain the level characteristic of the

species; the magnitude of decline in cattle was 39.1° to 38.~

The above mentioned fact explains the gradual decline
in the rectal temperature of the animals, inspite of the
increase in the ambient temperature and this may be the pos-
sible reason for the negative values of the correlation add
regression obtained in this case., Combined with this are the
faets that the crossbred animals are well adapted to the
climatic conditions of this loeality and the miero-climate
of the cattle shed is not so stress producing as to cause

wide variations in the rectal temperature of the animals,

Respiration rate

The mean respiration rate of the animals was 30.973
per minute during July, which rose to 47.219 per minute
during Octoter, graduzlly declined to 33.137 per minute
during January, again rose to a peak value of 49.230 per
minute during April and finally declined to 30.991 per
mimate during June, Thus it is evident from Fig. 8, 9 and
10 that the respiration rate strictly followed the chanées
in the ambient temperature, which agrees with the report
of MeDowell (14Y72) that inereased respiratory activity was

the first visible sign of heat stress in cattle.
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Kibler et al.(1950), Regan (1951), Kibler and Brody (1952)
Asker et al.(1953), Findlay (1953), MeDowell et al.(19Y53),
Robinson and Klem (1953), Beakley and Findlay (1955), Alim
and Ahmed (1956), Bianca (1959), Johnson et 21,(1961),
Yousef and Johnson (1966), Klevt and Schilling (1970),
Olbrich et al.(1973), Bandaranayaka and Holmes (1976) and
Yassen (1977) have reported that cattle when exposed to high
ambient temperatures exhibited increased respiratory activiv
In the present study. also the animals reacted to high
ambient temperatures with an increase in their respiration

rate.

Correlation coefficients of 0,6%8 in the male and 0.561
in the female, between ambient temperature and respiration
rate were obtained, both the values being significant
(P /0.01). The sex ditference in the correlation coeffi-
cient was non-significant. The regression coefficients of
respiration rate on ambient temperature wers found to be
2.879+0,285 in the male and 2.816+0.384 in the remales.
Those results are in agreement with the findings of Alim
and phmed (1956), Mullick and Kehar (1958), Misra et al.
(1962) and Rigegs (1966) who have reported significant
positive correlation between ambient temperature and res-

piration rate in cattle.

The correlation between relative humidity and respira-

tion rate was found to be significant (7 /0.01) only in the
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malew (~0.253). The regression coefficient of respiration
rate on relative humidity was found to be 0.194+0.089 %n
the males and 0,369+0.122 in the females.

The relative bhumidity alone is not a stress imposing
factor when the ambient temperature is not very high. Thus
Beakley and Findlay (1955) have reported that cmbient tem-
peratures of 30°C and 35°C at high humidity had the same
effect on respiration rate as 33°C and 46°C at low humidity.
Mullick (1960) has reported that the respiration rate of
Zebu cattle and buffaloes did not vary during the summer
months under low and high humid conditions. Asker et al.
(1953), Misra et al.(1962) and Klett and Schilling (1970)
have reported that changes in the ambient temperatures had
a greater effect on the respiration rate than changes in the
relative humidity. In the present study also, the respira-
tion rate tended to parallel changes in the ambient tempera-
ture as evidenced by a positive correlation between the

respiration rate and the ambient temperature.

The significant negative correlation between the res-
piration rate and relative humidity observed in the males
can be explained by the fact that highest relative humiditie

were observed during the peak rainy wonths of June, July
and Aug&st when the ambient temperatures were the lowest.,



T2

During those months, the respiration rates also were the
lowest indicating the tendency of the respiration rate to
follow the ambient temperature. The regression coeffic%ents
confirm the view that awbieat temperature had greater effect

on the respiration rate than relative humidity.

The correlationbetween relative humidity and respiration
rate was not significant in the femsles. This may be due to
tve fact that the observations on the females did not iAclude
the peak rainy months of July and August, with the highest
relative humidity.

Dry matter intake

The mean daily dry matter intake of the animals was
5.733+0.148 kg. In males that was 6.18%+0.084 kg and in
females 4.549+0.114 kg. The dry matter intekes as a per-
centage of the body weight were 2.305+0.041 per cent in
the males and 3.145+0.375 per cent in the females, the
overall average being 2.536+0.104 per ceat.

Trom Teble 6, 1t may be seen that the percentage dry
matter intake was the lowest during the months of Mareh and
April (2.149 per cent and 2.088 per cent) and the ambient
temperature was the highest during those months. Therefore,
it may be assumed that the higher ambient temperature had a
dipressing effect on the dry matter intake. McDowell (1972)
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has reported that most livestock reacted to thermal stress
by a decrease in their food intake. The works of Kibler et 3
(1950), Ragsdale et 21.(1950, 1951 and 1952); Regan (1951),
Johnston (1958), Davis and Merilan (1960), Findlay (1961),
Johnston et al,(1961 and 1962), Johnson et al.(1963),
Randal and Rusoff (1963), Thompson et al.(1463), Sims and
Porter (1966), Yousef and Johnson (1966), Moody et al.
(1967)s Roy et al.(1970), and Bandaranayalka and Holmesx
(1976) have confirmed that in the case of cattle. They have
uniformly reported that higher ambient temperature caused
significant reduction in the feed dry matier intake of
cattle, The result of the present study is in agreement

with the previous reports.

The percentage dry matter intake showed a strong
negative correlation with ambient temperature in both males
and females (~0.652 and =-0.685), the valueybeing highly
significant (P /0.01). The negative association between
ambient temperature and percentage dry matter intgke ob-
tained in this study agrees with the earlier reports.

Relative humidity was found to have positive correla-
tion with the percentage dry matter intake. The correlation
coefficient was significant only in the case of males
(0.514). As mentioned earlier, the absence of significant

correlation in the females may be due to the fact that the
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females vere not included in the study during the peak

rainy months when the relative humidity was the maximum.

The regression coefficients of percentage dry matter
intake on ambient temperature were -0.114:+0.03%6 in the
males and <03092+0,029 in the females. The difference
between the sex was found to be non-significant. The re-
gression coefficient of the percentage dry matter intake
on relative humidity was 0;021+0.01 in the males. All
thegse results confirm the view that inereased ambient tem-
perature has got a dipregsing effect on the feed dry

matter intake.

Vater consumption

Mesn daily water consumption observed in the present
study was the highest during the montj of March and the
lowest during the month of July (20.929 liters per day and
5.555 litres per day, respectively). The mean daily water
consumption expressed as a funetion of the dry matter
intake i.e. the ratio of dry matter intake to water consum-
ption was alsgo found to be in the same order., It was
1:3.811 during March and 1:1.145 during Fuly.

These results indicate that the animals inereased
their water consumption when the ambient temperature was

increased. It is in agreecment with the reports of
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Regsdale et al.(1950, 1951 and 1952), Thompson et al.
(1950), Horrocks and FPhillips (1961), Johnson et al. (1961),
Johnston et al. (1961), Misra et al. (1962), Wilson et al.
(1962), Moody et al. (1967) and McDowell et al. (1969)

who have uniformly reported that cattle exposed to hot

environments signiticantly inereased their water consumption

Highly significant positive correlation was obtained
between ambient temperalure and water consumption in the
present study. This was 0,763 in the males and 0.748 in the
females, It is in agreement with the report of Harbin et al
(1958) that water consumption significantly correlated with
ambient temperature and is in general agreement with the
results of the previous studies.

The relative humidity was found to be negatively cor-
related with water consumption and the correlation coeffici-
ents were highly significant (-0.725 in the males and -0.503
in the females). This negative association betueen the
relative humidity and water consumption can be explained
by the fact that, maximum relative humidity is observed
during the peak rainy months of June, July and August when
the ambient temperature was the lowest and water consumption
has got a sirong positive association with ambient tempera-

ture. Hence it may be safely assumed that, when the ambicnt
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temperature is low, water consumption also is lowered.
Moreover, am inverse relationship can be seen betueen
ambient temperature and welative humidity from Table 2

and Pig.5.

The regression coeflicients of water consumption on
ambient temperature were 1.072:0.175 in the males and
0.909+0.263 1a the ferales. Those of water cowsumption on
relative humidity were ~0.298+0.046 in the males and
-0.,220+0.062 in the females. TFrom the items studied, it

could he noticed that the sex difference was non significant
Growth and Body weight gain

Means of monthly veight gains were 16.711+1.881 kg in
the males and 12.968+2.012 kg in the females during the
period of study. An irregular trend in the monthly weight
gain of the animals can be seen from Tavle 10 and Fig.15.
Initially during the month of July, the gain was the
highest which declined slightly during August and September
to rise again during QOctober and Wovember. The monthly dody
weight gain declined during December, followed by an incre-
ase during January and slight decline during FPebruary and
March. During the month of April the average welght gain
increaged and there was a sharp decline during May which

was followed by an increased rate during June,
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The ambient temperature and relative humidity during
this period showed definite trends. The ambient temperature
was the lowest during July and August, increased during
September and October followed by a slight decline during
December, Then that gradually increased, reaching a peak
level during March and April and then gradually declined to

a lower level duriang June,

Similarly, the relative humidity was the highest during
July and August which gradually declined to the lowesi level
during Jamuary and thereafter gradually rose to a higher

level during June.

S0, it becomes evident that the growth rate of the animal
as indicated by the monthly gain was not following the trends

in the ambient temperature or relative humidity.

This finding is not in line with the differeat reports
in this field of study. Ragsdale et al. (1950, 1951 and 1952)
Bianea (1959 a and b), Findlay (1961), Johnson et al.(1961),
Johnston et al. (1961), Randal and Rousoff (1963), Thompson
et 2l.(1963), Moody et al. (1967), Klett et al. (1969) and
Ray et al.(1969) have reported significant decline in the body

weight gain of Furopean cattle exposed to hot environment.

But Ragsdale et al.(1951 and 1952) and Findlay (1961)
have reported that, when ambient temperatures above

80°F (260.6°C) depressed the body weight of Buropean cattle,
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no effect on the body weight of Brahmans and their crosses

were noticed upto 100°F (37.8°C). The better performance
of the Brahmans and their crosses in a hot environment can be

attributed to their better heat tolerance capacity.

wheat (1970) has reported that grazing Nigerian cattle
gained weight during the wet season and lost weight duriﬂg
the dry season. This difference in the weight gain between
the dry and wet seasons was attributed to the differences in
the quality and availzbility of fodder between the two seasons

both being poorer during the dry season.

When the correlation coefficients were worked out, Ia
significant (P /0.01) negative correlation between ambient
temperature and monthly weight gain (~0,372) and positive cor-
relation between relative humidity and monthly weight gain
(0,246) were obtained in the males only. Both these correla-
tions vere non-significant in the females., Even in the case
of males, it can be seen that the values of the correlation

coefficient are very low. ‘

From the results of the present study, it can be assumed
that the weight gain of the crossbred cattle is not signifi-
cantly affected by the prevailing ambient temperature oflthis
locality., The fluctuations in the monthly weight gain can
mainly be attributed to the differences in the quality of
roughage fed to the animals. This is confirmed by the fact
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that during the period from December to May, the animals
were fed silage as the only source of roughage and during
that period the weight gain was most irregular. The silaée
fed to those animals duriug that period was of poor qualiuty.

The cheange over from green grass to silage is refleoted
as a sudden drop in the monthly weight gain during Decemblar.
By the end of April and during May, the silage fed was of’ very
poor quality and that explains the sharp decline on the monthl,
weight gain during May. By June, the rainy season was on and
good quality green grass was available and it is refleete:d
upon the increased weight gain during June.
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SUMMARY

In the present study, investigations were carried out
on the distribution of climate at Mannuthy, Trichur and the
influence of ambient temperature and relative humidity on
the performance of erossbred cattle, as measured by rectal
temperature, respiration rate, dry matter intake, water

consumption and growth.
1

Mnalysis of the meteorological data revealed the occur-
rence of two distinct seasons in a year - the rainy and the
dry seasons. The rainy season was chavacterised by monthly
rainfall of over 200 mmn and that extended from May to
Novemie r. That could be further sub divided into two - 'cold
and wet' and ‘'warm and wet' seasons based upon the prevailing

maximmn temperature and the extent of the monthly rain fall.

The dry season was seen spread over to the months of
December, January, February, March and April and was chara-
cterised by very little rainfall, the maximum being 76,62 mm
curing the nmonth of April. That was sub divided into'warm
and dry' and 'hot and dry' seasons, the meximum temperatures
during the former was below 32°C =snd above 32°C during the
latter.

The climograph end hythergraph of the locality clearly

brought Manmuthy under a hot and humid area.
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The rectal temperature of the animals showed very
little variation during the period of this study with the
maximum value (38.855°C) observed during September znd the
minimum value (38.478°C) during June, whereas the ambien'}l;
temperature during those periods showed wide variation
(28.45°C during July and 35,53°C during April). A signifi-
cant negative correlation was found between ambient tempéra—
ture and rectal temperature and positive correlation be tween
relative humidity ana rectal temperature. The regression
coefficients of rectal temperature on ambient temperatun‘a and
relative humidity were to the extent of -0.035+0.01 and
0.006+0.003 respectively, in males and -0.058+0.014 and
=0.007+0.004 respectively, in females.

The respiration rate was found to be the maximum during
April (49.230 per minute) and the minimum during July (30.973
per minute), Significant positive correlation was obtain?d
between the ambient temperature and respiration rate (0.638
in tne males and 0.561 in the females). Significant negz‘ative
correlation between respiration rate and relative humiaity
was noticed in the males only (-0.253). The regression coe-
fficlents of respiration rate on ambient temperature and
relative humidity were 2,879+0.285 and 0.194:+0.089 respe-
ctively, in the males and 2.816+0.384 and 0.369+0.122

respectively, in the females.
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Significant negative correlation was obtained between
the ambient temperature and percentage dry matter intake
(-0.652 in males and -0.685 in females), Percentage dry
matter intake and relative humidity of the atmosphere wege
positively correlated, being significant in males only.

The regression coefficient of percentage dry matter intake
on ambient temperature and relative humidity were -0.114+0.036

and 0.021+0.01 respectively,in males and 0,092+0,029 in femal

The daily water consumption has been the highest
{20,929 litres) during March and the lowest (5.555 litreﬁ)
during July. Significant positive correlations were obtgined
between ambient temperature and daily water consumption
(0.763 in males and 0.748 in females) and negative correla-
tions between relative humidity and water intzke, The regres-
sion coefficients of water consumption on ambient temperature
and relative humidity were 1.072+0.175 and -0.298+0.046
respectively, in males and 0,909+0,263 and -0.220+0.062 |

regpectively, in females.

The monthly body weight gains showed negative association
with ambient temperature and positive association with rela-
tive humidity and the correlation coefficients were sign%fi-

{
cant only in males. But from fig. 15, it is evident tha? the
monthly gains did not follow the trends in the ambient tempe-

rature or relative humidity. Hence it is more appropriate to
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say tuat some factor over and above the ambient temperature
is influencing the monthly weight gain and it is presumed wo

be the changes in the quality of the roughage.

From the results of the study the follo'dng conclusions
were drawi, Under the prevailing microclimate of the
cattle shed,

1. The rectal temperature of the animals did not show
mach variation.

2. The respiration rate showed an increasing trend with
increasing ambient temperature.

3. The percentage dry matter intake declined with
increasing ambient temperature.

4, Daily water counsumpiion increased with increasing
ambient temperature and

5. The weight gains of the animals vere not much influenced
by the ambient temperature or relative humidity directly.
Thus it could be concluded that under the conditions
prevailed at the present study, the ambient temperature
appeared to be the only factor which imposed certain amount
of stress on the animals and it did not affect the production

performance of the animals directly.

Feeding of good guality feed to the crossbred cattle
is envisaged to ward off the adverse influence of the ambient

temperature on production performance.



REFERENCES



REFERENCES

*pleaide, A.R. (1953). Pulse rate, respiration and body
temperature of native cattle. Anim. Breed. Abstr.
21(1): 25,

Alim, K.A. and shmed, I.A.(1956). Effects of climate on body
temperature and respiration rate of Buffaloes and
Friesian cattle. Nature. 177 (4515): 900.

*Asker, A.A., Ghany, M.A. aud Ragab, M.T. (1953). Effects of
Exposing cattle and buffaloes t0 sun during summer in
Fgypt. Anim, Breed. Abstr. EASB): 233.

Bailey, G.L. and Broster, V.H. (1958), Experimeats on the
natrition of the growing dairy heifer. III Effects of
air temperature and live weight on water consumption.
J. Agric. Sci. 50(1): 8=11,

Baadaranayaka, D.D. and Holmes, C.W. (1976). Changes in the
conmosttion of milk and rumen contents in cows exposed
to a high ambient temperature with controlled feeding.
Trop. Anim. Hlth. Prod. 8(1): 38-46,

Beakley, W.R. and Findlay, J.D. (1955)., The effect of environ-
mental temperature amd humidity on the respiration rate
of Ayreshire calves. J. Agric. Sci. 45(4): 452-460.

Phatnagar, D.S. ang Choudhury, N.C. (1960). Influence of climate
on the physiological reactions in Murrah buffalo
calves. Indian vet. J. 37(8): 404~408.

Bianeca, . (1958). The relation between respiratory rate and
heart rate in the calf subjected to severe heatstress.
J. Agrie. Sei. 51(3): 321-324.

Bianca, W. (1959 a). Acclimatization of calves to a hot envi-
ronment. J. Agrie. Sei. 52(3): 296-304.

Bianca, W. (1959 b). Acclimatization of ealves to a hot,
humid environment. J. Agric. Sei. 52(3): 305~312.



85

*Bianea, W. (1963). Rectal itemperature and respiratory rate
ag indicators of heat tolerance in cattle. Anim. Breed.
Abstr. 31(3): 315.

*Bond, J., ‘eldy, J.R., McDovell, R.E. aad larwick, E.J.(1961),
Responses of summer conditioned heifers to 90°F.
J. Anim, Sei. 20(4): 966,

Brody, S. (1956). Cliratic physiology of cattle. J. Dairy
"sei. 39(6): 715-725.

*Choi, S.S5. and Butcher, J.E. (1961). The influence of alter-
nate day watering on feed and vater consumption of sheep
paintained under two temperatures. J. Anim. S¢i.20(3):678.

*Davis, A.V. and Merilan, C.P. (1960), Effect of constant en-
vironmental temperaturegand relative humidities on feed
digestion by lactating Holstein cows.,

Jd. Dairy Sei. 43(6): 871,

Pindlay, J.D. (1953), Parm animals and high temperatures.
Br. agrie. Bull. 6(28): 212-216.

Pindlay, J.D. (1957). The respiratory activity of calves
subjected to thermal stress. J. Physiol. 136(2):300-309.

Pindlay, J.D. (1961). The Bighth Middleton Memorial ILeciure.
Cattle and climate. Agric. Prog. 35: 1-15,

Findlay, J.D. (1962), Report of Specialized working group on
the effects of weather and climate on Farm Animals.
Biometeorology, Pergamon Press, Oxford: 648-652,

Hafez (1968). Adaptation of Domestic Animals, Lea and
Pebiger, pPhiladelphia, Tsi RBdn. 46-246.

Hammond, J. {1954). Progress in the Physiology of Farm Animals.
Vol. I, Butterworths Scientific Publications, Iondon.
1st Bdn. 189-3%92.




8¢

Hgrbin, R., Harbaugh, P.G., Neeley, XK.L, and Pine, N.C.
(1958). Effect of Watural combinations of ambient tem~
perature and relative humidity on the water intake of
lactating and non-lactating dairy cows.
de Dalry Sei. 41(11): 1621-1627.

Harris, D. L., shrode, R.E., Rupel, I.W., and Ieighton, R.E.
(1960), A study of solar radiation as related to Fhy-
siological and production responses of lactating
Holstein and Jersey oows. J. Dairy Sei. 43(9): 1255-1262.

Herz, A. and Steinhauf, D.(1978). The reaction of domestic
animals to heat stress., Animal Research and Development.
Institute for Seientific Co-operation, Federal Republic
of Germany. 7: 7-38.

Horrocks, D. and Phillips, G.D. (1961). Faotors affecting
the water and food intakes of RFuropean and Zebu type
cattle, J. Agric. Sei. 56(3): 379-381.

#Hussaln, F. and Bhattacharya, A.N¥. (1973). Ambient temperature
and feeding regimes on intake and energy utilization in
sheep. J. Anim. Sci. 37(1): 246.

I.C.A.Re (1977). Hand Book of Animal Husbandry. I.C.A.Rey
New Delhi. %rd Edn, 11-13.

Jobnson, H.D., Ragsdale, A.C., Berry, I.L. and Shanklin, M.D.
(1963), Eavironmental FPhysiology and Shelter Enginee-
ring with special reference to domestic animals,

IXVI, Temperature ~ Humidity effects including effects
of acclimation in feed and water consumption of
Holstein cattle. Univ. Mo. Res. Bull. No.846.

*Johnson, H.D., Wayman, 0., Kibler, H.H., Ragsdale, A.C,
Berry, I.L., and Merilan, C.P. (1961), Effects of tem-
perature and contrnlled feeding on milk production |
and related physiological reactions in cattle.

J. snim, Sci. 20(4): 974. ‘

*Johnson, J.C., Southwell, B.L., McDowell, R.E. and Giveus,
R.L. (1962), Inter relationships of certain climatic
conditions and productive responses of lactating dairy
cows. J. Dairy Sei. 45(5): 695.



87

Johnston, J.E.(1958). Effects of Dnvironmental temperatures
on milk production. J. Dairy Sci. 41(2): 349-350.

#Johnston, J.E. and Branton, C. (1954). Effects of seasonal
climatic changes on certain physiological reactions,
semen production and fertility of dairy  bulls.

Anim, Breed. Abstr. 22(1): 43.

*Jomnston, J.B., Hindery, G.A., Hill, D.H., and Guidry, A.J.
(1961). Pactors concerned in hot weather effects on
growth and feed efficiency of dairy heifers. J. Dairy

Sei. 44(5): 976.
*Jomnston, J.E., Hindery, G.A., Turaipseed, T. and Thompson, D.

(1960). Bffect of air-conditioning on productive fun-
ctions of dairy eattle during hot weather.

d. Dairy Sei. 43(6): 871,
#*Johnston, J.B., Stone, EB.J., Smith, J.W., Schrader, G. and

Frye, J.B8. (1957). Effects of hot weather on milk pro-

duction and forage consumption of Holstein cows.

J. Dairy Sei. 40(5): 616,

Joshi, B.C., Aravindan,M., Singh, X., and Bhattacharya, N.X.
(1977). Effect of High environmental temperature stress
on the physiological responses of bucks,

Indian J. Anim. Sci. 47(4): 200-203.

#*Kibler, H.H. aad Brody, 85.(1952). Environmental physiology
with special reference to domestic animals. XIII Influeance
of increasiag temperature 40°* to 105°F, on heat produ-
ction and cardio-respiratory activities in Browan Swiss
and Brahmen cows and heifers. Anim, Breed. Absir.20(1):19.

#¥ivler, H,H., Brody, 3. and Worstell, DeM. (1950), snviron-
mental physiology with special reference to domestic
animals, IV.Influence of temperature 50° to 105°TF, on
heat production and cardio-respiratory activities in

dairy cattle. Anim. Breed. Absir. 18(1): 25,

*Klett, R.H., Clovin, @. and Samford, R.A. (1969). Climatic
effects on feed lot verformaance of sieers.

Jo Anim. Sei. 28(1): 147.



88

*Klett, R.H., and Schilling P.E. (1970). Effects of temperat&re
and humidity on steers in a controlled environment.
Jd. Anim. Sci. 30(2) 322,

*Little, W. and Schaw, S.R.(1978). A note on the indlviduality
of drinking water by daary cows. Dairy Sci. Abstr.41(1) :6.

*Tucci, C.DE S., Oliveira, E.B.DE., Masotti, N. and Ghion, B
(1976). Performance of Holstein Frie51an calves in
natural and heated environments. MAim. Breed.Abstr.
iéﬁG) 303.

.#MacDonald, M.A. and Bell, J.M. (1959). Effects of low fluctua-
ting temperatures on farm animals., IITI. Influence of
ambient air temperature on feed intake of lactating
Holstein Friesian cows. Dairy Sci. Abstr. 21(5): 184.

Maust, L.E., and McDowell, R.E. (1971). Effect of summer con-
ditions on feed intake and milk yield of Hblsteln COWS.
Je Dairz Sei. 54(5): 793-794.

MeDowell, R.B. (1972). Improvement of Ilvestock production in
warm climates. W.H.Freeman and company. san Fransisco.>—217

*Mo])owell, R.E., Iee, D.H.X:, FOhrman, M.H. and Anderson’ Re: e
(1953), Respiratory activity as an index of heat tole~
rance in Jersey and Sindhi x Jersey (F1) crossbred coys.
inim, Breed., Abstr, 21(4) 334,

McDowell, R.E., Moody, E.G., Van Soest, P,J., and Ford, G.L.|
(1969). Effect of heat stress on energy and water utili-
zation of lactating cows. J. Dairy Sei. 52(2)- 188-194.

Misra, M.S.,Sen Gupta B.P. and Roy, A.(1962). Physiological
reactions of buffalo cows maintained in two different
housing conditions during summer months. Indian J.
Dairy Sei. 17: 202-215. '

Moody, E.G., Van Soest, P.J., Mc Dowell, R.E. and Ford, G.Li
(1967). Effect of high temperature and dietary fat on.
performance of lactating cows. J. Dairy Sci. 50(12) h

1909-1916. |



89

Mofrison,iF.B.(1954). Peeds and Feeding. The Morrison
Eublishing»Co.. Ithaca, New York: 650-850,

Morrison, S.R., Givens, R.L. and Iofgreen, G.P. (1973).
Sp’lnkllng cattle for relief from heat stress.

Mullick, D.N: (1960). Effect of humidity and exposure to sun
on the pulse rate, respiration rate, rectal temperature
and haemoglobin level in different sexes of cattle and
buffaloes: J. Agric. Sei. 54(3): 391-394.

Mullick, D.W. and Kehar, N.D.{(1958). Seasonal variations in
the pulse rate, respiration rate, body temperature aund
haemoglgbln level of: dalry cows. Indian J. Dairy Scl.
12 56 20

Nair, P,N.R. (1973). Evolutionary cross breeding as a ba51s
for cattle development in Xerala State (India).
The51s presented to the Paculty of Veterinary Medicine,
‘University of Zurichs 17.

Olbrich, S.E., Martz, F.A. and Hilderbrand, E.S. (1973).
Ambient temperature and ration effeets on Nutritional
and Physiological parameters of heat and cold tolerant
cattlea J. Anim. Sei. 37(2) 574-580.

Pandey, M.D. and Roy, A.(1969). Studies on the adaptability
of buffaloes to tropical climate. II. Seasonal changes
in the body temperature, cardio-respiratory and haema-
tological attributes.in buffalo .cows.

Indian J. Anim. Soi. 39(5): 378-3%86.

Raghavan, G.V. and Mullick, D.W.(1961), Effect of air tempe-
rature and humidity on the pulse rate, respiration rate
and reetal temperature in buffalo bulls.

Indlan vet. J. 38(8) 391-399.

*Ragsdale, A.C.s Thompson, H,J.,, Worstell, D.M. and Brody, S.
(1951). Eavironmental physiology with special reference
to domestic animals. IX. Milk production and feed and
water consumption responses of Brahman, Jersey and
Holstein cows to changes in temperature, 50° to 105°FR
and 50° to 8°F. Anim. Breed. Abstr. 19(4): 448.




g0

*Ragsdale, A.C., Thompson, H.J., Worstell, D.M, and Brody, S.
(1952). Environmental physiology with special reference
to domestic Animals, XII. Influence of increasing of
temperature 40° to 105°F on milk production in Brown
swiss cows and on feed and water consumption and body
weight in Brown swiss and Brahman cows and heifers.’
Anim. Breed. Abstxr. 20(1): 21.

*Ragsdale, A.C., VWorstell, D.M., Thompson, H,J, and Brody, S.
(1950). Environmental physiology with special reference
to domestic animals. VI. Influence of temperature 50° to
O°F and 50° 1o 95°F on milk production, feed and water
consunption and body weight in Jersey and Holstein cows.
Anim, Breed. Abstr. lgﬁZ): 254,

*¥Randel, P.F. and Rusoff, L.L. (1963). Effect of heat stress
on growth, feed consumption and digestibility in
- Holstein calves from birth to 90 days of age.
Je Dalrz Sei. 46(4) 368.

‘Rao, M.V.N, and Mullick, D.N. (1965). Effect of air temperature
air humidity and age upon the physiological reactions of
‘kids. Indian vet. J. 42(7): 488-498.

Rey, D.C. Hale, W.H. and Marchello, J.A. (1969). Influence of
season, sex and hormonal growth stimulants on Feed lot
performance of beef cattle. J. Anim. Seci. 29(3):490-495.

%Ray, D.C., Roubicek, C.B., Wiersma, P. and Marchello, J<A.(1970
Methods of alleviating heat stress in feedlot steers.
Je Anim. 301. 31(1)- 176,

*¥Regan, W.M. (1951). Dairy cows in hot weather. Temperatures
ahove 80°F reflected in both lowered production and the
solids not fat content of the milk.

Anim. Breed. Abstr. 19(2): 168.

*Riggs, J.K. (1966), Climatic environmental effects on feed lot
performance aud physioclogical responses of beef cattle.
Jde Apim. Sei. 25(1): 253.

*Riggs, J.K. (1969). "“Environmental influences in cattle
feeding™. J. Anim. Sei. 29(1): 116,



91

*Robinson, K.W. and Klemm, G.H. (1953). A study of heat tole-
rance of grade Australian Illawara Shorthorn cows
during early lactation. Anim. Breed. Abstr. 21(4) 335

*Seott, G.H., and Moody, E.G.(1960). Tolerance of dairy cows
to high climatic temperatures on low roughage ration..

- *gementovskaja, N.M., and Garkavi, 0,V. (1951). The effect of
' low temperature on the production of cows Anim. Breed.
Abstr, 19(2)- 184,

Shrode, R.R., Quazi, P.R., Rupel, I.W. and Ieighton, R.T.
(1960), Variation in rectal temperature, respiration
rate and pulse rate of cattle as related to variation
in four environmental variables. J.Dairy Sci.43(9):1235-1:

*gims, J.A. and Porter, A.R. (1966). The effect of environmental
temperature on forage dry matter intake of lactating
ciows., Dairy Sei. Abstr. 28(7): 36S.

Snedecor,‘Gaw. and Cochran, W.G. (1967). Statistical Methods.
Oxford and I.B.H., Publishing Company, New Delhi., oth Ed.

Taneja, G.C. (1969). Variations in body temperature, respira-
tory rate, pulse rate, water intake and body weight of
Marwari sheep during the year. Indian vet. J. 46(1) 49-56.,

*Thowpson, H.,J., Worstell, D.M. and Brody, 5.(1950). Environ-
mental physioclogy with special reference to domestic
animals, V. Influence of temperature, 50° to 105°F on
vater consumption in dairy cattle,

Anim, Breed. Abstr. 18(1): 26.

*Thompson, R.D., Johastea, J.%., Breindenstein, C.P., Guidry, A..
and - Burmett, W.T. (1962) Effeet of thermsl conditions
on adrenocortical, thyroidal and metabolic response of
dairy heifers. J. Dairy Sei. 45(5) 669.

Thompson, R.D., Johnston, J.E., Bréindenstein, G.P., Guidry,Aed
and Banerjee, M.R. (1963), Bffect of hot conditions on
adrenocoritical, thyroidal and other metabolic responses
of dairy heifers. J. Dairy Sei. 46(2): 227-231.



0095
e

#Van Arsdel, Wm.C. and Bogart, R. (1962). Ambient temperatures,
heart rates and rectal temperatures of Hereford calves.

J. Anim. Sei. 21(3) 656.

Wayman, 0., Johnsorn, HeD., Merilan, C.P. and Berry, I.L.(1962).
Effect of ad libitum or force feeding of two rations
, on 1acta$1ng dairy cows subject to temperaiure giress,

airly SClo 45(12)’ 1472"14780

*Wheat, JeDe, (1970). Seasonal'variaiions in weights of
Nigerian cattle, J. Anim. Sei. 21(1): 179,

Ullliamu, d«S., Shrode, R.R., ILeighton, R.E. and Rupel, I.W.
(1960)., A study of the influence of solar radiation on
- physiological responses of dairy cattle. :
d. Dairy Sci. 43(9): 1245-1254.

Williamsgn, G. and Payne, WeJ.A. (1959). An Introduction to
fnimal Husbeandry in the Tropies. Pd"Ilsﬁ Tenguage Book
Society and Longmans, Green & Coe. LTD., Iondon,

EL,BS Edn. 3=20. ' |

*#Wilson, P.N., Barrat, M.A. snd Butterworth, M.H, (1962). The
water intake of milking cows grazing Pangola grass
(pigitaria decumbens steni.) under wet and dry season
conditions in Trinidad. d. Agric. sSci. 58(2): 257.

Wrenn, T.R., Bitmen, J. snd Sykes, J.F. (1961). Diurnal
patterns of Bovine body temperature.
Jde Dairy Sei. 44(11): 2077-2080.

Yassen, A.M. (1977). Respiratory résgoneea of N'*Dama and
Boran cattle to climatic conditions in ngerla.
Wld. Rev. Anim,. Prod..13(a) 33=-41.,

*Yousef, M.,XK., and Johnson, H.D. (1966). (alorigenesis of
dairy cattle as influenced by Tnyroxzine and Environmental

temperature. J. Anim. Sei. 25(1): 150,

¥* Original not-consulied.



BIO-CLIMATOLOGICAL STUDIES ON
DRY MATTER INTAKE AND WATER

CONSUMPTION OF GROWING
LIVESTOCK

BY
V. L. SOMANATHAN

ABSTRACT OF A THESIS

Submitted in partial fulfilment of the
requirement for the degree

MASTER OF VETERINARY SCIENCE

Faculty of Veterinary and Animal Sciences

Kerala Agricultural University

Department of Animal Management

COLLEGE OF VETERINARY AND ANIMAL SCIENCES
Mannuthy - Trichur.

1980



ABSTRACT

The present work was undertaken to study the distribution
of climate at Mannuthy and to study the effeet of the prevail-
ing ambient temperature and relative humidity om the performance

of growing crossbred,cattle.

The meteorological data over a period of five years
(1974-1978) weré.analysed to study the climatic picture of this
locality. The rectal temperature, respiraiionvratg, dry matter
intake, water consumpition and growth rate of eleven male and

five female calves were observed for a period of twelve months.

‘ The climatic'picture showed that there are two distinet
.seasons prevailing in this locality, namely, the dryland thé
rainy seasons, ﬁhich are.fu:ther sub divided into 'Warm and
dry'y, 'Hot and dry','cbld and wet' and 'YWarm and wet' seasdns,

respectively.

The rectal temperature of the animals remained fairly
constant throughoﬁi the year, inspite of wide variations in
the ambient temperature. It showed negative correlation with
ambient temperature (-0.357 in males and -0,207 in femalesj
and positive correlation with relative humidity which Qas |

significant only in males (0.416).

The respiration rate varied from 30.973% per minute
during July (lowest) to 49.230 per minute during April

(highest). It showed positive correlation with ambient



temperature (0.6%8 in males and 0,561 in females),
. Significént negative correlation between respiration rate

and relative humidity was observed in males only (-~0.253}.

The‘pergentage dry watter intake was found %o have
a strong hégamive Qoirelation with ambient temperaiure
::(—0,652 in msles and -0.685 in females). Vhereas with the
relative humiditj, thé correlation was positive and was

. significant only in males (0.514).

" Highly significant positive correlation Between ambient
temperaiure'and.daily water consumption (0.763 in.males‘and
0.748 in females) and negative correlation between relative
- humidity and water consumption (-=0.725 in males and =0,503%

in females) were obtained in this study. - !

There was negative correlation between ambient tem-
perature an& mpnthly weight gain and positive correlation
between relative humidity gnd monthly weight gain, but was
significant only in males. The negative correlaiibn obtain-
ed in this case can be attributed to the poor quality of
‘the roughage during the summer months rather then the

direct effeet of ambient temperature.





