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SUMMARY
The effect of temperature, humidity and temperature-humidity and temperaturehumidity-sunshine index on milk yield/day of stage of first lactation on Karan Fries
and Karan Swiss cows was examined. The correlations between milk yield/day and
various climatic variables were, in general, negative and significant. Temperature
and humidity when taken together explained the largest variation in milk yield/day
of stage of lactation. The differences between breeds for milk yield/day in different
stages were significant with overall milk yield/day being 9.60±0.05 and 8.37±0.04
kg in Karan Fries and Karan Swiss cows. Milk yield/day for each stage was plotted
against the months to have an idea about the effect of climatic variables. The comfort
zone for maximum milk production in crossbreds was between 7°C and 25°C.
INTRODUCTION
High temperature and high humidity are constraints in efficient management
of crossbred cows and the stress of high temperature and humidity lowers the milk
production (Singh and Mishra, 1980; Thomas and Acharya, 1981; Igono and Aliu, 1983).
The critical temperature at which the performance of animals is affected varies
from breed to breed (Hafez, 1968). This aspect needs to be investigated since it
may help in selecting and managing animals which are less adaptable but are high
producers. The present study, accordingly, was undertaken to examine the relationship
between climatic variables and milk yield in crossbreds and to identify the comfort
zone for maximum production.
MATERIALS AND METHODS
The data on milk yield/day and total yield on 140 Karan Fries and 192 Karan
Swiss cows which completed their first lactation between 1979 and 1981 at the Insti
tute were used. The Institute at Karnal is situated 250 meters above the mean sea
level on 29.4°N latitude and 79.5°E longitude. The highest temperature during summer
was around 45°C and the lowest 7°C in winter. The average rainfall was around 70
mm, most of which was received during 3uly to September. The animals were main
tained in loose housing system with a number of trees in the open area for shade.
Animals were fed ad Jib with high quality green (berseem, lucerne, turnip, oats, maize,
cowpea and grasses) and dry fodders (wheat bhoosa, oats and lucerne hay). Silage
was fed during lean fodder period. The calves were weaned at birth. Karan Swiss
cows were hand milked whereas, Karan Fries were machine milked thrice a day.
Concentrate mixture was fed at the time of milking on the basis of milk production.
Animals were detected for oestrus by teaser bulls and inseminated early morning
and evening according to time of oestrus.
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Meteorological data : The following observations were recorded (1) maximum
temperature (2) minimum temperature (3) dry bulb temperature (4) wet bulb temper
ature (5) relative humidity (%) and (6) sunshine (hours). Climograph for Karnal was
drawn by plotting the mean monthly temperature and mean monthly humidity over
the period of three years. The climograph was divided into four sections. The demarcat
ion lines were drawn at 27°C and 55% relative humidity because temperature above
27°C is uncomfortable to the indigenous cattle (Brody, 1956). The months of January,
February, March, November and December had temperature below 27°C and humidity
above 55% and the climate during these months was referred to as 'Cold-moist'.
The months of April, May and June had temperature above 27°C with humidity below
55% and these were described as 'Hot-dry' months. On the other hand, July, August,
September and October had temperature above 27°C and humidity above 55% and
were referred to as 'Hot-humid' months. Karnal had no 'Cold-dry' season i.e. temper
ature below 27°C and humidity below 55%.
Two indices were constructed using various climatic variables to study their
effect on milk yield. These were (i) Temperature-humidity (TH) index and (ii) Temper
ature-humidity-sunshine (THS) index. The 'TH' index was described by McDowell
(1972). This index, however, does not take into consideration the effect of solar
radiation and sunshine hours. Thomas and Acharya (1981) proposed a new index wherein
sun-shine was also included inaddition to temperature and humidity. Assumption made
was that out of total hours of bright sunlight about 75% would be stressful.
Statistical procedures s The correlations and regressions of milk yield/day
with various climatic variables were estimated using standard statistical procedures.
The preliminary analysis indicated that temperature and humidity together explained
maximum variation in milk yield/day of stage of lactation. Accordingly, these were
considered in the least square model. The least squares analysis of variance (Harvey,
1966) was used to study the effect of breed, year and month of calving along with
temperature and humidity on milk yield/day of stage of lactation.
RESULTS AND DISCUSSION
Correlations and regressions : The correlations of milk yield/day in various
stages of lactation with temperature, humidity, 'TH' and 'THS' indices were, in gene
ral, negative and significant barring a few exceptions. The correlations with 'TH'
and 'THS' indices were higher than those with temperature and humidity taken indivi
dually. Significant negative correlations of milk yield/day with mean daily temperature
and humidity have also been reported by Sims and Porter (1967) while Galvano (1968)
reported positive correlation of 0.57 between milk yield and relative humidity.
The regression coefficients of milk yield/day on various climtic variables were
negative idicatir.g that milk yield/day decreased with increase in climatic variables.
The decrease in milk yield was maximum when both the temperature and humidity
increased together. Similar observati'ns were reported by Richardson (1961), Kibler
et al. (1966) and Maust and McDowell (1971). Thomas and Acharya (1981) observed
higher regression coefficients of milking average on various climatic variables and
indices which were due to large variation in climatic conditions of the six locations
included in their study. The regression coefficients were higher for Holstein halfbreds
than Jersey halfbreds, suggesting that Jersey crosses were less affected by thermal
stress.
The results revealed that temperature and humidity combination explained
more variation in milk yield/day than the 'TH' and 'THS' indices. Since the indices
are combination of temperature and humidity and would further need computation,
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it would be desirable to consider temperature and humidity in absolute values together
for explaining variation in milk yield/day. The addition of sunshine hours in 'THS'
index did not add to the variation explained by 'TH' index. Assumption made in the
'THS' index proposed by Thomas and Acharya (1981) was that out of total hours
of bright sunshine, about 75% would be stressful. This may not be true in case of
sunshine hours for the months of January, February, March, November and December
where the mean temperature was below 20°C and the maximum temperature during
January, February and December was below 22°C. Secondly, solar radiation may
be of much more importance than the sunshine hours. Kulkarni (1978) reported that
the air temperature and relative humidity combination adversely affected the average
daily milk yield of Holstein Friesian and Jersey animals at Karnal.
Effect of breed, year and month s The results of least squares analysis of
variance are presented in Table 1 and those of means in Table 2. JTie differences
between breed groups were significant for milk yield/day. Karan Fries animals had
higher milk yield/day in all the stages than Karan Swiss animals. The superiority
in milk yield/day in various stages of Karan Fries animals was due to use of Holstein
breed which had higher yield than the Brown Swiss. The milk yield/day in both the
breeds increased upto second stage of lactation after which there was a gradual
decline upto tenth stage. Almost similar results were reported by Raheja and Balaine
(1977) for Hariana and its crosses with Jersey, Brown Swiss, Holstein and Red Dane.
The differences between years and between months for milk yield/day were significant
which could be due to variation in availability of green fodder and climatic conditions.
Table 1. Analysis of variance for milk yield/day in various stages
Source

d.f.

Breed

Year

Month

Regression
on
Temperature

Regression
on
Humidity

1

2

11

1

1

Stage of
lactation
1
II
III
IV
V
VI
VII
VIII
IX
X

Error

Mean sums of squares
103.7**
107.4**
146.1**
127.8**
124.6**
103.9**
81.2**
79.9**
60.2**
54.2**

13.0
60.2**
52.8**
43.3**
10.0*
17.7**
20.9**
11.3*
27.9**
23.4**

6.8
7.2*
25.3**
28.8**
16.2**
19.5**
30.4**
22.2**
26.1**
28.6**

3.4
2.1
0.0
10.1
0.9
3.1
0.1
0.1
6.7
13.5*

0.4
5.7
8.8
15.9
0.5
1.1
5.7
0.7
6.0
1.3

4.8
4.7
3.8
3.5
3.3
2.8
2.5
2.6
2.7
3.4

(316)
(316)
(316)
(316)
(316)
(311)
(311)
(311)
(311)
(311)

Figures in parenthesis are degree of freedom for error
♦Significant at 5% level **Significant at 1% level
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Table 2. Least square means for milk yield/day for stage of lactation
Stage of
lactation
I
II
III
IV
V
VI
VII
VIII
IX
X
Overall

Karan Fries

Karan Swiss

9.28±0.37
10.97±0.20
10.90±0.20
9.90±0.36
9.80±0.26
10.10±0.32
9.33±0.14
8.95±0.15
8.58±0.17
8.03±0.24
9.60±0.0 5

8.05±0.36
9.73±0.19
9.43±0.20
8.6U0.35
8.46±0.25
8.69±0.32
8.27±0.14
7.89±0.14
7.66±0.17
7.14±0.25
8.37±0.04

Comfort zone for milk production in crossbreds ; The overall milk yield/day
(pooled over the stages) was maximum in March. The decline started in April when
the mean temperature was above 26°C with humidity 42%. It may be mentioned
that fluctuation in temperature was maximum in this month (maximum and minimum
temperature being 36.1°C and 15.3°C). The milk yield was adversely affected from
July onwards when both the temperature and humidity increased. Although the milk
yield/day started declining in 'hot-dry' season but was adversely affected in 'hothumid' season since both temperature and humidity were higher in July, August and
September. The milkyield/day markedly showed an upward trend from October on
wards when the temperature was below 26°C and humidity around 65%. The climatic
stresses affecting the milk yield/day, however, were confounded with the availability
of green fodder. The green fodder availabilityin May and June was below 12 Kg/day/
adult unit while that from July to September ranged between 35 and 43 kg/day/adult
unit. Although the fodder availability in hot-humid months was higher compared to
'hot-dry' months, the milk yield/day was lowest, indicating the stress of high tem
perature and high humidity. The milk yield/day was not affected by the average
minimum temperature of 7°C in the months of December and January. It can, there
fore, be concluded that comfort zone for maximum milk production in crossbreds
was between 7°C and 25°C.
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