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Statistical Studies on the Inheritance of Heat Tolerance
in Dairy Cows

1. On the Acclimatization to Hot Weather in Dairy Cows.
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Fig. 1. Variation of the environmental temperature during the summer experimental period
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Fig. 2. Variation of the relative humidity during the summer experimental period
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Fig. 3. Variation of the body temperature during the summer experimental period

———— Body temperature in the morning
----------- Body temperature in the afternoon
Ao Normal body temperature in the morning
B Normal body temperature in the afternoon

C ... Regression line in the morning (¥=38.6575—0.0023X)
D:eees Regvession line in the afternoon (Y--39.7552—0.0041X)

Table 1. Regression analysis of body temperatures on days.

]

a.m.

Source of variation nggég‘;in()f **** - T

Mean square F ‘ Mean square \ F

- ) i ! | ’

Within cows, ‘: E | |

pooled regression l 375 0.133 \ ‘ 0.057 ‘

Within cows i | !

individual regression 368 0.124 | | 0.054 |

Cows regression ! } ok }

coefficients | 7 0.640 | 5.17%* | 0.217 ‘ 4.02%*

Cow means, ajusted l 7 4.461 | 33.467% ‘ 1.232 | 21.614%F

Total \ 382 ‘ \

Regression coefficient —0.0041** ‘ —0.0023**

K Significant at 1% level.
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Fig. 4. Variation of the pulse rate during the summer experimental period
Aeeens Regression line (Q:5.8—0.0549X)
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Fig. 5. Variation of the pulse rate during the summer experimental period

B Regression line (¥=82—0.1247X)
Yoo Pulse rate =~ X .--eo Days
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Table 2. Regression analysis of pulse rates on days.

‘ ?
.- Degrees of p.m. - Degrees of a.m.
Source of variation - R . .
freedom Mean squareg F | freedom Mean squarc | F

Within cows, | 7 7 . ' -
pooled regression | 375 | 48.31 ‘ 74 32.14
Within cows, 2

individual regression 368 | 48.56 | 367 31.84

Cows regression | |
coefficients j 7 35.14 - 7 4771 1.50
Cows means, ajusted 7 3 1308.28 27.08%% 7 2196.14 68.33**
Total ‘ 82 381

Regression coefficient ‘ —0.,125%% —_0.0549**

o Significant at 195 level
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Fig. 6. Variation of the respiration rate during the experimental period

——--— Respiration rates in the morning
------------ Respiration rates in the afternoon

Ao Regression line in the morning (AY:27.6+0.0839X)
B Regression line in the afternoon (Y=30.04-0.0313X)

' Respiration rates /min.
). Days
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Table 3. Regression analysis of respiration rates on days.

| ‘ t |
L i Degrees of __ p.m. Degrees of a.m.

Source of variation | e e

‘ freedom Mean square‘ F i freedom | Mean square F
Within cows, | I S o ]
pooled regression ' 373 ‘ 110.15 ‘ 375 90.09 |
Within cows, | | ?
individual regressions 366 103.44 ; 368 81.86 ;

. | ‘

Cows regression | 7 460.86 4465 7 523.14 6.39%*

i l |
Cow means, ajusted 7 3611.29 32.79%% | 7 5364.57 | 59.55%*
Total .30 32| ;
Regression coefficient ‘ 0.0829%* 0.0313

*%......Significant at 1% level
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LorL, F&, HEICHEL T, BRI OER, ko iEc i L oTAX < WEINS



FLLE DB VDB {AITRE T 2 Heat e 179

2
R
=]
3]
8
<
e
a,
=R
2 £
70
1 2 3 4 5 6 ? 8 9
Weeks
Fig. 7. Variation of thec milk production during the summer experimental period
Aeeeee Regression line (\?:8.8919~0.0156X)
). Days
Y eeoees Milk production in kg

Table 4. Regression analysis of milk production on days

_ Degrees of ’
Source of variation Mean square | F
freedom |
Within cows, pooled regression 375 f 1193 |
|
Within cows, individual regression 3 368 0.857 ‘
Cows regression coeflicients ‘ 7 18.904 ‘ 22.06%*
Cow means, ajusted 7 747.418 \ 626.50%*
Total ‘ 382 ,
Regression coefficient ‘[ —0.0156**
o Significant at 1% level
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Résumé

The present study was undertaken in an attempt to clarify whether cows were capable of
being acclimatized to hot weather, using eight Holstein cows, which were kept in Kagoshima
University.

Rectal temperatures, pulse rates and respiration rates were determined, twice a day, in the
morning and afternoon, through the summer period, to be exactly, from June 28, to the end of
August, 1958, during which environmental temperatures were over than 27 C.

The normal values of these characters of each cow had been determined beforehand, in
spring, in the same manner.

These measurements were analized by regression analysis for environmental temperature,
rectal temperature, pulse rate, respiration rate and milk yield, and by t—test for body weight.

The results obtained were as follows.

(1) As for the environmental condition, there was a tendency to give a more adverse
effect to the cow with lapse of days; all of the regressions on days for maximum and minimum
temperatures, and degrees of mercury at determination were not significant, while relative humi-
dities were higher in August than in July.
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(2) In spite of these environmental conditions, rectal temperatures in both the fore- and
afternoon, came down significantly with lapse of days and closed gradually to normal degrees.
The regression coefficients of fore- and afternoon rectal temperatures on days were —0.0023 and
—0.0041 respectively.

It was also found that the individual coefficients differed from each other with statistical
significance.

(3) There was a tendency for respiration rate to increase with days, but the statistical
significance was found only in afternoon measurements.

The difference among individuals was also significant.

(4) 1In the course of the experiment, pulse rates declined significantly. However, no signifi-
cant difference was found among individuals.

(5) Milk production declined significantly.

(6) Body weights decreased rapidly in the early July and the decrease continued untill the
end of August. However, the decrease became more slowly with lapse of days and after the
experiment it recovered quickly.

(7) The decline in milk yields and body weights might be attributed, at least partly, to
physiological homeostasis for hot weather. However, these characters are affected by several
other factors, for example, the quality and quantity of the feed consumed which usually become
inferior in the late August, and so it seems likely that these decrease are not necessarily
attributed to the accumulative effects of hot weather.

Since pulse rates and respiration rates are part of the thermoregulatory mechanisms of cows,
they may be represented by the degree of body temperature, as a whole. Therefore, assuming
the body temperature as an index of heat tolerance, it may be concluded that the cow is able
to acclimate to hot weather. The degrees of acclimatization differed among individuals, then it
may be possible to breed an individual capable being acclimatized to hot weather.




