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The critical point of temperature humidity index and Holstein fraction
level affected on milk production and genetic parameters during heat
stress conditions
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ABSTRACT: The investigating of critical point of heat stress affecting milk production and genetic parameters
in crossbred Thai-Holstein dairy cattle using a total of 218,083 first-parity milk yield test-day records of 24,825
Thai-Holstein crossbred. The results showed that the impact of heat stress began at a temperature humidity index
(THI) of 75. The rate of decline of milk production was found when Holstein fraction level was more than 87.5%,
and highest when Holstein fraction level was more than 98%. Cow in the North East region had highest average milk
production loss (91.05 kg/head/year) compared to another region in Thailand. The heritability for test-day milk at
a THI of 75 was 0.17. Heritability for milk yield exhibited a slight increase from THI of 75 to 78 that is the highest
heritability (0.19) and tends to decline as THI increases after this point. Genetic correlation between regular and heat
stress effect was -0.21. This result indicated that selecting cows for high milk yield leads to an increase in heat
stressed cows. However, the genetic correlation from this study was low, therefore combine selection for milk

production and heat tolerance is possible in the breeding program.
Keywords: heat stress, milk, genetic parameter, crossbred Thai-Holstein
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Category

N Mean SD Min Max

Herd-test month-test year
Animal with records
Animal with pedigrees
Test-days records (before edited)
Test-days records (after edited)
Test-day milk separated by Holstein blood
<75.0
75.0t087.4
87.51093.6
93.7t097.9
>98.0
Air temperature, °c
Relative humidity, %

Temperature humidity index, THI

8,531
24,805
42,501

255,447
218,083

11,334 11.5 4.3

53,216 12.8 4.8

84,309 13.6 5.0

58,496 13.9 4.6

10,728 14.3 59
271 3.3 4 36
73.4 12.5 5 100
77.4 4.7 49 86
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Figure 1

Average monthly pattern of relative humidity (a, dashed line) and air temperature (a, solidline),

and temperature humidity index (b) in Thailand.
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Table 2 Deviation value of negative log likelihood (-2logL), and coefficient of determination (R") in

various temperature humidity index compared to temperature humidity index threshold of

heat stress at 75 (THI 75) using random regression test-day model.

Parameter  THI72 THI73 THI74 THI7S THI7Z6 THI77  THI78 THI79 THI8C  THI81  THI82
-2loglL 477 271 81 0 156 591 1425 2646 3696 4449 4614
R 0.45 0.47 0.49 0.50 0.49 0.48 0.47 0.47 0.46 0.45 0.47

Table 3 Threshold point of heat stress at THI 75, rate of decline of milk production ( & ), and average

yearly losses in milk production last three year ( Ay ) separated by breed groups.

Average milk losses (kg) Ay

Breed groups a (kg)
2005 2006 2007
<75.0 0.045 63.82 62.52 61.91
75.0t0 874 0.024 34.04 33.34 33.02
87.51093.6 -0.002 -2.84 -2.89 -3.04
93.71t097.9 -0.021 -29.78 -30.39 -31.89
>08.0 -0.050 -70.91 -72.36 -75.92

0.50 - ====Central (80.67 kg)

Average milk productionloss (kg)

Figure 2

0.45 1
0.40 1

= =North (46.24 kg)
North East (91.05kg)

0.35 1
0.30 1
0.25 1
0.20 -
0.15 1
0.10 1
0.05 -

0.00 + v 7 7 7 7 7 7 v v v y
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

The pattern of average milk production loss throughout a year of >98% Holstein blood exposed to heat

stress at THI 75 separated by region (Central, North, and North East).
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Figure 3  Estimates of additive genetic variance with (Var_a(0)) and without (Var_a(1)) heat stress considered (a),

permanent environmental variance with (Var_p(0)) and without (Var_p(1)) heat stress considered (b),

and heritability (c) across temperature humidity index (THI) after threshold point at THI 75.
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