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B2 {EC i “#LEE"'LEEE 10-33%

- BB AR ELPEER (#1H - EAFNIGRER ) L4RIELE AL A EE RIS A
Early lactation None 43.964 + 1.677a 3.710 +0.175a  1.627 + 0.078 3.235 + 0.054 a 1422 +0.054a
Mild 42.600 + 1.967ab  4.200 +£ 0.206ab  1.679 + 0.091 2.893 + 0.064b  1.248 + 0.064b
Severe 39.293 + 0.660b  4.298 + 0.069b  1.676 + 0.031 3111 £0.021¢c  1.219+0.021b
Mid lactation None 42500 + 2.209a  4.367 £ 0.219a  1.825+0.095a  3.442 + 0.098 1.451 + 0.081 a
Mild 38.138 + 1.225a  3.842 £ 0.122b  1.466 + 0.053b  3.553 + 0.054 1.351 + 0.045a —— PR ————
Severe 35.066 + 0.528b  4.023 + 0.052ab 1.396 + 0.023b  3.495+ 0.023  1.224 + 0.019b Y pendentvartes
Late lactation None 31.048 + 1.203a  4.384 + 0.100 1.340 + 0.053a  3.747 £ 0.057ab 1.146 + 0.039a
Mild 29.787 + 1.006ab  4.242 + 0.043 1.251 £ 0.045ab 3.781 +£ 0.048a  1.111 £ 0.032a
Severe 28.142 + 0.518b  4.242 + 0.084 1.187 +0.023b  3.649 + 0.025b  1.016 + 0.017b
72 Early lactation None 45696 + 0.973a  4.013+0.074a 1.822+0.048a 3.168 +0.036a 1.445+0.031a
Mild 37.784 £ 0.637 b 4305 + 0.113 b 1.605 £ 0.031b 3.080 = 0.023 b 1.161 £ 0.020 b Summary (LS means) - temp_hum_index_d-1>72
Severe - - - - - 0 .
Mid lactation None 37.457 £ 0.653a  4.017 + 0.065 1.485+0.029a 3.602 £ 0.027a  1.346 + 0.022a '
Mild 34.083 + 0.692b  4.006 + 0.069 1.361 + 0.030b  3.388 + 0.028b  1.149 + 0.024 b
Severe - - - - -
Late lactation None 37.300 £ 3.781a  4.595 + 0.323 1.712 £ 0.164a  3.205+ 0.185a  1.192 £ 0.121a
Mild 30.913 + 0.635a  4.329 + 0.054 1.331 +0.028b  3.730 + 0.031b 25145 = (G
Severe 26.991 + 0.561b  4.200 + 0.048 1.119 £ 0.024¢c  3.661 + 0.027b  0.972 + 0.018b milcyicl_aky  famim | feiyild  protinato potein yid
1 Temperature humidity index (THI) = (1.8 x T 4 32) — (0.055 — 0.0055 x RH) X (1.8 x T — 26), according to the formula in (NRC, 1971). Dependent variables
2 Early lactation : days in milk less than 101 days; mid lactation : days in milk from 101 to 200 days; late lactation : days in milk over 201 days.

3The lactating cows were grouped into 3 heat-stressed (HS) categories :

No HS, maximum 9h with THI 68 or 72 within 3-day period; Mild HS, time

of THI > 68 or 72 occurrence lasted less than 36h within 3-day period; Severe HS, time of THI > 68 occurrence longer than 36h within 3-day period.
4 Values (mean + SE) with different superscripts among different heat stress levels within each lactation stage and THI threshold are significantly
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ABSTRACT

Heat stress (HS) may result in changes in the behavior,
endocrine system, and physiological characteristics of
dairy cows, and it may even lead to death in severe cases.
As the effects of global warming have become more no-
le, the prevalence of HS has increased among dairy
cows. Therefore, comprehensive strategies, including not
only cooling measures but also dietary adjustments and
genetic improvements for heat tolerance, are required to
help these animals regulate their body temperature and
avoid HS. In addition, detecting HS signs is essential for
both lactating and dry cows to ensure appropriate inter-
ventions

The temperature-humidity index (THI) is a widely
used tool for evaluating the effects of HS on livestock
Since the physiological state of cattle significantly influ-
ences their responses to HS, it is imperative to establish
specific THI thresholds for both lactating and dry cows
to implement appropriate cooling regimens and optimize
animal welfare. In this study, we used the THI to inves-
tigate the relationship between rectal temperature (RT),
respiration rate (RR), and sweating rate (SR) in lactat
ing and dry cows. We also explored the relationships
between milk yield at different lactation stages and THI
thresholds. The results indicated that lactating and dry
cows had different THI thresholds based on their imme-
diate physiological responses. Compared with lactating
cows, dry cows had higher THI thresholds for RT, RR,
and SR. In addition, cows in early-, intermediate-, and
late-lactation stages under thermoneutral conditions pro-
duced significantly more milk than did those under mild,
moderate, and severe HS conditions, indicating that milk
yield losses occur under HS conditions. Taken together,
these findings provide valuable insights into how HS can
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be mitigated in subtropical dairy farms. For lactating
cows, implementing cooling measures is recommended
when the THI reaches 66 to 67, whereas for dry cows,
waiting until the THI reaches 73 is recommended. Milk
yield losses may occur when lactating cows are under
HS conditions, Therefore, appropriate cooling measures
should be implemented at accurate THI thresholds to
ensure optimal animal welfare for both lactating and dry
cows.

Keywords: heat stress, temperature-humidity
threshold

index

INTRODUCTION

When cattle experience heat stress (HS), they exhibit
reduced dry matter intake (Chang-Fung-Martel et al,
2021), lying time (Nordlund et al, 2019), and feeding
time (Calamari et al,, 2013). HS adverse effects
on cattle; it is associated with decreased production
(growth, milk yield), elevated respiration rate (RR) and
panting, increased drooling and core body temperature,
and increased heart rate and sweating (Galdn et al.,
2018). HS also has a negative effect on the reproductive
performance of cattle, leading to decreased conception
rates, impaired follicular development, and reduced em-
bryo survival (Dash et al., 2016; Penev et al., 2021; Roth,
2020). In addition, it causes them to display increased

dominance behavior and aggression, particularly that as-
sociated with seeking shade. These effects are general
indications associated with HS (Kadzere et al., 2002).
The temperature-humidity index (THI) is a measure
of the combined effects of environmental temperature
and relative humidity (RH), and it is commonly used to
evaluate the levels of HS in dairy cows (Chang-Fung-
Martel et al., 2017; Polsky and von Keyserlingk, 2017)
Although the THI is limited because it does not account
for solar radiation or wind speed (St-Pierre et al., 2003;
Brown-Brand! et al., 2005; Mader et al,, 2006), it remains

broviations-24. Nonstandard abbreviations are available in the Notes
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