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Can we improve heat tolerance in dairy?

• Cows more susceptible to heat stress
– Poor fertility
– Mortality
– Poor survival

• Questions
– Are animals indirectly selected against heat tolerance?
– Is  genetic selection for heat tolerance possible?
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Huang et al., 2006

Conception rate of U.S. Holsteins in Southeastern USA
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Assumption for heat stress model
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Breeding value:    BV = a + f(THI)*v

a – regular breeding value     v – heat-tolerance breeding value
f(THI)  – function of temperature humidity index

Ravagnolo et 
al., 2001



Effect of THI on daily milk production
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Effect of THI around the time of 
insemination on conception rate
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Differences between most 100 and least 100 
heat tolerant sires

Milk  -1100kg
Fat%  +0.2%
Pro%  +0.1%

Dairy Form -1.4
Udder +0.7

Longevity +0.90
Fertility +1.6

Index  +36
Bohmanova et al. (2005 and 2006)



National evaluation of U.S. Holsteins 
(Aguilar et al, 2010)

• 90 million test days of 9 million Holsteins
• 3 trait test day model
• 3 parities
• Heat stress effect
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Genetic trends of daily milk yield for 3 
parities – regular effect
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Genetic trends for heat stress effect at 5.5o 
C over the threshold

First Second Third
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All methodology and programs ready - 
why no implementation?

• Poor milk and fertility è better sprinklers and fans
• Still poor fertility and poor heat detection è timed 

AI
• Low survival and not enough replacements è sexed 

semen

• Do farmers want heat tolerant cows? (Matin-Collado 
et al., 2023)
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Later developments
• Heat stress moving north
– In Canada, threshold of heat stress 57 for protein (Campos et al., 

2022)

• With genomics, high reliability even for cows

• Genetic evaluation for heat stress in Australia (Nguyen et al., 
2017)

• New interest by AI companies, e.g., Select Sires (Taylor et al., 
2022)

EAAP Regional Mtg, Nicosia, Cyprus, Apr 24-26, 
2024



EAAP Regional Mtg, Nicosia, Cyprus, Apr 24-26, 
2024



THI

Heat dissipation

Body temperature

Milk

Fertility

Mortality/
Morbidity

Profile of a “heat-tolerant 
cow”

Partially based on Dikmen et al. (2012)

• “Heat tolerant” cow – 
workaholic

• Milks as long as possible 
despite dangers 

• Thresholds depend 
environment
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Mortality in SouthEast
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Selection as optimization

• Gains for selected and higher h2 traits

• Correlated losses for unselected or low h2 traits

• Effect of losses reduced/eliminated by management

• New management changes traits over time
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Resilience (heat tolerance)/efficiency and 
management intensity

Resilience

Management intensity

Beef DairyPigs ChickenSheep

Efficiency
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Is heat stress important in less intensive 
environments? - Iranian Holsteins
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Mokhtar et al, 2012

Small effect for milk
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Question
• Select for high producing or resilient cows?

• High producing cows
– Tries to keep production under challenging conditions
– Risk of mortality/morbidity
– Need high level of management

• Resilient cow
– Limits production under challenging conditions
– Resumes production after end of challenge

• Impact of duration of heat stress

EAAP Regional Mtg, Nicosia, Cyprus, Apr 24-26, 
2024



Heat tolerance of beef cows

• Research by Don Spiers in beef cattle (Missouri)

– 3 days in heat chamber without water
– Cows stopped eating
– Recovery after a few days
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How to select resilient animals

• Ability to recover production after stress (Wang et 
al., 2022)

• Larger production variations with heat stress events 
- canalization theory in reverse (Bodin et al., 2002, 
WCGALP)
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Guinan et al., 2024

Deviation from averages

Good or workaholic cow?

Drop in production 
potentially desirable
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Azores

Madeira

Canary Islands

Is there heaven for dairy cows?
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Conclusions

• Heat tolerance and production antagonistic 

• Current selection against heat tolerance

• Modern cow bred for sophisticated management

• Dilemma: high producing or resilient cow?
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