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Heat tolerance
• Heat stress: temperature & 

humidity above comfort zones
• Leads to:

– Reduction in feed intake, milk yield, 
fertility

– Loss of income

• Major dairying regions in Australia 
will experience an increase in 
daily average temperatures
– And more frequent heat waves and 

longer duration

• Attempts: Cool Cows, cool diets, 
genomic selection, gene editing



Possible measures: Use adapted breeds

• SLICK – mutation of large 
effect

• Senepol cattle – heat tolerant 
Bos taurus with slick coat

• Mutation in prolactin 
receptor
– Littlejohn et al. 2014, Nat 

Comms, 5:5861

• Introgressed into Holsteins –
less drop in milk production 
in summer
– Dikmen et al. J Dairy Sci. 

2014 97:5508.

• Gene editing target



Genomic selection for heat tolerance

• Exploit within breed variation

• Genome wide DNA markers



Development Validation Implementation

What trait to 
measure?



Dairy cattle and ambient heat load

Lower critical 
THI

Upper critical 
THI

low highTemperature – Humidity Index (THI)

Adapted from NRC (1981)

Cold stress Thermal-neutral zone Heat stress

THI threshold (60) is 
equivalent to 
20oC at 45% relative 
humidity



1,762 Holstein
519 Jersey herds



Genomic Selection

Eggen, 
2012.  

Animal 
Frontiers 
2:10-15.
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Estimated cow slopes 
Decline in milk, fat and protein 
yields per unit increase in THI

Sire slope = average of daughters



J

4628 bulls with 
Australian daughters

10254 cows 

1177 bulls with 
Australian daughters 4232 cows 

May 2017



Ginfo cows improved reliability

Breed Trait Without Ginfo
Reliability (%)

With Ginfo
Reliability (%)

Holstein Milk 19 42

Fat 20 40

Protein 26 38

Jersey Milk 24 36

Fat 25 38

Protein 27 38



Expression

• Decline in production ($) per unit increase of THI

• Components

• Standardised to mean = 100, standard deviation = 5



Heat tolerance ABV

Temperature-Humidity Index
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%

An animal with a Heat Tolerance ABV of 
105 is 5% more tolerant to hot, humid 
conditions than average. Its drop in 
production will be 5% less than average.



Standardised ABVs



Validation study

• 400 heifers screened on genomic breeding 
value for heat tolerance calculated

• 24 predicted most heat tolerant, 24 
predicted most heat susceptible selected

• Evaluate performance in simulated 4d 
heat wave event at Ellinbank

• Measure milk production, core 
temperature

Garner et al (2016) Scientific Reports



Empirical validation

Decline in milk production

Day 1 Day 2 Day 3 Day 4 Recovery

HT -0.3 -0.3 -0.9 -2.6 -1.2

HS -0.2 -0.6 -1.1 -3.9 -2.3
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Difference in intra-vaginal 
temperature
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What’s next

• Heat tolerance in relation to health and 
fertility

• Genotype by environment interactions for 
heat tolerance

• Breeding values for more breeds and 
crossbreeds

• Evaluating predictors of heat tolerance



Take home messages

• It’s possible to breed for heat tolerance

• Genetic progress is permanent and cumulative

• Select bulls from Good Bulls Guide using an 
Aussie index (BPI, HWI or TWI)

• If farming in hot and humid conditions pick 
bulls with above average ABV(g)s for heat 
tolerance (>100)



App available to select bulls
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