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Why heat stress matters?

* Heat stress reduces milk yield, fertility, and animal welfare.
* Rising temperatures make heat stress a growing concern.

* Genetic solutions are needed to breed more resilient cows.




How is the heat affecting Italy?

Milk production Summer and Winter
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Dairy cows and heat stress @

Heat stress results from a combination of environmental factors
that exceed a cow’s comfort zone and the cow’s ability to keep cool.

' THI

v

THI = A single value representing
the combined effects of air
temperature and humidity
associated with the level of thermal
stress.

Comfort zone

o ‘ THI ={T,,, —[0.55x(1-RH)]x(T,,. —14.4)} (Kelly & Bond, 1971)



Weather Data-Set
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1. Foreach herd = average 2,3 weather stations with average distance 13,5 e 7O
km
2. 7-day average THI was used
3. Toeachtest-day THI data added




Previous work and new goals

* Previous HT index focused on kg milk only (2021)

* New evaluation includes milk (kg), fat (kg and %) and protein (kg and
)

* Objectives:

* Determine THI thresholds for milk traits declining

* Estimate HT traits heritabilities

o ‘ * Calculate breeding values for all five milk traits



Heat threshold analysis: Repeatability model @

Y=HYS+YC+ DIM xage *parity +THI + a+pe + error

Y= phenotype (milk (kg/d), fat (kg/d-%), protein (kg/d-%)

* HYS = herd-year season of test-days (4 seasons)
* YC=year of calving

» Age =age at calving

 Parity (3 lactations: 1,2,3)

 THI

* a=additive genetic component
Random effects * pe = permanent environment effect

* error _
™ asrem

Harness the power of REML




Heat threshold results — Protein kg/d

Loss in protein kg/d
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Heat threshold results — Fat kg/d

Loss in fat (kg/d)
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Genotype*Environment interaction (GXE) @

Random effects were regressed on a function of THI

£ (THI) — { 0, THI < THIpresholda (no heat stress)
THI — THlgahard, THIL > TH  wei0ld (heat stress)

Milk (kg/d) /70 E No stress Stress

Protein (kg/d) 59 o

Fat (kg/d) 52 E

Protein (%/d) 55

Fat (%/d) 52

THI =

a— COW1 cow2 e COWJ3




Heat threshold analysis: Repeatability model @

Y =HYS +YC+ DIM * age = parity + a+ «(f(THD) + pe + B(f(THD) + e

Y= phenotype (milk (kg/d), fat (kg/d-%), protein (kg/d-%)

* HYS = herd-year season of test-days (4 seasons)
- YC=year of calving
FIXECI DIM = days in milk
effects  Age = age at calving
Parity (3 lactations)

. a= additive genetic component ¢ . General animal genetic merit

* a(f(THI)) = heat tolerance genetic effect <::I Heat tolerance genetic merit
Random .
* pe = permanent environment effect
EfFECtS * B(f(THI)) = heat tolerance permanent environmental effect
' * error

M i x9 9
Solving Large Mixed Model Equations




Correlations

s

Relationship between general genetic merit and heat tolerance genetic

merit of production

Milk (kg/d) -0,51
Protein (kg/d) -0,48
Fat (kg/d) -0,42
Protein (%/d) -0,43
Fat (%/d) -0,50

-0,40
-0,47
-0,54
-0,51

-0,54

0,16
0,13
0,12
0,37

0,26

Negative correlations indicate opposing relationship, but they are moderate
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* Standardized mean 100 and DS 5

* Genomic evaluation for single index and later combined in an Aggregate

index
1. Milk (kg/d) Aggregate index
2. Fat (kg/d) Single EBVs Weight
3. Protein (kg/d) IHT milk (kg/d) 25%
4. Fat (%/d) IHT fat (kg/d) 15%
Protein (%/d) IHT protein (kg/d) 45%
> IHT fat (%) ry
IHT protein (%) 10%




Comparison of High vs. Low HT Bulls - @
Summer vs. Winter MilkYield

ldentified bulls with > 1000 daughters

Summer milk (kg/d) 30.05
Winter milk (kg/d) 30.38
Difference (kg/d) -0.33
Summer milk (kg/d) 29.90
Winter milk (kg/d) 31.14
Difference (kg/d) -1.24

Difference between the two losses:
A Difference = -0.33-(-1.24) = +0.91 kg/day

Daughters of bulls with high heat tolerance (HT = 105) lose 0.91 kg/day milk less in summer
compared to daughters of bulls with low heat tolerance (HT < g5).
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