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Int roduct ion
R a ising da ir y  heifer s  Age at First 

Calving (AFC)

High costs
- 20% of annual dairy farm cost1

- > range €1 423 - €1 7152 

 AFC = reach puberty earlier
- Correlation body weight and puberty3

- Accelerated growth rate

1Heinrichs, 1993
2Nor et al., 2012; ILVO unpublished data
3Sejrsen et al., 1982
4Volkmann et al., 2019; Broucek et al., 2021; Niwińska et al., 2022)

 Average Daily 

Gain (ADG)

 ADG: impact4 on
- Mammary gland development?
- First lactation production?

Milk production



Evaluat ion of growt h 

Pr a ct ica l 
set t ing
(30  fa r ms)

Ex per iment a l 
set t ing

• Consistent intervals
• ADG W2 – W4 - …

• Time-consuming and labor-intensive
• Defined visits (quarterly) but different ages

• Limited number of datapoints (departures; illness; grazing)
• Variable  number of measurements per heifer

• Variable growth intervals 

Different 
approach

Wei et al. (2005)



Obj ect ives
1) Assess the impact of ADG on fertility and 1st lactation 

by using a quantile regression analysis (QR A)

2) Validate this approach as an effective method in 

evaluating the impact of growth in dairy heifers



Mat erials & Met hods
Growth monitoring program=dataset 1
• January 2018 - December 2023

• Quaterly visits to 30 farms

• Body weight (BW), hip height (HH) and heart girth (HG) 

• All heifers: from birth until 1 month prior to calving

HG HH

BW

N=30

Da t a  c o l l ec t i o n = da t a s et  2
• January 2022 - July 2024

• Collecting dairy herd improvement (DHI) data (n=29)

• 1 farm daily recordings (milk robot)

• 1 farm excluded (cessation DHI during project)

• Animal characteristics, fertility parameters, 305-d production parameters during 1st  

lactation (based on mean DHI per lactation)

• Inclusion of archived animals

• 2,783 heifers (1st lactation)

N=5,458 
heifers



Mat erials & Met hods
Inclusion criteria

• Born after January 2018
• Inclusion of heifers until 4th lactation
• Minimal length per lactation >100 days
• AFC > age first breeding & >19 months

N=29

St a t i s t i c a l  a n a l y s i s
• Fertility/ production parameters: Effect quantile
• Production parameters : Effect quantile * AFC category

• Very low AFC= <21 m
• Low AFC= 21-23 m
• Mean AFC= 23-25m
• High AFC = >25m



Heaviest  heifers

Light est  heifers
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 Q0 , 5 0  = a ver a ge gr o wer s
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R esult s & Discussion
Reaching puberty earlier1,2,3 -> earlier AFB & AFC

Growth 
Parameter

Slow 
growers 

Q 0,25

Fast 
growers

Q 0,75

Δ Q 0,75 - Q0,25

B o d y w e i g h t 2 3 , 9  22,8 - 1,1 m 

H i p  H e i g h t 2 3 , 7 22,9 -0,8 m

H e a r t  g i r t h 2 3 , 7 23,0 -0,7 m

BW

Least square means of the linear model, p value <0,001

Effect quantile BW on Age First Breeding: 
ΔQ 0,75 -Q0,25 =-27 days

1Shamay et al. (2005)
2Raeth-Knight et al. (2009)
3Macdonald et al. (2005)



HG

Growth 
Parameter

Slow 
growers 

Q 0,25

Fast 
growers

Q 0,75

Δ Q 0,75 - Q0,25

B o d y w e i g h t 8 5 5 1 9 3 6 2 + 8 10 k g

H i p  H e i g h t 8 6 11 9 3 6 1 + 7 5 0 k g

H e a r t  g i r t h 8 6 3 4 9 2 6 9 + 6 3 5 k g *

Least square means of the linear model, p value <0,001
*Significant interaction with AFC category (p<0,05)

Quantile Heart Girth
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Very low AFC

<21M
Low AFC

21 - 23M
Avg  AFC
23 - 25M

H i g h  A F C
> 2 5 M

+ 113 3 b + 5 4 8 a  + 3 5 6 a + 7 0 9 a b

Post hoc test (emmean), confidence level used: 0,95

4Moallem et al. (2010)
5Volkmann et al. (2019)

R esult s
Higher milk yield4,5 -> unaffected mammary gland development during puberty
Weaker effect for smallest heifers with AFC<21M



R esult s
305d - F a t  Co n t en t

Growth 
Parameter

Slow 
growers 

Q 0,25

Fast 
growers

Q 0,75

Δ Q 0,75 - Q0,25

B o d y w e i g h t 4 , 2 0 4 , 18 N S

H i p  H e i g h t 4 , 2 3 4 , 13 - 0 , 10 %

H e a r t  g i r t h 4 , 2 2 4 , 16 - 0 , 0 6 %

²

Least square means of the linear model, p value <0,005

HH

Quantile Hip Height
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R esult s
305d - F a t  P r o du c t i o n

Growth 
Parameter

Slow 
growers 

Q 0,25

Fast 
growers

Q 0,75

Δ Q 0,75 - Q0,25

B o d y w e i g h t 3 5 6 3 8 2 + 2 6  k g *

H i p  H e i g h t 3 6 1 3 7 8 + 17  k g 

H e a r t  g i r t h 3 6 2 3 7 5 + 14  k g *

Least square means of the linear model, p value <0,001
*Significant interaction with AFC category (p<0,05),  trend (p<0,10) 

Very low AFC
<21M

Low AFC
21 - 23M

Avg  AFC
23 - 25M

H i g h  A F C
> 2 5 M

+ 2 9 a + 2 1a b  + 3 4 a b + 4 7 b

BW

Quantile Bodyweight
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Post hoc test (emmean), confidence level used: 0,95



R esult s
305d - P r o t ei n  Co n t en t

Growth 
Parameter

Slow 
growers 

Q 0,25

Fast 
growers

Q 0,75

Δ Q 0,75 - Q0,25

B o d y w e i g h t 3 , 4 9 3 , 4 8 N S

H i p  H e i g h t 3 , 5 0 3 , 4 5 - 0 , 0 5 %

H e a r t  g i r t h 3 , 4 9 3 , 4 8 N S

Least square means of the linear model, p value <0,001
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Quantile Hip Height

HH



R esult s
305d - P r o t ei n  P r o du c t i o n

Growth 
Parameter

Slow 
growers 

Q 0,25

Fast 
growers

Q 0,75

Δ Q 0,75 - Q0,25

B o d y w e i g h t 2 9 7 3 19 + 2 2 k g

H i p  H e i g h t 3 0 1 3 17 + 16 k g

H e a r t  g i r t h 3 0 0 3 15 + 15 k g *

Least square means of the linear model, p value <0,001
*Significant interaction with AFC category (p<0,05)

Very low AFC
<21M

Low AFC
21 - 23M

Avg  AFC
23 - 25M

H i g h  A F C
> 2 5 M

+ 2 9 a + 12 a b  + 4 a b + 2 0 b

Post hoc test (emmean), confidence level used: 0,95
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Quantile Heart Girth

HG



Qua nt ile r egr ession 
a na ly sis

305d- protein 
production (kg)

305d- fat
Production (kg)

305d- milk
Production (kg)

Calving interval

AFC (m)

Bodyweight full 
rearing period Post-pubertal 

bodyweight

Pre-pubertal 
bodyweight

Heart girth full 
rearing period 

Post-pubertal 
Heart girth

Pre-pubertal 
Heart girth

Hip height full 
rearing period 

Post-pubertal 
Hip height

Pre-pubertal 
Hip height

Quantile Hip Height

Quantile Heart Girth

Pra ct ica l use QR A  on fa rm

Quantile Bodyweight



Qua nt ile r egr ession 
a na ly sis

305d- fat
Production (kg)

305d- protein 
production (kg)

305d- milk
Production (kg)

Calving 
interval

AFC (m)

Bodyweight full 
rearing period Post-pubertal 

bodyweight

Pre-pubertal 
bodyweight

Heart girth full 
rearing period 

Post-pubertal   
Heart girth      

Pre-pubertal 
Heart girth

Hip height full 
rearing period 

Post-pubertal 
Hip height

Pre-pubertal 
Hip height

Quantile Hip Height

Quantile Heart Girth

Pra ct ica l use QR A  on fa rm

Quantile Bodyweight



Conclusions
- In comparison to slow growers, fast growers…

- Have an earlier AFC
- Produce  milk, fat and protein yield

- Hip height was the most critical parameter 
according to fat and protein content

- Heart girth & Bodyweight interacted with AFC for 
milk, fat and protein yield
- Parameters are management dependent
- Weakest production for heifers with AFC <21m 

and slow growing

- QRA showed similar results compared to 
experimental settings and can be useful for growth 
monitoring programs on farms



Contact:
Bart.Ampe@ilivo.vlaanderen.be
Maryline.Lamerand@ilvo.vlaanderen.be

Flanders Research Institute for 
Agriculture, Fisheries and Food 
Burg. Van Gansberghelaan 92
9820 Merelbeke – België
T + 32 (0)9 272 25 00

ilvo@ilvo.vlaanderen.be
www.ilvo.vlaanderen.be

Thank y ou!

Q U E ST I O NS?

Icons used from The Noun Project and Biorender.com
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