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ABSTRACT 
Age at first calving (AFC) affects the profitability 
of dairy enterprises. This study examined the 
relationships between AFC and subsequent fer-
tility, milk production and survival up to third 
calving in UK Holstein-Friesian heifers; Study 1 
comprised 134 consecutively born heifers from 
the same herd (AFC 764 ± 8 days) and Study 2 
contained 445 heifers born on 17 farms (AFC 796 
± 6 days). Growth rates and fertility during rear-
ing were monitored and animals were subse-
quently divided into four AFC groups for analy-
sis: <23 months, 23 - 25 months, 26 - 30 months 
and >30 months. The actual AFC reflected both 
growth rate and heifer fertility, with later calving 
heifers already lighter by 6 months of age. The 
proportion conceiving to first service was highest 
(93% and 84% for Studies 1 and 2, respectively) 
for the youngest AFC group. Fertility in the first 
lactation was best in cows calving at 23 - 25 
months and worst in the oldest AFC group. Milk 
production parameters in the first and second 
lactations were broadly similar between AFC 
groups but significantly more heifers with an 
AFC < 26 months calved for a third time. These 
younger calving animals therefore achieved 
more days in milk over 5 years, with >44% of 
their days alive spent in milk production com-
pared with only 18% - 40% in cows calving at ≥26 
months. Hence cows with an AFC < 26 months 
produced the most milk in their first 5 years of 
life. These results indicate that an AFC of <26 
months required both a growth rate > 0.75 kg/d 
up to 15 months and good heifer fertility and 
resulted in the best subsequent performance. 
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1. INTRODUCTION 

Rearing replacement heifers requires a large financial 
outlay, with no returns until the animals enter the milking 
herd; heifers do not normally become profitable until 
their second lactation. An earlier age at first calving 
(AFC) can reduce rearing costs due to decreased feed, 
labour and building costs. A previous economic analysis 
showed that reducing AFC from 25 to 24 or 21 months 
decreased replacement costs by 4.3% or 18% respec-
tively [1]. Conversely increasing AFC to 29 months in-
creased replacement costs by 14%. An increased AFC 
requires herds to keep more replacement heifers in order 
to maintain herd size, whilst reducing AFC allows sur-
plus heifers to be sold, maximising herd profitability [1]. 

Rearing heifers to join the herd at an age and body 
weight (BW) that will enable them to achieve their full 
lifetime potential, in terms of both yield and longevity, is 
also fundamental. Gestation length is fixed; therefore 
AFC is a function of the age at the commencement of 
first breeding, combined with the reproductive efficiency 
of the animal. The decision on when to start breeding is 
primarily a management one. It is usually based mainly 
on the age of the heifer, but is also influenced by nutri-
tion and health. Poor growth during the rearing period 
due to underfeeding and/or disease has been associated 
with delayed first breeding and first calving [2,3]. Once 
animals have been bred, their fertility during the breed-
ing period will also affect the age at which they calve. 
Poor fertility can lead to a large spread in AFC and in 
practice there may be large differences between the target 
and actual AFC achieved.  

The majority of UK dairy producers aim to start breed- 
ing Holstein-Friesian heifers from around 14 - 15 months 
of age, and thus the target AFC is generally 24 months on 
UK farms. Most countries, however, report a mean AFC 
of more than 24 months (e.g. [4-6]) and only 14.6% of 
dairy operations surveyed in the US achieved an average 
AFC of ≤25 months [7]. 

A number of studies have shown that age and BW at 
calving can have a significant effect on both subsequent 
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milk production [4,8] and survival in the herd [9,10] al-
though results are not always consistent. Weight at calv-
ing is dependent on both age at conception and growth 
rate and some studies have shown that a higher BW at 
calving has a positive effect on subsequent milk produc-
tion [9,11,12]. This may, however, be less economical 
due to higher rearing costs [13]. In contrast, increasing 
the plane of nutrition during the rearing period, resulting 
in heavier heifers at first calving, may cause increased fat 
deposition rather than skeletal growth and impair mam-
mary development, thus reducing subsequent milk yield 
[14,15]. Since most mammary gland development takes 
place prior to calving, a younger calving age can also 
potentially reduce the milk production capacity due to 
sub optimal development of mammary tissue [15]. A 
reduction in AFC can have a negative effect on first lac-
tation milk yield, associated with a low BW in younger 
heifers at the start of the first lactation [4]. Nevertheless, 
reducing the AFC below 26 months produced a positive 
effect on the difference between milk yield returns and 
rearing costs, with an AFC of 23 - 24 months being the 
most profitable [4]. Other studies found no effect of more 
rapid growth or a younger AFC on milk production in the 
first lactation [16-18] although adverse effects on life-
time productivity have also been reported [17].  

A significant number of heifers (14% - 19%) are 
culled during their first lactation, with poor fertility a 
major cause of such high losses of these relatively young 
animals [19,20]. In addition to premature involuntary 
culling of infertile animals, poor reproductive perform-
ance increases the number of services per cow, increases 
the calving interval and reduces the number of calves 
sold per year. The effect of AFC on subsequent reproduc-
tive performance remains unclear. Calving heifers at 25 - 
26 months had a tendency to lower subsequent calving 
intervals compared to both younger (<24 months) and 
older age groups at first calving [10]. Similarly, it was 
reported that lower conception rates were found in the 
first lactation for both early (<700 days, 23.3 months) 
and later calving heifers (>751 days, 25 months) in 
comparison with those calving between 700 - 750 days 
[9]. In contrast, another study found no effect of age on 
any measure of reproductive performance during the first 
lactation [21]. Another important consideration is that 
AFC may influence the incidence of dystocia and calf 
mortality, as calving difficulties are influenced by the 
dam’s age, relative maturity and pelvic width [22]. How-
ever, one study found no effect of maternal age on re-
tained fetal membranes or calf mortality and AFC could 
be reduced to 22 months without an increased frequency 
of problems at parturition [23]. 

Current data on the influence of AFC on the subse-
quent performance of dairy cows are thus not always in 
agreement. These differences may in part be caused by 

variations in genetics and management between different 
studies and countries. There is also little information 
available on any influences of AFC on subsequent sur-
vival, although this trait is of increasing importance to 
the dairy industry [24]. Farmers need such information to 
inform their management decisions on heifer growth 
rates and breeding strategies. The aim of this study was, 
therefore, to determine the relationship between AFC and 
subsequent fertility, milk production and survival up to 
third calving in two prospective studies undertaken on 
dairy farms located in southern England which kept Hol-
stein-Friesian cows. The first dataset was collected from 
a single farm whereas the second was expanded to in-
clude 17 farms. 

2. MATERIALS AND METHODS 

2.1. Animals and Farms 

Recruited farms provided a range of management prac-
tices representative of those commonly encountered on 
UK dairy farms; no aspect of herd management was 
changed for the duration of the study period. All farms 
had a target AFC for maiden heifers of approximately 24 
months. Heifer calves were recruited at birth and moni-
tored until either removal from the herd, or 5 years of 
age and/or third calving. 

The first dataset (Study 1) comprised 134 consecu-
tively born heifer calves from a single primarily research 
farm (herd size, 460) born between August and Decem-
ber 2001. The second dataset (Study 2) consisted of 445 
heifer calves recruited from the same research farm and 
16 commercial dairy farms all keeping Holstein-Friesian 
cows (median herd size, 228; range, 105 to 540 adult 
cows) born between August 2003 and October 2004. The 
recruitment period for each individual farm generally 
lasted 1 to 4 months during the main calving season, with 
the aim of obtaining a cohort of approximately 25 con-
secutively born live heifer calves per farm (mean cohort 
size 23, range 12 to 30). 

2.2. Growth Parameters and Body Condition 
Score 

Heifers in Study 1 were weighed at birth, 3, 6, 9 and 
15 months of age. Heifers in Study 2 were weighed at 
approximately 1 month (30 ± 0.9 days), 6 months (185 ± 
0.8 days), and 15 months (447 ± 3 days). BW was measured 
using a portable weigh platform with Tru-Test loadbars 
connected to an Eziweigh 2 indicator (Ritchey Tagg, Ripon, 
North Yorkshire, UK). Weigh equipment was calibrated 
before each sampling session. In Study 2 these data were 
used to calculate the average daily gain (ADG) in BW 
from 1 to 6 and from 6 to 15 months. Body condition 
score (BCS) for all heifers was measured at approxi-
mately 1 to 2 weeks before estimated calving date using 
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an 11-point scale from 0 (very thin) to 5 (obese) with 
increments of 0.5. 

2.3. Reproductive Performance 

All animals in Study 1 were served exclusively by ar-
tificial insemination (AI). Heifers were initially served at 
the first observed oestrus and then again at any subse-
quent oestrus from the start of the service period (25 
November 2002 until the end of March 2003). Pregnancy 
was confirmed by transrectal palpation. If an animal was 
not pregnant at the end of this first insemination period 
she was turned out to pasture and served again from July 
2003 onwards. Following calving, animals were artifi-
cially inseminated at observed oestrus after a voluntary 
wait period of 60 days, and pregnancy was confirmed by 
transrectal palpation. 

Heifers in Study 2 were served either by AI (n = 218), 
an intact bull (n = 110), with embryo transfer (n = 12), or 
with a combination (n = 29); animals were bred accord-
ing to the individual farm breeding protocol. A successful 
insemination, resulting in a conception, was validated by 
a pregnancy diagnosis (if performed) or by a subsequent 
calving date and gestation length of 282 ± 14 days. 

Nulliparous fertility was recorded as age at first breed-
ing (AFB), services per conception (S/C), age at concep-
tion, first service conception rate (CR), and AFC (Table 
1). After each calving, fertility was recorded as days to 
first service (DFS), days to conception (DTC), S/C and 
first service CR (Table 1). For animals failing to conceive, 
the total number of inseminations given to ach animal, 
and/or the number of times mated to a bull, before a de-
cision was made to cull them was recorded. The inci-
dence of perinatal mortality (defined as a calf born dead 
or dying within 24 hours of parturition) was recorded at 
each calving. 

2.4. Milk Production 

Milk records were collected for each lactation; peak 
milk yield, 305 day yield, number of days in milk (DIM), 
and total milk yield. Figures were also calculated over 
the first 5 years of life including total milk production, 
total DIM and the proportion of days alive spent in the  

milking herd (DIM/days alive × 100%). The days alive 
were capped at the cow’s fifth birthday (1825 days) 
unless the cow had already died or been culled. Milk 
yield per day of life until third calving was also calcu-
lated for animals in Study 2, as total yield over 2 lacta-
tions/(cull date or date of 3rd calving—birth date). 

2.5. Statistical Analysis 

Heifers were grouped retrospectively based on their 
actual AFC; <700 days (<23 months), 701 - 760 days (23 
- 25 months), 761 - 912 days (26 - 30 months) and >912 
days (>30 months). This grouping strategy was based on 
the spread in the AFC observed in this study, and because 
calving at 700 to 750 days is usually considered eco-
nomically optimum [9,10]. All data were initially ana-
lysed using Statistical Package for the Social Sciences 
(SPSS version 18.0; SPSS Inc., Chicago, IL, USA), and 
were tested for homogeneity of variance before analysis. 
Categorical data such as perinatal mortality at calving (0 
= alive calf, 1 = dead calf) were compared between the 
four AFC groups using Chi-square analysis. Continuous 
data were analysed using one-way ANOVA for normally 
distributed data or non-parametric Kruskal-Wallis tests 
for data not normally distributed. For Study 2, traits at P 
< 0.1 were further investigated using a linear mixed ef-
fects model in SPSS, with posthoc LSD tests, including 
farm as a random effect and AFC as a fixed effect. Sur-
vival data were analysed using Kaplan Meier Survival 
Analysis, with CoxRegression used for further compari-
son between AFC groups. Data were considered statisti-
cally significant if P values were ≤0.05. 

3. RESULTS 

The data used in these analyses were observational, so 
the results are associations and cannot be used to imply 
causality. Of the 134 calves recruited at birth in Study 1, 
17 (13%) failed to reach first calving. In Study 2, 51 of 
the 445 calves recruited (11%) failed to calve at all due 
to mortality or culling during the rearing period. In addi-
tion, six heifers in Study 2 aborted at 226 ± 12 days 
pregnant and started their first lactation at 698 ± 20 days. 
No further information on these animals is given here. 

 
Table 1. Definition of fertility parameters. 

Fertility trait Definition 

Age at first breeding (AFB) Number of days from birth to the day of first AI, or first contact with a bull, or first embryo transfer

Services per conception (S/C) Number of inseminations before a positive pregnancy diagnosis, or calving event 

Age at conception Number of days from birth to the day of conception 

First service conception rate (CR) Number of animals pregnant to first AI divided by the total number of animals inseminated 

Age at first calving (AFC) Number of days from birth to day of first calving 

Days to first service (DFS) Number of days from calving to the day of first insemination 

Days to conception (DTC) Number of days from calving to the day of conception 
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3.1. Age at First Calving 

The mean AFC for all 117 heifers in Study 1 was 764 
± 8 days (range 662 to 1095), and for the 388 heifers in 
Study 2 it was 796 ± 6 days (range 636 to 1529). The 
mean AFC values were very similar between studies for 
the 23 month, 23 - 25 month and >30 month AFC groups 
(Table 2). Heifers calving between 26 - 30 months of age 
were, however, older at calving in Study 2 (827 ± 3 
compared with 787 ± 4 days respectively). Figure 1 il-
lustrates the considerable variation found in the AFC 
both between and within farms in Study 2. For example, 
Farm 1 achieved an AFC of 719 ± 14 days in comparison 
with Farm 17 where it was 959 ± 43 days, about 8 
months later on average. 

3.2. Nulliparous Fertility and Growth 

In both studies, heifers in the youngest AFC group 
(<23 month) had the best fertility, with most heifers 
conceiving to first service (93% in Study 1, 84% in Study 
2, Table 2). This good fertility was achieved despite 
these animals being the youngest at first service with 
breeding starting at 13 to 14 months of age. The higher 
AFC values in the other groups were attributable partly 
to a delayed AFB and partly to a poorer conception rate. 
The influence of S/C was greatest in Study 1 (1.1 ± 0.07 
vs 3.3 ± 0.3 S/C in the <23 month and >30 month AFC  

groups respectively). The late calving group were served 
for the first time at 450 ± 12 days, but failed to conceive 
within the 4 month initial breeding period, so were later 
put through a second service period. In contrast, AFB 
was the major influence on AFC in Study 2 (398 ± 3 vs 
609 ± 31 days in the <23 month and >30 month AFC 
groups respectively), a delay of about 7 months. 
 

 

Figure 1. Box and whisker plots showing the AFC for 388 
heifers in Study 2 according to their 17 farms of origin. The 
plots show the median, 25th and 75th percentiles, minimum and 
maximum observed values, outliers (o) and extreme values (*). 

 
Table 2. Nulliparous heifer fertility in relation to their age at first calving. 

 Age at first calving 

 <23 mo 23 - 25 mo 26 - 30 mo >30 mo 

ANOVA 
P-value 

Mixed 
model 

Study 1       

No. heifers 14 61 33 9   

AFB (d) 407 ± 4c 444 ± 2b 459 ± 5a 450 ± 12ab 0.001  

S/C 1.1 ± 0.07b 1.3 ± 0.07b 2.4 ± 0.22a 3.3 ± 0.3a 0.001  

First service CR 13/14 (93%) 45/61 (74%) 9/33 (27%) 0/9 (0%) 0.001  

Age at conception (d) 408 ± 4d 451 ± 2c 503 ± 3b 740 ± 38a 0.001  

Actual AFC (d) 685 ± 3d 728 ± 2c 787 ± 4b 1041 ± 12a 0.001  

Study 2       

No. heifers 60 129 155 44   

AFB (d) 398 ± 3d 436 ± 2c 514 ± 5b 609 ± 31a <0.001 <0.001 

S/C 1.2 ± 0.07c 1.4 ± 0.07b 1.7 ± 0.1a 1.3 ± 0.1ab 0.009 <0.001 

First service CR+ 32/38 (84%) 69/100 (69%) 28/55 (51%) 8/12 (67%) 0.009†  

Age at conception (d) 403 ± 2d 450 ± 1c 544 ± 3b 720 ± 22a <0.001 <0.001 

Actual AFC (d) 680 ± 2d 729 ± 1c 827 ± 3b 1042 ± 19a <0.001 <0.001 

Values are mean ± SEM; within rows a > b > c > d using ANOVA for Study 1 and a mixed model for Study 2; †Analyzed using Chi square; 
+Includes animals served by AI only. 
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BW measurements during rearing for animals in both 

studies are given in Table 3. In Study 1 there were no 
differences according to AFC group until 6 months of 
age, when the youngest AFC group were significantly 
heavier than their compatriots by about 18 to 20 kg. At 9 
and 15 months it was apparent that the late calving group 
with an AFC > 30 months was growing more slowly as 
they were significantly lighter than the other heifers in 
the herd at both these time points. In Study 2, heifers in 
the two oldest AFC groups (>26 month) were similarly 
lighter at 6 months and exhibited lower ADG of between 
0.66 to 0.74 kg/d whereas ADG rates for heifers calving 
at <26 months were from 0.78 to 0.85 kg/d from 1 - 15 
months (Table 3). By the time they actually calved, 
however, the animals in the >30 month AFC group in 
both studies had the highest BCS (3.9 ± 0.12 and 3.8 ± 
0.15, respectively, Table 3). 

3.3. Fertility in Lactations 1 and 2 

Data on fertility measures in the first lactation are 
summarized in Table 4. There was no significant effect 
of AFC group on DFS or first service CR in either study. 
In Study 1, there was a trend (P = 0.075) for cows calv-
ing at >30 months to require more S/C (4.7 ± 1.7), com-
pared with means of 2.2 to 2.6 in the three younger AFC 
groups. Similarly in Study 2 there was a trend (P = 0.072) 
for a longer interval from calving to conception (170 ± 18 
days) for heifers calving at >30 months compared with 
those calving at <30 months (means of 117 to 137 days). 
As expected, AFC was significantly associated with age 
at second calving; those heifers calving at <23 months 
were on average 361 days (Study 1) and 404 days (Study 
2) younger at second calving compared to those calving 
for the first time at >30 months (P < 0.001). 

 
Table 3. Body weight growth during the heifer rearing period in relation to age at first calving. 

 Age at calving 

 <23 mo 23 - 25 mo 26 - 30 mo >30 mo 
ANOVA 
P-value 

Mixed 
model 

Study 1       
No. animals 10 52 31 9   
BW birth (kg) 36 ± 2.1 35 ± 0.6 37 ± 1.1 34 ± 1.6 NS  
BW 3 mo (kg) 96 ± 4.5 98 ± 2.1 99 ± 2.6 93 ± 5.3 NS  
BW 6 mo (kg) 197 ± 5.3a 180 ± 2.8b 177 ± 2.8b 179 ± 8.6b 0.03  
BW 9 mo (kg) 256 ± 8.7a 260 ± 3.0a 259 ± 4.6a 233 ± 9.1b 0.032  
BW 15 mo (kg) 344 ± 7.5bc 372 ± 5.0a 366 ± 10.2ab 325 ± 8.6c 0.019  
BCS pre-calving 2.1 ± 0.12b 2.2 ± 0.07b 2.3 ± 0.11b 3.9 ± 0.12a 0.001  
Study 2       
No. animals 56 123 145 40   
BW 1 mo (kg) 65 ± 2.2 59 ± 1.8 52 ± 1.1 54 ± 1.8 <0.001 0.217 
BW 6 mo (kg) 182 ± 5 184 ± 3 160 ± 3 168 ± 8 <0.001 0.165 
BW 15 mo (kg) 366 ± 3.8 365 ± 2.8 368 ± 4.4 365 ± 11.8 NS  
ADG 1 - 6 mo (kg/d) 0.85 ± 0.02 0.82 ± 0.01 0.66 ± 0.02 0.74 ± 0.04 <0.001 0.099 
ADG 6 - 15 mo (kg/d) 0.80 ± 0.01a 0.78 ± 0.01a 0.72 ± 0.01a 0.67 ± 0.02b <0.001 0.005 
BCS pre-calving 3.1 ± 0.07b 3.4 ± 0.05b 3.3 ± 0.04b 3.8 ± 0.15a <0.001 0.034 

Values are mean ± SEM; within rows a > b using ANOVA for Study 1 and a mixed model for Study 2; NS = not significant. 

 
Table 4. Reproductive performance of cows during their first lactation in relation to age at first calving. 

 Age at calving 

 <23 mo 23 - 25 mo 26 - 30 mo >30 mo 

ANOVA 
P-value 

Mixed 
model 

Study 1       
Starting no. cows 14 61 33 9   
No. dead calves 1/14 (7%) 10/61 (16%) 4/33 (12%) 5/9 (55%) 0.011†  
DFS 90 ± 8 86 ± 3 76 ± 5 97 ± 18 NS  
1st service CR 5/14 (36%) 27/58 (46%) 10/33 (30%) 1/4 (25%) NS†  
S/C 2.6 ± 0.52 2.2 ± 0.24 2.6 ± 0.32 4.7 ± 1.65 0.075  
DTC 180 ± 33 140 ± 13 135 ± 16 238 ± 99 NS  
Age at 2nd calving (d) 1147 ± 34b 1142 ± 11b 1233 ± 22a 1447/1568+ 0.001  
Study 2       
Starting no. cows 60 129 155 44   
No. dead calves# 14/60 (23%) 20/123 (16%) 28/148 (19%) 7/40 (18%) NS†  
DFS 86 ± 3 78 ± 2 82 ± 3 82 ± 6 NS NS 
1st service CR 27/58 (47%) 52/124 (42%) 55/140 (39%) 13/41 (32%) NS†  
S/C 2.4 ± 0.3 2.2 ± 0.2 2.5 ± 0.2 3.0 ± 0.4 NS NS 
DTC 128 ± 11 117 ± 7b 137 ± 9b 170 ± 18a 0.015 0.072 
Age at 2nd calving (d) 1088 ± 12d 1131 ± 10c 1248 ± 11b 1492 ± 24a <0.001 <0.001 

Values are mean ± SEM; within rows a > b > c > d using ANOVA for Study 1 and a mixed model for Study 2; NS = not significant; #Not all recorded; †Analyzed 
using Chi square; +n = 2. 
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In Study 1 none of the fertility parameters measured in 

lactation 2 differed according to AFC group (Table 5). 
This lack of significance was in part due to the fact that 
only 2 cows in the >30 month AFC group calved for a 
second time and none of these reached third calving. In 
Study 2, animals calving at >30 months had a longer 
DFS (92 ± 7 days) in their second lactation compared to 
the other AFC groups which had mean DFS values of 81, 
72 and 70 days respectively (P < 0.001). Other fertility 
parameters did not differ. 

The overall relationship between the age at first calv-
ing and at subsequent calvings for all the animals in 
Study 2 is summarized in Figure 2. Heifers calving ini-
tially at <23 months calved for a third time at 1512 days. 
This was similar to the age at second calving of 1492 
days for the >30 month AFC group. The <23 month 
group were on average 432 days younger at third calving 
compared to those calving for the first time at >30 
months (P < 0.001, Table 5) and therefore fitted a whole 
extra lactation into the same time period from birth. 

3.4. Perinatal Mortality 

The overall levels of perinatal mortality were similar 
between the two studies, 17% and 19%, for Study 1 and 
2 respectively at first calving and 8% and 6% at second 
calving. Older calving cows in Study 1 produced more 
dead calves at first calving (7%, 16%, 12% and 55% per 
AFC group respectively, P = 0.011, Table 4). At second 
calving one of the two animals in the >30 month AFC 
group produced dead twins, whereas in all the other AFC  

groups the dead calf rate was consistent at 7% (Table 5). 
In Study 2, in contrast, there was no significant differ-
ence in perinatal mortality between the AFC groups at 
first calving but at second calving there was a trend for 
animals with an AFC > 30 months to produce more dead 
calves (0%, 9%, 4% and 13% per AFC group respec-
tively, P = 0.075, Table 5). 
 

 

Figure 2. Summary diagram illustrating the effect of age at first 
calving in Study 2 on the ages of animals at their second and 
third calving. The mean age for the surviving animals at each 
calving is given in the box above the relevant bar. The starting 
number of animals in each AFC group was as follows: <23 
months, n = 60; 23 - 25 months, n = 129; 26 - 30 months, n = 155 
and >30 months, n = 44. See Tables 4 and 5 for further details. 

 
Table 5. Reproductive performance of cows during their second lactation in relation to age at first calving. 

 Age at calving 

 <23 mo 23 - 25 mo 26 - 30 mo >30 mo 

ANOVA 
P-value 

Mixed 
model 

Study 1       

No. cows 14/14 (100%) 53/61 (87%) 28/33 (85%) 2/9 (22%)   
No. dead calves 1/14 (7%) 4/53 (7%) 2/28 (7%) 1/2 (50%) NS  
DFS 95 ± 12 87 ± 5 92 ± 6 94 ± 10 NS  
1st service CR 7/14 (50%) 14/47 (30%) 6/20 (30%) 1/2 (50%) NS  
S/C 1.5 ± 0.18 2.5 ± 0.23 2.5 ± 0.35 1 (n = 1) NS  
DTC 97 ± 12 146 ± 14 153 ± 21 84 (n = 1) NS  
Age at 3rd calving (d) 1551 ± 64 1539 ± 26 1592 ± 46 None NS  
No. cows at 3rd calving 9/14 (64%) 29/61 (48%) 9/33 (27%) 0/9 (0%) 0.004†  

Study 2       

No. cows 51/60 (85%) 109/129 (84%) 122/155 (79%) 34/44 (77%)   
No. dead calves# 0/48 (0%) 8/94 (9%) 4/99 (4%) 3/24 (13%) 0.075†  
DFS 81 ± 4 72 ± 3b 70 ± 2b 92 ± 7a 0.001 0.001 
1st service CR 13/46 (28%) 48/102 (47%) 38/108 (35%) 10/30 (33%) NS  
S/C 2.7 ± 0.3 2.1 ± 0.2 2.6 ± 0.3 2.2 ± 0.3 NS NS 
DTC 127 ± 11 111 ± 7 133 ± 11 144 ± 20 NS NS 
Age at 3rd calving (d) 1512 ± 21c 1521 ± 14c 1638 ± 15b 1944 ± 38a <0.001 <0.001 
No. cows at 3rd calving 37/60 (62%) 90/129 (70%) 92/155 (59%) 22/44 (50%) 0.091†  

Values are mean ± SEM; within rows a > b > c using ANOVA for Study 1 and a mixed model for Study 2; NS = not significant; #Not all recorded; †Analyzed using 
Chi square. 
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3.5. Survival 

Overall 59 cows of the 134 heifers recruited in Study 1 
were still alive in the herd on their fifth birthday, repre-
senting 44% of those born, and 50% of those which 
reached first calving. In Study 2, 228 cows of the 439 
recruited (excluding the 6 that aborted their first preg-
nancy) were still alive in the herd on their fifth birthday, 
representing 52% of those born, and 59% of those which 
reached first calving. Regardless of age, a total of 241 
cows of the 439 heifers recruited in Study 2 calved for a 
third time (55%).  

In Study 1, the number reaching third calving reduced 
from 64% of the <23 month AFC group to 0% of the >30  

month AFC group (Table 5). Cox regression analysis 
showed that the youngest AFC group survived the longest 
in the herd (Figure 3(a), P < 0.05); 86% were still alive 
after 5 years (Table 6). Kaplan-Meier survival analysis 
showed that, as AFC increased, cows were at a signifi-
cantly increased risk of leaving the herd prematurely (P 
< 0.01, hazard ratio = 1.7). Primary reasons given for 
culling at any time after first calving in order of impor-
tance were as follows: infertility (n = 10), mastitis (n = 9), 
calving related problem (n = 8), low yield (n = 7), acci-
dent (n = 4), lame (n = 3), metabolic problem (n = 3), 
aborted second pregnancy (n = 2) and infection (n = 2). 
Numbers of cows in each category were too low to relate 
these to the AFC groups. 

 

 

Figure 3. Survival curves up to 5 years of life, according to AFC group in (a) Study 1 and (b) Study 2. The numbers of starting ani-
mals per AFC group were: Study 1, <23 months, n = 14; 23 - 25 months, n = 61; 26 - 30 months, n = 33 and >30 months, n = 9 and 
Study 2, <23 months, n = 60; 23 - 25 months, n = 129; 26 - 30 months, n = 155 and >30 months, n = 44. In Study 1 animals calving 
at >30 months survived less time in comparison with the other AFC groups (P < 0.05). In Study 2 there was no significant difference 
in survival time between the AFC groups. 
 
Table 6. Milk production in the first three lactations in relation to age at first calving in Study 1. 

 Age at first calving 

 <23 mo 23 - 25 mo 26 - 30 mo >30 mo 
P 

First Lactation      

No. cows 14 61 33 9  

No. short lactations <55 d 0 3 0 4  

Peak milk yield (kg/d) 30 ± 1.1ab 33 ± 1.0ab 31 ± 0.8a 26 ± 3.8b 0.025 

Total DIM+ 359 ± 17 (n = 14) 341 ± 8 (n = 58) 342 ± 13 (n = 33) 392 ± 397 (n = 5) NS 

Total milk yield (kg)+ 8898 ± 393 9030 ± 296 8677 ± 328 10,348 ± 747 NS 

Second lactation      

No. cows 14 50 27 2  

Peak milk yield (kg/d) 39 ± 1.0a 38 ± 1.0a 33 ± 2.0b 39/44 (n = 2) 0.007 

Total DIM 315 ± 12 a 313 ± 15a 245 ± 29b 277 (n = 1) 0.042 

Total milk yield (kg) 9865 ± 429a 9018 ± 475a 6819 ± 870b 8005 (n = 1) 0.013 

5 years of life      

No. cows still alive (%) 12/14 (86%) 38/61 (62%) 16/33 (41%) 3/9 (33%) 0.039 

Total DIM for 5 years 861 ± 36a 714 ± 34ab 608 ± 40a 295 ± 94c 0.001 

Total 5 year milk yield (kg) 25031 ± 1491a 20395 ± 1127ab 16671 ± 1335b 8029 ± 2780c 0.001 

% life in first 5 years spent in milk# 54 ± 3.6%a 44 ± 1.9%b 38 ± 1.6%b 18 ± 0.5%c 0.001 

Values are mean ± SEM; within rows a > b > c; NS = not significant; +Excluding short lactations <55 d; #DIM/days alive × 100%. 
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Of the 388 heifers calving for the first time in Study 2, 

24 were not served during lactation 1 (culled after 219 ± 
63 DIM, range 3 to 918 days), and 26 failed to conceive 
(7%, n = 26/364). Animals failing to conceive received a 
mean of 3.1 ± 0.5 inseminations (range 1 to 11). For ani-
mals which conceived (n = 338), the mean number of 
S/C was 2.5 ± 0.1 (range 1 to 18) but 22 of these failed to 
calve again. A total of 316 animals therefore calved for a 
second time. Of these, 30 animals were not subsequently 
served and 24 failed to conceive (8%, n = 24/286) de-
spite receiving a mean of 4.6 ± 0.7 inseminations (range 
1 to 13). For animals which did conceive (n = 262), the 
mean number of S/C was 2.4 ± 0.1 (range 1 to 17) but 21 
failed to calve again. A total of 241 animals therefore 
calved for a third time. As in Study 1, as AFC increased 
beyond 25 months proportionately fewer animals in 
Study 2 achieved a third calving (Table 5); 70% of heif-
ers calving at 23 - 25 months calved for a third time, 
compared to only 50% of those calving for the first time 
at >30 months. In contrast to Study 1, a smaller propor-
tion of heifers in the <23 month AFC group reached third 
calving (62%) compared to the number of heifers calving 
at 23 - 25 months (70%). Despite more of the 23 - 25 
month AFC group successfully reaching a third calving, 
there was no significant difference between the AFC 
groups in the survival analysis up to 5 years (Figure 3(b)) 
or in the number of cows still alive at 5 years (range 55% 

to 64%, Table 7). Primary reasons given for culling at 
any time after first calving in order of importance were 
as follows: infertility (n = 48), infection or sick (n = 18), 
mastitis or high somatic cell count (n = 17), abortion or 
embryo loss (n = 13), skeletal injury (n = 13), other (n = 
10), calving related problems (n = 7), accident (n = 6), 
mammary or teat conformation (n = 6), low yield (n = 2) 
and lame-ness (n = 2). A total of 59 animals either died 
or were culled or sold with no reason recorded. 

3.6. Productivity 

There were relatively few differences in milk produc-
tion in the first 2 lactations according to AFC category. 
In Study 1 older calving cows performed worst, with the 
lowest peak milk yield (PMY) in the >30 month AFC 
group in the first lactation and only 1 cow completing a 
second lactation (Table 6). The 26 - 30 month AFC 
group produced less total milk in the second lactation 
than the younger calving cows. In Study 2 the ANOVA 
suggested that the <23 month AFC group had a slightly 
lower PMY in the first and second lactations and the 
lowest 305 d yield in the second lactation, with the 26 - 
30 month AFC group performing best in both lactations 1 
and 2. The significance of these differences between 
groups disappeared, however, when mixed model analy-
sis accounting for herd was used (Table 7). 

 
Table 7. Milk production in the first three lactations in relation to age at first calving in Study 2. 

 Age at first calving 

 <23 mo 23 - 25 mo 26 - 30 mo >30 mo 

ANOVA 
P-value 

Mixed 
model 

First lactation       

No. cows 60/59 129/109 155/147 44/38   

No. short lactations <55 d 0 2 7 2   

Peak milk yield (kg/d) 32 ± 1 33 ± 1 35 ± 1 35 ± 1 0.04 NS 

305 d yield (kg) 8494 ± 206 8811 ± 167 9103 ± 166 8914 ± 335 NS NS 

Total DIM+ 355 ± 14 349 ± 11 357 ± 12 377 ± 17 NS NS 

Total milk yield (kg)+ 9384 ± 335 9420 ± 339 9985 ± 346 10,136 ± 585 NS NS 

Second lactation       

No. cows 51 109 122 34   

No. short lactations <55 d 2 2 2 0   

Peak milk yield (kg/d) 40 ± 1 41 ± 1 44 ± 1 43 ± 2 0.005 NS 

305 d yield (kg) 9340 ± 210 9908 ± 190 10,546 ± 183 9633 ± 537 0.001 NS 

Total DIM+ 320 ± 12 325 ± 9 356 ± 11 340 ± 24 NS NS 

Total milk yield (kg)+ 9624 ± 408 10,055 ± 295 11,194 ± 325 9748 ± 678 0.008 NS 

5 years of life       

No. cows still alive (%) 33/60 (55%) 74/129 (57%) 93/155 (60%) 28/44 (64%) NS  

Total DIM for 5 years 731 ± 42a 763 ± 27a 692 ± 25a 587 ± 38b 0.012 0.026 

Total 5 year milk yield (kg) 21,072 ± 1400a 22,477 ± 912a 20,605 ± 863a 15,777 ± 1237b 0.005 0.021 

% life in first 5 years spent in milk# 46 ± 2% a 45 ± 1%a 40 ± 1% b 34 ± 2% c <0.001 <0.001 

Up to 3rd calving       

Milk per day of life, kg† 12.0 ± 0.4a 11.8 ± 0.3a 10.9 ± 0.4a 9.0 ± 0.6b <0.001 0.008 

Values are mean ± SEM; within rows a > b > c using a mixed model analysis; NS = not significant; +Excluding short lactations <55 d; #DIM/days alive × 100%; 
†Calculated as total yield over 2 lactations/(cull date or calving 3 date—birth date). 
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When milk production was instead considered ac-

cording to production over 5 years of life, then the bene-
fit of a younger calving age became clearly apparent 
(Tables 6 and 7). In Study 1 cows with an AFC of <23 
months spent 54% of their life to date in milk production 
with a total yield of 25,031 ± 1491 kg. In Study 2 all 
cows calving at <26 months had similar productivity, 
spending 45% - 46% of their lives in milk production 
with total yields of 21,072 ± 1400 kg and 22,477 ± 912 
kg in the <23 months and 23 - 25 months AFC groups 
respectively. In contrast, animals calving at >30 months 
spent only 18% (Study 1, Table 6) or 34% (Study 2, Ta-
ble 7) of their lives in milk production, with total yields 
over 5 years of 8029 ± 2780 kg in Study 1 and 15,777 ± 
1237 kg in Study 2. Milk produced per day of life there-
fore decreased progressively from 12.0 ± 0.4 kg in the 
<23 month AFC group to 9.0 ± 0.6 kg in the >30 month 
AFC group (Table 7). 

4. DISCUSSION 

The results of this study show that the animals which 
calved for the first time at 23 - 25 months outperformed 
their later calving compatriots in terms of fertility, milk 
production and survival over their first 5 years of life.  

The mean AFC was 25.5 months in Study 1 and 26.5 
months in Study 2 despite a target AFC of 24 months on 
all farms, confirming previous reports of delays in AFC 
in other countries. For example, AFC averaged 25.8 
months in Ireland [10], 28.1 months in Italy [4], 28.4 
months in Sweden [25] and 29.3 months in China [26]. 
The considerable variation in calving age observed both 
within and between farms may be attributed to differ-
ences in age at first breeding as a result of farm man-
agement and/or poor growth rate, or it may be primarily 
related to heifer fertility. Heifers with poor initial con-
ception rates or with late embryonic/early fetal loss will 
clearly calve later than those which conceive first time. 
Around 1.3% to 4.8% of heifers also abort their first 
pregnancy [2,27]. This resulted in either immediate cull-
ing, a late AFC if they needed rebreeding or a young 
AFC if their pregnancy was sufficiently advanced to ini-
tiate a lactation. Those which did enter the milking herd 
following an abortion were 2.73 times more likely to be 
culled in their first lactation [27]. In our two studies the 
difference in performance in relation to the AFC was 
later compounded by differential fertility and survival of 
the lactating cows: thus in Study 1, 57% of the youngest 
calving AFC group achieved three lactations after 5 years 
and 64% remained alive, whereas no animal calving later 
than 30 months calved for a third time. In Study 2, 67% 
of the 23 - 25 months AFC group remained alive for a 
third lactation within 5 years, compared to only 16% of 
those calving for the first time at >30 months. Similarly, 

animals needing more S/C as heifers were less likely to 
survive in the herd until their second lactation [27]. 

It is widely accepted that Holstein-Friesian cows have 
suffered reducing fertility over the past 40 years as ge-
netic selection for milk yield has increased [24]. Less 
focus has been placed on the fertility of nulliparous heif-
ers. In this study, the overall first service CR was 57% 
and 67% for heifers in Study 1 and 2, respectively. This 
was considerably higher than the 40% achieved across 
all animals in the first lactation but still leaves room for 
improvement. Others have reported figures for maiden 
heifers in the range 47% to 71% [9,28,29]. In agreement 
with our data, fertility deteriorated as heifers aged, with 
first service conception rates of 56% for heifers first bred 
at 13 - 16 months falling to 42% at 26 - 27 months [29].  

Growth rate is a major influence on heifer fertility. 
Heifers in Study 2 calving at >30 months were deemed 
too small to breed at 15 months, resulting from poor 
growth during the rearing period, and were not bred until 
on average 20 months of age. Growth rates vary consid-
erably according to plane of nutrition. We previously 
reported differences in ADG between 1 - 6 months of 0.5 
to 1.0 kg/d between farms [30]. Growth rates are, how-
ever, as variable between different heifers on the same 
farm: for example, a range of 0.45 - 1.15 kg/d was found 
on one farm [30] and similar results were found in an-
other study [31]. In Study 1 all heifers were managed in 
the same way, so the lower growth rate in the >30 month 
AFC group did not relate to plane of nutrition provided. 
Such differences may potentially be caused by variations 
in intake between animals in a group associated with 
dominance hierarchy. More commonly, however, low 
growth is associated with the common calfhood diseases 
of diarrhoea, respiratory disease and septicaemia. In par-
ticular, the duration of pneumonia before 6 months in-
fluenced weight gains [31]. 

Our results have confirmed previous reports that AFC 
affects fertility in the first lactation. Analysis of growth 
trajectories in dairy cows until the end of the third lacta-
tion show that animals continue to grow during this en-
tire period, although growth rate slows once the animal 
reaches approximately 450 days of age [32]. Younger 
calving cows must therefore continue to grow to a 
greater extent after calving and this nutrient demand for 
growth will be at the expense of fertility. On the other 
hand, those animals calving in the oldest group had the 
highest pre-calving BCS of 3.8 - 3.9, indicating that 
these animals had become too fat. It is thought that heif-
ers calving with higher body condition subsequently mo-
bilise more tissue, which also has deleterious conse-
quences on fertility [33]. In accord with this, animals 
calving at 23 - 25 months in both studies tended to have 
the best fertility in their first lactation. This is similar to 
previous reports for spring calving Irish cows; heifers 
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calving at 25 - 26 months had a tendency for a lower 
subsequent calving interval compared to both younger 
(<24 months) and older age groups at first calving [10]. 
Similarly, lower CRs in the first lactation were found for 
both early (<23.3 months) and later calving heifers (>25 
months) in comparison with those calving between 700 - 
750 days [9]. 

Despite the variations in fertility, there were no sig-
nificant differences in first lactation milk production be-
tween any of the AFC groups, other than peak milk yield 
in Study 1 which was lowest in the >30 month AFC 
group. This is an important observation because dairy 
producers often associate a younger AFC with lower first 
lactation milk yields. In the second lactation, the 26 - 30 
months AFC group in Study 1 produced the lowest total 
yields and the youngest AFC group had the highest milk 
yields, while too few of the >30 months AFC group sur-
vived to make a valid comparison. In Study 2, in contrast, 
the 26 - 30 months AFC group produced numerically the 
highest total yields in both lactations but this difference 
was not significant when herd was considered. This sug-
gests that genetic and/or management differences be-
tween herds were having a greater influence on yield 
than AFC. A number of previous studies have similarly 
found no adverse effects of lower AFCs on first lactation 
milk production [16-18]. On the other hand, others have 
reported that milk yields were higher in older animals at 
first calving [4,9]. A comparison of animals fed to calve 
at similar ages (24 - 25 months) but differing weights 
(540 or 620 kg) concluded that animals calving at lower 
weights produced less milk in the first but not the second 
and third lactations and were overall more economic to 
keep [13]. This is in accord with an American study 
which reported that reducing AFC by 1 month lowered 
the cost of the replacement programme by 4.3% [1]. To-
gether these data support the idea that a younger AFC 
does not have a detrimental effect on lifetime milk pro-
duction capacity. 

Previous studies have differed in their findings of 
calving difficulty experienced in relation to AFC. Feto- 
pelvic disproportion is the main cause of dystocia in 
cows calving for the first time [22]. Some studies have 
reported no differences in the incidence of stillbirth and 
retained fetal membranes with age in animals with an 
AFC of >22 months [23,34]. We found that younger 
calving animals (<23 months) in Study 2 suffered the 
highest level of perinatal mortality (23%) at first calving. 
This finding is in agreement with previous reports that 
the incidence of stillborn calves was lower for high 
(>750 days, 13.5%) compared with low (<700 days, 
16.1%) and medium (701 to 750 days, 19.8%) AFC heif-
ers [9]. Likewise, the probability of perinatal mortality 
increased at an increasing rate as heifers calved at a 
younger age relative to the median AFC of 759 days [22]. 

We did, however, also find that the animals calving at 
<23 months suffered from the lowest proportion of dead 
calves at first (7%, Study 1) and second (0%, Study 2) 
calving. The late calving group, which had become too 
fat, suffered 55% calf mortality at first calving (Study 1), 
and 13% mortality at second calving (Study 2). There are 
several inter-related causes of calving difficulty and 
perinatal mortality, including the dam age and size, and 
calf size. Calving heifers as early as 22 months did not, 
however, increase difficulty; size of the dam not age was 
more important [34]. This, together with our findings is 
of particular interest as it is widely reported that primi-
parous cows have a higher incidence of perinatal mortal-
ity than older animals [35-37]. These results indicate that 
it is possible to achieve adequate skeletal maturity to 
calve successfully by 23 months in Holstein-Friesian 
heifers providing early growth is adequate. 

One of the key findings of this study was that the 
younger calving groups (<26 months) quite clearly pro-
duced the most milk per cow over 5 years of life associ-
ated with both more lactations per unit of time and a 
higher survival rate. Heifers do not become profitable 
until half way through their second lactation and we 
found that survival to lactation 2 was better for younger 
calving heifers (100% and 85% for Study 1 and 2, re-
spectively). A number of previous reports also indicate 
that cows calving at a relatively young age have longer 
survival. For example, highest survival was achieved 
with an AFC of 25 - 26 months [10]. Calving at 23 
months compared to 26 months increased productive life 
by 107 days and overall milk production by 1475 kg [38]. 
A large retrospective study of the records from Iranian 
Holsteins found that both milk yield and productive life 
increased with reducing AFC as long as this was not be-
low 21 months [39]. In Sweden, the risk of culling in-
creased with AFC [25]; cows calving at 28 to 31 months 
were at a higher risk than those calving at ≤25 months 
[40]. Slightly higher survival rates to second calving 
were found for heifers calving at 25 to 27 months [21] 
while another study reported a lower AFC in cows com-
pleting their first lactation in comparison with those 
which did not [27]. It has also been found that calving 
heifers at 23 - 24 months is more profitable, based on the 
difference between milk yield returns and rearing costs 
[4]. Together, these findings provide strong evidence that 
it is more economical to rear heifers to calve at younger 
ages, and that these heifers will have better survival rates 
to second and third calving. Heifers failing to survive at 
least one lactation are clearly uneconomic to rear, and 
herd profitability would increase if more animals sur-
vived beyond their first lactation. 

In conclusion, optimum performance in UK Holstein- 
Friesian cows over 5 years of life was achieved with an 
AFC of 23 - 25 months, as these animals performed well 
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in terms of both production and fertility and so survived 
longer in the herd. They were also more likely to achieve 
3 lactations; this is crucial for profitability, which in-
creases as lactation number increases. Improving repro-
ductive efficiency of heifers also increases profitability 
through lower rearing costs with no adverse effect on 
productivity after calving. Conversely, animals with poor 
heifer fertility also had reduced survival and productivity 
and are thus unlikely to repay their rearing costs. 
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