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ABSTRACT

This study investigated factors influencing the number of services per conception (NSC) in dairy cows, focusing on age
at first calving (AFC), cow’s age, parity, and days in milk (DIM) at first insemination. Data from 1014 lactating Holstein
cows in a commercial farm in Denmark was collected. The effects of the studied factors on NSC were analyzed using
the Kruskal-Wallis test with pairwise comparisons. The average NSC was 2.2+1.1. No significant effect of AFC on
NSC at first Al was detected. However, significant associations between NSC and cow’s age (P=0.005), parity
(P=0.001), and DIM (P<0.05) were found. NSC in cows at the age of <3 years (2.2+1.2), and 3-4 years (2.1+1.2) was
smaller than that in cows at the age of >5 years (2.6+1.2). Cows in parity 1 exhibited a lower NSC compared to those
in parities 2, 3, 4, and >5 (2.0+1.1 vs 2.3£1.3, 2.3+1.3, 2.2+1.3, and 2.4+1.2, respectively). NSC levels in cows at >81
DIM were higher than those at 51-80 DIM (P<0.01). These findings highlight the necessity of incorporating cow’s age,
parity, and DIM into assessments of reproductive performance in dairy herds, with the potential for maximizing lifetime

profit by reducing the optimal AFC to as early as 21 months.

Keywords: Conception, Dairy cows.

INTRODUCTION

The reproductive efficiency of lactating dairy cows is a
critical component of dairy farm profit, as it directly impacts
milk production and the sustainability of dairy operations
(Wiltbank et al. 2011). Achieving and maintaining high
pregnancy rates in dairy herds is essential for ensuring a
steady supply of replacement animals, optimizing milk
production, and maximizing economic returns (Consentini et
al. 2021). However, several factors may influence the
reproductive performance of lactating dairy cows.

Age at first calving (AFC) is particularly important as
it influences the functional longevity and reproductive
performance of dairy cows. Research has shown that cows
calving at older ages tend to have shorter productive lives,
lower fertility, and higher risks of premature culling
compared to those calving at younger ages (Chirinos et al.
2007; M’hamdi et al. 2010). In contrast, some studies have
not observed a significant correlation between AFC and
productive life (Ojango et al. 2005). There is consensus that
reducing AFC below certain thresholds, such as <24

months in Holsteins, optimizes lactation performance and
minimizes rearing costs, ultimately improving the
economic efficiency of dairy operations (Tozer and
Heinrichs 2001).

The timing of the first Al postpartum also plays a
crucial role in determining pregnancy rates in lactating
dairy cows. Delayed initiation of breeding postpartum can
result in longer calving intervals and reduced overall
reproductive efficiency (Inchaisri et al. 2011), while early
initiation may not allow sufficient postpartum recovery and
uterine involution, leading to lower pregnancy rates
(Stangaferro et al. 2019). Moreover, nutrition and
metabolic changes during the early postpartum period can
further affect reproductive performance, contributing to
reduced first Al conception rates (Butler, 2000; Leroy et al.
2004; Wiltbank et al. 2006).

Parity is another significant factor affecting fertility in
dairy cows. Research indicates that higher parity levels
may correlate with diminished fertility compared to
primiparous cows (Balendran et al. 2008). However, there
is evidence suggesting higher conception rates in
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multiparous cows compared to primiparous ones (Barcellos
et al. 1996), with a rising trend in conception rates from
parity 2 to 6, followed by a decline at higher parities (Than
et al. 2001). Higher parity positively correlates with cows
ages and the number of inseminations was shown to
increase as cows aged (Holodova et al. 2019).
Understanding the interplay between these factors and
their effects on pregnancy rates in lactating dairy cows is
essential for optimizing reproductive management
strategies in dairy herds. Consequently, the primary
objective of this investigation was to explore the effects of
AFC, age, parity, and timing of first Al postpartum on the
number of services per conception (NSC) in lactating dairy
cows. By identifying key factors influencing reproductive
performance, this research aims to contribute valuable
insights to improve fertility management practices and
enhance the overall reproductive efficiency of dairy herds.

MATERIALS AND METHODS

Animals

This research was conducted on a commercial dairy
farm in the Southwest of Denmark from October 2022 to
May 2023. The farm housed a total of about 2400 lactating
Holstein cows with an average milk vyield of
12,800kg/cow/lactation. Studied cows were in parities 1 to
10 with majority (=90%) fell within parities 1 to 5. Cows
were milked twice using the Delaval robot milking system.
All management data were extracted from the Delpro Farm
Manager software.

Al and pregnancy diagnosis

Estrus detection relied on the use of the Delaval
activity meter system (DelPro Farm Manager Software,
version 5.9, DelLaval International AB). Cows in estrus
were artificially inseminated using frozen-thawed semen
from established Holstein Friesian sires once per estrus
cycle. Cows not exhibiting estrus within 45 days post-
insemination were considered pregnant.

Categorization of cows according to factors influencing
the NSC

The cows were stratified into distinct groups based on
various factors potentially influencing the NSC. These
categories included cow's age at first calving (21-22, 23,
24, and 25-27 months), cow's age (<3, 3-4, 4-5, 5-6, and >6
years), DIM at first Al (<50, 51-80, and >81 DIM) and
parity (1, 2, 3, 4 and >5).

All data were presented as meantSD (standard
deviation). The impact of cow's age at first calving, cow's
age, DIM at first Al, and parity on NSC was analyzed by
using Kruskal-Wallis test with pairwise comparison.
Statistical significance was defined as probabilities less
than 5% (P<0.05). All statistical analyses were conducted
using IBM SPSS for Windows version 22 (IBM Corp.,
Armonk, New York, United States).

RESULTS

The average NSC in the studied cows was 2.2+1.2
varying from 1-4 services. The AFC was 23.4+1.0 months
ranging from 21 to 27 months. There was no difference in
NSC among 4 different AFC cow groups (Table 1).
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Table 1: The association between cow's age at 1% calving (month)
and the number of services per conception (MeanzSD)
Cow's age at 1% calving No. of Number of services

(month) animals per conception
21-22 86 1.8+1.18
23 168 1.9+1.18
24 132 2.0+1.1°
25-27 55 1.9+1.22
Total 441 1.9+1.1°

The superscript in the column means non-significant (P>0.05).

Table 2 presents the relationship between the age of
cows and the NSC. The average NSC in different age
groups varied between 2.1 and 2.6. Cows at the age of <4
years had a smaller NSC compared to cows at the age of >5
years. The association between NSC and age of the cow is
presented by the equation y=0.107x+2.030 (Fig. 1) with the
determination coefficient (R-square) of 0.012.

Table 2: The association between cow's age (year) and the
number of services per conception (Mean+SD)

Group  Cow's age No. of Number of services per
(year) animals conception

1 <3 715 2.2+1.22

2 3-4 104 2.1+1.22

3 4-5 69 2.3+1.23b

4 5-6 57 2.6x1.2°

5 >6 69 2.6+1.2°
Total 1014 2.2+1.2

Different superscripts in the same column mean significant
(P<0.05)

y=0.107x + 2.030

R*>=0.011
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Fig. 1: Regression equation of services per conception based on
age (years) as predictor in lactating Holstein cows

The effect of DIM on the NSC was demonstrated in
Table 3. NSC level in cows at >81 DIM was higher than
those in cows at 51-80 DIM (P=0.009). However, no
difference in NSC was observed between cows at <50 DIM
and cows at 51-80 DIM. The association between NSC and
DIM of the cow is presented by the equation
y=0.092x+2.020 (Fig. 2) with the determination coefficient
(R-square) of 0.002.

Table 4 presents the correlation between parity and the
NSC. The average NSC in different parity groups varied
between 2.0 and 2.4. Specifically, cows in parity 1
exhibited a lower NSC compared to those in parities 2, 3,
and >5 (P<0.05), and tended to be lower than that in cows



in parity 4 (P=0.08). The association between parity and the
NSC is depicted by the equation y=0.091x+1.971 (Fig. 3)
with the determination coefficients (R-Square) of 0.014.

Table 3: The association between days in milk (DIM) at first Al
and the number of services per conception (Mean+SD)
DIM No. of animals Number of services per conception

<50 155 2.341.2ab
51-80 649 2.1+1.22
>81 210 2.4+1.3°
Total 1014 2.2+1.2

Different superscripts in the same column mean significant
(P<0.05).

Table 4: The association between parity and the number of
services per conception (Mean+SD)
Parity No. of animals Number of services per conception

1 311 2.0£1.12
2 211 2.3+1.3°
3 201 2.3+1.3°
4 124 2.2£1.3°
>5 167 2.4+1.2°
Total 1014 2.2+1.2

Different superscripts in the same column mean significant
(P<0.05)
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Fig. 2: Regression equation of services per conception based on
time (DIM) from calving to 1% Al as predictor in lactating
Holstein cows
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Fig. 3: Regression equation of services per conception based on
parity as predictor in lactating Holstein cows
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DISCUSSION

Studies have recommended that maintaining an
average AFC of <24 months in Holsteins could optimize
lactation performance and minimize rearing costs (Tozer
and Heinrichs 2001). Additionally, a previous study found
that the optimal AFC for maximum lifetime profit fell
between 22.5 and 23.5 months (Do et al. 2013). These
studies also noted a negative genetic correlation between
the AFC and lifetime profit (Do et al. 2013). Cows with
higher AFC were associated with shorter length of
productive life and longer days open, days between calving
and first service, and days between first service and
conception in the first lactation, compared to cows with
lower AFC (Zavadilovéa and Stipkova 2013). The age of
heifers at first Al did not correlate with conception rate,
emphasizing the importance of promptly initiating
breeding in heifers to enhance production efficiency
(Irikura et al. 2018). Results of the present study indicate
no significant difference in NSC across different AFCs,
which suggest that the AFC can be reduced to as early as
21 months to maximize lifetime profit and mitigate the
negative genetic correlation between first calving interval
and lifetime profit.

The present study indicates that as the age of dairy
cows increases, there is a corresponding rise in the NSC.
This finding aligns with the findings of Ananda et al.
(2019), which reported a positive correlation between age
and NSC. Previous research has shown that cross-bred beef
cows have the highest conception rates between 3.5 and 5
years, while cows older than 9 years have significantly
lower conception rates compared to younger counterparts
(Khan et al. 2015). Holodova et al. (2019) found a weak
negative correlation (R=0.15) between the age of dairy
cows and conception rate, with the number of
inseminations increasing as cows aged. The decline in
conception rate with increasing parity is potentially
attributable to age-related decrease in reproductive
performance (Irikura et al. 2018). Furthermore, an increase
in parity is associated with a postponement in uterine
involution (lzaike et al. 1989). In dairy cattle, older cows
have been documented to face an increased susceptibility
to periparturient problems known to influence fertility
outcomes (Chebel et al. 2004). Collectively, these factors
likely contribute to the superior reproductive performance
observed in younger cows in the present study.

Various studies have investigated the impact of DIM
on reproductive performance in dairy cows. Yusuf et al.
(2011) observed that cows inseminated within 40 DIM
tended to have a lower first Al conception rate compared to
those inseminated after 40 DIM. Similarly, Dohoo (1983)
reported an increase in first service conception rate when
DIM increased from 40 to over 60 days. The decreased
reproductive performance in cows inseminated early
postpartum may be attributable to energy deficit in this
period (Ospina et al. 2010; Ribeiro et al. 2011; Bisinotto et
al. 2018). Therefore, cows inseminated before 50 DIM
might suffer from the energy imbalance more than cows
inseminated during 51-80 DIM. Additionally, subclinical
endometritis was observed in cows approximately 35 to 40
days postpartum (Sheldon et al. 2006; de Boer et al. 2014)
which  was associated with  reduced fertility
(Kasimanickam et al. 2004; Gilbert et al. 2005). Therefore,



on the one hand, the NSC levels in cows at < 50 DIM
tended to be higher than those in cows at 51-80 DIM. On
the other hand, the earlier restoration of reproductive
activity depicted a more efficient hypothalamus/
hypophyseal/ovarian axis in the cows receiving first
insemination during 51-80 DIM compared to cows with
>80 DIM. These conditions may contribute to the higher
NSC levels observed in cows at >81 DIM compared to
those at 51-80 DIM in the present investigation.

Notably, the present NSC in parity 1 was lower than in
parities 2, 3, 4 and >5. This result is consistent with
previous findings indicating a significant effect of parity on
pregnancy rates (Balendran et al. 2008; Mufti et al. 2010).
Rearte et al. (2018) similarly demonstrated reduced odds of
pregnancy in parity 3 and >4 compared to that in parity 1.
Differences in follicular development (Walters et al. 2002),
hormonal profile (Ferreira et al. 2021), and uterine
environment (lzaike et al. 1989) are potential factors
contributing to the difference in fertility observed among
parities. Overall, our findings underscore the relationship
between parity and NSC.

In conclusion, the findings of this study indicate that
while AFC did not significantly influence the NSC, cow
age, parity, and DIM did have a notable impact.
Specifically, younger cows, cows in lower parity, and cows
inseminated during 51-80 DIM tended to have a lower NSC
compared to those in other groups. These results emphasize
the importance of considering cow age, parity, and DIM
when assessing reproductive performance in dairy herds.
Further research is warranted to explore additional factors
that could affect the NSC in dairy cows.
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