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Abstract

The aim of the study was to evaluate changes in fertility outcomes in several dairy cow herds
over the past 20 years in north-eastern Poland. In calving season 2003-2004, 1215 Polish Black
and White x Holstein Friesian from 8 herds were used. The average milk yield was about 5000
kg/cow/year. In calving season 2023-2024, 942 Polish-Black-and-White Holstein Friesian cows
from 5 herds were used. The average milk yield was 9200 kg/cow/year. First-service conception
rate, number of services per conception, length of inter-calving period and culling rate due
to infertility were calculated. The average first-service conception rate decreased from 54.5% to
47.0% and the average number of services per conception increased from 1.8 to 2.2. In 2003-2004,
the average length of the inter-calving period was 395.3 + 53.7 days, while in 2023-2024 it was
407.5 + 55.5 days. The average culling rate due to infertility increased from 4.6% to 11.7%. Dif-
ferences in all these fertility parameters between calving seasons were statistically significant
(p<0.05). The study showed that the fertility outcomes of dairy cows in north-eastern Poland
decreased significantly as milk yield increased between 2003-2004 and 2023-2024.
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Introduction

The fertility of dairy cows has declined worldwide
over the past five decades of the twentieth century
(Lucy 2001). The reduced fertility is mainly due to an
increase in postpartum clinical problems, poor oestrus
expression, defective oocytes/embryos and uterine
infections (Dobson et al. 2007, Walsh et al. 2011).
The primary components of this decline have been
a lower conception rate, increased the number of ser-

vices per conception and inter-calving interval (Mee
2004). In Belgium, the inter-calving interval increased
from 390 days in 1996 to 417 days in 2008. The number
of services per conception rose from 1.4 to 1.8 in
the same period (De Kruif et al. 2008). The decline
in fertility can be explained by management changes
and negative correlation between milk production and
fertility (Walsh et al. 2011). For many countries,
an improvement in phenotypic and genetic trends for
female fertility has been observed from the early to
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Table 1. Fertility parameters in eight dairy cow herds 2003-2004.

Herds Total
Variables A B C E F G H 115
n=132 n=362 n=114 n=167 n=122 n=80 n=157 n=81
First-service 59.1¢ 63.0° 38,60 48,50 54.9 31,20 40.10 62.9° 54.5

conception rate (%)

Inter-calving interval
(days, mean = SD)

406.2+ 53.5* 380.5+£57.1% 374.3+47."%d 397.8460.3° 386.4+58.2° 400.6+62.4* 392.0+56.7> 381.5+59.2° 395.3+£53.7

Services 15 1.6 1.7 1.8 2.1 2.0 1.8 1.8
per conception
Culling rate due 9.8 2.5 44 2.40 7.5 5.7 2.5 46
to infertility (%)

Values with different letters differ significantly at p<0.05.

Table 2. Fertility parameters in five dairy cow herds 2023-2024.

Herds Total
Variables A B C D E
n=190 n=260 n=300 n=115 n=77 942

First-service conception rate (%) 48.4 45.0 47.3 48.7 46.7 47.0
Inter-calving interval (days, mean + SD) 404.4+£50.9°  401.3+47.0°  417.7457.9*  402.6+57.4*  407.5+£55.5  407.5455.5
Services per conception 2.1 2.2 2.3 22 2.0 22
Culling rate due to infertility (%) 13.7 12.6 14.0 10.4 7.9 11.7

Values with different letters within a row differ significantly at p<0.05.

mid-2000s, largely as a consequence of introducing
breeding values for fertility and better reproductive and
nutritional management (Crowe 2018).

In 2003, there were 2.9 million cows with an aver-
age milk yield of 3900 kg/cow/year, while in 2023,
there were 2.3 million cows with an average milk yield
of 6800 kg/cow/year in Poland (GUS 2004, 2024).

However, there are only few data about develop-
ment of fertility in dairy cows in Poland with an
increased milk yield over the long term (Neja et al.
2013). The aim of the study was to evaluate changes
in fertility outcomes in several dairy cow herds over the
past 20 years in north-eastern Poland.

Materials and Methods

The herds were included in the Herd Health Pro-
gram (Baranski et al. 2005). The study was approved
by the Ethics Committee for Animal Experiments
(Approval No. 49/2016). Cows were housed in free stall
barns and fed a total mixed ration based on grass silage,
corn silage, concentrate and vitamin and mineral sup-
plements.

In calving season 2003-2004, 1215 Polish Black
and White x Holstein Friesian from 8 herds were used.
During the summer, the cows were fed green fodder,
grass silage and concentrate, during the winter grass
silage, corn silage, concentrate and vitamin and mineral
supplements. The average milk yield was about

5000 kg/cow/year. In calving season 2023-2024, 942
Polish-Black-and-White Holstein Friesian cows cal-
ving from 5 herds were used. The cows were fed a total
mixed ration based on grass silage, corn silage, concen-
trate and vitamin and mineral supplements. The average
milk yield was 9200 kg/cow/year. The cows were
inseminated artificially during detected estrus. The fol-
lowing fertility parameters were calculated from recor-
ded data: first-service conception rate, services per con-
ception, length of inter-calving period and culling rate
due to infertility.

Statistical analysis was performed using GraphPad
Prism version 10.00 (GraphPad Software, San Diego,
CA, USA). The differences in the length of the inter-
calving interval and in the number of services per con-
ception were analysed with a one-tailed non-parametric
Mann-Whitney U test. The differences in the first Al
conception rate and culling rate due to infertility were
analysed using Fisher’s exact test.

Results and Discussion

Cows’ fertility parameters in the individual herds
in 2003-2004 are presented in Table 1.

The first-service conception rate varied from 31.2%
to 62.9%. The inter-calving interval varied from
3743 + 47.1 to 406.2 + 53.5 days. Cows’ fertility
parameters in the individual herds in 2023-2024 are
presented in Table 2. The number of services per con-
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Fig. 1. Fertility outcomes of dairy cow calving 2003-2004 and 2023-2024. (A) The average first-service conception rate. (B) The average
and number of services per conception. (C) The average length of the inter-calving interval. (D) The average culling rate due to
infertility. Different superscript letters indicate statistical significance at p<0.05.

ception varied from 2.0 to 2.3. The culling rate varied
from 7.9% to 14%. Comparison of the average value
of'the fertility parameters for 2003-2004 and 2023-2024
is presented in Fig. 1.

Our study showed that the fertility of dairy cows in
north-eastern Poland significantly declined over the
past 20 years. This declining trend in fertility of dairy
cows is similar to that observed in other countries
(Butler et al. 1998, De Kruif 2008). It is considered that
the fertility of the modern dairy cow is getting lower
with increasing milk yields (Lucy 2001, Dobson et al.
2007). The significant correlation between milk yield
and fertility of dairy cows was also observed in Poland
(Krzyzewski et al 2004, Janu$ i Borkowska 2006,
Bogucki et al. 2007, Borkowska et al. 2012). The aver-
age length of inter-calving period was 395.3 days, and
did not significantly exceed the recommended length
of 380-395 days (PFHBiPM, 2024). There were great

variations between herds in first service conception rate
and the length of inter-calving period. This was pro-
bably due to differences in feeding and housing condi-
tions and in the effectiveness of heat detection. Com-
pared to 2003-2004, cows’ fertility indices 2023-2024
worsened significantly. This was presumably the result
of similar nutritional and reproductive management in
the herds. The significant decrease in the first-service
conception rate over the past twenty years is in line with
data from other countries (Butler et al. 1998, De Kruif
2008). Siatka et al. (2018) reported the average first-con-
ception rate of 44.0% for primiparous Polish Friesian-
-Holstein cows and its decline by around 4% with the
increasing herd production level from < 7000 kg/cow/
year to 7000-9000 kg/cow/year. The length of the
inter-calving interval has a deciding influence on
the length of lactation (Sawa and Bogucki 2010). Neja
et al. (2013) analysed data from milk recording and
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found that milk yield of Polish-Black-and-White
Holstein Friesian increased from 5877 kg/cow/year in
2003 to 7041 kg/cow/year in 2009, and inter-calving
period increased at the same time from 414 days to 428
days. According to data from the Polish Federation of
Cattle Breeders and Dairy Farmers the average milk
yield of cows under milk recording was 9150 kg/cow/
year in 2023, and the average length of inter-calving
period was 420 days (PFHBiPM 2024).

Several studies showed that genetic correlations
between milk production and fertility traits are antago-
nistic, indicating that selection for increased milk pro-
duction results in genetically less fertile cows (Tiezzi
et al. 2012, Jayawardana et al. 2023). However,
declined fertility in high-yielding cows is a multifacto-
rial problem, and the effects of increased milk produc-
tion on reproduction are relatively minor compared
with the effects of other factors, such as poor nutrition,
housing, management and skills of herd workers
(LeBlanc 2013). High-yielding cows have a high
energy requirement at the start of lactation, only partly
covered by the feed consumption. The remaining
demand is covered by mobilising body reserves
(Grummer 2007). A negative energy balance increases
the risk of metabolic diseases, causes a drop in body
condition score and reduces immunity. This predisposes
to ovarian disorders, mastitis, inflammatory diseases
of the uterus and lameness, which contribute to
a decrease in fertility (Roche 2006). Moreover, elevated
metabolic activity in lactating dairy cows increases
steroid metabolism and reduces circulating estrogen
and progesterone concentrations (Wiltbank et al. 2006).
These changes in reproductive physiology lead
to reduced oestrus expression and fertilisation failure
or embryo mortality due to poor oocyte and embryo
quality and consequently to decrease in first-service
conception rate and increase in the length of inter-
calving period. However, with proper nutrition and
management, high level of milk production can be com-
patible with good reproductive performance in dairy
cows (LeBlanc 2013). In conclusion, the study showed
that the fertility of dairy cows in north-eastern Poland
decreased significantly as milk production per cow
increased between 2003-2004 and 2023-2024.

Acknowledgements

This work is dedicated to Prof. Dr. Dr. h. ¢. Bernd
Hoffmann on his 85th birthday.

References

Baranski W, Zdunczyk S, Janowski T, De Kruif A, Opsomer G,
DewulfJ (2005) Dairy herd health-care program. [in Polish],
Med. Weter 61: 14-18.

Bogucki M, Sawa A, Neja W (2007) Differences in fertility
parameters of dairy cows due to increasing lactation yield.
Acta Sci Pol Zootechnica 6: 3-10.

Borkowska D, Piatek D, Janu§ E, Mucha J (2012) Fertility
indices of cows in a high-yielding herd. Rocz Nauk PTZ
8:21-29.

Butler WR (1998) Review: effect of protein nutrition on ovarian
and uterine physiology in dairy cattle. J Dairy Sci
81:2533-2539.

Crowe MA, Histens M, Opsomer G (2018) Reproductive
management in dairy cows - the future. Ir Vet J 71: 1.

De Kruif A, Leroy J, Opsomer G (2008) Reproductive perfor-
mance in high producing dairy cows: practical implications.
Tierdrztl Prax 36 (Suppl 1): S29-S33.

Dobson H, Smith R, Royal M, Knight C, Sheldon I (2007)
The high-producing dairy cow and its reproductive perfor-
mance. Reprod Domest Anim 42 (Suppl 2): 17-23.

Grummer RR (2007) Strategies to improve fertility of high
yielding dairy farms: management of the dry period.
Theriogenology 68 (Suppl 1): S281-S288.

Jayawardana JM, Lopez-Villalobos N, McNaughton LR,
Hickson RE (2023) Heritabilities and genetic and phenotyp-
ic correlations for milk production and fertility traits
of spring-calved once-daily or twice-daily milking cows in
New Zealand. J Dairy Sci 106: 1910-1924

Janu$ E, Borkowska D (2006) Selected indices of fertility of
cows of different milk production. [in Polish], Ann Univ
Mariae Curie-Sktodowska, sec. EE, 24: 33-37.

Krzyzewski J, Strzatkowska N, Reklewski Z, Dymnicki E,
Ryniewicz Z (2004) Influence of calving interval length
in HF cows on milk yield, its composition and some repro-
duction traits. Med Weter 60: 76-79.

LeBlanc SJ (2013) Is a high level of milk production compatible
with good reproductive performance in dairy cows? Anim
Front 3: 84-91.

Lucy MC (2001) Reproductive loss in high-producing dairy cat-
tle: where will it end? J Dairy Sci 84: 1277-1293.

Mee JF (2004) Temporal trends in reproductive performance
in Irish dairy herds and associated risk factors. Ir Vet
J57: 58-166.

Neja W, Jankowska M, Sawa A, Bogucki M (2013) Analysis of
milk and reproductive performance of the active population
of cows in Poland. J Cent Eur Agr 14: 91-101.

Polish Federation of Cattle Breeders and Dairy Farmers (2024).
Evaluation and breeding of dairy cattle. 2023 Data
[in Polish]. PFHBiPM, Warsaw, https://pthb.pl/publikacje

Roche JF (2006) The effect of nutritional management of the
dairy cow on reproductive efficiency. Anim Reprod Sci
96: 282-296.

Sawa A, Bogucki M (2010) Effect of extended lactations
of primiparas on their lifetime production efficiency.
[in Polish], Rocz Nauk PTZ 6: 165-173.

Siatka K, Sawa, A, Piwczynski D, Bogucki, M, Krezel-
-Czopek S (2018) Factors affecting first insemination
success in Polish Holstein-Friesian cows. Anim Sci Pap Rep
36:275-285.



www.czasopisma.pan.pl P N www.journals.pan.pl
=

POLSKA AKADEMIA NAUK

Trend in fertility outcomes of dairy cows in north-eastern Poland ... 677
Statistical Yearbook of the Republic of Poland. [in Polish] cows at different parities and relationships with production
(2004), GUS, Warsaw, https://stat.gov.pl/obszary-tematyczne/ traits in first lactation. J Dairy Sci 95: 7355-7362.
roczniki-statystyczne/roczniki-statystyczne/rocznik- Walsh SW, Williams EJ, Evans AC (2011) A review of the
statystyczny-rzeczypospolitej-polskiej-2004,2,12.html causes of poor fertility in high milk producing dairy cows.
Statistical Yearbook of the Republic of Poland. [in Polish] Anim Reprod Sci 123: 127-138.
(2024), GUS, Warsaw, https://stat.gov.pl/obszary-tematyczne/ Wiltbank M, Lopez H, Sartori R, Sangsritavong S, Gliimen A
roczniki-statystyczne/roczniki-statystyczne/rocznik- (2006) Changes in reproductive physiology of lactating
statystyczny-rzeczypospolitej-polskiej-2024,2,24 . html dairy cows due to elevated steroid metabolism. Therio-
Tiezzi F, Maltecca C, Cecchinato A, Penasa M, Bittante G genology 65: 17-29.

(2012) Genetic parameters for fertility of dairy heifers and



