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ABSTRACT

Nowadays, the use of sex-sorted semen is more commonplace in industrial dairy farms. However, the re-
productive efficiency of this kind of semen is controversial among dairy farmers. Reproductive efficiency
can also be influenced by herd size as a result of different management practices. The current study com-
pares the reproductive performance of Holstein heifers inseminated either with sex-sorted or conventional
semen in Isfahan province of Iran. Data were included the reproductive performance of 64070 heifers col-
lected during 2007-2017 from 10 industrial farms with various sizes. Evaluated reproductive traits were
conception rate, dystocia, stillbirth, abortion as well as days open and days from calving to the first service
in heifers inseminated with various semen types and various farm sizes. Conception rate in the first to the
third insemination of sex-sorted semen, respectively decreased by 18, 16, and 12 percent compared to the
conventional semen. The chance of abortion, still birth, and dystocia when using sex-sorted semen were
0.095, 0.43, and 0.81. The result illustrated that using sex-sorted semen dramatically decreases the propor-
tion of reproductive disorders, yet it led to lower conception rate, and it is estimated that conception rate is
going to be improved through more efficient reproductive management in larger farm sizes. Herd size did
not show a consistent effect on reproductive performance however reproductive efficiency was somehow
better in medium-sized farms.
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2019; Bittante et al. 2020; Slozhenkina et al. 2020). How-

INTRODUCTION

Semen sorting is a revolutionary technology which aims to
increase production efficiency in dairy herds (Holden and
Butler, 2018). Female sex ratio has been proved to be be-
tween 85-95% utilizing sex sorted semen as compared to
the 50% sex ratio expected from conventional semen
(Garner and Seidel, 2008). Numerous studies have reported

lower conception rate of sexed versus conventional semen
(Healy et al. 2013; Joezy-Shekalgorabi et al. 2017; Butler
and Moore, 2018; Oikawa et al. 2019; Patel and Jathva,

ever, few studies have demonstrated the effect of sex sorted
semen on other reproductive deficiencies (Fetrow et al.
2007; Delarnette et al. 2009; Norman et al. 2010; Joezy-
Shekalgorabi et al. 2017). Fetrow et al. (2007) reported that
using sex sorted semen reduces the rate of dystocia in heif-
ers and cows by 3.7% and 1%, respectively. Their study
revealed that dystocia is not affected by the type of sperm,
and the likelihood of dystocia is influenced by age, insemi-
nation season, sex and weight of the calf in the birth.
Delarnette et al. (2009) detected no discrepancy in the rate
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of stillbirth of sex-sorted and conventional semen in various
calving age. In another report, the proportion of stillbirth
obtained by sexed semen accounted for 8.8%, which had a
twofold increase compared to the control group (DeJarnette
et al. 2009). A study by Joezy-Shekalgorabi et al. (2017)
revealed no significant difference in dystocia and stillbirth
when utilizing sex sorted and conventional semen. Studies
have illustrated that the sperm type has no considerable
impact on abortion (Jabarzareh et al. 2015; Joezy-
Shekalgorabi et al. 2017). Nevertheless, a marginal decline
in abortion rate of dairy heifers inseminate by sex sorted
semen has been reported which could be due to better body
condition of the inseminated heifers (Djedovic et al. 2016).
Herd size is one of the major factors in herd profitability. It
is declared that the size of herd affect reproductive effi-
ciency of herd (Jago and Berry, 2011; Lemma and Kebede,
2011; Sasaki et al. 2016; El-Tahawy, 2017). A study in the
USA revealed that farms with more animals and higher
milk production utilize sex sorted semen more frequently.
The frequency of using sex sorted semen in farms with 501-
1000 cows was about 49% compared to the small size
farms (with 51-100 cows) (which was about 21%)
(Hutchison and Norman, 2009). Norman et al. (2010) re-
ported that percentage of sexed semen breeding generally
increased in larger farm size. The rate of sexed semen in-
semination was 17.2 and 4.5% for herds with < 50 animals
and 72.4 and 18.0% for herds with > 1001 animals for
heifer and cow, respectively. The exception was a slightly
larger percentage (21.5%) of cow breeding with sexed se-
men for herds with 501 to 1000 animals. Mean sexed semen
use within herd also increased (6.0 to 25.9%) for heifer
breedings as herd size increased. In contrast, mean sexed
semen use for cow breedings changed little as herd size
increased (Norman et al. 2010).

In Iran, limited studies have analyzed the reproductive
performance of sex sorted semen (Jabarzareh et al. 2015;
Joezy-Shekalgorabi et al. 2017). Besides, the performance
of sex sorted semen in terms of its effect on reproductive
features such as dystocia, abortion and stillbirth are doubt-
ful. On the other hand, none of the published studies have
reported the rate of using sex sorted semen in various farm
sizes in Iran.

In spite of the effect of herd size on reproductive effi-
ciency, concurrent effect of semen type and herd size on
reproductive performance of inseminated animals has not
been taken into account. Isfahan province is a major core of
dairy industry and milk production of Iran. In the current
study we aimed to examine and to compare some reproduc-
tive performances (including conception rate, open days,
dystocia, abortion and stillbirth) of dairy heifers insemi-
nated with either conventional or sex sorted semen in vari-
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ous herd sizes based on the data collected from dairy farms
of Isfahan province.

MATERIALS AND METHODS

Data

All procedures were carried out in accordance to the Sci-
ence and Research Branch, Islamic Azad University, Te-
hran, Iran Guidelines for Animal Handling, and the project
was approved by the Ethics Committee of Science and Re-
search Branch, Islamic Azad University, Tehran, Iran. Data
were collected from record registration unit in herds during
January 2008 to December 2017 on 64070 heifers record
reared in ten commercial farms (Table 1) in Isfahan prov-
ince (32.6539° N, 51.6660°). Isfahan province is located in
an arid climate with 4 distinct seasons according to the
Koppen climate classification. Months of birth were
grouped into 4 seasons: January through March (winter),
April through June (spring), July through September (sum-
mer), and October through December (autumn). Insemina-
tions of heifers were performed using imported sexed and
conventional semen. The size of the herd was divided ac-
cording to the number of lactating cows. Data were con-
sisted of herd code, registration number, parturition num-
ber, semen type (conventional and sex sorted), number of
services per conception, open days, age at first calving,
calving interval and information on reproductive disorders
including dystocia, stillbirth and abortion. Herds were cate-
gorized according to the number of heifers: less than 500 (4
herds), 500-1000 (4 herds) and more than 1000 (2 herds).
Data were analyzed according to average number of heifers
in birth year in herds (n=64070 heifers in table 2). All of
herds were under the ficial performance and pedigree re-
cording. All animals were raised in an intensive production
system with freestall barns. On all farms, cows were fed, 3
times per day, a balanced TMR that consisted of corn si-
lage, alfalfa, dehydrated beet pulp, barley and corn grain
ground, soybean meal, canola meal, cotton seed, cotton
seed meal, corn gluten meal, extruded soybean, fish meal,
protected fat powder, sodium bicarbonate, salt, macro- and
micro-minerals, vitamin supplement, and feed additives but
the composition of the diets differed depending on herd
management. Water was freely available all the times. Lac-
tating cows were milked 3 times per day. Estrus synchroni-
zation protocol was applied over all herds. Inseminations
occurred approximately 12 hours after a cow was first ob-
served standing for mounting. Heifers were artificially in-
seminated for the first time when reaching 380 kg of weight
and pregnancy was detected by rectal palpation 60 days
after service. Heifers were artificially inseminated by one
person in each herd.




Zargaran ef al

In order to avoid biased definitions, first, the disorders
namely stillbirth, dystocia and abortion were defined as
follows: For the stillbirth, the perished calf has been taken
into account during a period of 260 days in pregnancy up to
48 hours after parturition. Any aid to calf birth including
two or more persons help and cesarean were considered as
dystocia and the rest were perceived as calving ease.

Losing pregnancy and calf perishing during day 45 of preg-
nancy up to day 260 were considered as abortion.

The meaning of first insemination to third insemination was
insemination heifer to pregnancy.

Statistical analysis

Logistic regression analysis was applied in order to exam-
ine the effect of sexed semen on dystocia, abortion and
stillbirth (SAS, 2004). For investigating the relation be-
tween sex sorted semen and reproductive performance the
Linear model of Proc GLMIMIX of the SAS 9.4 was ap-
plied. The equations regarding the proportion dystocia,
stillbirth and abortion are as followed in models 1, 2 and 3,
respectively. The model for evaluating conception rate can
be seen in model 4.

1) logit(gMla+herd;+yearj+season,+twin+spermk,+size,)
Bio(AFC-AFC) + B,,(pregnancy- pregnancy)

2) logit(m)= o + herd; + year; + seasony + twin; + dystociay
+ spermk,, + size,
Bi(AFC-AFC) + B,,(pregnancy- pregnancy)

3) logit(m)= a + herd; + year; + seasony + spermk; + size,
Bim(AFC-AFC) + B,,(pregnancy- pregnancy)

4) Yijamno= W + herd; + year; + season, + dison; + twin,, +
spermk,, + 8ize, + €jkimno

Where:

logit(m): odds ratio of reproductive disorders (dystocia,
stillbirth and abortion).

o width of origin.

herd;: herd effect.

year;: effect of calving year.

seasony: fixed effect of calving season.

twin;: twining effect.

stillbirthm: effect of stillbirth.

dystociay,: dystocia effect.

twin,,: twin fix effect.

size,: herd Size effect.

spermk,, B, and P,,: semen type (conventional and sex
sorted semen), and regression coefficients for the first calv-
ing and gestational age, respectively.
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AFC and pregnancy: respectively were related to the age at
first calving and the length of pregnancy.

Yijuimno: Variables of conception rate.

p: mean effect.

Eijlimno: Tesidual effect.

RESULTS AND DISCUSSION

Features and statistics of the examined herds as well as the
least square means of the productive and reproductive per-
formances are presented in Table 2. The average use of
sexed semen in the examined herds in the recent years ac-
counted for 32.5% with the range of 27% to 50%, as is
shown in Figure 1. Our results are consistent with the re-
sults reported by Norman et al. (2010) and Hutchinson et
al. (2013) who reported more use of sexed semen in larger
herd size. Use of sexed semen, particularly for dairy heifers
facilitates faster and more profitable herd expansion com-
pared to the use of conventional semen (Hutchinson et al.
2013). The use of sexed semen to generate increased num-
bers of replacement dairy heifers could accelerate the in-
crease in herd size at both the individual and national herd
levels. Conception rate is one of the important factors in
evaluating the reproductive performance. The average con-
ception rate in the first to the third insemination is pre-
sented in Table 3. According to the results, conception rate
in heifers inseminated with sexed semen was considerably
lower than that of conventional semen (Table 3). Concep-
tion rate of sex sorted semen at the first, the second and the
third insemination was lower by 18%, 16% and 12%, com-
pared to the conventional semen, respectively (P<0.01).
Dier et al. (2020) reported that the percentage of insemina-
tions by sex sorted semen decreased from 59.7% in the first
service to 6.6% in the fourth service. They also reported
that most of services using sex sorted semen were occurred
in the first and the second services. The reason for less use
of sex sorted semen after the first service could be due to
the lower conception rate of sexed semen in the second and
higher services, which was also confirmed in our study.
Various studies have reported lower conception rate of
sexed versus conventional semen (Delarnette et al. 2009;
Chalmeh et al. 2012; Healy et al. 2013; Joezy-Shekalgorabi
et al. 2017; Oikawa et al. 2019; Patel and Jethva, 2019).

Joezy-Shekalgorabi et al. (2017) reported that average
empirical conception rate for sex sorted semen was 48.3%
(ranging from 41 to 50.4 over various herds). In fact, the
reduced performance is resulted from the lower concentra-
tion of sperms in sexed semen's straw. lower conception
rate of sex sorted semen could be also due to less fertility of
sexed semen (Hayakawa et al. 2009) or less vigorous fe-
tuses and calves obtained from this kind of semen (Djedoic
etal. 2016).
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[t G Number of heifers and their percentage in the prepared dataset

Herd Heifer count Percent
1 12080 18.9
2 3300 5.2
3 3770 5.9
4 6075 9.5
5 2620 4.1
6 11650 18.1
7 2770 43
8 8245 12.8
9 6380 10.0
10 7180 11.2

Productive and reproductive performance (Mean+SD) of the studied herds
Variable Herd size

<500 500-1000 > 1000

Milk (kg) 11300+1820.0 11384+1679.0 11400+1785.0
Fat (kg) 305.8+102.80 310+92.0 309+96.0
Protein (kg) 280.1+£71.80 290+66.0 287.8+69.00
Open days 150.7£77.00 145+62.0 145.8+35.00
Age at first calving (day) 747.8+80.00 738+73.0 740+80.0
Gestation length (day) 276.0+6.00 275.7+5.70 275.6+6.30
Stillbirth rate (%) 9.1+0.50 5.940.20 6.1+0.30
Dystocia rate (%) 28.3+1.60 25.1x1.10 27.9+1.70
Abortion rate (%) 8.7+0.60 11.9+0.70 10.4+0.40

SD: standard deviation.

60 -

50 o

40 S

sex semsen used (%)

30 o
20
10
0 - T T T T T
1 2 3 B 5 6

7 8 9 10

Sexed semen usage in the examined herds

) Least square means of reproductive performance of conventional and sex sorted semen

Open days

Days from calving to first service
Conception rate (%)

First insemination

Second insemination

Third insemination

Conventional semen Sexed semen P-value
136.12+4.46 158.50+4.53 P<0.01
74.3£1.9 78.7+2.1 P<0.05
67.1£2.79 49.58+1.83 P<0.01
52.242.41 36.67+1.67 P<0.01
45.46+1.76 33.64+1.92 P<0.01
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Oikawa et al. (2019) reported lower conception rate of
sex sorted semen at the beginning of warmer months. This
indicates more sensitivity of sex sorted semen to heat stress.
Efficient reproductive management as well as using quali-
fied inspectors and careful implementation of artificial in-
semination can helps in improving conception rate of sex
sorted semen to values near the conventional semen (De
Vries, 2008; Chalmeh et al. 2012; Oikawa et al. 2019). Re-
cently Bittante et al. (2020) found similar conception rate
for sexed and conventional semen after correcting herd,
production, number of parities, insemination order, lacta-
tion stage and cow breed effects from the model of analysis.
The average conception rate in the first to the third insemi-
nation in different farm sizes is presented in the Table 4.

According to the results, conception rate in herds with
less animals was considerably lower than herds with more
animals. In a recent study, larger farms (>200 cows) repre-
sented better service rate compared to small size farms
(Rethmeier et al. 2019). In accordance to our results, El-
Tahawy (2017) reported that small and medium size farms
need more service per conception. Conversely, Lemma and
Kebdede (2011) found less service per conception in me-
dium sized farms. Conception rate decreases by increasing
the number of services per conception. Increase in the
number services per conception is related to frequent artifi-
cial insemination at the wrong time. Insemination of ani-
mals with sex sorted semen needs more precise insemina-
tion time.

Open days (OD) and days from calving to first service
(DFS) are among the major influencing factors on the effi-
ciency of dairy farms. Open days have been widely used as
a success measure of reproductive programs and can be
affected by the replacement rate. In dairy herds, cows with
extra days open get more harmed and become potentially
more at the risk of being culled. The size of herd influenced
open days and days from calving to first service in the stud-
ied herds (Figure 2). In herds with less than 500 cows, OD
and DFS were 79 and 150, respectively. These values were
greater than that of herds with 500 and > 1000 animals.
Open days in big size farms were considerably lower than
those of small size farms (Table 2). Similarly, Singh et al.
(2016) and Lemma and Kebede (2011) reported longer
open days in small size farms compared to the medium and
large farms. However, El-Tahawy (2017) revealed that days
open of the large farms were longer (158.072.36 days) than
that of small and medium sized farms. This discrepancy
could be due to different management practices in the stud-
ied herds. Open days was significantly greater for heifers
inseminated with sex sorted semen (Table 3). In contrast to
our results, Diers et al. (2020) reported no difference in
days from calving to first insemination in calves obtained
from either sex sorted or conventional semen.
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Dystocia is among the most significant secondary eco-
nomic traits, which is important in terms of both economic
benefit as well as animal welfare (Eriksson et al. 2004;
Haugaard and Heringstad, 2013). Dystocia consequences
entail increased stillbirth, calf death, increased dam and calf
mortality rate, reduced production, reduced fertility, in-
creased probability of infertility, greater likelihood of ill-
nesses after calving and culling of the dam from the herd
(Fetrow et al. 2006; Norman and Youngquist, 2007). The
rate of dystocia in herds with > 1000 animals were lower
than that of herds with < 500 animals (Table 2). A down-
ward trend in the level of dystocia was observed for both
semen types in the study duration (Figure 3). There was a
moderate downward trend in dystocia in sex sorted semen,
falling from 19.7% in 2009 to 15.6% in 2017. By contrast,
there existed broader fluctuations in occurrence of dystocia
in conventional semen, rising from 33.7% in 2008 to 37%
in 2014 before declining to 27% in 2017. The dystocia level
differed in single birth and twin birth heifers and in twin
birth it was greater (36.72%) (P<0.01). The highest and the
least occurrence of dystocia was in winter (34.8%) and
spring (23.3%), respectively (P<0.01). One obvious result
of this study was the considerable reduction in dystocia in
sexed semen inseminations (P<0.01). Heifers inseminated
with sex sorted semen (with an average dystocia occurrence
of 16.6%) had a lower chance to experience dystocia
(OR=0.81 sexed semen VS. conventional semen). Similar
studies verify our results (Weigel, 2004; DelJarnette et al.
2009; Norman et al. 2010; Joezy-Shekalgorabi et al. 2017).
In a study, the rate of dystocia decreased from 6% to 4.3%.
This reduction was more considerable in cows, falling from
2.6% to 0.9% (Norman and Youngquist, 2007). Fetrow et
al. (2007) reported that using sexed semen reduces the rate
of dystocia in heifer and cow by 3.7% and 1%, respectively.
The study revealed that dystocia is not affected by the type
of sperm, and the likelihood of dystocia is influenced by
age, insemination season, sex and weight of the calf in the
birth.

In contrast to our results, Diers et al. (2020) reported that
dystocia is not affected by the semen type. Generally, lower
prevalence of dystocia is expected in female calves, due to
their lower weights, as compared to the male calves
(Weigel, 2004; Norman et al. 2010). Considering larger
proportion of female calves obtained from sex sorted se-
men, less dystocia is expected from this kind of sperm. Al-
though, there was no significant difference in the occur-
rence of dystocia in different herd sizes (Table 5), there was
a greater chance of dystocia in larger farms. This, some-
how, could be resulted from the fact that in larger herds, in
Iran, semen selection is more intensive toward productive

traits and less attention is paid to the reproductive perform-
ance of the selected sires.
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185 Least square means of reproductive performance of herd size

Herd size
Conception rate (%) P-value
<500 500 to 1000 > 1000
First insemination 59.142.29° 64.1£2.31° 67.6+£2.53" P <0.05
Second insemination 51.4+1.83 57.3£1.89 54.4+1.87 P>0.05
Third insemination 43.5+1.36 48.1£1.57 44.4+1.52 P>0.05
DFS mOD
160.0
140.0
120.0
100.0
‘-? 80.0
a A
60.0
40.0
20.0
0.0
<500 500 to 1000 > 1000
Herd size
Effect of herd size in open days (OD) and days from calving to first service (DFS) in the studied herds
The odds ratios of dystocia at various calving seasons, birth types and semen types
Variable Occurrence percentage Odd ratio (confidence interval) P-value
Semen type P<0.01
Conventional semen 32.8 Reference
Sex sorted semen 16.6 0.81 (0.73-1.01)
Calving season P<0.01
Spring 23.33 Reference
Summer 27.08 1.18 (1.06-1.36)
Autumn 29.07 1.23 (1.08-1.35)
Winter 34.85 1.25 (1.09-1.56)
Birth type P<0.01
Single 25.8 Reference
Twin 36.72 1.39 (0.78-2.15)
Herd size P>0.05
<500 26.72 Reference
500 to 1000 21.31 0.78 (0.51-1.64)
> 1000 28.25 1.05 (0.81-2.21)

On the other hand, reproductive performance in small
size herds could be due less efficient reproductive man-
agement compared to the medium sized herds.

Stillbirth is defined as calves either born dead or died
within the first 48 hours after birth. Stillbirth is important
due to its great economic value and its effect in profitability
of dairy herds (Ghiasi et al. 2016). The rate of stillbirth in
herds with > 1000 animals were lower than that of herds
with < 500 animals (Table 2).
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Stillbirth illustrated a downward trend between 2008 and
2017 for both sexed and conventional semen (P<0.05). The
likelihood of stillbirth in heifers inseminated with sexed
semen was considerably lower than that of conventional
semen (OR=0.4 for sexed semen vs. OR=1 for conventional
semen). As is demonstrated in Table 6, sexed semen halved
the rate of stillbirth by 5.8%. In 2008, the highest stillbirth
was about 10.8 and 8.1 percent for conventional and sexed
semen, respectively (Figure 4).
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35.0 4
30.0 o
25.0 4
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Dystocia rate (%)

5.0 4

Calving year

The incidence of dystocia on heifers inseminated with various semen types

The odds ratio of stillbirth in various calving season, birth types and semen types

X
10.0 4 —m—Sex semen

—e—Normal semen

Variable Occurrence (%) Odd ratio (confidence interval) P-value
Semen type P<0.01
Conventional semen 9.4 Reference

Sex sorted semen 5.8 0.43 (0.11-0.68)

Calving season P<0.01
Spring 6.67 Reference

Summer 7.34 0.95 (0.90-0.96)

Autumn 7.9 1.02 (1.01-1.11)

Winter 8.6 1.14 (1.1-1.38)

Twining P<0.01
Single 7.1 Reference

Twin 8.17 1.25(1.01-1.55)

Dystocia P<0.01
Calving ease 6.6 Reference

Dystocia 11.56 2.19 (1.56-3.23)

Herd size P>0.05
<500 8.77 Reference

500 to 1000 6.05 0.63 (0.39-0.98)

> 1000 6.50 0.74 (0.41-1.02)

Dystocia had a considerable impact on stillbirth (P<0.05).
Dystocia increased the level of stillbirth by about two-fold
(11.5% for dystocia and 6.6% for calving ease). Twin birth
drastically increased the likelihood of stillbirth (OR=1.25
for twinning vs. OR=1 for singleton, P<0.01). Birth at dif-
ferent seasons was accompanied by different stillbirth rate
(P<0.01).

Joezy-Shekalgorabi et al. (2017) revealed no significant
difference in stillbirth rate when utilizing sex sorted and
conventional semen; however, stillbirth in cold climate was
greater and it was discussed that the increased damage dur-
ing sperm separation can lead to lower probability of em-
bryo survival. Several studies have reported greater incid-

255

ence of stillbirth for single male calves obtained from sexed
semen (Borchersen S. and Peacock, 2009; Delarnette et al.
2009; Norman et al. 2010; Diers et al. 2020). Tubman et al.
(2004) did not found any difference in stillbirth of male and
female calves obtained from sex sorted semen. It is reported
that including the fix effect of climate in the model of
analysis do not change the overall result of the effect of sex
sorted semen on stillbirth (Joezy-Shekalgorabi et al. 2017).
Translocation of large DNA content of Y chromosome and
its concentration in X chromosome or the incidence of ane-
uploidy, especially trisomy, may enhance the stillbirth rate
of male calves obtained from sex sorted semen (Mikkola et
al. 2015; Diers et al. 2020).
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Although, there was no significant difference in occur-
rence of stillbirth in different herds size, but it represented
an upward trend in large herds (Table 6). DeJarnette et al.
(2009) found the influence of herd, season of calving and
sire within semen type on female stillbirth rate. It could be
argued that differences in management and data recording
have led to these partly divergent results (Diers et al. 2020).

Abortion is widely defined by the death and fetal exertion
during 42 and 260 of pregnancy days (Peter, 2000;
Thurmond et al. 2005). Abortion rate in cows is an indica-
tor of enhanced fertility and reproduction. The year of birth
influenced the abortion rate (P<0.05). As is illustrated in
Figure 5, the rate of abortion underwent a downward trend
in both semen types. In 2008, conventional and sexed se-
men accounted for the highest and the lowest abortion rate,
with 9.8% and 7.1%, respectively. The lowest level of abor-
tion in 2017 was reported to be 3.3% and 3.8% respec-
tively.

10.0 -

80 4 A

6.0 - i« e

4.0 -

Stillbirth rate (%)
| 3

0.0 T T T T T T

Joezy-Shekalgorabi et al. (2017) reported negligible in-
crease in abortion rate of sexed semen compared to the
conventional semen while the effect of the calf sex, insemi-
nation year, insemination season and calf birth weight on
parturition type (abortion, stillbirth) were not significant. In
a study by Healy et al. (2013), abortion rates for sexed and
conventional semen were 6.1 and 6.5%, respectively, and
were affected by heifer age at breeding. As represented in
Figure 6, the rate of abortion in the studied herds was dif-
ferent (P<0.01).

Herds 1 and 5 accounted for the highest and the lowest
abortion rate, by 9% and 4.5%, respectively. Herd 1 had the
largest number of heifers (heifer count=12080) and herd 5
with the lowest number of heifers (heifer count=2620).

As is demonstrated in Table 7, the occurrence of abortion
was significant (P<0.05) at different herd sizes. Various
calving seasons had significant impact on abortion rate
(P<0.01).

—e—MNormal semen

A Sex semen

=) 2 >
oy A " -
A A R R

Calving vyear

The incidence of stillbirth in various semen types

Abortion rate (%)
o)
=

-
S S S

5 b N
P oo J
& P

Pvalue <0.05

—e— Normal semen

4.0 1 m— Sex semen
2.0 A1
0.0 T v v v Y v v r '

o ) D ~ N\ ) = “ =) N
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Calving year

The incidence of abortion in various semen types
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examined herds

Abortion rate in the studied herds

18] 5¥ The odds ratio of abortion in various calving seasons, birth types and semen types

Variable Occurrence percentage Chances of catching (confidence interval) P-value
Semen type P>0.05
Conventional semen 7.3 Reference

Sex semen 6.2 0.95 (0.82-1.07)

Calving season P<0.01
Spring 6.7 Reference

Summer 7.2 1.05(0.82-1.38)

Autumn 7.9 1.24 (0.97-1.63)

Winter 7.7 1.21 (0.98-1.53)

Herd size P <0.05
<500 8.61 Reference

500 to 1000 12.02 1.23 (0.89-1.98)

> 1000 10.23 1.11 (0.94-1.51)

As is illustrated in Table 7, occurrence of abortion was
greater during fall (7.9%). Besides, the chance of abortion
dramatically raised on the fall compared to the spring
(OR=1.24; fall vs. OR=1; spring). Various applied semen
types did not have any noticeable impact on abortion rate
(P=0.09).

In addition, the chance of abortion when utilizing sexed
semen declined compared to the conventional semen
(OR=0.95; sexed semen vs. OR=1; conventional semen). In
accordance to our results, Joezy-Shekalgorabi et al. (2017),
Tubman et al. (2004) and DeJarnette et al. (2009) did not
find significant difference among abortion rate resulted
from sex sorted or conventional semen. Nevertheless, a
marginal decline in abortion rate of dairy heifers inseminate
by sex sorted semen has been reported which could be due
to better body condition of the inseminated heifers (Thum-
ban et al. 2004).
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CONCLUSION

The result of this study revealed that utilizing sex sorted
semen can drastically declines reproductive disorders such
as stillbirth and dystocia. In spite of these advantages, yet, a
small part of aritificial insemination (AI) market is allo-
cated to sex sorted semen. The main drawback of sex sorted
semen is its lower conception rate compared to the conven-
tional semen. However, improvement of semen sorting
technology in the recent years is reducing the difference in
fertility of sexed and conventional semen. The results of
our study showed that reproductive performances were bet-
ter in medium farm size which indicates more efficient re-
productive performance in medium size herds compared to
small and large herds. The fertility of dairy cows is strongly
influenced by the level of milk production. Generally, large
farms have greater level of milk production. Considering
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the limited selection goal in the selection of semen (which
put more emphasize on productive traits) in Iran, and due to
the reverse relation of productive and reproductive per-
formance, lower reproductive performance is expected from
large farm sizes. On the other hand, in small herds, culling
due to the reproductive problems is related to weak man-
agement practices. However, further studies need to be per-
formed to prove this hypothesis.

ACKNOWLEDGEMENT]

The authors are grateful from farmers for participating in
the study. Special thanks to 3 anonymous reviewers for
their constructive suggestions.

REFERENCES

Bittante G., Negrini R., Bergamaschi M., Cecchinato A. and Alva-
rado H.T. (2020). Pure-breeding with sexed semen and cross-

breeding with semen of double-muscled sires to improve beef
production from dairy herds: Factors affecting heifer and cow
fertility and the sex ratio. J. Dairy Sci. 103, 5246-5257.

Borchersen S. and Peacock M. (2009). Danish Al field data with
sexed semen. Theriogenology. 71, 59-63.

Butler S.T. and Moore S.G. (2018). Genetic control of reproduc-
tion in dairy cows under grazing conditions. Anim. Reprod.
15(1), 933-939.

Chalmeh A.M., Nategh Ahmadi M.H., Alipoor M. and Taghipoor
Z. (2012). Pregnancy rate and economic benefit of artificial
insemination with sexed-sorted sperm in Holstein heifers. J.
Vet. Res. 4(67), 359-263.

DelJarnette J.M., Nebel R.L. and Marshall C.E. (2009). Evaluating
the success of sex-sorted semen in US dairy herds from on
farm records. Theriogenology. 71, 49-58.

De Vries A., Overton M., Fetrow J., Leslie K., Eicker S. and
Rogers G. (2008). Exploring the impact ofsexed semen on the
structure of the dairy industry. J. Dairy Sci. 91, 847-856.

Diers S., Heise J., Krebs T., Groenewold J. and Tetens J. (2020).
Effect of sexed semen on different production and functional
traits in German Holsteins. Vet. Anim. Sci. 9, 1-10.

Djedovic R., Bogdanovic V., Stanojevic D., Nemes Z., Gaspardy
A. and Cesh S. (2016). Involuntary reduction in vigour of
calves born from sexed semen. Acta Vet. Hung. 64(2), 229-
238.

EL-Tahawy A. (2017). Effect of herd size on the productive, re-
productive, and economic efficiency of holstein dairy cows.
Alexandria J. Vet. Sci. 51(1), 21-27.

Eriksson S.A., Nésholm K. and Johansson Philipsson J. (2004).
Genetic parameters for calving difficulty, stillbirth and birth
weight for Hereford and Charolais at first and later parities. J.
Anim. Sci. 82(2), 375-383.

Fetrow J., Nordlund K.V. and Norman H.D. (2006). Culling: No-
menclature, definition and recommendations. J. Dairy Sci. 89,
1896-1905.

Fetrow J., Tewart S., Eicker S. and Rapnicki P. (2007). Reproduc-
tive health programs for dairy herds: Analysis of records for

258

assessment of reproductive performance. Pp. 473-490 in Cur-
rent Therapy in Large Animal Theriogenology. R.S.
Youngquist and W.R. Threlfall, Eds. Saunders Elsevier, St.
Louis, MO.

Garner D.L. and Seidel Jr G.E. (2008). History of commercializ-
ing sexed semen for cattle. Theriogenology. 69, 886-895.

Ghiasi H., Pakdel A., Nejati-Javaremi A., Gonzalez-Recio O.,
Carabafio M.J., Alenda R. and Sadeghi-Sefidmazgi A. (2016).
Estimation of economic values for fertility, stillbirth and milk
production traits in Iranian Holstein dairy cows. Iran. J. Appl.
Anim. Sci. 6(4), 791-795.

Haugaard K. and Heringstad B. (2013). Genetic parameters for
fertility related disorders in Norwegian Red. Int. Bull. 47, 156-
160.

Hayakawa H., Hirai T., Takimoto A., Ideta A. and Aoyagi Y.
(2009). Super ovulation and embryo transfer in Holstein cattle
using sexed sperm. Theriogenology. 71, 68-73.

Healy A.A., House J.K. and Thomson P.C. (2013). Artificial in-
semination field data on the use of sexed and conventional
semen in nulliparous Holstein heifers. J. Dairy Sci. 96, 1905-
1914.

Holden S.A. and Butler S.T. (2018). Applications and benefits of
sexed semen in dairy and beef herds. Animal. 12(1), 97-103.
Hutchison J.L. and Norman H.D. (2009). Characterization and
usage of sexed semen from US field data. Theriogenology. 71,

48-57.

Hutchinson I.A., Shalloo L. and Butler S.T. (2013). Expanding the
dairy herd in pasture-based systems: The role for sexed semen
use on virgin heifers. J. Dairy Sci. 96(2), 1312-1322.

Jabarzareh A., Sadeghi A. and Ghorbani A. (2015). Reproductive
consequences of using sexed semen in Holstein dairy herds of
Isfahan province. J. Anim. Sci. 46(3), 271-276.

Jago J.G. and Berry D.P. (2011). Associations between herd size,
rate of expansion and production, breeding policy and repro-
duction in spring-calving dairy herds. Animal. 5(10), 1626-
1633.

Joezy-Shekalgorabi S., Maghsoudi A. and Mansourian M.R.
(2017). Reproductive performance of sexed versus conven-
tional semen in Holstein heifers in various semiarid regions of
Iran. Italian J. Anim. Sci. 16(4), 666-672.

Lemma A. and Kebede S. (2011). The effect of mating system and
herd size on reproductive performance of dairy cows in market
oriented urban dairy farms in and around Addis Ababa. Rev.
Méd. Vét. 11, 526-530.

Mikkola M., Andersson M. and Taponen J. (2015). Transfer of
cattle embryos produced with sex-sorted semen results in im-
paired pregnancy rate and increased male calf mortality.
Theriogenology. 84, 1118-1122.

Norman H.D., Hutchison J.L. and Miller R.H. (2010). Use of
sexed semen and its effect on conception rate, calf sex, dysto-
cia, and stillbirth of Holsteins in the United States. J. Dairy
Sci. 93, 3880-3890.

Norman S. and Youngquist R.S. (2007). Parturition and dystocia.
Pp. 312 in Current Therapy in Large Animal Theriogenology.
R.S. Youngquist and Threlfall W.R. Eds. St. Louis, W.B.
Saunders, Philadelphia, United States.

Oikawa K., Yamazaki T., Yamaguchi S., Abe H., Bai H., Takaha-

Iranian Journal of Applied Animal Science


https://www.ncbi.nlm.nih.gov/pubmed/?term=Healy%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=23357013
https://www.ncbi.nlm.nih.gov/pubmed/?term=House%20JK%5BAuthor%5D&cauthor=true&cauthor_uid=23357013
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thomson%20PC%5BAuthor%5D&cauthor=true&cauthor_uid=23357013

Zargaran ef al

shi M. and Kawahara M. (2019). Effects of use of conven-
tional and sexed semen on the conception rate in heifers.
Theriogenology. 52, 2925-2930.

Patel S.B. and Jethva P.C. (2019). Use of Sexed Semen in Indian
Dairy Cattle. Indian J. Vet. Sci. Biotechnol. 14(3), 54-57.

Peter A.T. (2000). Abortions in dairy cows: New insights and
economic impact. Pp. 233-244 in 39™ Western Canadian Dairy
Semin, Alberta, Canada.

Rethmeier J., Wenzlau M., Wagner M., Wiedemann S. and Bach-
mann L. (2019). Fertility parameters in German dairy herds:
Associations with milk yield and herd size. Czech J. Anim. Sci.
64, 459-464.

SAS Institute. (2004). SAS®/STAT Software, Release 9.4. SAS
Institute, Inc., Cary, NC. USA.

Sasaki Y., Uematsu M., Kitahara G. and Osawa T. (2016). Repro-
ductive performance of Japanese Black cattle: Association
with herd size, season, and parity in commercial cow-calf op-
erations. Theriogenology. 86(9), 2156-2161.

259

Singh P., Bhatti J.S., Hundal J.S. and Kansal S.K. (2016). Effect
of region and herd size on dairy herd performance parameters
in Punjab. Indian J. Ecol. 43(1), 373-374.

Slozhenkina M.I., Gorlov LF., Shakhbazova O.P., Radjabov R.G.,
Ivanova N.V., Mosolova D.A., Knyazhechenko O.A., Poor-
ghasemi M. and Seidavi A. (2020). Productivity of steers of
different genotypes: forecast based on interior indicators. Arq.
Bras. Med. Vet. Zootec. 72(6), 2279-2287.

Thurmond M.C., Branscum A.J., Johnson W.O., Bedrick E.J. and
Hanson T.E. (2005). Predicting the probability of abortion in
dairy cows: A hierarchical Bayesian logistic-survival model
using sequential pregnancy data. Prev. Vet. Med. 68, 223-239.

Tubman L.M., Brink Z., Suh T.K. and Seidel G.E.J. (2004). Char-
acteristics of calves produced with sperm sexed by flow cy-
tometry/cell sorting. J. Anim. Sci. 82, 1029-1036.

Weigel K.A. (2004). Exploring the role of sexed semen in dairy
production systems. J. Dairy Sci. 87, 120-130.




