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Abstract

The objective was to improve pregnancy per artificial insemination (P/AI; 35–42 d after AI) in virgin Jersey heifers bred by
AI of sex-sorted semen after being detected in estrus. Giving 100 �g of GnRH at first detection of estrus, with AI 12 h later, did
not affect P/AI in Experiment I [GnRH � 47.2% (100/212) vs. No GnRH � 51.7% (104/201); P � 0.38] or Experiment II
[GnRH � 53.1% (137/258) vs. No GnRH � 48.6% (122/251); P � 0.43]. In these two experiments, estrus detection was done
with tail-head chalk or a HeatWatch® system, respectively. In Experiment III, a single insemination dose (2.1 � 106 sperm) 12 h
after estrus detection (n � 193), a double dose at 12 h (n � 193), or a double dose involving insemination 12 and 24 h after estrus
detection (n � 190) did not affect P/AI (87/193 � 45.1%, 85/193 � 44.0%, and 94/190 � 49.5%, respectively; P � 0.51).
However, P/AI was influenced by the number of AI service (First, 115/208 � 55.3%a; Second, 94/204 � 46.1%a; and Third,
57/165 � 34.8%b; P � 0.004). In Experiment IV, the P/AI of heifers inseminated from 12 to 16 h after the onset of estrus
(40/106 � 37.7%) was less (P � 0.03) than those inseminated from 16.1 to 20 h (85/164 � 51.8%), and 20.1 to 24 h (130/234 �
55.6%). However, the P/AI for heifers inseminated from 24.1 to 30 h (61/134 � 45.5%) did not differ from that of any other
interval. In conclusion, in Jersey heifers inseminated with sex-sorted semen, P/AI was not significantly affected by giving GnRH
at detection of estrus or a double insemination dose, but it was higher with AI 16.1 to 24 h vs. 12 to 16 h after the onset of estrus.
© 2010 Elsevier Inc. All rights reserved.
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1. Introduction

Sex-sorted semen can be an important technology
for the dairy industry by creating a greater supply of
replacement heifers and hastening genetic improve-
ment. However, continued advances in semen sorting
and improved fertility in artificial insemination (AI)
programs using sex-sorted semen will be necessary to

increase the routine use of sex-sorted semen on com-
mercial dairy farms.

The number of sperm per straw, semen quality, the
site of semen deposition, and the timing of AI relative
to estrus affect the likelihood of pregnancy after AI of
either conventional or sex-sorted semen [1–7]. Exoge-
nous gonadotrophins given at the onset of estrus [8,9]
or concurrent with AI [10,11] have improved fertility,
but the effects have not been consistent [8–11]. There-
fore, reproductive strategies to enhance fertility with
exogenous hormones, optimizing estrus detection, or
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improving the timing of AI relative to estrus detection,
could enhance the use of sexed semen in dairy cattle
breeding.

The overall objective of the present study was to
evaluate various strategies to improve pregnancy per AI
(P/AI) in Jersey heifers bred by AI of sex-sorted semen
after being detected in estrus. Specific objectives were
to evaluate: i) the effect of giving GnRH at the onset of
estrus, determined by either a tail-head marked with
chalk (Experiment I) or by HeatWatch® system (Ex-
periment II) on ovarian follicular dynamics and P/AI;
ii) the use of double insemination dose performed 12 h
after onset of estrus, or 12 h apart (i.e. 12 and 24 h after
onset of estrus) on P/AI (Experiment III); and iii) how
P/AI was affected by various intervals from the onset of
estrus to AI (Experiment IV). The following hypothe-
ses were tested: 1) GnRH treatment at the onset of
estrus alters ovarian follicular dynamics and increases
P/AI; 2) double insemination doses of sex-sorted semen
increases P/AI, with two inseminations 12 apart better
than both doses inseminated concurrently 12 h after
detection of estrus; and 3) the probability of pregnancy
is enhanced when AI is done closer to the time of
ovulation.

2. Materials and methods

2.1. Heifers and management

All experiments were conducted at a commercial
dairy farm in Dalhart, TX, USA from April to August,
2009. Jersey heifers (11–16 mo of age) were used. At
the beginning of the breeding program, heifers were
11–12 mo of age. They were housed (groups of 100–
120 heifers) in dry lot corrals, and four times daily they
were fed a total mixed ration (TMR), formulated to
meet or exceed requirements for a dairy heifer (NRC,
2001). During the trial, the TMR was composed of
18.0% straw, 1.8% sorghum hay (“Hay grazer”), 10.9%
canola/sunflower mix, 7.3% cotton seed meal, 59.9%
sorghum silage, and 1.9% of a premix containing min-
erals and vitamins.

2.2. Experiment I: Administration of GnRH at estrus
detected with tail-head chalk

A total of 413 virgin Jersey heifers detected in estrus
were used in this experiment. All heifers were pre-
synchronized using two doses of 25 mg dinoprost im
(PGF; 5 mL Lutalyse Sterile Solution, Pfizer Animal
Health, New York, NY, USA) 14 d apart. At the second
PGF, tail-head chalk was used (All-weather Paintstik,

LA-CO Industries, Chicago, IL, USA) to facilitate de-
tection of estrus. Twice daily, heifers were observed for
estrus (based upon removal of tail-head chalk). At es-
trus detection, heifers were alternately assigned to one
of two experimental groups, receiving (n � 212) or not
(n � 201) 100 �g of GnRH im (gonadorelin diacetate
tetrahydrate; 2 mL Cystorelin, Merial Ltd., Iselin, NJ,
USA). At this time, a subset of heifers from both groups
(166 non-treated and 152 GnRH-treated) also had their
ovaries examined by transrectal ultrasonography (Easi-
Scan, BCF Technology, Livingston, Scotland, UK) to
detect the diameter of the largest follicle at estrus. All
heifers were artificially inseminated 12 h after the de-
tection of estrus. Frozen-thawed sex-sorted semen
(2.1 � 106 sperm) from 14 bulls, equally distributed
between groups, was used.

In a subset of heifers (n � 140), timing of ovulation
was determined. In these heifers, both ovaries were
examined by transrectal ultrasonography every 12 h
from the onset of estrus to disappearance of the ovula-
tory follicle, or 54 h after the first ultrasonographic
examination, whichever occurred first. Ovulation was
assumed to have occurred half way between the last
observation of the largest follicle and the subsequent
observation. Ovulation rate was defined as the number
of heifers ovulated estrus detection, divided by the total
number of heifers enrolled in the experiment in each
treatment. An ultrasonic scanner equipped with a 4.5/
8.5 MHz linear-array vet transducer (Easi-Scan) was
used.

2.3. Experiment II: Administration of GnRH at estrus
detected with HeatWatch®

A total of 509 virgin Jersey heifers detected in estrus
were selected for inclusion in this experiment. Heifers
were pre-synchronized with two doses of PGF as in
Experiment I. At the second PGF, heifers received a
HeatWatch® transducer. The HeatWatch® system con-
sisted of radiotelemetric pressure transducer placed on
the tail-head to transmit information regarding number
of times an animal is mounted [3]. Any heifer receiving
three or more mounts within 4 h was diagnosed as
being in estrus. As in the previous experiment, at the
onset of estrus, heifers were randomly assigned to re-
ceive (n � 258) or not (n � 251) 100 �g of GnRH im.
All heifers were artificially inseminated from 12 to 24 h
after detection of estrus, when the HeatWatch® trans-
ducer was removed. Frozen-thawed sex-sorted semen
(2.1 � 106 sperm) from 22 bulls was evenly distributed
between groups.
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A subset of heifers (65 and 43 from GnRH and No
GnRH, respectively) had their ovaries examined by
transrectal ultrasonography every 12 h from the onset
of estrus to ovulation, or 54 h after the first ultrasono-
graphic examination, whichever occurred first, to de-
termine ovulation rate. Ovulation was assumed to have
occurred half way between the last observation of the
largest follicle and the subsequent observation.

2.4. Experiment III: Number of inseminations and
dose of semen

Without regard to the stage of the estrous cycle, 576
non-pregnant Jersey heifers were selected for this ex-
periment. First-service heifers were given two doses of
PGF 14 d apart (as in the previous experiments), and
had their tail-head marked with chalk at the second
PGF. Second- and third-service heifers had their tail-
head marked without previous PGF treatment. The de-
tection of estrus was performed as described in Ex-
periment I. At AI (12 h after the onset of estrus),
heifers were randomly assigned to receive either a
single dose (Single12h; 2.1 � 106 sperm; n � 193)
or a double dose of semen (Double12h, n � 193) or
two single doses with 12 h apart (i.e. first and sec-
onds doses 12 and 24 h, respectively, after detection
of estrus; Double 12/24h, n � 190). Frozen-thawed,
sex-sorted semen from 21 sires was equally distrib-
uted among groups.

2.5. Experiment IV: Timing of AI

A total of 638 virgin Jersey heifers detected in estrus
were selected for inclusion in this experiment. Heifers
were pre-synchronized with two doses of PGF, as in
Experiment I. Each heifer received a HeatWatch®

transducer, and estrus was detected as described in the
previous experiment. At the onset of estrus, heifers
were randomly assigned to be artificially inseminated
12 to 30 h after the onset of estrus. Frozen-thawed
sex-sorted semen (2.1 � 106 sperm) from 14 bulls was
used. The HeatWatch® transducer was removed at AI.

2.6. Pregnancy diagnosis

All heifers were examined for pregnancy by tran-
srectal ultrasonography (4.5/8.5 MHz; Easi-Scan) 35–
42 d after AI. The detection of an embryonic vesicle
with a viable embryo (presence of heartbeat) was used
as an indicator of pregnancy. Pregnancy per AI (P/AI)
was defined as the number of heifers pregnant 35–42 d
after AI, divided by the total number of heifers artifi-
cially inseminated in each treatment.

2.7. Procedures for sexing and processing sperm

Sexing of sperm at 85-90% accuracy was accomplished
with a MoFlo® SX sperm sorter (DakoCytomation, Sex-
ing Technologies, Navasota, TX, USA) operated at 35
psi and approximately 40,000 events/s, resulting in sort
rates of 5000–8000) sperm/s. Sperm were stained at
160 � 106 sperm/mL and sorted at 80 � 106 sperm/mL,
following filtering at unit gravity through a 50
CellTrics® disposable filter (#04-0042-2317; Partec
GmbH, Munster, Germany). Sperm were stained with
112.5 M Hoechst 33342 and interrogated with 150 mW
of laser intensity. Sperm were frozen in a 20% egg
yolk-Tris extender (6% glycerol) and packaged in
0.25-mL polyvinylchloride straw (2.1 � 106 sperm per
straw).

2.8. Statistical analyses

Binomial variables, e.g. ovulation rate and P/AI,
were analyzed using PROC GLIMMIX of the SAS
program (SAS Institute Inc., Cary, NC, USA). Explan-
atory variables such as treatment, age at first day of the
reproductive program, date of estrus, and period of
estrus detection (AM or PM) were included in the
model. In Experiment III, the effect of the number of
services was also included. In the analysis of data
related to P/AI, initial models also included the effects
of bull, AI technician, and the interaction between bull
and treatments. However, in the final model, variables
were removed by backwards elimination (according to
the Wald’s criterion) when P � 0.2. In Experiment I,
the final model for P/AI included GnRH treatment and
bull. In Experiment II, the final model for P/AI included
GnRH treatment, interval between estrus and AI, and bull.
The final model for Experiment III included GnRH treat-
ment, number of services, and bull.

Additional analyses regarding follicular dynamics
data from Experiments I and II were performed in
subsets of heifers. The models were the same described
above, but also included the diameter of the dominant
follicle at estrus, the diameter of the ovulatory follicle,
the interval from onset of estrus to ovulation, the inter-
val from PGF to estrus, the interval from estrus to AI,
the interval from GnRH to ovulation, the interval from
AI to ovulation, and the number of mounts (only in
Experiment II), and included in the multivariate models
if significant. Ovulation was assumed to have occurred
half way between the last observation of the largest
follicle and the time of the subsequent observation.
Heifers that did not ovulate by 54 h after the first
ultrasonographic examination were excluded from the
data analysis.
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In Experiment IV, information from individual heif-
ers was collated into a single data set for statistical
analysis. Data were analyzed by a multivariate logistic
regression using the LOGISTIC procedure of SAS
(SAS Institute Inc.). A backward stepwise regression
model was utilized, and explanatory variables were se-
quentially removed from the model by the Wald statistic
criterion if P � 0.10. The statistical model for analysis of
interval from detection of estrus by HeatWatch® to in-
semination on P/AI included interval from onset of
estrus to AI, bull, and technician that performed the AI.
Adjusted odds ratio (AOR) and 95% confidence inter-
val (CI) were generated during the logistic regression.
Results are presented as proportions and AOR.

Differences with P � 0.05 were considered signifi-
cant and 0.05 � P � 0.10 were designated as a ten-
dency toward a difference for the explanatory variables
evaluated. Results are presented as means � SD.

3. Results

3.1. Experiment I: Administration of GnRH at estrus
detected with tail-head chalk

In the subset of heifers evaluated for ovarian follic-
ular dynamics, three heifers [(No GnRH (n � 2) and
GnRH (n � 1)] did not ovulate until 54 h and were
excluded from the data analysis. There was no differ-
ence between groups for diameter of the largest follicle
at detection of estrus [No GnRH (13.4 � 1.8 mm) vs.
GnRH (13.3 � 2.4 mm); P � 0.87], diameter of ovu-
latory follicle [No GnRH (13.9 � 1.9 mm) vs. GnRH
(13.4 � 2.2 mm); P � 0.17] and ovulation rate [No
GnRH (97.1%; 68/70) vs. GnRH (98.6%; 69/70); P �
0.57]. However, heifers receiving the GnRH treatment
at the detection of estrus tended (P � 0.07) to ovulate

earlier [No GnRH (26.0 � 10.3 h) vs. GnRH (23.2 �
9.5 h)].

There was no interaction between bull and GnRH
treatment (P � 0.99) and no effect of GnRH treatment
(P � 0.38) on P/AI in heifers inseminated with sex-sorted
semen (No GnRH � 51.7%; 104/201 and GnRH �
47.2%; 100/212).

3.2. Experiment II: Administration of GnRH at estrus
detected with HeatWatch®

The interval between PGF treatment and detection
of estrus, and between estrus and AI were similar
among GnRH-treated and non-treated heifers (Table 1).
The interval from the detection of estrus to GnRH
treatment and the average number of mounts are also
shown (Table 1). One heifer from GnRH group did not
ovulate until 54 h after onset of estrus and was excluded
from the data analysis. There was no significant effect
of GnRH treatment on any end point of ovarian follic-
ular dynamics. No interaction between bull and GnRH
treatment (P � 0.57) was found. Furthermore, there
was no effect of GnRH treatment on the interval be-
tween the detection of estrus and AI (No GnRH �
18.6 � 3.1 h vs. GnRH � 19.2 � 2.9 h; P � 0.70) and on
P/AI (No GnRH � 48.6%, 122/251 vs. GnRH � 53.1%,
137/258; P � 0.43).

3.3. Experiment III: Number of artificial
inseminations and dose of semen

There was no interaction between bull and treatment
(P � 0.99) and no differences (P � 0.51) among P/AI
of Jersey heifers inseminated with Single12h (87/193 �
45.1%), Double12h (85/193 � 44%), or Double12/24h
(94/190 � 49.5%). However, when the number of ser-
vices was evaluated, P/AI was lower (P � 0.004 in

Table 1
Ovarian follicular dynamics of first-service Jersey heifers treated or not with 100 �g gonadorelin (GnRH) at the onset of estrus, detected with
a HeatWatch® system (Experiment II).

End points No GnRH GnRH P value

No. heifers 43 65 —
Interval from PGF injection to onset of estrus (h) 55.7 � 19.5 56.8 � 20.7 0.78
Interval from onset of estrus to GnRH treatment (h) — 7.4 � 2.9 —
Interval from onset of estrus to AI (h) 20.1 � 2.8 19.2 � 3.0 0.15
No. mounts 16.2 � 12.3 17.4 � 11.6 0.61
Ovulation rate (%) 100 (43) 98.5 (64) 0.98
Interval from onset of estrus to ovulation (h) 25.9 � 5.4 25.4 � 6.2 0.65
Interval from GnRH treatment to ovulation (h) — 18.0 � 6.0 —
Interval from AI to ovulation (h) 5.8 � 4.2 6.1 � 6.1 0.77
Diameter of the largest follicle at onset of estrus (mm) 13.3 � 1.8 12.8 � 1.9 0.11
Diameter of the largest follicle at AI (mm) 12.8 � 1.9 12.6 � 1.7 0.58
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Third-service heifers than in First- or Second-service
heifers (60/164 � 34.8%, 48/208 � 55.3%, and 173/
204 � 46.1%, respectively).

3.4. Experiment IV: Timing of AI

Overall, 49.5% of all heifers were pregnant 35 to
42 d after AI of sex-sorted semen. There was no inter-
action between bull and AI interval (P � 0.87). Heifers
inseminated 12–16 h after onset of estrus had a lower
risk of pregnancy (P � 0.03) than those inseminated
from 16.1–20 h, and from 20.1–24 h. However, the
P/AI for heifers inseminated from 24.1–30 h (61/134 �
45.5%) did not differ from that of any other interval
(Table 2).

4. Discussion

No improvement in P/AI was achieved in first-ser-
vice Jersey heifers inseminated with sex-sorted semen
when GnRH was given at the onset of estrus, which
was identified either using a tail-head marked with
chalk (Experiment I) or the HeatWatch® system (Ex-
periment II). In a previous study with lactating dairy
cows, giving GnRH at the onset of estrus increased the
LH surge, prevented delayed ovulation, and increased
conception rates in primiparous cows during the sum-
mer, and in multiparous cows with a lower body con-
dition score [9]. However, other studies had controver-
sial results regarding the benefit of GnRH treatment
[10,11]. These conflicting results could be related to
timing of GnRH treament relative to the endogenous
LH surge, or perhaps the specific GnRH product used.

In the present study, GnRH treatments were done
7.4 h after the onset of estrus, identified by HeatWatch®

system, due to the management schedule (i.e. twice
daily 07:00 or 19:00). Previous studies demonstrated
that the onset of estrus, the peak of the 17�-estradiol in
plasma, and the release of the ovulatory LH surge
occurred at approximately the same moment [12,13].
However, treatment with GnRH following a spontane-
ous LH surge resulted in a surge of LH of shorter
duration and decreased magnitude compared to an ovu-
latory LH surge [14]. Additionally, treatment with
GnRH at AI tended to decrease subsequent progester-
one concentrations in synchronized beef heifers [11].
Therefore, the positive effect of GnRH treatment at
estrus appeared to be most beneficial in females with
decreased fertility, or when the treatment was per-
formed close to the onset of estrus (i.e., close to the
spontaneous LH surge).

According to Bodmer et al [15], one reason for
decreased fertility in heifers artificially inseminated
with cryopreserved sex-sorted semen was the low in-
semination dose. Furthermore, successful fertilization
is also dependent on the interval from insemination to
ovulation, which, in case of sex-sorted semen, is still a
matter of debate, due to the unknown viability of sex-
sorted semen in the female genital tract. In the present
study, two inseminations were used; the rationale was
not only to increase the insemination dose, but to also
increase the number of viable sperm available for fer-
tilization for a prolonged interval after the first insem-
ination. However, a double insemination dose (either
both at 12 h after estrus or separately at 12 and 24 h) did
not significantly increase the P/AI in Jersey heifers
inseminated with sex-sorted semen. In previous studies
using 2 � 106 sperm, results were similar [16,17].

Perhaps higher insemination doses would improve
fertility. In that regard, Schenk et al [18] achieved
greater embryo production in superovulated cows in-
seminated with 20 � 106 sex-sorted sperm when com-
pared to the usual dose of 2 � 106 (49 vs. 28 embryos,
respectively). However, the high cost of increasing the
insemination dose would make this commercially un-
viable [19]. Furthermore, pregnancy rates following
insemination with sex-sorted semen varied substan-
tially among individual bulls [20,21]. Furthermore, bull
fertility potential is closely related to capacitation abil-
ity, which is highly variabile among bulls [20]. Actu-
ally, a previous study with Holstein heifers found an
interaction between bulls and sex-sorted semen insem-
ination dose [21] that should be considered. Therefore,
the various approaches used in the present experiment
could be detrimental to some bulls and beneficial to
others. Notwithstanding, despite a significant effect of

Table 2
Risk of pregnancy according to the interval from onset of estrus
identified by HeatWatch® system to AI in virgin Jersey heifers
artificially inseminated with sex-sorted semen (Experiment IV).

Interval from onset
of estrus to AI (h)

Pregnant (%)
No./No.

Adjusted
OR (95% CI)1

P-value

12–16 37.7
40/106a

Referent2

16.1–20 51.8
85/164b

1.77
(1.03–3.05)

0.04

20.1–24 55.6
130/234b

2.04
(1.22–3.40)

0.0007

�24 45.5
61/134a,b

1.36
(0.77–2.41)

0.29

a,b Within a column, proportions without a common superscript
differ (P � 0.05).

1 OR � odds ratio; CI � confidence interval.
2 Referent � reference group for adjusted risk ratio.
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bull on the results, there was no significant interaction
between bulls and treatments in the present study.
Clearly further studies are needed to evaluate individual
bull responses.

It was previously reported that sex-sorted semen had
impaired viability, perhaps due to damage caused by
sex sorting [22]. This damage could be induced by
several factors, for example, staining and incubation of
the sperm with Hoechst 33342, sperm dilution, expo-
sure to high pressure and to the laser beam, the rapid
projection into the collection tubes, and lastly centrif-
ugation used to concentrate the sorted sperm [23]. Fur-
thermore, the physical and chemical stress could in-
jure sperm, which would result in a short sperm
half-life. Therefore, strategies to inseminate as close
to ovulation as possible could improve fertility of
sex-sorted sperm [7].

In the present study, the interval from the onset of
estrus to ovulation was between 23 and 26 h (Experi-
ment I and II), consistent with previous reports of
average intervals of 27 and 31 h for dairy [3] and beef
cows [24], respectively. Additionally, there was a
greater risk of pregnancy when sex-sorted semen was
inseminated from 16.1–24 h after the onset of estrus,
compared to 12–16 h, corroborating the previous idea.
A recent prospective study, using non-sexed semen,
found similar increases in pregnancy rates when insem-
inations were done close to ovulation [25]. In that
study, a higher pregnancy rate (50.8%) was achieved in
inseminations performed between 0 and 16 h before
ovulation than inseminations between 16 and 32 h be-
fore ovulation (28.7%). When cattle were inseminated
24 h after the onset of estrus, fertilization rates were
increased, but embryo quality decreased, relative to
insemination at the onset of estrus [1,7]. In the present
study (Experiment IV), the risk of pregnancy was un-
affected when heifers were inseminated with sex-sorted
semen �24 h after the onset of estrus. Furthermore,
insemination of cattle with non-sorted semen �24 h
after the onset of estrus resulted in a dramatic reduction
in pregnancy success when compared to inseminations
performed 12 h after the onset of standing estrus
[4,26,27].

In two recent studies, the effect of moment of fixed
time AI (54 vs. 60 h after removal of the progestin
source) was determined in cycling Jersey heifers [28]
and in suckled Nellore cows [29]. In both experiments,
sex-sorted or non-sorted semen were used, and a 6 h
delay in timed AI was evaluated. In Jersey heifers (n �
449), delayed insemination increased pregnancy rate
when sex-sorted semen was used [Sex-Sorted 54 h

(16.2%) vs. Sex-Sorted 60 h (31.4%)]. However, there
was no significant effect when non-sexed semen was
utilized [Non-Sexed 54 h (50.5%) vs. Non-Sexed 60 h
(51.8%)]. In suckled Nellore cows (n � 389), preg-
nancy rate increased when timed AI was delayed [Sex-
Sorted 54 h (37.4%) vs. Sex-Sorted 60 h (46.4%) and
Non-Sexed 54 h (48.4%) vs. Non-Sexed 60 h (55.1%)].

Regarding the interval from the onset of estrus to AI
in the present study, the influence of semen factors
should be considered. The effect of timing of insemi-
nation on pregnancy rate could be more pronounced
when sex-sorted or low quality semen is used. There-
fore, increasing the interval from the onset of estrus to
AI may increase pregnancy rates when using sex-sorted
semen. This could be achieved by increasing the fre-
quency of estrus detection, or using methods that allow
essentially continuous monitoring of cow activity, e.g.
mount monitoring systems. We inferred that the present
results could be used to develop new strategies to im-
prove P/AI for fixed-time AI of sex-sorted semen
[28,29]. However, individual-bull differences could
significantly affect pregnancy outcomes when using
sex-sorted semen is used [21]. Thus, pre-determination
of sire fertility is paramount when sex-sorted semen is
utilized in commercial AI programs.

In conclusion, giving GnRH at the onset of estrus or
a double insemination dose failed to increase P/AI in
Jersey heifers inseminated with sex-sorted semen. In-
seminating sex-sorted semen between 16.1 and 24 h
after the onset of estrus had a greater risk of pregnancy
than inseminations between 12 and 16 h.
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