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INTRODUCTION

Conception to sex-sorted semen is currently maxi-
mized when cows are inseminated following an observed 
estrus (Seidel, 2007). Appointment breeding without es-

trus detection is currently not recommended with sex-
sorted semen (Seidel, 2011). In the beef industry, how-
ever, widespread usage of sex-sorted semen will likely 
require the development of estrous synchronization and 
¿[HG�WLPH�DUWL¿FLDO� LQVHPLQDWLRQ��FTAI) protocols that 
VSHFL¿FDOO\�RSWLPL]H�IRU�WKH�XVH�RI�VH[�VRUWHG�VHPHQ�

Sex-sorted semen presents unique challenges for 
use in FTAI both in terms of sperm cell quantity and 
TXDOLW\�� 'XH� WR� LQHI¿FLHQFLHV� LQ� WKH� ÀRZ� F\WRPHWULF�
cell-sorting process, only approximately 20% of the 
sperm cells from a given ejaculate can be sorted for 
the desired sex chromosome content (Seidel and Gar-
ner, 2002). Consequently, fewer sperm cells are placed 
in an AI dose of sex-sorted semen (typically 2 × 106 
cells per dose as compared to 20 × 106 cells per dose 
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ABSTRACT: This experiment was designed to test 
the hypothesis that delayed insemination of nonestrous 
cows would increase pregnancy rates when using sex-
VRUWHG� VHPHQ� LQ� FRQMXQFWLRQ�ZLWK� ¿[HG�WLPH� DUWL¿FLDO�
insemination (FTAI). Estrus was synchronized for 
656 suckled beef cows with the 7-d CO-Synch + con-
WUROOHG� LQWHUQDO�GUXJ� UHOHDVH� �&,'5��SURWRFRO� �����ȝJ�
GnRH + CIDR [1.38 g progesterone] on d 0, 25 mg 
PGF�Į�DW�&,'5�UHPRYDO�RQ�G����DQG�����ȝJ�*Q5+�RQ�
d 10, 66 h after CIDR removal). Estrus detection aids 
(Estrotect) were applied at PGF�Į and CIDR removal 
on d 7, and estrous expression was recorded at GnRH 
on d 10. Cows were assigned to 1 of 3 treatments: 1) 
FTAI (concurrent with GnRH, 66 h after CIDR remov-
al) with conventional semen regardless of estrous 
expression, 2) FTAI with sex-sorted semen regardless 
of estrous expression, or 3) FTAI with sex-sorted semen 
for cows having expressed estrus and delayed AI 20 h 

DIWHU�¿QDO�*Q5+�IRU�FRZV�IDLOLQJ�WR�H[SUHVV�HVWUXV��$�
treatment × estrous expression interaction was found (P 
< 0.0001). Higher pregnancy rates (P < 0.0001) were 
achieved with conventional semen (Treatment 1; 77%) 
than with sex-sorted semen (Treatments 2 and 3; 51 and 
42%, respectively) among cows that expressed estrus. 
However, among cows that failed to express estrus, 
delayed insemination with sex-sorted semen yielded 
higher (P < 0.0001) pregnancy rates than with sex-
sorted semen at the standard time (Treatments 2 and 3; 
3 versus 36%, respectively). Furthermore, among cows 
that failed to express estrus, FTAI pregnancy rates when 
using sex-sorted semen at the delayed time (36%) were 
comparable (P = 0.9) to those achieved using conven-
tional semen at the standard time (Treatment 1; 37%). 
These results indicate that delaying AI of nonestrous 
cows by 20 h from the standard FTAI improves preg-
nancy rates when sex-sorted semen is used with FTAI.
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in conventional semen). Lower sperm cell number per 
dose has been demonstrated to negatively impact fertil-
ity (Den Daas et al., 1998; DeJarnette et al., 2008). Sex-
sorted semen is also characterized by decreased sperm 
quality. Hollinshead et al. (2003) found that the sex-sort-
ing process induces a higher proportion of capacitated 
sperm cells. This and other stresses of the cell-sorting 
process may limit the fertile lifespan of sperm cells that 
have been sex sorted. Therefore, insemination closer to 
the time of ovulation is generally advantageous.

Preliminary data collected by our laboratory suggest 
that FTAI pregnancy rates when using sex-sorted semen 
are particularly low among cows that fail to express es-
trus before FTAI, perhaps because sperm fertility and 
timing of ovulation are not optimally aligned. There-
fore, the aim of this study was to develop a strategy that 
would optimize the use of sex-sorted semen in a modi-
¿HG�)7$,�SURWRFRO�WKDW�PRUH�SUHFLVHO\�PDQDJHV�IHPDOHV�
based on estrous expression before FTAI.

0$7(5,$/6�$1'�0(7+2'6

All experimental procedures were approved by the 
University of Missouri Animal Care and Use Committee.

Animals

Estrus was synchronized using the 7-d CO-Synch 
+ controlled internal drug release (CIDR) protocol for 
crossbred lactating beef cows (n = 656) at 5 locations 
RYHU���G��&RZV�UHFHLYHG�*Q5+������ȝJ��L�P���&\VWRUH-
lin; Merial, Athens, GA) and an Eazi-Breed CIDR insert 
(1.38 g progesterone; Zoetis, Madison, NJ) on d 0. On 
d 7, PGF�Į (25 mg, i.m.; Lutalyse; Zoetis) was adminis-
tered coincident with removal of CIDR inserts. All cows 
ZHUH�DGPLQLVWHUHG�*Q5+������ȝJ��L�P���RQ�G����DW����K�
after CIDR insert removal.

Estrus detection aids (Estrotect; Rockway Inc., 
Spring Valley, WI) were applied at PGF�Į and CIDR re-
moval on d 7, and estrous expression was recorded at 
GnRH administration on d 10. Cows were considered 
to have expressed estrus if >50% of the rub-off coating 
was removed from the Estrotect. Cows were assigned 
within age group by BCS (1 to 9 scale: 1 = emaciated 
and 9 = obese; Richards et al., 1986) to 1 of 3 treat-
ments: 1) FTAI (concurrent with GnRH, 66 h after CIDR 
insert removal) with conventional semen regardless of 
estrous expression (n = 218), 2) FTAI with sex-sorted 
semen regardless of estrous expression (n = 217), or 3) 
FTAI with sex-sorted semen for cows having expressed 
HVWUXV�DQG�GHOD\HG�$,����K�DIWHU�¿QDO�*Q5+��)LJ�����IRU�
cows failing to express estrus (n = 221). Times of PGF�Į 
administration, GnRH administration, and AI were re-
corded for each cow. All AI was performed by a single 

experienced technician, and a single sire was used for 
both conventional and sex-sorted semen. Semen was ob-
tained from a commercial bull stud, and semen straws 
were packaged at industry standard dose rates for con-
ventional and sex-sorted semen (25 × 106 and 2.1 × 106 
sperm cells per straw, respectively). Twelve to 14 d after 
AI, cows were exposed to fertile bulls for the remainder 
of the breeding season.

Pregnancy Diagnosis

Pregnancy rate to AI was determined by transrectal 
ultrasonography (Aloka 500V equipped with a 5.0-MHz 
linear-array transducer; Aloka, Wallingford, CT) 60 d 
after FTAI.

Statistical Analysis

Rates of estrous expression before FTAI were ana-
lyzed by ANOVA using the statistical model with lo-
cation, treatment, and location × treatment interaction 
(PROC GLIMMIX; SAS Inst. Inc., Cary, NC). Addi-
tionally, FTAI pregnancy rates were analyzed by ANO-
VA using the statistical model with estrous expression 
before FTAI, location, treatment, and location × treat-
ment interaction (PROC GLIMMIX; SAS Inst. Inc.).

Figure 1. Treatment schedule for the 7-d CO-Synch + controlled 
internal drug release (CIDR) protocol. Cows in each treatment received GnRH 
�����ȝJ�L�P���RQ�G���FRQFXUUHQW�ZLWK�D�&,'5�LQVHUWV�������J�SURJHVWHURQH���
Cows received an injection of PGF�Į (25 mg, i.m.) at CIDR removal on d 7. 
&RZV�DVVLJQHG�WR�WUHDWPHQW���ZHUH�DUWL¿FLDOO\�LQVHPLQDWHG�ZLWK�FRQYHQWLRQDO�
VHPHQ�RQ�G��������K�DIWHU�3*��ZLWK�*Q5+�DW�¿[HG�WLPH�DUWL¿FLDO�LQVHPLQDWLRQ�
�)7$,���&RZV�DVVLJQHG�WR�WUHDWPHQW���ZHUH�DUWL¿FLDOO\�LQVHPLQDWHG�ZLWK�VH[�
sorted semen on d 10, 66 h after PG, with GnRH at FTAI. Estrous cows 
DVVLJQHG�WR�WUHDWPHQW���ZHUH�DUWL¿FLDOO\�LQVHPLQDWHG�ZLWK�VH[�VRUWHG�VHPHQ�
on d 10, 66 h after PG, with GnRH at FTAI. Nonestrous cows assigned to 
WUHDWPHQW� �� UHFHLYHG�*Q5+�RQ� G� ���� ��� K� DIWHU� 3*�� DQG�ZHUH� DUWL¿FLDOO\�
inseminated with sex-sorted semen on d 11, 20 h after GnRH.
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5(68/76

The number of cows, mean age, mean BCS, and 
estrous response for each treatment are shown in Table 
1. Pregnancy rates to FTAI based on estrous response, 
treatment, and location are shown in Table 2. The inter-
val from PGF�Į to GnRH (mean ± SE) was 66.4 ± 0.8 h 
for all 3 treatments. For the nonestrous cows receiving 
delayed insemination in Treatment 3, the interval from 
GnRH to insemination (mean ± SE) was 20.4 ± 1.0 h.

$�VLJQL¿FDQW�ORFDWLRQ�HIIHFW�ZDV�IRXQG�IRU�HVWURXV�UH-
sponse (P = 0.0081), as estrous response rates before GnRH 
YDULHG�DFURVV�ORFDWLRQV��+RZHYHU��QR�VLJQL¿FDQW�WUHDWPHQW�
effect (P = 0.9057) or location × treatment interaction was 
found in relation to estrous response (P = 0.5579).

1R�VLJQL¿FDQW�HIIHFW�RI�ORFDWLRQ��P = 0.6017) or lo-
cation × treatment interaction was found (P = 0.0938) in 
relation to FTAI pregnancy rate. When combining loca-
tions (Table 3), a treatment × estrous expression interac-
tion was found (P < 0.0001). Cows that expressed estrus 
before FTAI achieved higher FTAI pregnancy rates (P < 
0.0001) than cows that did not express estrus when cows 
were inseminated with conventional semen (Treatment 
1; 77 versus 37%, respectively) or with sex-sorted semen 
concurrent with GnRH administration (Treatment 2; 51 
versus 3%, respectively). However, pregnancy rates to 
VH[�VRUWHG�VHPHQ�GLG�QRW�GLIIHU�VLJQL¿FDQWO\��P = 0.36) 
between estrous and nonestrous cows when nonestrous 
cows were inseminated 20 h after GnRH administration 
(Treatment 3; 42 versus 36%, respectively).

Higher FTAI pregnancy rates (P < 0.0001) were 
achieved with conventional semen (Treatment 1; 77%) 
than with sex-sorted semen (Treatments 2 and 3; 51 

and 42%, respectively) among cows that expressed es-
trus. However, among cows that failed to express estrus, 
delayed insemination with sex-sorted semen yielded 
higher FTAI pregnancy rates (P < 0.0001) than with sex-
sorted semen at the standard time (Treatments 2 and 3; 
3 versus 36%, respectively). Furthermore, among cows 
that failed to express estrus, FTAI pregnancy rates when 
using sex-sorted semen at the delayed time (36%) were 

7DEOH��� Cow age, BCS, and estrous response based on 
treatment

Treatment1 n Age, yr BCS2

Estrous response3

Proportion %
Treatment 1 218 6.5 ± 2.0 5.3 ± 0.6 105/218 48%
Treatment 2 217 6.6 ± 1.9 5.3 ± 0.6 104/217 48%
Treatment 3 221 6.6 ± 1.9 5.3 ± 0.6 111/221 50%
Combined 656 6.6 ± 1.9 5.3 ± 0.6 320/656 49%

1Cows received a controlled internal drug release (CIDR) insert (1.38 g 
SURJHVWHURQH��DQG�ZHUH�DGPLQLVWHUHG�*Q5+������ȝJ��L�P���RQ�G����2Q�G����
the CIDR insert was removed and PGF�Į (25 mg, i.m.) was administered. 
At 66 h after CIDR insert removal and PGF�Į, all cows received GnRH (100 
ȝJ�� L�P����&RZV�ZHUH�DVVLJQHG� WR���RI��� WUHDWPHQWV�����¿[HG�WLPH�DUWL¿FLDO�
insemination (FTAI; concurrent with GnRH, 66 h after CIDR removal) with 
conventional semen regardless of estrous expression, 2) FTAI with sex-sorted 
semen regardless of estrous expression, or 3) FTAI with sex-sorted semen for 
FRZV�KDYLQJ�H[SUHVVHG�HVWUXV�DQG�GHOD\HG�$,����K�DIWHU�¿QDO�*Q5+�IRU�FRZV�
failing to express estrus.

2BCS of cows at the time of removal of the CIDR insert (1 to 9 scale, 
where 1 = emaciated and 9 = obese).

3Estrous response by 66 h after PGF�Į administration, as determined by 
activation of an estrus detection aid (Estrotect; Spring Valley, WI).

7DEOH����3UHJQDQF\�UDWH�WR�¿[HG�WLPH�DUWL¿FLDO�LQVHPL-
nation (FTAI) based on location, treatment, and estrous 
response

Location Treatment1
Estrous  

response2

FTAI pregnancy rate3

Proportion %
Location 1 1 Estrous 15/21 71%

Nonestrous 12/37 32%
2 Estrous 15/25 60%

Nonestrous 1/34 3%
3 Estrous 13/23 57%

Nonestrous 14/34 41%
Location 2 1 Estrous 16/17 94%

Nonestrous 5/11 45%
2 Estrous 7/13 54%

Nonestrous 1/15 7%
3 Estrous 7/15 47%

Nonestrous 3/13 23%
Location 3 1 Estrous 23/30 77%

Nonestrous 13/34 38%
2 Estrous 14/33 42%

Nonestrous 0/32 0%
3 Estrous 17/37 46%

Nonestrous 11/33 33%
Location 4 1 Estrous 16/22 73%

Nonestrous 7/18 39%
2 Estrous 6/13 46%

Nonestrous 0/24 0%
3 Estrous 5/18 28%

Nonestrous 9/20 45%
Location 5 1 Estrous 11/15 73%

Nonestrous 5/13 38%
2 Estrous 11/20 55%

Nonestrous 1/8 13%
3 Estrous 5/18 28%

Nonestrous 3/10 30%
1Cows received a controlled internal drug release (CIDR) insert (1.38 g 

SURJHVWHURQH��DQG�ZHUH�DGPLQLVWHUHG�*Q5+������ȝJ��L�P���RQ�G����2Q�G����
the CIDR insert was removed and PGF�Į (25 mg, i.m.) was administered. 
At 66 h after CIDR insert removal and PGF�Į, the cows received GnRH 
�����ȝJ��L�P����&RZV�ZHUH�DVVLJQHG�WR���RI���WUHDWPHQWV�����)7$,��FRQFXUUHQW�
with GnRH, 66 h after CIDR removal) with conventional semen regardless 
of estrous expression, 2) FTAI with sex-sorted semen regardless of estrous 
expression, or 3) FTAI with sex-sorted semen for cows having expressed 
HVWUXV�DQG�GHOD\HG�$,����K�DIWHU�¿QDO�*Q5+�IRU�FRZV�IDLOLQJ�WR�H[SUHVV�HVWUXV�

2Estrous response by 66 h after PGF�Į administration, as determined by 
activation of an estrus detection aid (Estrotect; Spring Valley, WI).

3Pregnancy rate to FTAI determined by ultrasound 60 d after AI.
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comparable (P = 0.9) to those achieved using conven-
tional semen at the standard time (Treatment 1; 37%).

DISCUSSION

In FTAI, there are fundamentally 2 groups of fe-
males: those having expressed estrus before FTAI and 
those having not expressed estrus. Females expressing 
estrus ovulate in response to an endogenous surge in LH 
that occurs coincident with the onset of estrus. For these 
females, ovulation occurs approximately 28 h after the 
onset of estrus (Walker et al., 1996). In contrast, females 
that have not expressed estrus by the time of FTAI are 
induced to ovulate in response to the administration of 
GnRH at insemination, with ovulation occurring ap-
proximately 28 h later (Pursley et al., 1995; Vasconcelos 
et al., 1999). There are, therefore, 2 different distribu-
tions of ovulation times in a FTAI protocol, with estrous 
females presumably ovulating earlier relative to FTAI 
than nonestrous females.

Based on results from prior studies involving sex-
sorted semen (Mallory et al., 2013; Nash et al., 2012a), 
we hypothesized that much of the decrease in FTAI 
pregnancy rates to sex-sorted semen may be attributed 
to reduced pregnancy rates of cows that failed to express 
estrus before FTAI. Studies that examined the relation-
ship between timing of insemination and estrus onset in 
cattle have led to the concept that optimal time of insem-
ination is a compromise. Inseminating too early relative 
to ovulation may result in inadequate sperm lifespan 
leading to decreased fertilization rate but increased em-
bryo quality, while inseminating too late may result in 
reduced selection of sperm or an aged oocyte leading to 
increased fertilization rate but decreased embryo quality 
�'UDQV¿HOG�HW�DO���������'DOWRQ�HW�DO���������6DDFNH�HW�
al., 2000). However, the optimal time of insemination 
when using conventional semen is likely not the opti-
PDO� WLPH�ZKHQ�XVLQJ�VH[�VRUWHG�VHPHQ��VLQFH� WKH�ÀRZ�

cytometric cell-sorting process may damage sperm in 
ways that limit sperm longevity in the female tract. We 
hypothesized that insemination at GnRH administration 
may be too early for nonestrous females, whose induced 
ovulation will occur approximately 28 h after GnRH 
administration. These data support that hypothesis, as 
delaying insemination of nonestrous females until 20 
h after GnRH dramatically improved FTAI pregnancy 
rates to sex-sorted semen.

Additionally, these data suggest that delayed in-
semination of nonestrous cows using sex-sorted semen 
may yield pregnancy rates comparable to insemination 
using conventional semen at the standard time. Nash et 
al. (2012a) proposed a strategy of limiting the use of sex-
sorted semen to estrous cows in a FTAI protocol, with 
conventional semen being used for nonestrous cows to 
achieve acceptable pregnancy rates. As an example, a 
typical estrous response before FTAI may be around 50% 
among suckled beef cows, meaning that such a strategy 
would limit the use of sex-sorted semen to approximately 
half the herd. The present data, however, suggest there is 
an opportunity for expanded use of sex-sorted semen in a 
FTAI protocol, as similar pregnancy rates were achieved 
with delayed insemination of sex-sorted semen as with 
conventional semen and no delay.

In addition to better aligning the lifespan of viable, 
capacitated sperm with the time of ovulation, delayed 
insemination of nonestrous cows may also permit the 
establishment of a more favorable maternal environ-
ment for pregnancy. Cows that express estrus before 
FTAI have higher pregnancy rates than cows that do not 
express estrus before FTAI following administration of 
the CO-Synch protocol (Perry et al., 2005; Busch et al., 
2008). Furthermore, Busch et al. (2008) reported that 
cows exhibiting estrus before FTAI had greater serum 
estradiol concentrations during the 2 d before insemina-
tion than nonestrous cows that were induced to ovulate 
with GnRH. Initiation of estrus in cattle is preceded by a 

7DEOH����3UHJQDQF\�UDWH�WR�¿[HG�WLPH�DUWL¿FLDO�LQVHPLQDWLRQ��)7$,��EDVHG�RQ�HVWURXV�UHVSRQVH�DQG�WUHDWPHQW1

Estrous  
  response3

Pregnancy rate to FTAI2

Treatment 1 Treatment 2 Treatment 3

Proportion % Proportion % Proportion %
Estrous 81/105 77%a 53/104 51%b 47/111 42%bc

Nonestrous 42/113 37%d 3/113 3%e 40/110 36%cd

Combined 123/218 56% 56/217 26% 87/221 39%
a–ePregnancy rates with different superscripts within rows or columns are different, P < 0.0001.
1&RZV�UHFHLYHG�D�FRQWUROOHG�LQWHUQDO�GUXJ�UHOHDVH��&,'5��LQVHUW�������J�SURJHVWHURQH��DQG�ZHUH�DGPLQLVWHUHG�*Q5+������ȝJ��L�P���RQ�G����2Q�G����WKH�&,'5�

insert was removed and PGF�Į (25 mg, i.m.) was administered. At 66 h after CIDR insert removal and PGF�Į��WKH�FRZV�UHFHLYHG�*Q5+������ȝJ��L�P����&RZV�
were assigned to 1 of 3 treatments: 1) FTAI (concurrent with GnRH, 66 h after CIDR removal) with conventional semen regardless of estrous expression, 2) 
)7$,�ZLWK�VH[�VRUWHG�VHPHQ�UHJDUGOHVV�RI�HVWURXV�H[SUHVVLRQ��RU����)7$,�ZLWK�VH[�VRUWHG�VHPHQ�IRU�FRZV�KDYLQJ�H[SUHVVHG�HVWUXV�DQG�GHOD\HG�$,����K�DIWHU�¿QDO�
GnRH for cows failing to express estrus.

2Pregnancy rate to FTAI determined by ultrasound 60 d after AI.
3Estrous response by 66 h after PGF�Į administration, as determined by activation of an estrus detection aid (Estrotect; Spring Valley, WI).
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rise in serum concentrations of estradiol (Allrich, 1994), 
and preovulatory estradiol coordinates several physi-
ological processes that contribute to the establishment 
and maintenance of pregnancy, including effects on fol-
licular cells, the oocyte, gamete transport, and prepa-
ration of the uterine environment (Pohler et al., 2012). 
Lower estradiol concentrations among nonestrous cows 
may also affect pregnancy rates by impairing sperm 
transport in the female reproductive tract. Perry et al. 
(2008a,b) suggested that preovulatory concentrations of 
estradiol during standing estrus may modulate uterine 
pH to affect sperm transport. Although GnRH adminis-
tration does not induce estrus, it is possible that delaying 
insemination of nonestrous cows allows time for the de-
velopment of a more favorable uterine and oviductal en-
vironment, given the additional 20 h of exposure to high 
preovulatory levels of estradiol before insemination.

Our data differ somewhat from those of Sá Filho et 
al. (2012), who reported that pregnancy rates following 
)7$,�WR�VH[�VRUWHG�VHPHQ�ZHUH�QRW�VLJQL¿FDQWO\� ORZHU�
than pregnancy rates to conventional semen among cows 
that had not exhibited estrus by the standard FTAI time. 
However, that study (Sá Filho et al., 2012) involved Bos 
indicus cows rather than Bos taurus cows as in our study. 
Additionally, in the study by Sá Filho et al. (2012), es-
trus was synchronized using a protocol containing es-
tradiol cypionate ((&3) and estradiol benzoate ((%) 
rather than the 7-d CO-Synch + CIDR protocol used in 
our study. Jinks et al. (2013) demonstrated that admin-
istration of ECP to postpartum cows 24 h before GnRH-
induced ovulation of a small dominant follicle and FTAI 
resulted in increased pregnancy rates compared to cows 
that did not receive ECP. Administration of ECP or EB 
following progestin device removal in the study by Sá 
Filho et al. (2012) likely provides an enhanced estra-
diol environment and may potentially alleviate some 
of the reduction in FTAI pregnancy rates when using 
sex-sorted semen in nonestrous cows. Therefore, it is 
unclear whether there is an opportunity to improve FTAI 
pregnancy rates via delayed insemination of nonestrous 
cows when using ECP- and EB-containing protocols 
among Bos indicus cows.

In conclusion, these results indicate that greater FTAI 
pregnancy rates to sex-sorted semen may be achieved 
by delaying insemination of nonestrous cows. Use of an 
estrus detection aid may be useful for producers in clas-
sifying females as having expressed estrus or as having 
IDLOHG�WR�H[SUHVV�HVWUXV�EHIRUH�)7$,��)HPDOHV�FODVVL¿HG�DV�
having expressed estrus could be inseminated at the stan-
GDUG�WLPH��DQG�IHPDOHV�FODVVL¿HG�DV�QRW�KDYLQJ�H[SUHVVHG�
estrus could receive GnRH followed by insemination 20 
h later. This strategy offers producers the opportunity to 
achieve acceptable AI pregnancy rates to sex-sorted se-

men without the need to visually detect estrus and insemi-
nate over multiple days as in an estrus detection system.

Prior studies using sex-sorted semen have evalu-
ated delaying the time of AI (e.g., an extended interval 
from PGF�Į to AI for the whole synchronized group) 
with moderate success (Schenk et al., 2009; Sales et 
al., 2011). However, to our knowledge, this experiment 
LV� WKH� ¿UVW� WR� GLIIHUHQWLDOO\� PDQDJH� IHPDOHV� EDVHG� RQ�
estrous expression before FTAI in an attempt to opti-
mize the timing of insemination for both classes of fe-
males. Further studies are needed to evaluate the effect 
of delayed insemination of nonestrous cows and heif-
ers when using conventional rather than sex-sorted se-
men. Although not to the same degree as when using 
sex-sorted semen, FTAI pregnancy rates to conventional 
VHPHQ�ZHUH�VLJQL¿FDQWO\�ORZHU�IRU�IHPDOHV�WKDW�GLG�QRW�
express estrus before FTAI in data previously published 
by our lab (Busch et al., 2008; Nash et al., 2012b; Mar-
tin, 2012). Further retrospective analyses of these data 
suggest there may be considerable differences among 
bulls in pregnancy rates of females that failed to express 
estrus before FTAI. This raises questions as to whether 
bulls that do not perform as well in FTAI protocols may 
EH�LGHQWL¿HG�RU�PD\�VHH�LPSURYHG�IHUWLOLW\�ZKHQ�GLIIHU-
entially managing females based on estrous expression. 
Future experiments should evaluate a similar strategy of 
delayed insemination of nonestrous females as a poten-
tial means of improving or adding consistency to FTAI 
pregnancy rates in a number of contexts.
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