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Abstract

Conception rates (CR) are low in dairy cows and previous research suggests that this could be due

to impaired early embryonic development. Therefore, we hypothesized that CR could be improved by

embryo transfer (ET) compared with AI. During 365 days, 550 potential breedings were used from

243 lactating Holstein cows (average milk production, 35 kg/day). Cows had their ovulation

synchronized (GnRH-7d-PGF2a-3d-GnRH) and they were randomly assigned for AI immediately

after the second GnRH injection (Day 0) or for transfer of one embryo 7 days later. Circulating

progesterone concentrations and follicular and luteal size were determined on Days 0 and 7.

Pregnancy diagnosis was performed on Days 25 or 32 and pregnant cows were reevaluated on

Days 60–66. Single-ovulating cows with synchronized ovarian status had similar CR on Days 25–32

with ET (n = 176; 40.3%) and AI (n = 160; 35.6%). Pregnancy loss between Days 25–32 and 60–66

also did not differ (P = 0.38) between ET (26.2%) and AI (18.6%). When single (n = 334) and

multiple (n = 57) ovulators were compared, independent of treatment, multiple ovulators had greater

(P < 0.001) circulating progesterone concentrations on Day 7 (2.7 ng/ml versus 1.9 ng/ml) and there

was a tendency (P = 0.10) for a greater CR in multiple ovulators (50.9% versus 38.1%). However,

there was no difference in CR between AI and ET cows with multiple ovulations (50.0% versus

51.7%). In single-ovulating cows, CR tended to be lower for AI than ET in cows ovulating smaller

follicles (diameter � 15 mm; 23.7% versus 42.3%; P = 0.06) but not average-diameter follicles (16–

19 mm; 41.2% versus 37.3%; P = 0.81) or larger (�20 mm; 34.3 versus 51.0%; P = 0.36) follicles.
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Thus, although ET did not improve overall CR in lactating cows, follicle diameter and number of

ovulating follicles may determine success with these procedures.

# 2005 Elsevier Inc. All rights reserved.
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1. Introduction

Several reports have described an association between high milk production and low

reproductive efficiency in dairy cows [1–4]. At least three studies [5–7] have shown that

lactating dairy cows have poor early embryonic development. Sartori et al. [6] reported a

very high percentage of non-viable embryos (�70% during summer and �50% during

winter) by Day 6 after estrus, as compared to heifers during summer (�30% non-viable

embryos) and non-lactating cows during winter (�20% non-viable embryos). Moreover,

although fertilization of the oocyte in lactating cows appeared to be decreased by summer

heat stress, fertilization rate for lactating cows during winter was very high (�90%).

Therefore, low conception rates (CR) in lactating dairy cows appear to be at least partly due

to compromised early embryonic development, which can be augmented by fertilization

failure and more profoundly impaired early embryonic development during heat stress.

A number of studies from Florida compared embryo transfer (ET) to AI in order to

improve CR of lactating dairy cows during summer heat stress [8–11]. In all these studies,

CR was greater for ET than AI when fresh or frozen in vivo produced embryos were

transferred, or when fresh in vitro produced embryos were used. To the best of our

knowledge, there is no published study in which ET was compared to AI in dairy cows

during cooler times of the year. Therefore, it is not known whether transfer of an embryo

would improve CR and reduce pregnancy loss in lactating dairy cows during non-heat

stress times of the year. The present experiment tested the hypothesis that CR can be

improved by ET compared with AI, not only during summer (as demonstrated by other

studies), but also during other seasons of the year. In addition, we hypothesized that the

high pregnancy loss (Day 25 and later) after AI of lactating dairy cows could be overcome

by ET, consistent with the idea that events in the oocyte or during early embryonic

development are responsible problems in pregnancy.

2. Materials and methods

During a 1-year interval, (December 2001–December 2002), 550 potential breedings

from 243 lactating Holstein cows were used. Every week, cows that were �60 days

postpartum, or cows detected non-pregnant after breeding were assigned to the experiment.

At the time of assignment, cows averaged 142.1 � 3.3 days postpartum, yielding

34.9 � 0.3 kg of milk/day, with an average lactation number of 2.4 � 0.1 and had been

bred 1.7 � 0.1 times. Cows were housed in stanchion barns or free-stalls at the University

of Wisconsin–Madison, Madison, WI, USA. They were milked twice daily and fed a TMR
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that consisted of corn silage and alfalfa silage as forage supplemented with concentrates of

corn and soybean meal. The TMR was balanced to meet or exceed minimum nutritional

requirements for lactating dairy cows. Daily milk yield for each cow was recorded on Dairy

Comp 305 (Valley Agricultural Software, Tulare, CA, USA).

Cows had ovulation synchronized with a modified Ovsynch protocol [12,13]

consisting of i.m. injections of 50 mg of Gonadorelin (Fertagyl; Intervet Inc., Millsboro,

DE, USA) on Days�10 (GnRH1) and 0 (GnRH2), and a single i.m. injection of 25 mg of

PGF2a (Lutalyse; Pharmacia Animal Health, Peapack, NJ, USA) on Day �3. At the time

of GnRH2, the ovaries were evaluated by transrectal ultrasonography using an Aloka

500-V equipped with a 7.5 MHz linear-array transducer (Corometrics Medical Systems

Inc., Wallingford, CT, USA). Cows with at least one follicle �10 mm at the time of

GnRH2 and with a regressing or no visible CL (495 out of 550), were selected and

randomly assigned to the AI or ET treatments. The AI cows were inseminated with

commercial frozen-thawed semen immediately after the GnRH2 injection and the ET

cows received one embryo 7 days later into the uterine horn ipsilateral to the CL. When

cows had a CL on both ovaries, a coin was tossed to determine the side of ET (heads and

tails were assigned to left and right horns, respectively). The embryos transferred in the

study (21.5% fresh and 78.5% frozen, 89.2% grade 1 and 10.8% grade 2 based on the

IETS grading system) were collected from superovulated dairy cattle (heifers and cows)

during all seasons except summer. All AI and ET were performed by one of two

technicians (R.S. or J.N.G.). On Day 7, ovaries of cows from both groups were checked

by ultrasonography for the presence and size of a CL. Cows that had been assigned for ET

and did not have CL on Day 7 did not receive an embryo. Cows from both groups that did

not have CL on Day 7 were considered not pregnant and reassigned to the experiment. For

analysis of CL data, luteal tissue volume was estimated using the methodology described

by Sartori et al. [14].

Blood samples were collected by coccygeal venipuncture on Days 0 and 7, and serum

samples were stored at �20 8C until assayed for progesterone concentrations. Circulating

progesterone was evaluated from unextracted sera using an antibody-coated-tube RIA kit

(Diagnostic Products Corporation, Los Angeles, CA, USA). The intra- and inter-assay CVs

were 6.2% and 7.9%, respectively.

Pregnancy diagnosis was performed by ultrasonography on Day 25. For cows with

inconclusive results regarding pregnancy status (25% of the cows), another evaluation was

performed 7 days later (Day 32). Pregnant cows were re-evaluated on Days 60–66 and 100–

120, and calving data were recorded. Cows detected not pregnant at the ultrasound

evaluation were resynchronized and randomly reassigned to the treatments.

For statistical analyses, the binomial distribution (procedure GENMOD of SAS) was

assumed for the proportional variables, e.g. CR, synchronization rate and embryonic loss.

The continuous variables, e.g. milk yield and serum progesterone concentration, were

evaluated using a mixed effects model (procedure MIXED of SAS [15]) with cow treated as

a random effect. Follicle size versus probability of conception was analyzed (macro

GLIMMIX of SAS) with the binomial distribution assumed for the response variable

‘‘conception’’ (y = 0 for no conception and y = 1 for conception). One-way and two-way

interactions with expected effects were included in the model. Using the estimates for the

fixed effects obtained in the logistic regression analysis, the probability of conception was
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calculated for each follicular size in cows receiving AI or ET using the formula

P ¼ 1=1þ e�ðb0þb1X1þb2X2þ ��� þbiXiÞ.

3. Results

Out of 550 potential breedings, 55 cows (10.0%) were not selected for AI or ET because

at the time of GnRH2, ovarian status had not been synchronized, as indicated by lack of a

follicle(s)�10 mm and/or presence of a mature CL at this time. Overall, 27.5% (151/550)

of the cows did not synchronize to the modified Ovsynch protocol. Cows with circulating

progesterone concentrations �0.5 ng/ml on Day 0 (n = 66; 12.0%), <0.5 ng/ml on Day 7

(n = 9; 1.6%) and/or without a responsive follicle to GnRH on Day 0 (n = 81; 14.7%), were

considered not synchronized. We used a circulating progesterone concentration of 0.5 ng/

ml as the synchronization threshold, based on our results that 0.5 ng/ml was the lowest Day

7 progesterone concentration that was found to maintain a pregnancy in our study and

because 12 cows in the present study with circulating progesterone concentrations

�0.5 ng/ml and <1.0 ng/ml on Day 7 were diagnosed pregnant on Days 25–32. Cows that

did not respond to GnRH either had follicles<10 mm on Day 0 (n = 31), or did not ovulate

the follicle �10 mm in response to the GnRH2 injection (n = 50). Five of the cows with

follicles <10 mm on Day 0, also had circulating progesterone concentrations �0.5 ng/ml

on Day 0. Twenty cows that had been assigned for ET, did not receive an embryo because

they did not have a CL on Day 7.

Synchronization rate and CR of cows that were selected on Day 0 based on

ultrasonography was not different between AI and ET treatments (Table 1). Moreover,

cows with synchronized ovarian status that received AI or ET had similar CR on Days

25–32, 60–66, 100–120 and similar calving rate (Table 1).

Pregnancy loss was similar (P > 0.10) for AI and ET cows between Days 25–32 and

60–66 (18.6% [13/70] and 26.2% [22/84] for AI and ET cows, respectively), Days 60–66 to
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Table 1

Synchronized ovulation rate and conception rate in lactating dairy cows that received AI or ET

AI ET P-value

Synchronized ovulation rate of cows that

were selected on Day 0 (%; no./no.)

79.4 (193/243) 81.7 (206/252) 0.49

Conception rate on Days 25–32 of cows

that were selected on Day 0 (%; no./no.)

31.1 (74/238) 34.4 (86/250) 0.52

Conception rate on Days 25–32 of cows

with synchronized ovulation (%; no./no.)

38.1 (72/189) 42.0 (86/205) 0.45

Conception rate on Days 60–66 of cows

with synchronized ovulation (%; no./no.)

31.2 (58/186) 30.7 (62/202) 0.98

Conception rate on Days 100–120 of cows

with synchronized ovulation (%; no./no.)

30.9 (58/187) 29.9 (61/204) 0.83

Cows with synchronized ovulation that

had live calves (%; no./no.)

25.5 (47/184) 27.6 (56/203) 0.76

Experimental units may not match between lines due to missing cows or missing samples at the time of

evaluations.



100–120 (0.0% [0/57] and 1.6% [1/62]) and Days 100–120 to calving (13.0% [7/54] and

6.7% [4/60]). Regardless of treatments, pregnancy loss was greater (P < 0.05) from Days

25–32 to 60–66, than from Days 60–66 to 100–120.

Cows that ovulated one follicle were compared to cows ovulating two or more follicles

(Table 2). Multiple ovulating cows had higher circulating progesterone concentrations on

Day 7, and a tendency for a greater CR on Days 25–32 than single ovulators (Table 2).

However, CR was not different between single and multiple ovulating cows on Days 60–

66. Furthermore, there was no difference in CR between AI and ET cows with single or

multiple ovulations on Days 25–32 and 60–66 (Table 2). Multiple ovulators had a greater

chance of losing the pregnancy between Days 25–32 and 60–66 after ovulation, due to

increased losses in multiple-ovulating ET cows (Table 2).

Cows that ovulated a single follicle were analyzed for the effect of follicular size on

probability of conception (Fig. 1). Cows that received AI had an increasing probability of

conception as follicle size increased from 12 mm (19%) to 19 mm (33%), with no

subsequent change in probability of conception for cows ovulating follicles from 19 mm to

22 mm in diameter (Fig. 1). In contrast, cows that received ET had little change in

probability of conception between 12 mm (33%) and 18 mm (32%) but subsequently had

an increasing probability of conception as follicle diameter increased (up to 22 mm; 40%).

We did not have sufficient numbers of cows ovulating follicles<12 mm (n = 4) or>22 mm

(n = 8) to provide meaningful analyses. When data were analyzed by follicle size classes

(Table 3), there was a lower CR for AI than ET in cows that ovulated a smaller follicle

(�15 mm) but not average (16–19 mm) or larger (�20 mm) follicles using data from the
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Table 2

Comparison between cows with single vs. multiple ovulations for serum concentrations of progesterone on Day 7,

conception rate at pregnancy diagnosis on Days 25–32 or 60–66 and pregnancy loss for cows with synchronized

ovulation

Single Multiple P-value

Serum progesterone concentration

on Day 7 for cows with synchronized

ovulation (ng/ml)

1.88 � 0.04 (n = 331) 2.67 � 0.17 (n = 56) <0.001

Conception rate on Days 25–32 (%)

All cows 38.1 (128/336) 50.9 (29/57) 0.10

AI cows 35.6 (57/160) 50.0 (14/28) 0.18

ET cows 40.3 (71/176) 51.7 (15/29) 0.22

Conception rate on Days 60–66 (%)

All cows 30.5 (101/331) 33.9 (19/56) 0.75

AI cows 29.3 (46/157) 42.9 (12/28) 0.16

ET cows 31.6 (55/174) 25.0 (7/28) 0.43

Pregnancy loss from Days 25–32 to Days 60–66 (%; no./no.)

All cows 17.9 (22/123) 32.1 (9/28) 0.02

AI cows 14.8 (8/54) 14.3 (2/14) 0.91

ET cows 20.3 (14/69) 50.0 (7/14) 0.01

Experimental units may not match between lines due to missing cows or missing samples at the time of

evaluations.



pregnancy diagnosis on either Days 25–32 or 60–66 (Table 3). In addition, CR

tended (P < 0.10) to be lower for cows ovulating smaller follicles versus average or

larger ovulatory-sized follicles in AI but not ET cows on Days 60–66 (Table 3).

Serum progesterone concentration of synchronized cows was lower in cows ovulating

smaller but not average or larger diameter follicles on Day 7 in both AI and ET cows

(Table 4).

There was no difference among seasons for synchronization rate or CR on Days 25–32

or 60–66 in all cows or synchronized cows that received AI or ET (Table 5).
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Fig. 1. Effect of size of the ovulatory follicle on estimated probability of conception (using data from pregnancy

diagnosis on Days 60–66 in macro GLIMMIX of SAS) in lactating dairy cows ovulating a single follicle that

received AI or ET.

Table 3

Conception rate of cows with synchronized ovulation of a single follicle that received AI or ET compared to size of

the single-ovulatory follicle at the time of GnRH2

AI ET P-value

Days 25–32 pregnancy diagnosis

Smaller-size ovulatory follicles (10–15 mm) 23.7 (9/38) 42.3 (11/26) 0.05

Medium-size ovulatory follicles (16–19 mm) 41.2 (21/51) 37.3 (19/51) 0.81

Larger-size ovulatory follicles (20–30 mm) 34.3 (12/35) 51.0 (25/49) 0.38

Days 60–66 pregnancy diagnosis

Smaller-size ovulatory follicles (10–15 mm) 18.4A (7/38) 38.5 (10/26) 0.05

Medium-size ovulatory follicles (16–19 mm) 35.3B (18/51) 27.4 (14/51) 0.43

Larger-size ovulatory follicles (20–30 mm) 28.6B (10/35) 40.8 (20/49) 0.75

Different superscript letters (A and B) within each column; P < 0.10.



4. Discussion

The results of the present study have shown that overall, in comparison to fixed-time AI,

ET failed to enhance conception or calving rates in lactating dairy cows, even during the

warmer times of the year. These findings contrasted with data from previous studies

performed in Florida [8–11]. Those studies have reported improvements between 83% and

153% in CR for heat-stressed cows receiving Day 7 embryos in comparison to heat-

stressed cows that received AI during a natural estrus or synchronized ovulation
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Table 5

Comparison among seasons for synchronized ovulation rate and conception rate in lactating dairy cows that

received AI or ET

Winter Spring Summer Fall P-value

Synchronized ovulation

rate of all cows

(%; no./no.)

75.2 (112/149) 77.9 (120/154) 67.9 (76/112) 67.4 (91/135) 0.25

Conception rate of all

cows on Days 25–32

(%; no./no.)

33.3 (49/147) 30.7 (47/153) 24.5 (27/110) 28.6 (38/133) 0.71

Conception rate (%; Days

25–32) of cows with

synchronized ovulation

All cows 42.0 (47/112) 39.5 (47/119) 36.5 (27/74) 41.6 (37/89) 0.83

AI cows 43.1 (22/51) 34.5 (20/58) 35.9 (14/39) 39.0 (16/41) 0.63

ET cows 41.0 (25/61) 44.3 (27/61) 37.1 (13/35) 43.8 (21/48) 0.71

Conception rate of all cows

on Days 60–66 (%; no./no.)

28.3 (41/145) 23.8 (36/151) 20.0 (22/110) 17.6 (23/131) 0.37

Conception rate (%; Days

60–66) of cows with

synchronized ovulation

All cows 35.5 (39/110) 30.8 (36/117) 29.7 (22/74) 26.4 (23/87) 0.56

AI cows 38.0 (19/50) 26.3 (15/57) 30.8 (12/39) 30.0 (12/40) 0.38

ET cows 33.3 (20/60) 35.0 (21/60) 28.6 (10/35) 23.4 (11/47) 0.12

Experimental units may not match across lines due to missing cows or missing samples at the time of the

evaluations.

Table 4

Serum progesterone concentration on Day 7 for AI and ET cows with synchronized ovulation of a single follicle

compared to size of the ovulatory follicle

AI cows ET cows All cows

Smaller-size ovulatory

follicles (10–15 mm)

1.70 � 0.11a (n = 38) 1.43 � 0.09a (n = 26) 1.59 � 0.08a (n = 64)

Medium-size ovulatory

follicles (16–19 mm)

2.03 � 0.11b (n = 51) 1.97 � 0.11b (n = 51) 2.00 � 0.08b (n = 102)

Larger-size ovulatory

follicles (20–30 mm)

2.12 � 0.13b (n = 35) 2.14 � 0.15b (n = 49) 2.13 � 0.10b (n = 84)

Different superscript letters (a and b) within each column; P < 0.05.



(Ovsynch). Whereas, CR following AI in Florida ranged from 5% to 20% during the hot

summer months [11], CR during summer in our study was approximately 30% for

synchronized cows. One contrasting difference between our study in Wisconsin and the

Florida studies is that our cows were rarely exposed to ambient temperatures above 32 8C
during the critical days of the experiment in the summer of 2002. Environmental

temperatures below 30 8C seemed to have little impact on CR in lactating cows [16].

Other possible reasons for the lack of improvement in CR in cows that received ET

instead of AI may be related to the fact that lactating dairy cows have other reproductive

problems that are not overcome by ET, such as clinical or subclinical uterine infections,

stress, negative energy balance, infectious diseases not restricted to the uterus, hormonal

imbalances and nutritional deficiencies (reviewed by Sartori [17]). Moreover, sire could be

a confounding factor in this study, since we did not necessarily use the same sires for the

embryo donors and the AI-treated cows. There does appear to be a sire effect on pregnancy

loss [18]. It is also important to consider that the transferred embryos in this study were

generated in superovulated animals. A combination of the hormonal, chemical and

mechanical manipulations that the embryo donors or the embryos receive during embryo

production, recovery and transfer may have compromised embryo quality. Some studies

have questioned the quality of oocytes/embryos from cows undergoing superovulation

[19–21]. For example, treatment of cows with eCG or FSH inhibited the normal

vacuolization process of the nucleoli of oocytes [21]. Moreover, studies have suggested

that a higher superovulatory response increased the likelihood of production of inferior-

quality embryos, although embryos may look normal upon recovery [19]. These problems

with embryo quality may be more apparent in lactating dairy cows than when embryos are

transferred to other, higher fertility recipients.

The diameter of the ovulatory follicle in single-ovulating cows also appeared to be

related to CR. Ovulation of smaller follicles appeared to lower CR in AI but not ET cows,

possibly due to reduced circulating progesterone concentrations during early embryonic

development (before Day 7). There is a positive correlation between the size of the

ovulatory follicle and luteal tissue volume, as well as between size of the ovulatory follicle

and serum progesterone concentration on Days 6 or 7 [14]. In some studies, pregnant cows

had higher circulating progesterone concentrations by Days 4–7 than inseminated, non-

pregnant cows [22–24]. Similar to our observation of reduced CR in AI cows ovulating

smaller follicles, intentional ovulation of smaller follicles (by strategic use of follicular

aspiration during Ovsynch [25]) reduced subsequent CL volume, circulating progesterone

and CR following timed AI. In beef cattle, ovulation of smaller follicles (<12 mm) during

Ovsynch and timed AI also reduced CR [26]. In addition to differences in progesterone

concentrations, cows ovulating smaller follicles would also be expected to have reduced

circulating estradiol concentrations that could compromise sperm and/or oocyte transport,

fertilization and uterine environment for early embryonic development. Other investigators

have previously indicated that lower concentrations of estradiol before ovulation may

contribute to poor fertilization and early embryonic development [27,28]. It is well known

that estradiol treatment increases uterine contractions, ciliary beats and fluid movement

[29] as well as sperm transport in ewes [30]. Moreover, alterations in serum estradiol

concentrations may alter expression of estrogen-dependent secretory proteins that are

present in the oviduct at the time of fertilization and embryo development [28,31]. In
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addition to possible effects of hormonal differences, decreased CR could be due to reduced

fertility of oocytes originating from smaller follicles (reviewed by Merton et al. [32]).

In addition, there was a tendency for greater CR on Days 25–32 in multiple versus single

ovulating cows receiving either AI or ET. Cows ovulating multiple follicles had higher

circulating progesterone concentrations on Day 7 and would have been expected to have

higher circulating estradiol concentrations during Ovsynch. As mentioned above, these

hormonal changes could have positive effects on fertilization, early embryonic

development, or even later conceptus development [33,34]. In addition, cows receiving

AI would have the possibility for fertilization of two oocytes, thereby increasing the

probability of pregnancy. The tendency for increased pregnancies at Days 25–32 in ET

cows also suggests other potential positive effects of multiple ovulation on early embryo

development; although, this effect seemed to be lost after Days 25–32 (discussed below).

Although relatively high, pregnancy loss did not differ between cows receiving AI or ET

and was greater during the late embryonic/early fetal period than during later periods. That

pregnancy losses ranged from 18% to 26% between Days 25–32 and 60–66 for cows

receiving AI or ET seemed greater than the data reported in the literature for beef cows and

heifers that received AI or ET (reviewed by Sartori [17]). However, recent studies with

high-producing lactating cows have shown similar high pregnancy loss after AI [35–37] or

ET [38]. The high pregnancy loss in ET cows was not consistent with our second

hypothesis that ET could reduce the high pregnancy loss in lactating dairy cows. This

unexpected result argues against the role of the oocyte or early embryonic development

(before Day 7) and was more consistent with problems of the reproductive tract or

circulating hormone concentrations causing the high pregnancy loss in dairy cows.

Nevertheless, this high pregnancy loss in ET cows could still have been the result of the use

of primarily frozen embryos from superovulated animals.

One interesting finding was the greater pregnancy loss in ET cows experiencing

multiple ovulations as compared to cows with single ovulation. This difference was not

observed, however, for AI cows. A recent study [39] reported that cows with multiple CL

lost pregnancy more often than cows with one CL after AI (27% versus 9%, respectively).

The contrasting results between that study and our study for AI cows may be due to no

difference in serum progesterone concentrations between single- and multiple-ovulating

cows in their study, whereas in our study multiple-ovulators had higher circulating

progesterone. Nevertheless, although differences between pregnancy loss for single- versus

multiple-ovulating ET cows were significant (P = 0.01), it is reasonable to think that the

low numbers of pregnant ET cows with multiple ovulations (n = 14) make random

stochastic variation between groups another possible explanation for these unexpected

results.

In conclusion, ET did not improve CR in lactating dairy cows in comparison to fixed-

time AI. Possible reasons include: (a) environmental conditions during the year in

Wisconsin were not harsh enough to decrease AI success; (b) lactating dairy cows have

other reproductive dysfunctions other than possible oocyte and early embryonic

development problems and these problems are not overcome by ET; (c) superovulated

animals (embryo donors) may not yield optimal quality embryos. Moreover, it may be

possible to improve the success of AI or ET by developing methods to optimize the size and

number of ovulating follicles during the synchronization procedures.
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