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Take Home Messages

8 Reproductive failure in lactating dairy cows is a significant limitation to the
dairy industry. Embryonic and early fetal losses are major contributors to
that limitation.
8 Tweaking regimens for synchronization of estrus is not the answer;
simpler breeding protocols with less intensive handling are needed.
8 Attention must be paid to multiple traits in selection programs; selection
for milk production only has contributed to the problem. Measures of
fertility, health and longevity must be emphasized in future selection
programs.
8 Because fertility does not reach a stable point until day 60 and many
cows are not cycling earlier, breeding should not be planned until cows
are at least 70 days in milk.


Introduction

Components of female fertility include ovulation, fertilization and survival of
the conceptus through embryonic and fetal development and parturition.
Embryonic and early fetal losses contribute significantly to reproductive
wastage or inefficiency in dairy cattle. The extent of these losses, which
constitute the majority of pregnancy failures in most herds, has been
estimated in various ways (e.g., Thatcher et al., 1994; Peters, 1996; Lucy,
2001; Inskeep and Dailey, 2005; Diskin et al., 2006; Rodriguez-Martinez
2008). Inskeep and Dailey (2005) summarized the distribution of pregnancy
failures as depicted in Table 1. Numerous authors have looked for causes
and means of prevention of these losses. However, solutions offered to date
have addressed mainly the methods used for synchronization of estrus and
ovulation. Alterations in those methods have involved additional treatments
and labor and increased costs of breeding, and have achieved very little or no
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increase in conception or pregnancy rates (e.g., Pursley, 2007). In 1980,
Allaire and Cunningham estimated that maximum profits for a dairy herd
occurred when culling was less than 26%. Evans et al. (2006) reported that
only milk price exceeded replacement rate among factors affecting farm profit.
In a recent computer simulation, reduced culling rate was preferential to
reduced days open (Meadows et al., 2006). That conclusion translates into a
requirement for timely and sustained pregnancies.
Table 1. Distribution of Pregnancy Failures in Cattlea
Timing or Cause

Percentage of Losses

Fertilization failure
Male factors
Ovum transport, etc.

10
8

Embryonic

57

Lethal genes

5

Rebred by mistake

1

Placentation
Early
Late

4
12

Fetal

3

a

From Inskeep and Dailey (2005).

There has been an increasing recognition that answers are not found in the
modification of regimens for synchronization of estrus or ovulation since
Pursley raised that question in his talk to this group in 2007. At the Roy
Wallace Memorial Symposium at Select Sires in Columbus this past fall
(2009), at least four presenters called for simpler schemes for breeding the
lactating cow. Further, Rodriguez-Martinez et al. (2008), Kent Weigel of the
University of Wisconsin and P. M. Van Raden of the US Dept. of Agriculture
have recognized the need for inclusion of measures of reproductive success
and fitness as a component of the genetic selection program. They presented
data illustrating success of giving greater weight to fertility, health and
longevity (productive herd life) in selection strategies.
To set the stage to consider how simpler management and genetic selection
might ameliorate some of the problems, this review will first illustrate some of
the factors involved in losses. There are four susceptible periods after
breeding: (a) the early stages of embryonic cleavage (days 2 to 3), (b) the
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morula to blastocyst transition (days 5 through 8), (c) during maternal
recognition of pregnancy (days 14 through 18) and (e) during placentation
(days 28 to 45).



Importance of Progesterone

One causative factor, which is common to each of the four stages mentioned
above, is lower concentrations of progesterone at a critical time before or
during that stage. Lactating cows had lower progesterone and ovulated larger
follicles more frequently than virgin heifers when treated with intravaginal
devices containing progesterone (Cooperative Regional Research Project,
1996). Two logical possibilities to explain why progesterone is lower in the
lactating dairy cow than in the heifer are that secretion by the corpus luteum is
reduced or that metabolism of progesterone is increased. Rhinehart et al.
(2008) found no difference in luteal secretion of progesterone in cows with low
or high progesterone, but metabolism of injected progesterone was greater in
the cows with low progesterone. Feed intake, milk yield, and route of
administration of exogenous progesterone influenced metabolism and
excretion of progesterone in some studies in lactating dairy cows, but neither
feed intake nor metabolizable energy had an effect in others (reviewed by
Inskeep, 2004). Metabolic clearance of progesterone was correlated highly
with liver blood flow (r = 0.92). Based upon the work at Wisconsin (Wiltbank,
2009) and in New Zealand (reviewed by Inskeep, 2004), the elevation in liver
blood flow as a result of greater feed intake is the major factor. Liver enzymes
involved in steroid metabolism likely are increased as well (Lemley et al.,
2008).

Embryonic Losses during Early Cleavage
As proposed originally by Rajakoski (1960), follicular growth occurs in waves,
predominantly in two waves per estrous cycle (Townson et al., 2002), as a
result of growth of a cohort of follicles. One (occasionally two) follicles in a
wave will become the dominant follicle, while the others cease growing and
degenerate (Ginther et al., 1996).

Losses Due to Aged Follicles/Oocytes
As early as 1951, Ulberg et al. recognized the larger size of follicles in
animals completing treatment with low dosages of progesterone. Frequency
of secretion of pulses of luteinizing hormone (LH) from the anterior pituitary is
regulated principally by concentrations of progesterone in the blood. When
progesterone is low, a high frequency of pulses of LH stimulates continued
growth of the dominant follicle, which in turn secretes more estradiol. When
progesterone is high, LH pulses are less frequent and fail to support the
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dominant follicle; it stops producing estradiol and degenerates. Thus, the
dominant follicle cannot ovulate until the corpus luteum regresses. When it
stops growing, an increase in secretion of follicle stimulating hormone (FSH)
stimulates development of a new cohort of follicles (Adams et al., 1992). The
largest follicle that is present when regression of the corpus luteum occurs is
the one that ovulates at estrus.
With extensive studies of follicular growth by transrectal ultrasonography, the
relationship of lower fertility to larger, older follicles began to be recognized.
Breuel et al. (1993b) observed that cows with larger dominant follicles 5 days
before the surge of LH had greater pre-ovulatory concentrations of estradiol
and a lower conception rate (36%) than cows with smaller follicles at that time
(91% conception). Oocytes from larger follicles were likely to be at a more
advanced stage of maturation than those from follicles of normal age and size
(Mihm et al., 1999; reviewed by Inskeep, 2004) and fertility declined linearly
as age of follicle increased (Bleach et al., 2004). Conception rate was lower in
lactating dairy cows inseminated when ovulating from the second follicular
wave (63%) than in those inseminated when ovulating from the third follicular
wave (81%), which might be expected because follicles from the second wave
were 1.5 days older at estrus (Townson et al., 2002).
Oocytes from the larger, older follicles were fertilizable, but early development
was retarded, and embryonic death usually occurred before the 16-cell stage
(Wishart, 1977; Ahmad et al., 1995). The sequence of relationships of more
LH, more estradiol, and aged oocytes provided an explanation for lowered
fertility when progesterone was low during the natural estrous cycle before
breeding (Meisterling and Dailey, 1987) or low dosages of progestogens were
used to synchronize estrus. This pattern has been overcome in part by shortterm treatment with progesterone in combination with prostaglandin F2α
(PGF2α).
Unlike lactating dairy cows, heifers have not lost fertility as shown by
Canadian (Bousquet et al., 2004) and Ohio (Rajala-Schultz and Frazer,
2003) studies, likely because they have not been on the high feed intake
associated with lactation and have not experienced the increase in
metabolism of progesterone and reduced circulating concentrations of
progesterone seen in lactating cows. When high feed intake decreases
progesterone, then the changes described above lead to ovulation of aged
oocytes. Nutritional management will be addressed by others in this seminar,
but avoiding metabolic disorders that can delay conception or induce
embryonic or fetal loss is very important. Cows bred during the stress of
negative energy balance in early lactation will have less success in
establishing and maintaining pregnancy.
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Losses Due to Premature Ovulation of Follicles
Several authors have found that premature ovulation of follicles is probably as
detrimental to fertility as ovulation of aged or persistent follicles. Again, as
with delayed ovulation, development to the blastocyst stage was
compromised (Mermillod et al., 1999). Perry et al. (2005) observed that
follicular diameter affected conception in timed-inseminated beef cows treated
with gonadotropin releasing hormone (GnRH), but not in control cows bred in
relation to observed estrus. Conception rate, measured at days 25 to 39 after
insemination, averaged 72% in control cows compared with 45% in timedinseminated cows. Much of the difference in fertility was accounted for by the
cows with follicles 12 mm in diameter or less in one study, or 11 mm or less in
another study. Mussard et al. (2007) examined data from beef cows that were
induced to ovulate by treatment with GnRH after withdrawal of progesterone,
according to the duration of proestrus (the interval from the drop in
progesterone to the induced surge of LH). Conception rates increased from
only 4 to 8% when duration of proestrus was only 1 day, to 57 to 76% when
proestrus lasted 2 to 3 days. Thus, follicular maturity may be the important
variable, and diameter may not reflect maturity as effectively as duration of
proestrus.

Other Factors
Finally, health or disease may be important factors in early losses. Both
Dailey (2008) and Rodriguez-Martinez et al. (2008) pointed to factors such as
dystocia, stillbirth and uterine infection in delays of breeding and early
embryonic losses. Mastitis reduced pregnancy rate in cows infected soon
after insemination (Barker et al., 1998). Stewart et al. (2003) attempted to
determine the specific cause in experimentally-infected ewes. Neither
increased body temperature, increased secretion of PGF2α, LH, estrogen, or
cortisol, nor decreased progesterone could be shown individually to account
for the effects, so it is likely a combination of these factors. Conception rates
of ewes decreased with increasing exposure to the pathogens in the study by
Holásková et al. (2004).

Embryonic Death Associated with Short Luteal Phases: the Morula
to Blastocyst Transition
Two situations have been reported in which embryonic death is related to the
occurrence of shortened luteal phases. The first is in the postpartum cow or
newly pubertal heifer, in which the first ovulation is followed usually by a short
luteal phase. If the cow showed estrus and was inseminated, fertilization rate
was near normal, but the embryos died during luteal regression on days 5
through 9 in a series of studies at West Virginia, Missouri and Tennessee,
(reviewed by Inskeep, 2004). Replacement therapy with progesterone was
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ineffective without further treatment. Additional experimentation revealed that
an early increase in secretion of PGF2α not only caused regression of the
corpus luteum, but also PGF2α was toxic to the embryo. Treatment with an
inhibitor of prostaglandin synthesis together with removal of the regressing
corpus luteum saved a significant portion of the embryos in animals receiving
progesterone. The toxic effect of PGF2α was limited to a specific window of
time after breeding, the period of morula to blastocyst transition. It did not
occur in cows treated with PGF2α at later stages after insemination. At later
stages, progesterone protected the embryo even though the corpus luteum
regressed.
The second situation was in cows in which duration of proestrus was
shortened by treatment with GnRH. Ohio workers found that life span of the
corpus luteum in beef cows was less than 12 days in 74% of 38 animals in
which duration of proestrus averaged only 1.3 days before induced ovulation,
compared with only 30% of 40 animals in which duration of proestrus
averaged 2.3 days (Mussard et al., 2007; Bridges et al, 2010). Cordoba and
Fricke (2002) had found similar short cycles in 51% of 49 lactating dairy cows
that returned to service after timed insemination on an OvSynch program.
Based upon studies at Missouri (Kieborz-Loos et al., 2003), prevention of the
early secretion of PGF2α in response to the post-ovulatory rise in
progesterone required a sequence of pre-ovulatory exposure to progesterone
and estrogen. Thus, if follicular maturation, and hence exposure of the oocyte
to estrogen, was inadequate, premature secretion of PGF2α could have been
involved in this case as well.
The extent of losses due to embryotoxic effects of PGF2α is not clear. But
considering that oxytocin is released during milking or by uterine manipulation
and is injected to cause milk letdown in lactating dairy cows, and that
secretion of PGF2α is increased by oxytocin or by uterine manipulation
(Roberts et al., 1975), the potential for loss by this mechanism is significant.

Practical Application
Knowledge gained from the basic studies of embryotoxic effects of PGF2α has
led to development of applications in the embryo transfer industry. Direct
embryotoxic effects of PGF2α had been observed in vitro in rat (Breuel et al.,
1993a) and bovine (Fazio and Schrick, 1997) embryos. Hockett et al. (2004)
found that treatment with PGF2α on days 5 through 8 delayed or stopped
development of bovine embryos recovered on day 8. Whereas embryos from
control cows were expanded blastocysts (80%) or blastocysts (20%) on day
8, only 29% of embryos from PGF2α-treated animals reached the expanded
blastocyst stage, and 64% were still in the morula stage.
Manipulation of the reproductive tract during embryo transfer increased
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secretion of PGF2α (Scenna et al., 2005). These workers examined the
concept that inhibition of uterine secretion of PGF2α could increase success
of embryo transfers in a large study involving 2097 cattle, A single embryo
was transferred non-surgically seven days after synchronized estrus; 1300
animals received flunixin meglumine treatment and 797 received no
treatment. Overall pregnancy rates of treated cattle (65%) were greater than
in controls (60%; p < 0.02), but the beneficial effect was seen mainly in
animals that received embryos of quality grade 2 (fair) with pregnancy rates of
65 vs 54% in treated vs control groups. Pregnancy rates for both morula- and
blastocyst-stage embryos were greater in treated than in control cows.
Subsequently, Scenna et al. (2006) showed that there are receptors for
PGF2α (both mRNA transcripts and protein) on bovine embryos at the morula
and blastocyst stages, explaining the observed effects of PGF2α at those
stages.
The discovery of receptors for PGF2α on the embryo opened the possibility for
new strategies to prevent detrimental effects of PGF2α during early embryonic
development. Indeed, Scenna et al. (2008a,b) showed that an antagonist to
the PGF2α receptor inhibited detrimental effects of PGF2α on development of
embryos and improved development of morulae in vitro to the blastocyst
stage in the presence of PGF2α by 13 percentage points. Finally, in two small
trials, embryos were collected in a medium containing the receptor antagonist
or a control medium and transferred either fresh or as frozen/thawed embryos
(Scenna et al., 2008b). In each case, pregnancy rates were improved (frozen;
45% vs. 34%; P < 0.01) or tended to be improved (fresh; 76% vs. 66%; P <
0.09). Thus, a method has been developed to incorporate protection into the
embryo transfer process without the need for systemic injections into the
recipients. Improvement of pregnancy rates to embryo transfer procedures
has significant economic implications for that industry. Similar measures to
control inappropriate secretion of PGF2α might be effective in cows
inseminated artificially.

Maternal Recognition of Pregnancy
The ratio of estrogen to progesterone during maternal recognition of
pregnancy and the ability of the embryo to secrete interferon tau, which is
critical to maintenance of the corpus luteum, are important factors in
embryonic survival during the period beginning around day 14 after breeding.
The concept that an excess of estrogen interfered with maternal recognition of
the embryo was originally presented by Macmillan et al. (1986). In
subsequent studies (e.g. Thatcher et al. 1989), ovulation or atresia of the
largest follicle during the mid-luteal phase sometimes increased pregnancy
rate. Our attention was directed to the maternal recognition period during
studies of survival of embryos when transferred into postpartum beef cows
with short luteal phases that were supplemented with progestogens (Butcher
et al., 1992). Low dosages of progestogen allowed large follicles to develop in
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the ovaries during days 12 to 20, and embryos transferred into these cows on
day 7 failed to survive. With higher dosages in subsequent studies, the large
follicles did not develop and embryonic survival was increased. Even short
periods of deprivation of progesterone can decrease embryo survival during
the maternal recognition period (reviewed by Inskeep, 2004).
Concentrations of progesterone rose at a slower rate in cows with smaller
follicles at induced ovulation than in cows with larger follicles. Thus, embryos
might have been less advanced (Garrett et al., 1988) and produced less
interferon tau (Kerbler et al., 1997; Mann et al., 1999) in the cows that
ovulated small follicles. In addition, luteal function was lower on days 8
through 14 in cows with normal luteal life span, when proestrus was
shortened by earlier preovulatory treatment with GnRH (Mussard et al., 2007;
Bridges et al, 2010), as is done in the OvSynch protocol.
Pritchard et al. (1994) studied the association of embryonic loss with
excessive secretion of estrogen during maternal recognition of pregnancy in
100 lactating beef cows. Conception rate to first service by artificial
insemination declined from 77 to 42%, as concentration of estradiol increased
during days 14 to 17 after breeding. Ahmad et al. (1997) found that fewer beef
animals conceived among those that had two (70%) rather than three (96%; P
< 0.05) waves of follicular development during the equivalent of one estrous
cycle after insemination. However, concentrations of estradiol in peripheral
blood were not greater on day 14 after estrus in animals with two waves than
in those with three waves.
A clear association of pregnancy loss during maternal recognition with greater
circulating estradiol exists in some cases. However, neither the exact timing
of an estradiol effect nor the mechanism by which estradiol may interfere with
the maternal recognition process or the developing embryo has been
established. Either GnRH or human chorionic gonadotropin has been used to
ovulate or luteinize large follicles during this stage after breeding. However,
response has varied considerably, and one cannot conclude that these
treatments are routinely valuable (Lewis et al., 1990; Hernandez-Cerón et al.,
2001).

Late Embryonic/Early Fetal Mortality in Lactating Dairy Cows
during Placentation
Embryonic mortality after maternal recognition of pregnancy, during and
immediately after placentation is a significant problem in the dairy cow. With
some protocols for synchronization of estrus designed to regulate follicular
development, it has been possible to time artificial insemination, without
detection of estrus, and obtain small improvements in initial rates of
pregnancy (viable embryos imaged ultrasonographically at 25 to 32 d after
timed insemination) compared to previous systems. However, high
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frequencies of late embryonic and early fetal losses have been observed in
lactating dairy cows during attachment of the embryo in the uterus and
placentation, between days 28 and 45 (reviewed by Inskeep and Dailey,
2005). Estimates of late embryonic or early fetal death ranged as high as
40%, but averaged between 10 and 15%. An exception is the greater rates of
loss in heat stressed lactating dairy cows in Florida, 65% in cows inseminated
artificially and 41% in cows with transferred embryos (Drost et al., 1999).
The observations by Perry et al. (2003, 2005) in beef cows led to
consideration of the possibility that follicle size in cows timed-inseminated
after GnRH might affect late embryonic losses, as well as early losses
discussed above. Thirteen of 43 timed-inseminated cows with small follicles (≤
11 mm) were pregnant at day 27, but 5 of the 13 (39%) lost pregnancy by day
68, whereas no late losses occurred in 57 pregnant cows with larger follicles
(overall loss 6.7%). In cows inseminated at estrus, 3 of 127 (2.4%) lost
pregnancies from first to second diagnosis, but their follicle sizes were ≥12
mm. These data illustrate the necessity to sample large numbers of cows to
elucidate causes of late embryonic mortality. In contrast to lactating dairy
cows, late embryonic/early fetal losses in beef cows and heifers usually have
been low (2 to 4%) and have not exceeded 8% (Inskeep and Dailey, 2005).
Reports discussed above were based upon dairy cows inseminated at
predetermined times, without detection of estrus. Starbuck et al. (2004)
studied lactating dairy cows and heifers that were inseminated approximately
12 h after observed onset of estrus or bred naturally. Eleven percent (11%) of
211 animals that were pregnant at ultrasonography during the fifth week after
breeding (day 28 to 36) had lost the pregnancy by week 9, with 65% of those
losses having occurred by week 7. In lactating Holstein cows in California,
Cerri et al. (2003) found no difference in loss rates from 30 to 58 days of
gestation between timed-inseminated cows (11%) and those inseminated at
detection of estrus (12.4%). Losses in heifers were consistently lower. The
problem appears to be most prevalent or of greater magnitude in lactating
dairy cows.
In reports reviewed by Inskeep and Dailey (2005), late embryonic death
usually preceded luteal regression. However, the possibility that luteal
function was compromised before embryos were lost was not ruled out by that
observation. They also reviewed a series of studies in which it was shown that
low progesterone during days 28 to 37 of gestation was predictive of greater
late embryonic and early fetal losses. Any association with estradiol was
equivocal from one study to another. Starbuck et al. (2004) found that
retention of pregnancy from weeks 5 to 7 was associated positively with
concentrations of estradiol at week 5, but retention to week 9 showed no
association. In cows with replacement corpora lutea induced during
placentation (days 28 to 31 of gestation; Bridges et al., 2000), there was a
tendency for more pregnancies to continue when concentrations of estradiol
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on days 31 through 35 were lower.



Heritability of Fertility Traits

Estimates of heritability of various measures of fertility in cattle have been low
(10% or less). In most cases, this has meant that fertility has been ignored in
selection programs. In fact, most Holstein herds have been selected largely
for the single trait, milk production, with occasional emphasis on classification
score. However, one of the authors completed his M.S. degree program with
a study of the inheritance of conception rate at first service in Holsteins bred
to high fertility AI sires (Inskeep et al., 1961). In that study, conception was
defined as birth of a live calf and averaged 67%. A high fertility sire had a 60to 90-day non-return rate in the upper ⅔ of the bulls in the study, and the nonreturn rate for the selected service sires averaged 73%. Heritability of
conception rate to first service, estimated from intra-sire correlations of
paternal half-sib groups, was approximately 8.5%. Collins et al. (1962)
completed a similar study in Guernseys, and depending upon method of
estimation, heritability estimates ranged from 2 to 10%.
Inskeep et al. (1961) went on to estimate expected gains in conception rate of
future daughters of selected sires whose previous daughters had high
conception rates compared to daughters of all sires. If one were to select
daughters of bulls in the upper 25% of sires for daughter’s conception rate,
based upon 20 previous daughters, the expected advantage would be 4.7%.
If the difference in conception rate of 20 previous daughters of each of two
bulls was 20%, their future daughters could be expected to differ in
conception rate to first service by 6%. Selection programs based upon
conception rate to first service have not been implemented, but some
schemes now utilize daughter pregnancy rate.
In a recent review, Rodriguez-Martinez et al. (2008) have examined causes
and effects of low reproductive performance in dairy cattle. They looked at
relationships to milk yield, and trends over time in fertility and calving interval.
They noted that daughter fertility index for Holsteins in Sweden had declined
since 1985, but in imported Holsteins, that index was already low in 1985.
They pointed to higher conception rates in Swedish Red cattle than in
Swedish Holsteins.
Bamber et al. (2009) summarized studies in 9 herds utilizing OvSynch
protocols with a total of 3,775 cows. In those herds, there was an average
pregnancy loss of 14.4% between about 30 and 60 days after timed AI.
Losses within herds varied from 7.6 to 21.6%. They estimated the heritability
of pregnancy loss (from a sire-maternal grandsire model) as 0.49. Thus
selection for survival after 30 days should be an effective tool.
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Finally, Khatib et al. (2008) have found that a specific gene, known as signal
transducer and activator of transcription 5A (STAT5A), was associated with
sperm factors that cause low fertilization rate in vitro, and with death rates of
in vitro fertilized embryos, as well as with milk composition in Holstein dairy
cattle. It appeared that selection for heterozygotic females could promote both
successful pregnancy and production.



Other Factors

Rodriguez-Martinez et al. (2008) identified several other risk factors for
fertility, including negative energy balance, dystocia, retained placenta,
twinning, stillbirths, and endometritis. Negative energy balance was
exacerbated by overfeeding pre-partum and they attributed much of the
variation in body condition to the feeding of total mixed rations during the dry
period. Inappropriate body condition at calving contributed to metabolic
disorders that can affect not only the proportion of anestrous cows, but also
conception rate and embryonic loss. The combination of high milk yield and
high feed intake during lactation has been shown to increase steroid
metabolism, as discussed above in relation to persistent follicles and aged
oocytes. Rodriguez-Martinez et al. (2008) emphasized that the male
contributes to the ability of the embryo to survive throughout pregnancy, as
well as to fertilization rate.



Conclusions: Possible Solutions to Low Fertility and
Specifically to Reducing Embryonic Losses –
Recommendations

Multiple and complex factors are involved in embryonic and early fetal losses,
therefore no single simple solution will suffice. However, possibly helpful
approaches can be identified from the literature reviewed and other studies.

Selection
The time has come to include more or direct measures of fertility traits in
selection programs for dairy cattle. Rodriguez-Martinez et al. (2008)
emphasized this need in their review, stating “despite the low heritability of
fertility and health traits, there is yet a significant genetic variation and thus a
chance to balance the genetic gain for production and animal health and
reproduction.” They illustrated gains made by increasing the weight given to
fertility traits in the selection program in Scandinavian data. Conception rate
trends in Swedish Red cattle were less negative than those in Swedish
Holsteins, apparently at least in part because of fewer imports and greater
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emphases on health and reproduction in the Swedish Red. Based upon their
summary and the earlier reports from Wisconsin on conception rate to first
service cited above, the first recommendation is: Institute a selection
program that includes measures of fertility and health traits and give
significant weight to these traits. Importation of Swedish semen might be a
way to achieve progress more rapidly, because bulls with superior daughter
fertility index have been identified in their selection scheme. The bulls used as
service sires should have high fertility as well.

Estrus
Rodriguez-Martinez et al. (2008) compiled data on changes over time in
duration of estrus; more recent values showed a shorter duration, but not as
short in Swedish Holsteins as reported in American Holsteins. Although
studies in American Holsteins were limited to a single institution (Dransfield et
al., 1998), it is not surprising that duration of estrus would change if ignored in
selection programs. Rottensten and Touchberry (1957) reported a heritability
of 21% for that trait in Red Danish, Black and White, and Jersey breeds
studied in Denmark. Animals must exhibit a detectable estrus; this trait not
only allows proper timing of insemination, but also indicates appropriate
maturation of the oocyte and readiness of the reproductive tract to establish
pregnancy. Thus the second recommendation is: Include strength and
duration of estrus as a criterion in the selection program.
The third recommendation is: Complex protocols for synchronization of
estrus and ovulation, with multiple injections of a plethora of drugs or
hormones, must be abandoned. They can be replaced by simpler systems
that require less frequent handling and less labor, but have the potential to
reduce embryonic and early fetal losses. A scheme has been developed,
using only progesterone (via CIDR) and PGF2α in an approved combination,
in which cows are inseminated only in relation to detected estrus. Groups of
cows rather than individuals are treated, so that observation for estrus is
required for only 3 weekdays in each 3-week period and all treatments and
inseminations occur on weekdays (Table 2). Inseminated cows are
resynchronized with CIDR only. Preliminary tests of the scheme in two herds
showed promise for increases in cows inseminated, and in conception and
pregnancy rates. This scheme avoids premature ovulation of follicles that
occurs with timed breeding protocols, and minimizes occurrence of persistent
follicles by keeping duration of progesterone treatment to 7 days.

Timing of Breeding Season
The fourth recommendation is: Do not initiate breeding until cows are at
least 70 days in milk. The literature shows that conception rates in lactating
dairy cows do not reach maximum until 60 to 90 days postpartum (Table 3).
That recommendation is utilized in the simple program described above and
avoids wasting semen in cows expected to have lower fertility.

Week

Sunday

Monday

1
2

Tuesday

Wednesday

Thursday

Friday

Heat detect
and Breed

Heat detect
and Breed

Heat detect
and Breed

Heat detect
and Breed

Heat detect
and Breed

Heat detect
and Breed

Saturday

Insert CIDR
Inject
PGF

Pull CIDR

3

1.

2.
3.
4.

1.
2.
3.

Insert CIDR

5

Pull CIDR

Expected heat response after first CIDR should be ~70% or greater.
Recommend that cows should be at least 70 days in milk before start of the program. Cows earlier than that can show heat, but conception rate
does not reach a maximum until 60-90 days. Thus, many more cows inseminated earlier than 70 days will not conceive as compared to cows
first inseminated later.
Breed only cows that show heat. Use tail paint and numerous checks for heat. Heavy milking cows show shorter heat periods.
Breed within 12 hours of observing heat. It is better to breed before the 12 hours have ended than to wait on strictly the am-pm rule. For example, if you are breeding at 6 am and 6 pm, breed any cow in heat during the night at 6 am and any cow in heat during the day at 6 pm that day.
Fertility will be same as normal rate without synchronization treatment. For example, if conception rate in the herd is 35%, it will be similar to that.
Expected heat response after second CIDR should be ~45%.
Cows that were not in heat after first CIDR should show heat. If a cow does not show heat after either CIDR, evaluate her for potential culling.
Cows not pregnant to the breeding after the first CIDR should show heat. A proportion of the inseminated cows will have conceived but lose the
pregnancy within the length of a normal estrous cycle.
Cows pregnant to the first insemination should not show heat. However, a proportion of these cows will not remain pregnant until pregnancy
check.
Fertility will be same as normal rate without synchronization treatment.
Overall, ~85% of the cows should have been inseminated at least once in this program.

63

4.

4

Maximizing Embryonic and Early Fetal Survival in Dairy Cattle

Table 2. Simple synchrony and re-synchrony program
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Table 3. Unweighted means for conception rates (CR%) to first service
following parturition in dairy cattle, summarized by 30-day periods.
Intervals following parturition (days)

CR%

<30

31-60

61-90

91-120

121-150

151-180

39

53

62

62

65

64

1

Compiled by Casida et al. (1968) from five published studies.
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