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Table 1. Reproductive performance for postpartum beef cattle diagnosed as cyclic or anoestrus before the
breeding season

Characteristic Anoestrus Cyclic
Number of cows? 447 404

Number in oestrus within 3 days after treatment (%) 110 (25) 191 (47)
Number in oestrus within 31 days after treatment (%) 300 (67) 353 (87)
Number pregnant to first service (%) 175/294 (60) 227/348 (65)
Number pregnant after 31 day breeding period (%) 199/441 (45) 259/399 (65)

2Cows were control, prostaglandin Fy, (PGFyq)-treated or progestogen and PGF,,-treated immediately before
the breeding season. Blood samples were tested for progesterone to determine status (anoestrus or cyclic)
before the breeding season (Data from Lucy et al., 2001).

Table 2. Summary of oestrous cyclicity based on analyses of progesterone profiles in traditional and modern
lactating cows

Characteristic Traditional Modern
Number of oestrous cycles 463 448
Normal pattern (%) 78 53
Anoestrus (%) 7 21
Temporary cessation of cycle (%) 3 3
Prolonged luteal phase (%) 3 20
Short cycles (%) 4.0 0.5
Other irregular patterns (%) 4.0 2.5

Data from moderate-yielding Friesian cattle (traditional; Fagan and Roche, 1986) and high-yielding Holsteins
(modern; Opsomer et al., 1998) were summarized by Roche et al. (2000).

incidence of twinning (presumably caused by double ovulation; Fricke and Wiltbank, 1999)
has also increased in modern dairy cattle because there are positive genetic correlations
between the incidence of twins and amount of milk production (Kinsel et al., 1998).

One hypothesis that needs to be tested is that the increased incidence of anoestrus, ab-
normal oestrous cycles and twinning share a common LH-mediated mechanism (Fig. 3).
Presumably, the increase in anoestrus is caused by a decrease in LH pulsatility that is sec-
ondary to negative energy balance in dairy cattle selected for high milk production. Lower
metabolic hormone concentrations (for example insulin and IGF-I) may contribute to a de-
crease in ovarian LH responsiveness and create gonadotrophin insensitivity at the ovary (see
above). It is possible that the compromised state of LH secretion and sensitivity continues
in the cyclic animal and disrupts functional aspects of the dominant follicle. Lactating cows
had larger preovulatory follicles than did heifers, but lower preovulatory concentrations of
oestradiol in blood (Sartori et al., 2000). Thus, the dominant follicle must grow to a larger
size to achieve equivalent blood oestradiol concentrations. Whether the lower blood oestra-
diol is caused by poor steroidogenic capacity of the follicle or greater steroid metabolism in
lactating cows with high nutrient intake is not known. The additional developmental time
needed by the follicle of lactating cows may create a ‘persistent follicle” scenario (and hence
lower fertility; Diskin et al., 2002) in which the oocyte is exposed to an extended preovulatory
period of relatively high LH pulsatility. Lactating cows also have a higher incidence of multiple
ovulations when compared with heifers. The greater ovulation rate in lactating cows may be
caused by follicles that fail to produce enough oestradiol to suppress FSH fully (Wiltbank
et al., 2000).
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Fig. 2. Plasma concentrations of progesterone during the postpartum
period for two dairy cows. (a) This cow had four oestrous cycles of ap-
proximately normal duration. (b) This dairy cow had a normal oestrous
cycle (days 18-38); a temporary cessation of oestrous cycles (days 38—
52); a short oestrous cycle (days 52-65); a prolonged luteal phase (days
68-92); and a normal oestrous cycle (days 93-113) (M. C. Lucy and
B. A. Crooker, unpublished).

Early phases of luteolysis are modulated by oestradiol (Okuda et al., 2002). Therefore,
long luteal phases in dairy cattle selected for milk production may be the result of dominant
follicles that are developmentally compromised and produce insufficient oestradiol to initiate
the luteolytic cascade. Whether long luteal phases in high producing dairy cows are associated
with a higher incidence of oestrous cycles with three follicular waves is not known. The lower
fertility in cows with two relative to three follicular waves (Townson et al., 2002) would be
theoretically exacerbated by longer luteal phases in high producing dairy cows.

Temporary cessation of oestrous cycles could be caused by a similar oestradiol-mediated
mechanism in which dominantfollicles are incapable of producing sufficient oestradiol to trig-
ger an LH surge for ovulation. We found that 21% of postpartum dairy cows in the luteal phase
that were treated with a luteolytic dose of PGF,, failed to ovulate the preovulatory follicle
(J. M. Borman and M. C. Lucy, unpublished). The phenomenon was completely reversed by
oestradiol treatment after an injection of PGF,,. Therefore, insufficient blood oestradiol con-
centrations may be a causative factor leading to ovulation failure after spontaneous luteolysis
or luteolysis induced in oestrous synchronization programmes.

Oocyte quality

Snijders et al. (2000) found that the ability of an oocyte to be fertilized and develop to
the blastocyst stage in vitro was affected by body condition of the donor dairy cow. Oocytes
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Fig. 3. Mechanisms linking poor LH secretion and suboptimal follicular growth to oestrous cycle
and ovarian abnormalities. Low blood oestradiol concentrations may be produced by low follicular
oestradiol secretion (secondary to low LH pulsatility and (or) low blood growth factor concentrations)
and enhanced oestradiol metabolism during high nutrient intake. A variety of oestrous cycle and ovarian
abnormalities may be linked to low blood oestradiol concentrations.

Table 3. The percentage of good quality embryos flushed from the uterus on specific days after oestrus for
control and repeat-breeder dairy cows* and for lactating and non-lactating dairy cows'

Days after oestrus Control (%) Repeat-breeder?® (%) Lactating (%) Non-lactating (%)
2-3 83 71 - -
4-5 88 80 58 82
6-7 83 42 - -

17-19 57 43 = —

aRepeat-breeder dairy cows were defined as cows with four or more inseminations and failure to establish
pregnancy.
*Data from Ayalon (1978); fData from Wiltbank et al. (2001).

fertilized in vitro from dairy cows in low body condition had a lower cleavage rate and a lower
developmental rate compared with oocytes from dairy cows in better body condition. The
exact period of nutritional imprinting of the oocyte is not known but many have speculated
that it occurs during the 2 months that it takes for a follicle to progress from the primordial to
preovulatory stage. The possibility that modern dairy cattle have poor oocyte quality and low
fertilization capacity in vivo has been raised by recent work comparing cleavage stage embryos
from lactating and non-lactating dairy cattle (Wiltbank et al., 2001) (Table 3). The percentage
of normal embryos 4-5 days after oestrus was low (58%) for lactating cattle and lower than
historical values reported by Ayalon et al. (1978). The percentage of normal embryos for non-
lactating dairy cattle was comparable to historical values for normal lactating cattle (82%).
The percentage of early stage embryos in lactating cows approached that expected for ‘repeat-
breeder’ cattle described in the 1970s (cows with four or more inseminations and failing to
achieve pregnancy; Table 3). Poor oocyte quality and poor early embryonic development may
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reflect a compromised state of follicular development in postpartum cattle. The compromised
follicular development may be ultimately tied to factors linking nutrition to reproduction.

Size and steroidogenic capacity of the corpus luteum

Undernutrition may compromise pregnancy through its effects on the corpus luteum. There
is a positive association between blood progesterone concentrations and pregnancy (Lamming
and Darwash, 1998). Cattle that are underfed have smaller corpora lutea and lower blood
progesterone concentrations (Gombe and Hansel, 1973). The effect of nutrition on the size of
corpora lutea is probably a consequence of nutritional effects on the follicle before breeding.
Cyclic cattle that are underfed have progressively smaller and less oestrogenic dominant
follicles before they succumb to anoestrus (Bossis et al., 1999). The smaller dominant follicles
give rise to smaller corpora lutea. There is also the potential for direct effects of nutritionally
regulated hormones and metabolites on luteal function. Peters et al. (1994) blocked LH
pulses with an GnRH antagonist and found that the steroidogenic capacity of the corpus
luteum was dependent on LH pulsatility during the early luteal phase, a period in which
progesterone concentrations may affect embryonic developmentand pregnancy outcome. The
steroidogenic capacity of luteal cells is also dependent on hormones, such as somatotrophin,
insulin and IGF-I that are controlled by the nutrition of the cow (Lucy, 2000).

Uterine function

Seemingly normal embryos may fail to develop within the uterus because cattle in poor
body condition may not synthesize adequate amounts of embryotrophic growth factors that
are required by filamentous embryos. Mapletoft et al. (1986) examined pregnancy rates after
embryo transfer and found that recipients with low body condition score had lower conception
rates when compared with recipients with high body condition score. Embryonic loss after
day 28 of pregnancy was highest in cows losing the greatest amount of body condition (Silke
etal., 2002). The IGF system is nutritionally regulated and is clearly resident within the uterus
and embryo (Watson et al., 1999). Pregnant cows have higher concentrations of uterine [GF-I
mRNA than do non-pregnant cows (Kirby et al., 1996) and treating cows with somatotrophin
after insemination increased conception rates perhaps through an embryotrophic mechanism
involving IGF-I (Bilby et al., 1999; Moreira et al., 2000). Therefore, the IGFs may be tied to
a nutritional (body condition) effect on the embryo. Leptin, also known to be nutritionally
regulated, was expressed in the uterus and stimulated early embryonic development in mice
(Kawamura et al., 2002). Thus, a variety of nutritional factors may affect the uterus and early
embryonic development.

Controlling reproductive loss in postpartum cows

Reproduction is a complex process. Progress toward improving reproduction can be made
only after basic reproductive management practices are implemented correctly. Dairy cows
consume feed ad libitum, but nevertheless use all available nutrients for milk production
at the expense of body condition. Supplying more energy will probably not solve repro-
ductive problems in dairy cows selected for milk production because dairy cows partition
additional nutrients toward milk production and not toward adipose or reproductive tis-
sues. In the short-term, aggressive reproductive management (treatment of anoestrus with
progestogens, oestrous synchronization, early pregnancy detection, and re-synchronization
of non-pregnant cows; Diskin et al., 2002) should maintain current reproductive rates.
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However, the routine use of pharmacological intervention as a method to solve cattle in-
fertility is becoming a public policy concern. Thus, in the future, many of our current re-
productive management practices may be viewed as unacceptable for food animals. Basic
research that identifies the mechanisms through which nutritional status controls reproduction
should elucidate control points that can be manipulated or circumvented to improve repro-
duction. For example, on the basis of the known effects of insulin and IGF-I on the ovary,
a diet was formulated that increased blood insulin concentrations and improved postpartum
reproductive performance in dairy cows (Gong, 2002). The techniques of the post-genome
era (genomics and proteomics) should increase the amount of available information, but will
only increase knowledge if computers can be trained to think like physiologists (Thompson,
2002).

A long-term solution may be found through genetic selection for improved reproductive
efficiency. Reproductive traits have low heritabilities, but the coefficient of variation for repro-
ductive traits is very large. Therefore, it should be possible to identify sires of daughters that
have poor fertility and avoid using these sires in breeding programmes (Weigel and Rekaya,
2000). There are negative genetic and phenotypic relationships between body condition and
milk production, but the relationships are modest. High genetic merit cows lose more body
condition but their reproductive performance is more dependent on their body condition
than on their level of production (Pryce et al., 2001). There are strong positive genetic trends
between body condition and reproductive performance (Dechow et al., 2001; Veerkamp
etal., 2001). Selection programmes based on postpartum body condition score should lead to
superior reproductive performance in postpartum cattle. Scandinavian breeding programmes
already include functional non-production traits (for example fertility and mastitis resistance)
in addition to production traits in their selection indices for total merit (Philipsson et al.,
1994). Although progress toward greater milk production may be less, their models indicate
better economic efficiency when functional non-production traits are included in selection
programmes.

Conclusions

The reproductive physiology of postpartum cows is complex because of the combined effects
of the past pregnancy and lactation. Fertility of postpartum cows is high when they are
disease-free and producing modest amounts of milk. Infertility occurs when cows are thin or
lose too much weight during the postpartum period. Genetic selection programmes for dairy
cattle have capitalized on nutrient partitioning and loss of body weight. Thus, reproduction in
postpartum dairy cows is problematic because genetic selection indices have not incorporated
reproductive traits. Beef cattle are not selected for early postpartum milk production and
suffer reproductive problems only when pasture conditions are inadequate. Understanding
the signals through which postpartum nutrition regulates gonadotrophin secretion and action
is essential so that progress can be made in this area. Few studies have examined the effect
of nutrition on uterine function and early embryonic development but the same factors
affecting ovarian function may also affect the uterus and embryo. In the long term, a genetic
approach that incorporates reproductive and health traits in selection indices will improve
reproduction. Itis also likely that continued studies in the area of postpartum reproduction will
reveal critical control points that can be manipulated to improve reproductive efficiency in
cattle.

This research was, in part, supported by the Missouri Agricultural Experiment Station project number
ASFC0503.
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