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1-Introduction 

     Reproductive success relies on a complex sequence of actions that involve 

the interaction of a great number of tissues and physiological events. These 

include the hypothalamus, pituitary, ovaries, uterus, embryo, foetus, 

endocrinology, intracellular signalling, gene transcription and protein 

formation and modification, to mention but a few. Since reproduction and 

fertility are such a central component of successful dairy enterprises, these 

events have attracted much attention from physiologists and practitioners (e.g. 

farmers) alike, and the appropriate management and understanding of these 

events is critical for a good outcome. Here, we first discuss the physiology of 

the main impediments to fertility and then management issues that need to be 

addressed in order to ensure good fertility of dairy cows. 

 

2-Bovine parturition and uterine health 

Calving is a key event in dairy farming and unfortunately a high proposition 

of cows require human supervision. Over the course of many years, various 

methods have been developed to predict the time of parturition in cattle, and it 

is only in recent years that useful devices have started to become available . 

These devices measure variables including pelvic ligament relaxation, 

circulating hormone concentrations, behavioural changes (predominantly 

detecting tail raising and over activity) and devices placed in the vagina or on 

the vulvar lips that detect calf expulsion. The ease with which calving occurs 

has many consequences, not least on cow welfare, but also on future 

reproduction and fertility. Dystocia (leading to calving assistance and possibly 

caesarean section), the birth of twins or a dead calf, and retained foetal 

membranes are all factors that have negative effects on subsequent 

reproductive performance, the physiology of which revolves around increased 

prevalence of uterine disease and the longer-term inhospitable uterine 



 

 

environment for the establishment of pregnancy. Contamination of the uterus 

by bacteria about the time of parturition is unavoidable and normally up to 80 

to 100% of cattle have bacteria in their uteri in the first 2 weeks after 

parturition, which helps these cows to deal Body condition score Energy 

balance Parturition events Oestrus detection Corpus luteum function Foetal 

development Embryo development Reproduction and fertility Birth of a live 

calf Uterine Health Metabolic diseases Pregnancy recognition Heat stress 

Insemination and ovulation the main impediments to fertility in dairy cows, 

with the size of each element indicating its approximate relative importance 

with this contamination. However, those that fail to do so develop metritis, 

and it is generally accepted that in about 20% of cows pathogenic bacteria 

persist beyond 3 weeks postpartum; this is termed ‘endometritis’. The risk of 

uterine infection is increased in cows with twins, stillbirth, dystocia or 

retained foetal membranes, and this type of infection has negative 

consequences for the subsequent establishment of pregnancy. The causative 

links between uterine infection and infertility include a hostile uterine 

environment, disrupted endocrine pathways and perturbations in ovarian 

function and oocyte development. From a management perspective, the 

trauma of parturition needs to be minimized and, as uterine contamination is 

almost inevitable, cows must be closely observed for signs of uterine infection 

and necessary treatments administered as soon as appropriate. Rearing cows 

to have a strong and robust immune system is a growing area of interest and is 

impacted by the post-partum metabolic environment (see below), which is 

also a key management issue to optimize later fertility. 

3-Bovine post-partum metabolic environment and ovarian activity 

After parturition, milk production increases dramatically and this places new 

burdens on the animal that has to match its feed intake requirements with the 

production requirements to produce large volumes of milk. In most cases the 

equation of intake versus output does not balance, resulting in animals using 



 

 

stored energy reserves to match the high milk production, leading to a period 

of negative energy balance (NEB, expending more energy than is consumed). 

NEB persists until milk production decreases or feed intake increases to match 

needs. Paralleling the NEB activity, ovarian activity (that was relatively 

quiescent in the later stages of gestation) also increases, but is significantly 

impacted by the NEB environment. The main factors under consideration that 

affect ovarian function at this time are insulin, growth hormone (GH), insulin-

like growth factor-I (IGF-I), glucose and luteinizing hormone (LH) (Roche, 

2006). In most circumstances, GH and IGF-I are ‘coupled’, wherein GH 

stimulates an increase in liver IGF-I secretion which in turn then decreased 

GH through negative feedback. However, during the period of NEB, insulin 

concentrations remain low, which prevents an increase in liver GH receptors 

and also IGF-I secretion; in this situation increasing GH does not increase 

IGF-I and the somatotropic axis is considered to be uncoupled (Lucy, 2008). 

Insulin and IGF-I are important as they normally synergize with LH and 

follicle stimulating hormone (FSH) to stimulate ovarian follicular cells to 

develop, ultimately resulting in ovulation. However, during NEB, low insulin 

and IGF-I are unable to provide sufficient support preventing the dominant 

follicle from ovulating and delaying the resumption of oestrous cycles. Severe 

NEB also suppresses LH secretion, and as adequate LH concentrations are 

necessary for pre-ovulatory follicle growth, oestradiol secretion and ovulation, 

severe NEB results in delayed ovulation. Up to 50% of modern dairy cows 

have abnormal post-partum oestrous cycles (including 10 to 50% having 

anovulatory anoestrus), resulting in increased calving to first insemination 

intervals  and decreased conception rates. Ideally, cows need to be managed to 

have a shorter, and not a severe, period of NEB through adequate nutrition 

and pre-partum feeding , so that there could be early resumption of ovarian 

activity, first ovulation and oestrous cycles, all of which have been shown to 

be associated with improved uterine health and subsequent fertility . 

 



 

 

4- Oestrus in dairy cows 

4.1 Expression and detection of oestrus 

It goes without saying that insemination of cows at the correct time is a 

prerequisite for fertility; however, this is proving to be a challenge for many 

modern dairy farms. During the last 50 years, coupled with an increase in milk 

production, there has been a dramatic decline in the proportion of cows that 

stand to be mounted by other animals, and in the duration of oestrus. It has 

recently been shown that both the express oestrus and the intensity of oestrus 

are positively associated with fertility. Oestradiol is the main hormone driving 

behavioural oestrus and it has been shown to be lower in high than low 

milkproducing cows. The root cause of low oestradiol concentration (and 

hence poor intensity and duration of oestrus) is both high metabolic clearance 

rate of oestradiol and low LH and IGF concentrations brought on by the NEB 

and stress. Since modern cows display a reduction in both the duration and 

intensity of oestrus and coupled with increasing herd sizes and reducing 

labour units, managers are increasingly adopting automated methods to detect 

oestrus.  The devices used are most frequently a type of activity monitor since 

activity (mainly walking) increases dramatically during oestrus. An alternative 

to the detection of natural oestrus, as a prerequisite to artificial insemination, 

is the use of oestrus synchronization, with or without timed artificial 

insemination. However, it is worth repeating that cows that express oestrus 

prior to artificial insemination or embryo transfer are more fertile than those 

that do not. 

4.2 Oestrus synchronization and fixed-time artificial insemination 

As an alternative to oestrus detection on unknown days of the calendar, 

oestrus synchronization methods were developed to narrow the timing of 

oestrus and ovulation allowing control over the timing of insemination and 

calving. While various methods to achieve this have been available for over 



 

 

40 years, more recent innovations have resulted in methods that concentrate 

on synchronizing the timing of ovulation that allows artificial insemination to 

take place at a fixed time without oestrus detection. This is referred to as 

fixed-time artificial insemination (FTAI). The basis for these synchronization 

protocols revolves around methods to control ovarian follicle growth, corpus 

luteum regression and ovulation. This is achieved with the use of exogenous 

hormones: gonadotropin-releasing hormone, prostaglandin and progesterone 

(and oestradiol in some countries), which are used in different combinations 

under different protocols for animals at different reproductive stages (e.g. 

heifers or cows at different stages post-partum) or conditions (e.g. cycling or 

anoestrus). These methods have now come of age as it is possible to get over 

50% pregnancy rates to a single FTAI protocol. However, it should be 

recognized that these methods can be expensive (based on the costs of labour 

and the hormones administered) and the choice of protocol and animals to be 

synchronized needs to be done following a cost–benefit analysis. It is likely 

that the benefits of using oestrus synchronization protocols, compared to not 

using them, are greater on farms where reproductive management is poor 

compared to farms where pregnancy rates are higher (unpublished 

observations). 

5-Establishing pregnancy in dairy cows 

Over the last 30 years the dairy industry has benefited hugely from a large 

increase in milk production per cow but this, until recently, was accompanied 

by an equally large decrease in fertility. It is generally accepted that of the 

cows that were inseminated only 30 to 50% actually calved. This range covers 

different production systems with lower input and milk production systems 

having the higher values (better fertility) compared to higher input and higher 

milk production systems (lower fertility). This trend of annual decreases in 

pregnancy rates has now halted and may be reversed (see below). The 



 

 

majority of pregnancy loss occurs in the first 2 to 3 weeks after insemination 

and far outweighs the losses that occur after this time during pregnancy . 

5.1 Fertilization 

Assuming that the oocyte and the sperm arrive at the right time in the 

reproductive tract, fertilization is considered likely to occur and not be a large 

contributing factor to poor fertility. In heifers and moderate-yielding dairy 

cows it is considered that fertilization rates are in the region of 90 to 100%, 

but in high milk-producing cows or animals that are stressed (e.g. heat), this 

can drop to 80%. The physiological reasons for fertilization failure include 

both sperm  and oocyte characteristics. Oocyte quality is still a poorly defined 

characteristic, but the hypothesis is that exposure of oocytes to an 

unfavourable environment (including heat stress, NEB and diseases, 

mentioned above) up to 3 months prior to ovulation may have a negative 

effect on the ability of the oocyte to be fertilized and develop into an embryo . 

5.2 Embryo mortality 

Fertilization results in the formation of a zygote, that is, a one-cell embryo 

containing both the maternal and paternal genetic complements. The challenge 

for this cell is to develop by dividing into 100 or more cells that are initially 

similar but then further divide and specialize ultimately into different cell 

types in the body. The early days of this development are critical and are 

known to be impacted by a number of factors. Considering the period from 

fertilization to Day 7, when the embryos develop to the blastocysts stage, 

surveys of the literature conclude that only 45 to 55% of inseminated, 

lactating cows are pregnant by Day 7 of gestation compared to about 75% in 

heifers . This shows that this first week of gestation is the period of the 

greatest embryo loss/death in cattle. The likelihood of development to this 

stage is determined by a number of factors, including oocyte quality, sperm 

quality, the timing of fertilization and the uterine environment . In addition, 



 

 

the genetic merit of cows has been related to embryo quality with some 

evidence suggesting that those animals with the ability to produce more milk 

have poorer quality embryos (both produced in vitro and those recovered from 

animals on Day 7 of gestation) compared to those that produce less milk. It is 

important to consider the impact of the uterine environment on the first 7 days 

of embryo development, given that oocytes can be fertilized and embryos 

developed in vitro for 7 days before embryo transfer to a uterus where they 

can develop to healthy calves. In this situation the culture environment is 

critical for embryo development, and it has recently been shown that so too is 

the uterine environment. In a study where zygotes were transferred to the 

oviducts (where they remained for 4 to 5 days) and embryos were recovered 

on Day 7 (from the uterus), it was found that Holstein Friesian heifers were 

better able to support this period of very early embryo development compared 

to post-partum, lactating Holstein Friesian cows . The oviducts provide 

nutrients (ions, amino acids, glucose) and growth factors to the developing 

zygote/very early embryo and this can be modified by maternal nutrition  

energy balance. Collectively, the above evidence suggests that the 

reproductive tract of lactating dairy cows provides a less favourable 

environment for very early embryo development than heifers, late lactation 

cows or dry cows, and the reasons for this are due to the carry-over effects of 

a recent parturition or to the particular endocrine and metabolic environment 

during early lactation. Once the embryo has established its own fully 

functional genome and is developing in a suitable uterine environment, its 

next challenge is to signal maternal recognition of pregnancy. This is achieved 

by the elongating conceptus by producing adequate concentrations of 

interferon-tau to signal the uterus and to alter the release of luteolytic 

prostaglandin F2a. This communication between the embryo and the uterus 

(maternal recognition of pregnancy) starts about Day 12 of gestation and 

continues for 10 to 12 days with the most critical days being approximately 

Days 16 to 18. A number of physiological events can conspire to prevent this 



 

 

communication from happening successfully. Approximately 5% of embryos 

die because of gross chromosomal abnormalities preventing development , but 

otherwise it is thought that it is the ability of the uterus to support embryo 

development that dictates success . The microenvironment of the uterus plays 

a leading role in determining embryo quality (Rizos et al., 2002). It has been 

shown that concentrations of progesterone (Lonergan, 2010) and IGF (Leroy 

et al., 2008), and the presence of pathogenic bacteria (Sheldon et al., 2006) 

affect the chances of embryo survival. As was established over 30 years ago, 

failure of maternal recognition of pregnancy, and subsequently luteolysis, is 

considered the main cause of embryo mortality in cattle. 

5.3 Progesterone in early embryo development 

Progesterone is a steroid hormone primarily secreted by the corpus luteum and 

the placenta. Progesterone secretion by the corpus luteum is critical for the 

establishment and maintenance of pregnancy in mammals and plays a major 

role in regulating endometrial secretion, essential for stimulating and 

mediating changes in conceptus growth and differentiation throughout early 

pregnancy. Circulating concentrations of progesterone represent a balance 

between production of progesterone by the corpus luteum and the metabolism 

of progesterone, primarily by the liver. Production of progesterone is 

regulated by development of the corpus luteum after the LH surge, by the 

number of granulosa cells that luteinize into large luteal cells, and by 

constitutive production of progesterone by these cells. Metabolism of 

progesterone is primarily related to the rate of blood flow to the liver. Thus, 

practical regulation of circulating progesterone concentrations will be most 

productive by focussing on raising the volume of luteal tissue in order to 

increase progesterone production and/or limiting progesterone metabolism 

(Wiltbank et al., 2014). Conceptus growth and development require the action 

of progesterone on the uterus to regulate endometrial function, including 

conceptus–maternal interactions, pregnancy recognition and uterine 



 

 

receptivity to implantation. A considerable proportion of embryo loss may be 

attributable to inadequate circulating progesterone concentrations and the 

subsequent downstream consequences on endometrial gene expression and 

histotroph secretion into the uterine lumen. Indeed, low progesterone 

concentrations have been implicated as a causative factor in the low 

pregnancy rates observed in high-yielding dairy cows (Diskin and Morris, 

2008). Elevated concentrations of circulating progesterone in the immediate 

post-conception period have been associated with an advancement of 

conceptus elongation (Carter et al., 2008; Garrett et al., 1988; Satterfield et al., 

2006), an increase in interferon-tau production (Mann and Lamming, 2001) 

and higher pregnancy rates (McNeill et al., 2006; Stronge et al., 2005). 

5.4 Late embryo and foetal mortality 

While early embryo mortality is undoubtedly the time of greatest embryo loss 

in cattle (see above), a second period or late embryo mortality is also relevant. 

Late embryo mortality is the death of the embryo between Days 25 and 45 of 

gestation and foetal mortality is from Day 46 until parturition (Committee on 

Bovine Reproductive Nomenclature, 1972). In cows managed on extensive 

pasture systems, embryo/foetal loss between Days 24 and 80 is reported to be 

6 to 7% in lactating cows and heifers with about half of this loss occurring by 

Day 42 of gestation. However, in intensively managed higher-producing 

cows, the loss is up to 20% between Days 28 and 98 of gestation. It has been 

shown that lactation negatively affects the growth of foetal and placental 

tissues, perhaps through a mechanism that involves hormones and metabolites 

that are affected by lactation. Other factors contributing to this late embryo 

and early foetal loss are genetic, physiological, endocrinological and 

environmental or one of the many possibilities for infection . 

 

 



 

 

6-Heat stress and bovine fertility 

In lactating dairy cows, pregnancy rates per insemination during periods of 

heat stress (summer in some parts of the world) can be as low as 10–20%  

compared to up to 50% at other times of the year. The optimal temperature 

zone for lactating dairy cows is between –0.5 and 20°C (Johnson, 1987), and 

the upper critical air temperature is 25 to 26°C (Berman et al., 1985). In 

tropical and subtropical regions, cows are easily subjected to heat stress 

because of high ambient temperature and also high relative humidity. If cows 

are exposed to environmental temperatures above the critical temperature for 

long periods, they display stress behaviours and this not only reduces feed 

intake and milk yield, but also is associated with poor reproductive 

performance. Cows maintained in mild natural conditions, with rectal 

temperatures between 38.4 and 39.1°C, have conception rates ranging 

between 40% and 80%; however, this drops to between 10% and 50% when 

the rectal temperatures increase to 38.7 to 40.1°C in hot natural environments. 

Heat stress impairs the steroidogenic ability of theca and granulosa cells, 

leading to diminished circulating oestradiol concentrations  and consequently 

poor oestrus expression. Heat stress can also damage the quality of both 

oocytes and early embryos, further reducing fertility. More seriously, oocytes 

can be damaged by heat stress as early as 105 days before ovulation and as 

late as the peri-ovulatory period. In order to minimize the detrimental effects 

of hot and humid climates on fertility, cooling systems such as shade, fans, 

sprinklers and direct watering of the cows are all effectively used all over the 

world. Nevertheless, these treatments are not able to fully restore fertility, 

especially in cows with high milk yields. Both embryo transfer and timed 

artificial insemination have been shown to improve the fertility of heat-

stressed cows, but it is very difficult to completely overcome the deleterious 

effect of heat stress, and it is clear that the basic mechanisms by which heat 

stress impacts fertility are not fully clear. In the future, improvements to 

cooling technologies, design of optimal nutritional formulations, greater use 



 

 

of assisted reproductive technologies and genetic selection of cows that are 

tolerant to heat may provide solutions to the negative effects of heat stress on 

fertility. 

7-Heifer fertility 

The costs associated with the rearing of dairy heifers consume about 25% of 

the total production expenses on dairy farms (where cows survive for less than 

about five lactations) and there is increasing interest to increase efficiency 

during this period. To maximize lifetime productivity it is desirable to calve 

first lactation cows at 22 to 24 months of age, but this requires adequate 

growth rates to attain target weights at breeding and calving. This is rarely 

achieved in either dairy or beef herds, with average age at first calving for 

dairy herds usually between 26 and 30 months. Major periods of nutritional 

deficiency and/or severe calf-hood disease do compromise development with 

long-term adverse consequences. Puberty should occur at least 6 weeks before 

the target breeding age to enable animals to undergo oestrous cycles before 

mating. Cattle reach puberty at a fairly consistent, but breed-dependent, 

proportion of mature body weight, and post-pubertal growth (from about 11 to 

14 months of age) also has a significant impact on the age at first calving. All 

this highlights the need for the proper management of heifers, with shorter 

rearing periods recommended for dairy herds with suitable management. 

While animals whose age at first calving is low do tend to have slightly lower 

milk yields in the first part of their first lactation, their lifetime production is 

higher as such animals usually have good fertility and survive longer than 

those calving for the first time at older ages. 

8-Genetics and bovine fertility 

Genetic selection has resulted in a great increase in milk production per cow 

and it is generally accepted that unfavourable genetic correlations exist 

between milk yield and reproductive performance in dairy cows. This is often 



 

 

given as the explanation for the decrease in fertility seen in dairy cows over 

the last 40 years. To reverse this trend there is great interest in selecting for 

reproductive traits in selection programmes; however, this is challenging as 

the mean heritability of traditional reproductive traits is low and varies 

between 0.02 and 0.05. As a consequence there has been great emphasis on 

solving the low fertility problem by addressing the physiological issues 

(addressed above) that contribute to fertility. While this approach is necessary, 

it is not the complete solution because poorly managed cows will not 

reproduce and also because more emphasis is now being placed on the 

potential for the genetic improvement of genetic traits. It is now known that 

the genetic correlation between reproduction and milk production on not one 

and as such simultaneous selection for both milk production and reproduction 

traits are possible, although in this situation genetic gain for both traits will be 

reduced compared with selecting for either trait on its own . 

9-Future trends and conclusion 

While many questions remain, our understanding of the factors that contribute 

to fertility in cattle has improved greatly in the last decade and now. From a 

management perspective, there are a number of critical issues to address in 

order to optimize fertility in dairy cows. The first of these are energy balance 

and body condition score, where correct nutrition is an absolute requirement 

for good fertility. Secondly, uterine health in post-partum cows requires the 

attention of managers, who should be aware that uterine contamination at 

parturition occurs in virtually all cows, but that only a proportion of them will 

develop endometritis and require veterinary assistance. Thirdly, approaches to 

improve the expression and detection of oestrus and artificial insemination at 

the correct time should be adopted on all farms. Embryo mortality is still a 

significant issue and one that is not easily addressed except to realize that 

stress during this time (including heat stress) is detrimental to the 

establishment of pregnancy. Finally, as there is considerable exploitable 



 

 

genetic variation in reproductive performance and it is possible to get genetic 

gain for both reproductive performance and milk production, all farms should 

have a wellstructured breeding programme to produce better animals in 

subsequent generations. 


