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2. Summary 

The amount of milk sold is the primary source of income in dairy enterprises. Reproductive 

performance has a fundamental impact on profitability. Dairy farmers struggle worldwide with 

suboptimal reproductive performance, which is usually the second largest loss source after 

mastitis. On Hungarian dairy farms reproduction is the most important source of economic loss 

among the herd-level animal health problems. Because of the huge impact of reproduction on 

the profit-generating potential of the dairy farms, various technologies and management 

methods have been introduced into dairy herds so far, in order to improve reproductive 

performance. The use of such improvements in management has been increasing, and 

probably plays a role in stopping the declining trend in reproductive performance. Since raising 

replacement heifers is the second largest cost in milk production, our analyses cover not only 

the reproductive management and performance of cows, but those of heifers, as well. 

The aims of our studies were to (1) survey the reproductive management practices and major 

reproductive parameters of heifers and cows in large commercial dairy herds in Hungary, (2) 

explore the associations between management practices and reproductive parameters in 

heifers and cows, and (3) assess the relationship of parity and management practices with 

reproductive performance of cows. 

Reproductive management practices applied to heifers and cows were surveyed between  

22 May and 6 November 2015 during personal interviews performed on farm visits in 34 large 

Holstein-Friesian dairy herds in Hungary. The total number of cows in the surveyed herds was 

25,672 (as of 1 January 2014) that accounted for 14.6% of the Hungarian milk recorded 

Holstein-Friesian population. Individual animal data from the farms participating were also 

gathered. 

In our first study the reproductive management and performance of heifers was surveyed. 

Reproductive parameters were calculated for 50,396 heifers first inseminated between  

1 January 2011 and 31 December 2014. Mean (± standard deviation) age at first service, age 

at first calving and mean first-service conception risk were 15.5 ± 1.6 months,  

25.6 ± 2.2 months and 47.1%, respectively. 8.6% of the inseminated heifers was culled prior 

to first calving, 246.3 ± 107.1 days after first insemination, at 23.9 ± 4.0 months of age, on 

average. Heifers were grazed on 35.3% of the surveyed farms. Body weight was regularly 

measured on 47.1%, body condition was regularly scored on 8.8% and estrus detection aids 

were used on 14.7% of the farms. Sexed semen was applied in 94.1% of the herds. Early 

pregnancy diagnosis was performed in 38.2% of the herds. Most commonly, pregnancy 

diagnosis was performed weekly (34.4%) or monthly (25.0%). 



8 
 

The relationship between the reproductive management practices and the performance of 

replacement heifers was assessed based on the individual data of 14,763 heifers, first 

inseminated in 2014 on the surveyed farms. Farms using estrus detection aids experienced 

reduced age at first service (p < 0.001) and age at first calving (p = 0.001). Observation of 

estrus for shorter periods instead of continuously showed a tendency towards lower age at first 

calving (p = 0.057) and was associated with higher odds of pregnancy at 20 months of age  

(p = 0.020). The first insemination of heifers on farms using sexed semen was performed at a 

younger age, but was less successful, compared to those using conventional semen 

exclusively (p < 0.05). In addition, the odds of heifers being pregnant by 20 months of age was 

higher on farms with more experience using sexed semen (p = 0.020). Frequent pregnancy 

diagnosis (i.e. more than once per week) was associated with younger first calving age  

(p = 0.023). 

Regarding the reproductive management and performance of cows it was found that the 

average calving interval was 435.2 ± 23.7 days, first service conception risk was 26.5 ± 9.4%, 

breeding interval was 31.4 ± 9.8 days, and the average number of services per conception 

was 4.0 ± 0.7, respectively. The proportion of reproductive culling was 31.7 ± 16.5% out of all 

premature disposals, on average. A voluntary waiting period after calving was applied in 76.5% 

of the herds, with an average length of 50.2 days (range: 30–80). Visual observation was the 

predominant method of searching for cows in estrus (88.2%), activity monitoring devices were 

used in 67.6% of the herds. On 79.4% of the farms estrus synchronization was performed, 

mostly Ovsynch (58.8%). The average time of the first pregnancy check was 35.1 days  

(27–60) after insemination, which was performed via transrectal ultrasonography in 67.6% and 

by pregnancy-associated glycoprotein tests in 5.9% of the herds. Daily milk production was 

the most prevalent criterion in reproductive culling decisions (94.1%). 

The associations of reproductive management and performance in cows were analysed based 

on the survey and on the individual data of 23,784 cows that calved between 1 January 2014 

and 31 December 2014 in the surveyed herds. Regarding heat abatement we found that 

ventilation with sprinklers was associated with the shortest breeding interval (p < 0.01), the 

shortest calving to conception interval (p < 0.01), and the highest odds of being pregnant by 

200 days in milk (p < 0.01). Solely ventilation showed similar (p > 0.05) results to no heat stress 

protection. It was also revealed, that lack of a well-established voluntary waiting period (VWP) 

or a VWP shorter than 50 days was associated with less days to first service (p < 0.01), shorter 

breeding interval (p < 0.01) and calving to conception interval (p < 0.05), as well as higher odds 

of carrying a calf by 200 days in milk (p < 0.01) compared to those using a VWP of at least 50 

days. Those farms that applied transrectal ultrasonography were more likely to use ventilation 

with sprinklers (p < 0.05), hormonal synchronization (p < 0.01) and to perform early pregnancy 



9 
 

diagnosis followed by pregnancy recheck (p < 0.05). The application of transrectal 

ultrasonography with one of the aforementioned practices was associated with reduced days 

to first service (p < 0.05), shorter breeding interval (p < 0.05) and higher odds of pregnancy at 

200 days in milk (p < 0.05). 

Primiparous cows had shorter breeding interval (p < 0.001), higher first-service conception risk 

(p < 0.001) and reduced calving to conception interval (CCI, p < 0.001) compared to 

multiparous animals, moreover, primiparous cows were more likely to be pregnant by 200 days 

in milk (p < 0.001). Lack of a voluntary waiting period was linked to larger improvement in 

calving to conception interval (p < 0.05) and probability of pregnancy at 200 days in milk  

(p < 0.001) in multiparous cows. Primiparous cows experienced larger improvement in days to 

first service (p < 0.001), breeding interval (p < 0.05), calving to conception interval (p < 0.01) 

and pregnancy status at 200 days in milk (p < 0.001) than their multiparous counterparts when 

estrus synchronization was used (vs. not used). Early pregnancy diagnosis and pregnancy 

recheck were associated with larger advantage in primiparous compared to multiparous cows 

regarding breeding interval (both p < 0.01), calving to conception interval  

(p < 0.01 and p < 0.001, respectively) and pregnancy status at 200 days in milk  

(both p < 0.001). 

The reproductive performance of a significant proportion of the Hungarian dairy cattle 

population has been assessed. Large reserves exist in the reproductive performance of heifers 

and cows, as well. Reproductive management of heifers is much less intensive than that of the 

cows, however, our studies have shown that a number of intensive reproductive management 

practices (e.g. estrus detection aids, frequency of pregnancy diagnosis) is associated with 

improved reproductive performance in heifers. Moreover, large opportunities exist in improving 

tracking of growth rate in heifers, as well. Based on our results regarding the reproductive 

performance of dairy cows, the optimum values of reproductive parameters should be 

reconsidered, and further improvements are needed in the reproductive management. 

Technologies and protocols that are associated with better reproductive performance in dairy 

cows are used on many – but not all – dairy farms (e.g. transrectal ultrasonography). The 

uptake of these practices is further emphasized. Our studies have also shown that the 

associations of reproductive management practices and parameters are different in primi- and 

multiparous cows. 
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3. Introduction and aims of the studies 

Reproductive performance of dairy herds has been in the focus of attention in the recent 

decades. According to the results of the international and Hungarian surveys, suboptimal 

reproductive performance can lead to 150,000-300,000 EUR annual loss in a 1000-cow 

commercial dairy herd (Ózsvári, 2013). Therefore, dairy producers make every effort in 

improving reproductive results, and invest a lot in implementing new techniques and protocols 

(Székely, 2000). However, it seems that the declining trend in reproductive performance has 

come to an end in the recent years both in Hungary and in the USA (Lucy, 2001, National Food 

Chain Safety Office – Livestock Performance Testing Ltd., 2017). 

A wide range of technologies and products for reproductive purposes are developed and 

marketed for dairy herds (Fodor & Ózsvári, 2014). Considering the management of estrus in 

cows it is possible to perform the insemination based on the observed estrus, but also estrus 

detection aids can be used (pedometers, activity meters, tail chalks, pressure-activated estrus 

detectors, etc.). Moreover, the farm management may decide to apply hormonal 

synchronization protocols (e.g. Ovsynch, Cosynch, Presynch-Ovsynch, Double-Ovsynch and 

their different variants) and perform fixed-time artificial insemination. Efficient reproductive 

management in dairy cattle requires that the farm manager makes beneficial choices from the 

available protocols and techniques that will fit into the circumstances of the given farm and will 

presumably improve effectiveness of the management. 

The management of reproduction and its impact on profitability in dairy herds is one of the 

most complex areas of animal health economics. The aims of our studies were: 

 to survey the reproductive management practices and the most important reproductive 

parameters of Holstein-Friesian heifers and cows in large commercial dairy herds in 

Hungary, 

 to explore the associations between management practices and reproductive 

parameters in heifers and cows, and 

 to assess the relationship of parity and management practices with reproductive 

performance of cows. 
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4. Literature review 

4.1. Parameters for the evaluation of dairy herd reproductive performance 

The amount of milk sold is the primary source of income in dairy enterprises (Dobos, 1995; 

Ózsvári, 2004; Ózsvári & Kerényi, 2004). Reproductive performance has a fundamental impact 

on profitable milk production, therefore, it should be measured with appropriate parameters. In 

the recent decades the milk production of Holstein-Friesian cows has increased remarkably, 

which, coupled with other factors – such as altered environmental conditions (e.g. increased 

number of heat stress days), increased intensity of feeding, changes in housing, genetic 

changes – had a significant impact on the reproductive performance of dairy herds (Lucy, 

2001). The average length of estrus has decreased from 12-15 to approximately 8 hours, 

additionally, the expression of estrus has become less pronounced that has led to a significant 

reduction in heat detection efficiency (Ferguson & Skidmore, 2013; Gábor et al., 2004; Nebel 

et al., 2000; Nebel & McGilliard, 1993). 

The farm managers and veterinarians should be aware of the correct interpretation of 

reproductive indices. Calving interval is one of the most widely used reproductive parameters, 

but it should be noted that it ignores primiparous cows, however, these account for 30-40% of 

dairy cows in a herd. Increased number of services per conception is responsible for 

approximately 10% of the total losses due to reproductive disorders, which may lead to 

approximately 15,000-30,000 EUR loss on a 1000-cow commercial dairy farm, however, even 

a slight increase in calving to conception interval can cause a more significant loss compared 

to this (Ózsvári, 2013; Ózsvári & Kerényi, 2004; Safiullah, 1994). The trend in calving interval 

in the recent decades on Hungarian dairy farms are shown in Figure 1. 

 

Figure 1. Calving interval in Hungarian dairy herds (1970-2016) 
Source: National Food Chain Safety Office – Livestock Performance Testing Ltd., 2017 
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In the recent decades housing and milking technologies, farm management software and 

various other methods from the USA have been introduced into the Hungarian dairy herds. 

However, the management in the US and in Hungary differ from several aspects, e.g. the 

criteria of culling are different. A survey of 103 large dairy herds in the US showed that those 

cows were culled that produced less than 18 kg milk per day (Caraviello et al., 2006). 

Furthermore, the use of bovine somatotropin (bST) is very common in the US, voluntary waiting 

period and estrus synchronization protocols are more widely adopted, and the economic 

environment in which farms operate is different, as well, compared to Hungary (Brotzman et 

al., 2015; Caraviello et al., 2006). Reproductive performance is often evaluated based on heat 

detection rate, conception rate and pregnancy rate on US farms, however, the most widely 

used farm management programs in Hungary are currently not capable of evaluating data 

based on 21-day cycles (that would be a prerequisite for the evaluation of these parameters), 

moreover, due to the large differences between management the results of the two countries 

are not comparable (Kranjec et al., 2016). 

Heat detection rate (HDR) indicates the number of cows that were inseminated as a proportion 

of the total number of cows that were eligible for insemination in a 21-day-long period (that is 

equal to the length of the estrus cycle). Conception rate (CR) is in fact the reciprocal of services 

per conception, and indicates the proportion of successful inseminations (i.e. those that 

resulted in a pregnancy) within the total number of inseminations. Pregnancy rate (PR) 

indicates the number of cows that became pregnant as a proportion of those cows that were 

eligible for insemination during a 21-day-long period (Ferguson & Skidmore, 2013; Fetrow et 

al., 2007; Heersche & Nebel, 1994). The relationship among these variables can be described 

by a simple mathematical equation: HDR * CR = PR. 

Days to first service (DFS) is heavily influenced by the breeding policy of the farm. The 

application and the duration of a voluntary waiting period (VWP; the time period after calving 

until the cow is deliberately not inseminated) affects DFS. Delayed return of the normal ovarian 

cyclical activity and poor estrus detection efficiency can also contribute to the increase of DFS 

(Noakes et al., 2001). 

First service conception risk (CR1) indicates the number of successful first inseminations (i.e. 

those resulting in a pregnancy) as a percentage of the total number of first inseminations. 

Services per conception (SPC) is the number of inseminations in a given period divided by the 

respective number of pregnancies. The reciprocal of SPC is the conception risk (CR). A pitfall 

in the evaluation of SPC is that on some farms the work of the inseminators is judged based 

on the SPC exclusively (“the lower the better”), therefore, they will inseminate only those cows 

that are most likely to conceive. Ultimately, it will result in prolonged calving to conception 
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interval (CCI), thus, SPC, similarly to CR1, is suitable only for the evaluation of the success of 

inseminations (Fetrow et al., 1990; Kranjec et al., 2016; Noakes et al., 2001). 

Breeding interval (also called interbreeding interval, IBI) indicates the average number of days 

between consecutive inseminations. IBI is subdivided into five groups (Noakes et al., 2001): 

1. 2-17 days, excluding IBI equal to one day because of the application of double fixed-

time AI; 

2. 18-24 days, the length of the normal estrus cycle; 

3. 25-35 days; 

4. 36-48 days, twice the length of the normal estrus cycle, and 

5. > 48 days. 

In a well-managed herd at least 45% of the breeding intervals should be between 18-24 days. 

A high percentage of cows in group 4 (36-48 days) and a low percentage in group 2 (18-24 

days) indicate poor estrus detection, whereas a large share of cows in groups 1 and 3 suggest 

inaccurate estrus detection. A high percentage of cows in groups 3-5 can indicate pregnancy 

wastage (late embryonic or early fetal death) (Noakes et al., 2001). 

Calving to conception interval (CCI) indicates the average time that has elapsed from calving 

to conception of cows. CCI is calculated by summing up the number of days from the previous 

calving to the insemination that resulted in pregnancy, and divided by the number of pregnant 

cows (Kranjec et al., 2016; Noakes et al., 2001). This parameter is influenced by two factors: 

the DFS and the days from first service to conception. The projected calving interval can be 

calculated by adding the gestation length to CCI, which makes CCI a valuable parameter than 

calving interval, because it can be quantified for primiparous cows, as well, and there is no 

need to wait for the second calving of cows to estimate the calving interval. Days open (DO) is 

the interval between the previous calving and the date of successful insemination in those 

cows that conceived, and the interval from calving to culling or death of those cows that did 

not conceive (Noakes et al., 2001). 

In many studies the proportion of pregnant cows by 200 days in milk (P200) is calculated 

(Michaelis et al., 2014; Tenhagen et al., 2004), because beyond 200 DIM open cows are often 

labelled as culled due to reproductive reasons. 

Kranjec et al. (2016) studied the correlations among reproductive parameters based on the 

data of 21 large-scale dairy herds, and found that PR, SPC, CCI and CR1 showed the 

strongest correlations with the other analyzed reproductive indices. In the same study it was 

emphasized that reproductive performance should be evaluated based on multiple indices, 

because the use of a single parameter only can be misleading. 
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In replacement heifers the role of age at first calving (AFC) is emphasized most frequently. 

This parameter determines the length of the non-productive period from birth until the initiation 

of first lactation, therefore, AFC has a huge impact on rearing cost (Boulton et al., 2017). The 

culling rate of cows and AFC of heifers determine the number of replacements to be reared 

(Table 1). 

Table 1. The size of the replacement heifer population at different culling rates and ages at 
first calving 

Culling rate of cows 

(%) 

Age at first calving (months) 

 
22 24 26 28 30 

26 53 58 63 67 72 

30 61 66 72 78 83 

34 69 76 82 88 94 

38 77 84 91 99 106 

42 86 93 101 109 117 

Note: It was assumed that 10% of the replacement heifers are disposed due to culling and 

mortality during raising. 

Source: Ózsvári, 2014 

4.2. Economic importance of reproductive performance in dairy cattle 

Improving reproductive performance of dairy herds improves profitability in multiple ways. 

When the reproductive status of the herd is better, the amount of milk produced increases, as 

well as the number of calves born, on the contrary, the incidence of involuntary culling due to 

reproductive failure decreases along with the relative cost of reproduction (hormones, semen, 

stc.) (Cabrera, 2014; Meadows et al., 2005; Olynk & Wolf, 2008; Ózsvári, 2004). In spite of the 

disadvantages of calving interval this is a very often used parameter for the evaluation of 

reproductive performance. A major problem in large Hungarian dairy herds is the longer than 

optimal time to conception (resulting in extended calving interval). The realistic goal would be 

to reduce calving interval below 400 days, instead, the actual calving interval has been more 

than one month longer than this in the last decade (National Food Chain Safety Office – 

Livestock Performance Testing Ltd., 2017; Széles, 1996). According to previous research 

conducted in Hungarian dairy herds, the losses due to reproduction amount to 150-300 EUR 

per cow annually (Ózsvári et al., 2007; Ózsvári, 2013). The severity of the consequences of 

poor reproductive results is well represented by the estimate provided by Senger (1994), who 

stated that suboptimal estrus detection caused more than 300 million EUR loss in the US dairy 
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industry more than 20 years ago. It is quite difficult to evaluate the economic consequences of 

reproduction, since changes in reproductive performance affect productivity in various 

pathways, moreover, several factors interact with each other (e.g. performance of the herd is 

improved by culling cows with reproductive problems), and some consequences are delayed 

(Seegers, 2006). 

Economic gains of improving reproductive performance follow the law of diminishing returns, 

which means that as the number of open days increases, the marginal cost of each open day 

increases, i.e. each additional day open becomes more costly (Cabrera, 2014). Therefore, 

economic gains are larger at poorer initial performance. This finding is supported by several 

authors, as shown by the example of heat detection efficiency in Table 2. 

Table 2. Economic gains of improving heat detection rate (HDR) 

Publication Initial HDR (%) Improved HDR 
(%) 

Profit/cow/year 

Pecsok et al., 19941 20 30 77.6 EUR  
60 70 12.1 EUR  

De Vries & Conlin, 2003 35 45 21.3 EUR 
55 65 6.3 EUR  

Inchaisri et al., 2011 30 50 53.3 EUR 
50 70 11.2 EUR 

1 the average annual USD to EUR exchange rate of 1999 was used (Source: Hungarian Central Bank) 

4.2.1. Relationship of reproductive performance with milk production 

Better reproduction leads to higher milk production, which is the primary source of income on 

dairy farms. As milk production increases, feed costs increase, as well, but improving 

reproductive results usually lead to higher income over feed cost (IOFC) (Cabrera, 2014). In a 

herd with good reproduction status, a higher proportion of cows spend more time in the more 

efficient part of the lactation curve (when the feed conversion efficiency is better). The 

persistency of the lactation curve influences the economic consequences of extended calving 

interval. In case of a flat lactation curve with good persistency (often in primiparous cows), the 

relative losses caused by the extended calving interval are lower compared to the case when 

the lactation curve has a strong peak and lower persistency (Seegers, 2006; Széles, 1998). 

4.2.2. Effect of reproduction on the number of calves born 

Improving reproductive performance yields more calves. The bull calves produced can be sold 

for slaughter or for fattening, whereas the number of heifer calves determines the number and 

availability of replacements (Cabrera, 2014; Ózsvári, 2004). More replacements can potentially 

lead to more selective culling of dairy cows, or the decision to stop inseminating open cows 

can be made at lower days in milk (Cabrera, 2014). As the number of days open increases, 

the number of calves produced per lifetime decreases, as well as the mature females 
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produced. When the number of mature females produced by an average cow decreases below 

one during her lifetime, the cost of days open is heavily affected, since the replacement cost 

increases. In this case heifers should be purchased in order to maintain herd size (Meadows 

et al., 2005). 

4.2.3. Cost of reproduction 

Cost of reproduction covers all those management costs that incur with the purpose of getting 

the cows pregnant (Cabrera, 2014). These additional expenditures include labour (for estrus 

detection, hormonal synchronization, insemination, pregnancy diagnosis, treatment of 

disorders), hormones and other pharmaceutical products, the cost of semen, estrus detection 

aids, and pregnancy tests. When the reproductive performance is better, the relative cost of 

reproduction is lower (Cabrera, 2014; Seegers, 2006; Varga & Ózsvári, 2004). 

4.2.4. Involuntary culling due to reproductive reasons 

Reproduction is the primary cause of culling, since up to 40% of the cows leave the herd 

because of reproductive disorders, but the variation among farms is large (Meadows et al., 

2005; Meadows et al., 2005; Seegers, 2006). The simplest way of  keeping the performance 

of the herd close to the target is to cull all the outliers, but culling a large population would 

disorganize the replacement strategy (Seegers, 2006). Open cows have three to seven times 

higher hazard of culling compared to their pregnant herdmates (De Vries et al., 2010a). 

Involuntary culling risk follows a typical pattern: early in lactation the risk is slightly higher, then 

decreases after the transition period, and then increases remarkably at the later stages of 

lactation (> 250 DIM) (De Vries et al., 2010a). It also has to be noted that those cows that 

become pregnant earlier postpartum are more often at risk of involuntary culling due to fresh 

cow disorders (De Vries et al., 2010a). Involuntary culling reduces the opportunities of culling 

cows with low genetic merit voluntarily, but the reduction in genetic progress should not be 

overestimated, because the main contribution to genetic improvement is the sire-heifer way, 

not the dam-heifer way (Seegers, 2006). The transaction cost of a culled animal is the 

difference between the cost of the replacement (heifer around calving) and the salvage value 

of the culled cow. Mortality is more costly, since the dead cow has no salvage value (Dijkhuizen 

& Morris, 1997; Ózsvári, 2004). 

4.2.5. The value of a cow, value of a new pregnancy and the cost of pregnancy loss 

Decisions regarding reproductive programmes are basically made on the herd level, but 

opportunities exist on cow level, as well. However, cow level individualized decision rules 

should only be applied when the rate of estrus detection is reasonable, and the conception risk 

is not too low (Cabrera, 2014; Seegers, 2006). 
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The value of a cow is the expected long-term net return of the cow compared to its immediate 

replacement with a heifer, and can be also expressed as the retention pay-off (RPO) 

(Dijkhuizen & Morris, 1997). The most important determinants of cow value are the cow’s 

expected production and the replacement’s expected genetic value. The value of the cow 

changes over time and depends on her lactation number, level of milk production, DIM and 

pregnancy status. Results consistently indicate that: 

 the value of the open cow is maximal early postpartum and becomes negative in late 

lactation, 

 when the cow becomes pregnant, its value increases and remains higher compared to 

her non-pregnant, but otherwise identical herdmates, and 

 the value of the pregnant cows re-align to a similar value at the end of gestation, 

irrespective of when the cow became pregnant in lactation (Cabrera, 2014; De Vries, 

2006; De Vries et al., 2010b). 

Until cow value is positive, the animal should be kept in the herd, but when it becomes negative, 

which indicates that a higher return would be expected from the replacement heifer, the cow 

should be culled and replaced (Dijkhuizen & Morris, 1997). 

The value of a pregnancy is the difference between the values (the expected future net returns) 

of two identical cows, one pregnant and the other one open (Figure 2). Similarly, the cost of a 

pregnancy loss is the difference between the value of a cow losing the pregnancy (open) and 

the value of the identical cow that remains pregnant. The value of a new pregnancy also 

indicates the maximum amount of money that can be spent to get a cow pregnant, and this 

amount is not the same for all open cows. The value of a new pregnancy increases with DIM 

in early lactation, then later in lactation decreases with DIM. Cows with higher relative 

production level (compared to their herdmates) and primiparous cows achieve greater values, 

and these value peak at higher DIM. On the contrary, higher PR, increased persistency of 

lactation and lower replacement cost reduce the value of a new pregnancy. The value of a new 

pregnancy can be even negative, when relatively high-producing primiparous cows with good 

lactation persistency have high PR, consequently they conceive soon after calving. In this case 

the insemination should be delayed (Cabrera, 2014; De Vries, 2006; De Vries et al., 2010b). 

The average value of a new pregnancy was 211 EUR, whereas the cost of a pregnancy loss 

was 422 EUR (De Vries, 2006). The cost of a pregnancy loss increases as the gestation 

progresses. The cost of a day open can be calculated by multiple methods. One method is that 

the optimal calving interval is calculated based on the total annual revenue (based on net milk 

receipts, calf sales, and miscellaneous costs): the optimal calving interval yields the maximal 

revenue, and the losses stemming from the number of additional days open are calculated 
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based on the difference between the optimal and the actual calving interval (Dijkhuizen et al., 

1985; Dijkhuizen & Morris, 1997; Ózsvári & Kerényi, 2004). Another method is that the 

difference in the value of an open cow between an earlier and a later day in lactation is divided 

by the number of days in that period (Cabrera, 2014). 

 

 

  

Value of a new pregnancy (e.g. 628-406 = 222 USD) 

Cost of a pregnancy loss (e.g. 488-165 = 323 USD) 

Cost of a day open (e.g. (704-549)/(120-90) = 5.2 USD) 

Effect of 10% increased productivity in future lactations 

Ec
o

n
o

m
ic

 v
al

u
e

 o
f 

a 
co

w
 (

U
SD

) 

Figure 2.  Graphical representation of the value of a cow, of a new pregnancy, the cost of 
pregnancy loss and that of a day open 

Source: Cabrera, 2014 

Days after second calving 
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4.2.6. Economics of heifer raising 

Rearing replacement heifers has the second largest share in the cost of dairy farming, 

representing 15-20% of the total cost of milk production (Heinrichs, 1993; Tozer & Heinrichs, 

2001). This area of management is a long-term investment and a financially non-productive 

period. The objective of the farm management is to minimize cost associated with, and at the 

same time to maximize future profitability of replacement animals (Mourits et al., 1997). 

Age at first calving (AFC) is the most important reproductive parameter of replacement heifers. 

The biologically and economically optimal AFC is 23-25 months. Calving age of heifers has a 

direct effect on the total cost of rearing and on the time needed to repay the investment into 

heifers (Boulton et al., 2017). The cost of raising heifers has already been calculated in several 

studies. In the study of Gabler et al. (2000), the total cost of raising was 1,222 EUR per heifer 

in the milking operations and 1,108 EUR per heifer in the custom raising facilities. Heinrichs et 

al. (2013) found that the average cost of raising was 1,302 EUR per heifer in 44 herds in the 

US. Studies from Europe showed slightly higher figures: a Dutch study found a 1,790 EUR, 

and a British study found a 2,067 EUR total raising cost per heifer, on average (Boulton et al., 

2017; Mohd Nor et al., 2015). A one-day increase in AFC resulted in a 3.26 EUR increase in 

replacement cost per heifer (Boulton et al., 2017). A simulation study showed that a one-month 

reduction in AFC decreased the cost of the replacement program by 4.3% (Tozer & Heinrichs, 

2001). In Hungary, a one-month delay in first calving was estimated to increase the cost of 

raising by approximately 19.5 EUR per heifer, taking only the increased feed cost into account 

(Ózsvári, 2014). 

The cost of heifer raising is also influenced by the culling rate of cows: decreasing the culling 

rate from 25 to 20% decreased the cost of raising by 24.6% (Tozer & Heinrichs, 2001). In the 

same study it was found that the changes in calving interval and the mortality rate of 

preweaned heifer calves had only minor effect on the cost of the replacement program. In 

Hungary, the cost of raising replacement heifers was 3.01 EUR cent per one litre milk at 35% 

culling rate, but only 2.46 EUR cent per one litre milk at 30% culling rate (Ózsvári, 2013). 

Feeding has the largest contribution to the cost of replacement rearing, representing more than 

60% share in the cost of raising (Gabler et al., 2000; Heinrichs et al., 2013). In order to achieve 

optimal AFC, adequate growth rate is needed, and proper feeding is a prerequisite for this. 

The efficiency of nutrient use decreases with age, moreover, greater body weight maintenance 

requirements contribute to higher daily feed costs along with the increase of AFC (Bach & 

Ahedo, 2008). A high plane of nutrition is suggested in the prepubertal period of heifers that 

results in rapid growth and early establishment of puberty. As a result, heifers can be bred at 

about 400 days of age that enables a relatively early first calving. When the farm management 



20 
 

makes a decision about replacement heifers, they should not focus on a specific area without 

considering the entire growing phase, because decisions and goals consistent with the biology 

of the animal and taking into account the data from the entire growing period can minimize 

total feed costs (Bach & Ahedo, 2008). 

Efficiency of heifer raising has serious economic consequences. Heinrichs et al. (2013) 

compared 44 farms using data envelopment analysis, and found that nine farms (20.5%) raised 

heifers efficiently, whereas on 35 farms (79.5%) inefficiencies were found. The average AFC 

was 23.7 months and first lactation milk yield was 88.4% of the mature cows’ yield in the 

efficient farms. Inefficient farms had 1.6 months higher AFC and the level of milk production in 

primiparous cows was only 82% compared to mature cows on average, moreover, feed cost 

exceeded by 163 EUR and labour cost by 56 EUR that of the efficient farms. In Britain, 23.6% 

of the farms paid back the cost of heifer raising in the first, and 91.1% until the end of the 

second lactation. For the remaining farms it took three to six lactations to pay back heifer 

raising cost. The average break-even time was 530 days after first calving (Boulton et al., 

2017). It usually takes 1-1.5 lactations for the farms to pay back the raising cost of replacement 

heifers (Boulton et al., 2017; Ózsvári, 2014). 

Lack of correct information can be one of the factors that contribute to the replacement heifers 

being neglected compared to milking cows. Mohd Nor et al. (2015) calculated the cost of heifer 

raising on Dutch dairy farms (using Jonkos software), and compared their results with the 

replacement cost that was estimated by the farmers in the herds involved. The cost calculated 

by the Jonkos software was 1,790 EUR, whereas the perceived cost by the farmers was 1,030 

EUR, on average. Approximately 90% of the farmers underestimated the cost of raising 

replacements, which is important, because the accuracy of the information available to farm 

managers influences their decisions (Mohd Nor et al., 2015). 

4.3. Management factors for the improvement of reproductive performance 

4.3.1. Heifer raising for optimal future performance 

The length of the non-productive period in dairy cattle is determined by age at first calving 

(AFC). AFC should be optimized in order to maximize profitability of the animal considering its 

entire lifetime. Heifers should be bred at latest at 15 months of age to achieve the 

recommended AFC (Heinrichs et al., 2013). 

The start of breeding is a management decision, however, it is largely influenced by nutrition 

and growth rate (Wathes et al., 2008). Body weight is a measure of physiological age in dairy 

heifers. The onset of puberty occurs at about 43% of the mature body weight. It is 

recommended that heifers reach 55% of their mature body weight at first service and 85% after 
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first calving (Mourits et al., 1997; National Research Council, 2001). However, mature body 

weight is known only approximately four years after first service. Taking the average weight of 

the mature cows in the lactating herd as a baseline could be an approach, but huge differences 

exist among the mature weight of Holsteins (the difference can be as large as 350 kg), and the 

genetic basis of the herd changes during this relatively large period of time, as well (Bach & 

Ahedo, 2008; Hansen et al., 1999). Bach & Ahedo (2008) proposed two different body weight 

targets for first insemination, but of course, these are dependent on the genetic basis of the 

herd. According to this study, those heifers that weigh less than 180 kg at 5.5 months of age, 

should be first inseminated at 360 kg, and those who weigh more than 180 kg, should be first 

inseminated at 420 kg. In the future, selection of the best heifers can be based on juvenile 

predictors such as genotyping (e.g. singe nucleotide polymorphisms), phenotypic profiling of 

type traits (e.g. stature) and metabolic parameters (e.g. insulin-like growth factor 1) (Wathes 

et al., 2008). 

4.3.1.1. The optimal growth rate for future performance 

Reaching optimal body weight at calving is of utmost importance for calving ease and future 

performance. Age at first calving has little correlation with first lactation milk production 

provided that the age is above 22 months (Bach & Ahedo, 2008). The influence of body weight 

at calving on first lactation milk yield is fourfold more than that of age at calving (Clark & 

Touchberry, 1962). The optimal weight after first calving is 545-565 kg, however, newer studies 

proposed an optimal body weight after first calving of about 620 kg (Bach & Ahedo, 2008; 

Keown & Everett, 1986; Mourits et al., 1997). Large body weight at calving should be the target, 

but the exact figures depend on the genetic basis, of course (Bach & Ahedo, 2008). Average 

daily gain (ADG) is the parameter that should be monitored when the farm management 

desires to achieve a certain body weight at a certain age. 

Results from the previous decades are somewhat contradictory regarding the suggested ADG 

during heifer raising. Lin et al. (1986) compared the performance of early and late bred heifers 

(first insemination at 350 and 462 days of age, respectively). Feeding regimen was similar in 

the two groups. Although early bred heifers calved approximately 100 days earlier (698 vs. 796 

days of age), they also had lower milk production compared to the late bred heifers. A one-day 

reduction in AFC reduced lactational milk yield by 2.01 and 4.74 kg in the respective groups. 

In the study of Gardner et al. (1988) the performance of heifers fed according to the standards 

and those fed to achieve accelerated growth were compared. Heifers in both groups were 

inseminated at a minimum weight of 340 kg. AFC was much lower in the accelerated group 

(24.6 vs. 22.2 months), and the total milk production in the first five lactations was similar 

(42,321 vs. 41,623 kg), as well as the percentage of cows remaining in the herd after five 
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lactations (19 vs. 18%). Mourits et al. (1997) proposed that a critical upper limit for prepubertal 

growth rate exists (0.7-0.8 kg/day), above this a 10-20% reduction in first lactation milk yield 

can be observed. At the same time, high feeding intensity in the postpubertal period was 

suggested to increase body weight at calving. In a meta-analysis the prepubertal ADG for 

optimal first lactation milk yield was 0.8 kg (Zanton & Heinrichs, 2005). However, Bach & Ahedo 

(2008) proposed that an ADG of 0.8-1.2 kg from birth to first insemination increases milk yield 

during 150 DIM in the first lactation. These studies suggest that it is desirable to achieve 

optimal AFC, but this should never occur at the sacrifice of heifer size at calving (Bazeley & 

Hayes, 2014). 

4.3.2. Voluntary waiting period 

The extension of calving to conception interval can be caused by lower conception risk and by 

longer period from calving to first service. The latter may occur due to delayed resumption of 

ovarian cyclicity postpartum because of the severe negative energy balance caused by the 

large milk production (Inchaisri et al., 2011). The first postpartum ovulation occurs on the tenth 

day after the nadir of NEB (Huszenicza et al., 2003). However, the farmer may decide to delay 

insemination on purpose, as well. Voluntary waiting period is the time after calving until cows 

are deliberately not inseminated (Inchaisri et al., 2011; Szelényi et al., 2010). Its length is 

generally 42-60 days to allow for complete uterine involution and the onset of normal cyclicity 

after calving (Inchaisri et al., 2011; Szelényi et al., 2010; Szenci, 1995). 

The length of the economically optimal VWP was studied by Inchaisri et al. (2011), who found 

that – under the analysed circumstances – 37% of the cows had an optimal VWP of six weeks, 

whereas 63% of the cows had a less than eight-week-long optimum for VWP. However, in the 

same study it was found that approximately 10% of cows had an optimal VWP of more than 

nine weeks. Extension of the VWP (thereby allowing for extended calving interval) can be 

permitted to cows with high lactation persistency, but generally short VWP is advantageous 

from an economic point of view. 

It is possible to take the individual characteristics of the cow into account when making a 

decision about her VWP; this is called dynamic voluntary waiting period. Szelényi et al. (2010) 

studied the effects of introducing dynamic VWP into a herd based on the level of milk 

production of cows (< 35 kg vs. > 35 kg milk per day), and found that CCI was reduced by 11.8 

days in the dynamic VWP group. According to Szenci (1995), cows should be inseminated 

prior to day 50 postpartum only if the uterine involution is complete, pronounced estrus signs 

are observed, and clear vaginal discharge is found. 
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4.3.3. Estrus detection 

4.3.3.1. The cow in estrus 

The name estrus comes from Greek, and refers to the gatfly (member of the Family Oestridae). 

The buzzing of this insect during summer causes that cows become hyperactive and show 

frenzied behaviour. The behavioural signs of estrus in cows are similar, and can be classified 

as primary and secondary signs of estrus (Roelofs et al., 2010). 

Standing to be mounted is the primary sign, as this is the most definite and accurate indicator 

of estrus. During standing estrus, cows stand to be mounted by other cows or more forward 

slightly with the weight of the mounting cow (Diskin & Sreenan, 2000). However, various 

behavioural signs are displayed more (or more intensively) during estrus compared to those 

periods when the cow is not in estrus; these are the secondary signs of estrus. Secondary 

signs are often seen in those cows, as well, which come into estrus (in this case closer attention 

should be given to these cows in the next 48 hours), and in those that have been in estrus 

recently (in this case more attention should be paid to her 17-20 days later). The secondary 

signs of estrus include restlessness, increase in activity, mounting, being mounted but not 

standing, hair loss and dirt marks caused by the frequent mounting by herdmates, decreased 

milk production (at the first milking after the onset of estrus, followed by a compensatory 

increase at subsequent milking), decreased feed intake, sniffing the vulva of another cow, 

flehmen, resting with the chin on the back of another cow, licking, rubbing, aggression (e.g. 

head butting), swelling and reddening of the vulva, and discharge of clear mucus (Diskin & 

Sreenan, 2000; Roelofs et al., 2010). 

4.3.3.2. The importance of estrus detection 

Poor estrus expression is a major contributor to the decline in reproductive efficiency (Lucy, 

2001). Efficient and accurate estrus detection is a key management factor in the success of 

reproductive programs using artificial insemination and in achieving acceptable reproductive 

results in the herd (Heersche & Nebel, 1994). Problems in estrus detection lead to increased 

days to first service and breeding interval, and will ultimately result in reduced pregnancy rate 

(Fricke et al., 2014; Michaelis et al., 2014). In their simulation study, De Vries & Conlin (2003) 

found that the temporary decrease of estrus detection rate affected the economic performance 

of the herd even several years later. 

4.3.3.3. The detection of cows in estrus 

Visual observation of estrus signs is one method of finding cows in estrus. However, many 

factors, such as increasing herd size and the greatest activity of cows in estrus occurring in 
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the early morning and late evening created the need for improving a wide variety of aids that 

may help the farm management to increase the success of estrus detection. According to 

Senger (1994), the ideal system for the detection of estrus should have the following 

characteristics: continuous surveillance of the cow, accurate and automatic identification of the 

cow in estrus, operation for the productive lifetime of the cow, minimal labour requirements, 

and high (95%) accuracy and efficiency for identifying the physiological events of estrus or 

ovulation or both. 

4.3.3.3.1 Visual estrus detection 

Modern dairy cows show fewer estrus signs with shorter duration, therefore, detecting cows in 

estrus is challenging (Dobson et al., 2007). Timing, duration, frequency and the signs taken 

into account when observing cows for detection of estrus have large effect on estrus detection 

rate, moreover, record keeping of animals in estrus also plays a crucial role (Roelofs et al., 

2010). The rate of estrus detection based on the observation of standing estrus varies widely 

among farms (< 50 to 90%). Since standing to be mounted can be observed only in 60% of 

estrus periods in recent studies, the secondary signs of estrus have to be taken into account, 

as well (Roelofs et al., 2010). A scoring system was developed that enables farmers to detect 

cows in estrus without standing to be mounted (Van Eerdenburg et al., 1996). Approximately 

one quarter of cows showed estrus with low intensity (< 1.5 stands per hour) and short duration 

(< 7 hours), therefore, detection of estrus is difficult if observed only twice daily for less than 

30 minutes (Dransfield et al., 1998). Thus, longer and more frequent observation is needed. 

The role of the human factor in estrus observation is inevitable. Farm staff responsible for this 

activity should be fully committed to estrus observation and should understand signs of estrus 

(Michaelis et al., 2014). Moreover, estrus observation is a very boring task, therefore, 

motivation of farm staff plays a crucial role, as well (Heersche & Nebel, 1994). 

4.3.3.3.2 Estrus detection aids 

Due to the impact of estrus detection rate on reproductive performance and to the problems 

with visual estrus detection, technologies have been developed and marketed to farmers. 

These technologies enhance the detection of estrus by the surveillance of behaviour in the 

absence or in addition to visual observation (Fricke et al., 2014). 

Increased activity of cows in estrus can be measured by pedometers and accelerometers 

(Figure 3). Pedometers calculate the change in the number of steps per unit of time. 

Accelerometers measure the acceleration forces in three dimensions (Fricke et al., 2014). 

Above a certain threshold, these devices indicate that the cow is in estrus.  
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Figure 3. Activity report for a cow in an activity monitoring system  

(Heatime; SCR Engineers Ltd, Netanya, Israel) 

Source: Valenza et al., 2012 

The efficiency of pedometers and activity monitoring devices has been subject to intensive 

research. An estrus detection rate of > 80% can be often achieved by using pedometers, but 

the efficiency is affected by the threshold used. Accuracy of these systems is 49-90% 

according to previous reports (Roelofs et al., 2010). The large variation among farms was 

confirmed by Galon (2010), as well. Research conducted on Canadian dairy farms found that 

the major drivers for adopting an activity monitoring system were the desire to improve 

reproductive performance and the opinions and experiences of other farmers (Neves & 

LeBlanc, 2015). 

Tail chalks are the non-electronic variants of mount detection devices (Roelofs et al., 2010). 

The chalk is applied to the tailhead of cows, and when they are being mounted by their 

herdmates, the chalk is rubbed off. 

In the future, one of the possible ways of improving estrus detection can be inline milk sensors 

that measure hormones or substances secreted in milk. More than 40% of cows were 

inseminated at high progesterone levels (Nebel et al., 1987). Although high progesterone 

levels indicate inappropriate time for insemination, low progesterone indicates only that the 

cow is in follicular phase, therefore, low progesterone levels should not be used to determine 

the time of insemination (Heersche & Nebel, 1994). The decrease of the level of progesterone 

indicates lutelysis, however, since the interval from luteolysis to ovulation varies widely, this 

hormone in itself is not a good candidate for determining the optimal time of insemination 

(Fricke et al., 2014). 
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4.3.3.4. Factors influencing estrus detection 

Cow factors 

1. Heritability. The degree of estrus expression has a low heritability (h2=0.21) and varies 

individually, even from one estrus to another within the same cow (Roelofs et al., 2010). 

2. Postpartum period. In the US, 20-30% of high producing cows are anovular at 60-75 

DIM (the time coinciding with the end of the VWP). These cows will not be detected by 

any means of estrus detection. Silent ovulations occur quite frequently, as well, since 

35% of cows not detected in estrus had an ovulation. In few cases increase of activity 

is detected, but ovulation does not occur (Fricke et al., 2014; Roelofs et al., 2010; 

Valenza et al., 2012). 

3. Number of lactations. Behavioural scores and activity are higher in primiparous than in 

multiparous cows, however, the number of standing estrus events increases with parity 

(Garcia et al., 2011; Madureira et al., 2015; Roelofs et al., 2010; Yániz et al., 2006). 

4. Milk yield. A weak antagonism between milk production and estrus expression exists 

(Diskin & Sreenan, 2000; Yániz et al., 2006). 

5. Lameness. Feet and leg problems lead to less mounting and fewer standing estrus 

events, but lame cows may well stand when not in estrus, if it is too painful for them to 

escape from the mounting cow (Diskin & Sreenan, 2000; Roelofs et al., 2010). In the 

study of Garcia et al. (2011) no significant association between lameness and estrus 

intensity was found, however, lameness reduced the odds of pregnancy. 

6. Hormonal treatments. A higher level of progesterone prior to estrus increases the 

sensitivity to estradiol, which, in turn, has a positive effect on estrus expression. No 

difference was found between the duration of PGF-induced and spontaneous estrus 

(Roelofs et al., 2010). 

Environmental factors 

1. Bull. The interval between calving and the onset of estrus can be shortened by the 

presence of a bull (Roelofs et al., 2010). 

2. Nutrition. Negative energy balance has a negative effect on estrus expression. 

Similarly, lower body condition score decreases activity and the duration of estrus 

(Madureira et al., 2015; Roelofs et al., 2010). 

3. Weather. Heavy rain, strong wind and high relative humidity suppresses estrus 

behaviour (Roelofs et al., 2010; Yániz et al., 2006). 

4. Circadian variation. Estrus behaviour is more frequent from late evening until early 

morning, however, management has a large influence (e.g. feeding, milking) (Diskin & 

Sreenan, 2000; Roelofs et al., 2010). 
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5. Housing. Confinement housing with concrete floors has reduced estrus expression of 

modern dairy cows. However, rubber mats on concrete promote estrus behaviour 

(Lucy, 2001; Roelofs et al., 2010). 

6. Herdmates. Estrus expression increases largely as the number of cows simultaneously 

in estrus increases (Diskin & Sreenan, 2000; Roelofs et al., 2010; Yániz et al., 2006). 

4.3.3.5. Timing of insemination 

The interval from insemination to ovulation is critical for optimizing conception risk (Fricke et 

al., 2014; Répási et al., 2014). Early studies based on frequent estrus detection (4-12 times 

per day) and insemination at standing estrus (not taking secondary estrus signs into account) 

found that the best conception risk was achieved when inseminations were performed a few 

hours after the end of the standing behaviour. Based on these results, the a.m.-p.m rule was 

developed as a guide for farmers. This means that if cows are observed in standing estrus in 

the morning, they should be inseminated in the afternoon, and if seen in estrus in the afternoon, 

they should be inseminated next morning. With proper estrus detection, the a.m.-p.m. rule can 

be used, however, if conception risk is not satisfactory, or estrus is not routinely detected, cows 

should be inseminated soon after they are first detected in estrus (Roelofs et al., 2010). For 

farms relying on activity monitoring for timing of insemination, Fricke et al. (2014) suggested 

that they generate list of cows and perform insemination twice per day rather than only once, 

to minimize variation from insemination to ovulation that could potentially reduce conception 

risk. 

4.3.4. Hormonal protocols 

Detection of estrus is the major limiting factor in achieving a pregnancy in high-yielding dairy 

herds (Stevenson, 2005). In these herds a significant proportion of cows have silent ovulations, 

the estrus detection rate is often suboptimal, a lot of anovular cows can be found, moreover, 

those cows that did not conceive to the previous insemination, should be reinseminated as 

quickly and efficiently as possible (Gábor et al., 2004). Therefore, hormonal protocols have 

been developed that enable effective intervention into the estrus cycle. 

Prostaglandin or its analogues can be used for the induction of ovulation in heifers and cows 

with cyclic ovarian function. PGF2α causes luteolysis, and ovulation will occur 2-5 days after 

the treatment. However, a major constraint with PGF2α is that it still requires estrus detection 

(Gábor et al., 2004). The largest advantage of hormonal protocols for ovulation synchronization 

is that producers can choose a precise time for first insemination without having to wait for 

cows to cycle, express estrus, and then detect estrus to perform first and subsequent 

inseminations (Wiltbank & Pursley, 2014). 
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The use of hormonal ovulation synchronization protocols enable more convenient scheduling 

of labour, the occurrence of estrus, ovulation or both can be controlled, and the stage of the 

estrus cycle and reproductive status of groups of cows in the herd is known, as well. The best 

protocol for each herd should be simple and easy to manage, however, what simple and easy 

is, depends also on the personality and skills of the personnel. Simplicity means that cow 

should be handled fewer times during the protocol. The major disadvantage of these 

programmes is the rigidity of the injection schedules to which one must conform to guarantee 

its success (Stevenson, 2005). The length of synchronization programmes is usually not a 

major issue before the first insemination, but may be more important for subsequent 

inseminations, because of the potential to increase the breeding interval (Wiltbank & Pursley, 

2014). A summary of the more important synchronization protocols is shown is Figure 4. 

Figure 4. Graphical representation of the major hormonal synchronization protocols 

Source: own construction based on literature data 

The Ovsynch protocol was the first synchronization programme that became widespread on 

the dairy farms in the world. Ovsynch protocol is capable of inducing cyclic ovarian function in 

acyclic cows and is also able to synchronize ovulation of cows (Gábor et al., 2004). The 

protocol can be initiated at any stage of the ovarian cycle, but the response to Ovsynch is the 
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best when the first GnRH injection is given between day 5 and 9 of the cycle (Gábor et al., 

2004; Wiltbank & Pursley, 2014). In one of the early studies, applying Ovsynch to all 

inseminations decreased days to first service as well as the variation of days to first service, 

and similarly, also the time to conception and its variation were decreased compared to 

inseminations based on estrus detection. The improved reproductive performance by using 

Ovsynch originates from the increased risk of insemination, because the conception risk is 

similar to that obtained by estrus detection (Pursley et al., 1997a). In another early Ovsynch 

study this protocol was compared with the combination of induced ovulation (by PGF2α) and 

estrus detection. In cows both treatments yielded similar conception rates (38 vs. 39% for the 

Ovsynch and PGF2α, respectively), whereas in heifers the Ovsynch protocol yielded much 

poorer results (35 vs. 74%) (Pursley et al., 1997b). Supplementation with progesterone is 

possible during Ovsynch, which may be particularly beneficial in those cows that are anovular 

at the initiation of the protocol, as well as in those that receive timed insemination within 80 

days postpartum; in these cases conception risk can be improved by using progesterone 

implants (Wiltbank & Pursley, 2014). Cosynch is similar to Ovsynch, but one less handling of 

cows is needed, because the cow is inseminated at the time of the second GnRH injection 

(Nebel & DeJarnette, 2017). Inseminating at the time of the treatment saves labour and may 

improve compliance. However, estrus detection is needed between the PGF2α and the second 

GnRH to optimize conception. 

After the success of the Ovsynch, more complex protocols have been developed that improved 

not only the risk of insemination, but also the conception risk. Therefore, these protocols are 

also called “fertility programmes” (Wiltbank & Pursley, 2014). Presynch-Ovsynch is started 

early in lactation (at about 35 days in milk), and no estrus detection is needed when this 

protocol is used. When cows exhibit estrus after PGF2α treatment in this protocol, they should 

not be inseminated, otherwise conception risk will be low. The logic behind Presynch-Ovsynch 

is that the number of those cows that are at the optimal stage of the estrus cycle (i.e. between 

day 5 and 9) at the initiation of the Ovsynch part of the protocol is maximized. Presynch-

Ovsynch yields better conception risk compared to Ovsynch (42.8 vs. 29.4%) (Fricke et al., 

2014; Gábor et al., 2004; Wiltbank & Pursley, 2014). However, the presynchronization by 

PGF2α does not resolve the anovular condition in cows before the Ovsynch part of the protocol, 

some anovular cows are able to conceive and maintain pregnancy (Fricke et al., 2014). Double 

Ovsynch is another fertility programme, which induces anovular cows to cycle, and 

synchronizes those cows that are already cycling. Double Ovsynch yields higher conception 

risk than Ovsynch, and often outperforms Presynch-Ovsynch, as well. It has been observed 

that Double Ovsynch reduces the incidence of pregnancy loss compared to Presynch-Ovsynch 

(Wiltbank & Pursley, 2014). However, the uptake of both fertility programmes is quite difficult, 
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because many treatments are needed, and compliance of these protocols (i.e. the treatment 

of all candidate cows at the right time with the right hormone) is an important issue in their 

efficiency. 

In practice the synchronization protocols are often combined with estrus detection. The 

economic outcome of the combined synchronization and estrus detection programmes 

depends on the conception risk to estrus detection and to timed insemination, as well as on 

the proportion of cows being inseminated to detected estrus (Fricke et al., 2014; Giordano et 

al., 2012). 

4.3.5. Sexed semen 

Medieval peasants who owned only a few cattle were vulnerable economically when 4-5 calves 

in a row over several years were bull instead of heifer calves, since heifers are potential 

replacements, as they will become milk-producing cows (Seidel, 2003). Sexed semen is 

semen in which the proportion of X-bearing and Y-bearing sperm has been modified from the 

natural mix through sorting and selection (De Vries et al., 2008). Semen sexing creates the 

opportunity to produce more offspring of the desired sex. In the dairy industry the production 

of females, whereas in the meat industry the production of males is advantageous. An 

additional advantage of semen sexing is that AI companies are able to test elite bulls on a 

small number of females (Cseh, 2011; Hossein-Zadeh et al., 2010; Solti, 2012). 

4.3.5.1. The value of semen sexing to dairy producers 

Costs of the use of sexed semen (De Vries et al., 2008; Healy et al., 2013; Hossein-Zadeh et 

al., 2010; Seidel, 2003): 

 The price of sexed semen is higher than that of the conventional (non-sexed) semen. 

 The fertility of sexed semen is currently inferior compared to the conventional semen, 

partly because of the lower sperm throughput during the sexing process, which makes 

the use of lower insemination doses economically necessary. 

 The costs of pregnancy diagnosis and ovulation synchronization increase because of 

the reduced fertility of sexed semen, which requires quick detection and reinsemination 

of open cows. 

Benefits of the use of sexed semen (De Vries et al., 2008; Hossein-Zadeh et al., 2010; Seidel, 

2003; Weigel, 2004): 

 The price of the heifer calf is higher than that of the bull dairy calf. 

 If the cow is inseminated with beef semen, the resulting crossbred calf that will not be 

used as replacement has an added value. 
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 Herd turnover rates are optimized due to the larger availability of replacements. 

 The incidence of dystocia in heifers is reduced due to the larger proportion of heifer 

calves. 

 The rate of genetic progress can increase, because fewer heifers and cows are needed 

as dams to produce the next generation of replacement heifer calves. However, the 

rate of genetic change will not be more than 15% as a result of increased selection of 

dams. 

 If open herds can be closed because of the increased on-farm production of heifer 

calves, the biosecurity improves. 

 The opportunity to cull poorly growing heifers increases, thereby avoiding future losses 

as poorly performing milking cows. 

Twinning, abortion and stillbirth rates are unaffected by semen type (Healy et al., 2013). 

However, the level of inbreeding likely increases with the widespread use of sexed semen (De 

Vries et al., 2008). The net profit of reproduction programmes using sexed semen was higher 

than those using conventional semen (Hossein-Zadeh et al., 2010). 

The use of sexed semen will likely increase in the future due to the improvements in the fertility 

of sexed semen, the increased sexing capacity, and the competition among suppliers leading 

to better prices (De Vries et al., 2008). 

4.3.6. Pregnancy diagnosis 

One method of finding those cows that remain open after insemination is to detect their return 

to estrus. However, not all open cows will show estrus signs, and many of those cows that are 

in estrus are not found, because of the poor efficiency of estrus detection. The other way of 

finding open cows after insemination is to perform early pregnancy diagnosis (actually non-

pregnancy diagnosis), and to reinseminate those that did not conceive (Ferguson & Skidmore, 

2013; Sheldon & Noakes, 2002; Túri, 1998). 

The ideal pregnancy test is able to distinguish between pregnant and open cows shortly after 

conception, non-invasive (i.e. does not cause embryonic or fetal mortality), cheap, not 

influenced by the examiner, and can be performed quickly and easily on site. That is, the ideal 

pregnancy test would be very similar to the hCG- (human choriongonadotropin) based tests 

available to humans (Hopper, 2014). However, such a test is not available in bovine medicine 

yet. 

The accuracy and usability of early pregnancy diagnosis methods, similarly to other diagnostic 

test, can be characterized by sensitivity (Se), specificity (Sp), positive predictive value (PPV) 

and negative predictive value (NPV) (Table 3) (Lang et al., 2013; Szenci et al., 1998). 
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Table 3. Observed frequencies by the result of the pregnancy examination and the true 

pregnancy status 

 True pregnancy status 

Result of pregnancy 

examination 

Pregnant Open 

Pregnant a 

(true pregnant) 

b 

(false positive) 

Open c 

(false negative) 

d 

(true open) 

Sensitivity= a/(a+c); Specificity= d/(b+d); Positive predictive value= a/(a+b); Negative 
predictive value= d/(c+d). 
Source: own construction based on Szenci et al., 1998 

4.3.6.1. Transrectal ultrasonography 

Transrectal ultrasound devices can be used for many purposes in the reproductive 

management on dairy farms: in addition to the examination of ovarian status and uterine 

disorders, it is also suitable for early pregnancy diagnosis and for the detection of twin 

pregnancies (Descôteaux et al., 2006; Fricke, 2002; Palgrave & Cezon, 2011; Szelényi et al., 

2012). Since pregnancy status can be determined with great accuracy 26-28 days after 

insemination, it is a suitable tool for improving the efficiency of reproductive management, and, 

therefore, profitability (Chaffaux et al., 1986; Descôteaux et al., 2006; Fricke, 2002; Romano 

et al., 2006). The accuracy of transrectal ultrasonography examinations has been evaluated 

by many authors, their results are summarized in Table 4. 
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Table 4. Sensitivity (Se), specificity (Sp), positive (PPV) and negative predictive values 

(NPV) of transrectal ultrasound examinations according to different studies 

 Days after AI Se Sp PPV NPV 

Karen et al., 2015 28. 92.7 91.5 88.4 94.7 

Romano et al., 

20061 

24. 74.5 90.3 77.8 88.6 

28. 97.6 95.6 89.1 99.1 

30. 100.0 97.4 91.9 100.0 

Romano et al., 

20062 

21. 50.0 87.5 80.0 63.6 

24. 91.6 96.5 95.6 93.3 

26. 100.0 96.7 94.4 100.0 

Silva et al., 2007 27. 94.2-98.9 91.7-97.3 87.3-93.8 97.1-99.5 

Szenci et al., 

19953 

24-26. 82.9 66.7 88.7 55.2 

27-29. 97.4 91.7 97.4 91.7 

31-33. 97.4 95.8 98.7 92.0 

Szenci et al., 

19954 

27-32. 80.0 100.0 100.0 57.1 

34-38. 96.6 100.0 100.0 90.0 

Szenci et al., 

19985 

26-27. 45.3 98.6 96.6 67.5 

29-30. 76.1 97.9 97.9 83.1 

33-34. 90.0 100.0 100.0 92.5 

39-42. 94.5 100.0 100.0 95.3 

Szenci et al., 

19986 

26-27. 82.8 94.5 92.9 86.4 

29-30. 90.4 96.0 95.0 92.3 

33-34. 96.6 98.6 98.3 97.3 

39-42. 100.0 100.0 100.0 100.0 

Szelényi et al., 

2012 

29-35. 100.0 88.9 79.6 100.0 

36-42. 100.0 90.7 85.9 100.0 

1 cows; 2 heifers; 3 5 MHz sector transducer; 4 7.5 MHz linear transducer; 5 based on embryo 
with proper heartbeat; 6 based on presence of allantoic fluid 
Source: Fodor & Ózsvári, 2017 

4.3.6.2. Pregnancy-associated glycoprotein (PAG) tests 

Pregnancy-associated glycoproteins (e.g. bPSPB, bPAG-1) are produced by the trophoblast 

cells of the ruminant placenta, and since these molecules are specific for placental tissue, their 

presence in the maternal circulation indicates pregnancy (Gábor et al., 2007; Piechotta et al., 

2011; Sousa et al., 2008). 
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PAG tests can be used with good accuracy from day 28 after insemination (Zoli et al., 1992). 

PAG concentration reaches an early peak around day 32 of the pregnancy, which is followed 

by a decrease in PAG levels that lasts for 5-6 weeks, then, after day 67-74 the PAG 

concentration starts to increase again, and this increase continues until the end of gestation 

(Ricci et al., 2015; Zoli et al., 1992). The transient decrease in the PAG levels increases the 

occurrence of false negative and repeat examinations (Ricci et al., 2015). 

The usability of the tests is limited by the maximum of PAG levels at the end of gestation 

combined by its relatively long half-life (4.3-9 days). Thus, the tests can be used only about 90 

days after the previous calving, because of the PAGs remaining in the maternal circulation 

from the previous gestation (Gábor et al., 2004; Green et al., 2005; Sasser et al., 1986; Sousa 

et al., 2008; Zoli et al., 1992). Moreover, individual variations also exist in PAG concentration 

(Zoli et al., 1992). The correctness of the results of the PAG tests is independent from the 

examiner, however, it is influenced by the order of sampling and sample transportation (e.g. 

exchange of samples) (Gábor et al., 2004). The accuracy of the PAG tests according to 

different authors is summarized in Table 5. 

Piechotta et al. (2011) could not detect any significant differences when comparing the 

accuracy of PSPB and bPAG-1 ELISA tests. Similarly, in the study of Ricci et al. (2015), blood 

and milk PAG ELISA tests proved to be equally accurate. In the same study, embryonic and 

fetal losses were detected 7-14 days later by PAG tests compared to transrectal 

ultrasonography due to the half-life of PAG. Twin pregnancies cannot be distinguished from 

the singleton ones before day 85 of the pregnancy by PAG tests, however, the method is 

promising (Szelényi et al., 2015). 

Rectal palpation, transrectal ultrasonography and PAG tests are compared in Table 6. 

4.3.6.3. Factors influencing the benefit of early pregnancy diagnosis 

Earlier diagnosis is economically more beneficial in herds with poorer reproductive results. In 

these herds, more cows are open at pregnancy diagnosis, which can benefit from the earlier 

diagnosis of non-pregnancy (De Vries et al., 2005a; Descôteaux et al., 2006). On the other 

hand, each additional open day is more costly (increasing marginal cost), therefore, a one-unit 

improvement is more beneficial economically if the initial performance is poorer. 

However, earlier diagnosis is only beneficial if open cows are involved in a strategy that leads 

to quick reinsemination and conception (Fricke, 2002). Early identification of open cows 

enables quick reinsemination, therefore, IBI is shortened, more cows conceive in a given time 

period (PR increases), the number of open days decreases, and reproductive performance 

improves (De Vries et al., 2005a; Fricke, 2002; Kranjec et al., 2016).  
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Table 5. Sensitivity (Se), specificity (Sp), positive (PPV) and negative predictive values 

(NPV) of pregnancy associated glycoprotein tests according to different studies 

  
Method Sample 

Days after 
AI 

Se Sp PPV NPV 

Gábor et al., 

20041 
bPSPB ELISA blood 30-36. 95.1 68.6 72.6 94.1 

Gábor et al., 

20042 
bPSPB ELISA blood 30-36. 100.0 89.1 88.4 100.0 

Karen et al., 

2015 

bPAG ELISA 
blood 28. 

90.2 98.3 97.4 93.7 

bPAG RIA 100 94.9 93.2 100 

Lawson et al., 

2014 
bPAG ELISA milk 33-52. 100.0 97.9 98.5 100.0 

Leblanc, 2013 bPAG ELISA milk ≥ 60. 99.2 95.5 99.8 80.8 

Piechotta et al., 

2011 

bPSPB ELISA 
blood 26-58. 

98.0 97.1 99.3 91.9 

bPAG ELISA 97.8 91.2 97.8 91.2 

Ricci et al., 2015 bPAG ELISA 
blood 

32. 
100 87 84 100 

milk 98 83 79 99 

Romano & 

Larson, 2010 
bPSPB ELISA blood 

28. 93.9 95.5 94.7 94.7 

30. 96.0 93.9 92.2 96.8 

35. 97.2 93.6 92.0 97.8 

Silva et al., 2007 bPAG ELISA blood 27. 93.5-96.3 91.7-96.8 89.7-92.6 96.9-97.7 

Sinedino et al., 

2014 
bPAG ELISA blood 

27. 94.6 89.9 86.6 96.0 

28-30. 96.1 90.7 89.2 96.7 

31-35. 98.7 88.1 83.7 99.1 

> 35. 94.4 85.2 94.2 85.6 

1 based on 23 dairy herds; 2 based on a single dairy herd 
Source: Fodor & Ózsvári, 2017 

The accuracy of the diagnosis also affects the benefit. When the specificity of the pregnancy 

diagnosis is lower, more open cows will be diagnosed pregnant, i.e. the proportion of false 

positive diagnoses increases. This leads to delayed reinsemination of the open cows 

(increased IBI) and more open days. In case of PAG testing IBI can also increase when repeat 

examination is required and the cow is actually open; in this case the cost of pregnancy testing 

increases, as well (Cabrera, 2014; De Vries et al., 2005a). When the sensitivity of the diagnosis 

is lower, more pregnant cows will be diagnosed open, i.e. the proportion of false negative 

diagnoses increases. If these cows undergo PGF2α treatment, iatrogenic pregnancy loss will 

occur. Sensitivity is the most important parameter of pregnancy diagnosis methods from an 

economic point of view (Giordano et al., 2013).  



36 
 

Table 6. Comparison of pregnancy examination procedures: rectal palpation, transrectal 

ultrasound and pregnancy-associated glycoprotein (PAG) tests 

 Rectal palpation Transrectal 

ultrasonography 

PAG tests 

From which day after 

insemination can the 

technique be used 

accurately? 

Day 35 Day 26-28 Day 28 

Invasivity minimal minimal 
milk: no 

blood: minimal 

Cost of implementation 

and operation 
minimal large large 

Does accuracy depend on 

the examiner (sampler)? 
yes yes no 

How quick is the result 

available? 
immediately immediately 

depends on the 

laboratory 

Source: Fodor & Ózsvári, 2017 

On farms where estrus detection aids are used, the benefit of early pregnancy diagnosis 

depends on estrus detection efficiency, as well. If the efficiency of estrus detection is high, and 

the majority of open cows has a detected return to estrus prior to pregnancy examination, the 

advantage of early pregnancy diagnosis testing decreases (Sinedino et al., 2014). 

By performing early pregnancy diagnosis, one can be either an observer or a cause of 

pregnancy loss. Pregnancy wastage is a naturally occurring phenomenon, which is observed 

more often via early pregnancy diagnosis, because these examinations take place at the time 

when the probability of embryonic or fetal death is high. Therefore, a cow that was diagnosed 

pregnant correctly may become open later (Descôteaux et al., 2006; Ricci et al., 2015). High 

sensitivity and negative predictive value are required from the pregnancy diagnosis method to 

minimize the chance of iatrogenic pregnancy loss (De Vries et al., 2005a; Romano et al., 2006). 

4.3.6.4. Pregnancy wastage 

Only a minority of inseminations result in female dairy cattle that enter their first lactation and 

start to generate income (Table 7) (Wathes et al., 2008). 
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The occurrence of pregnancy wastage in Hungarian dairy herds was 16.8% from 29-42 days 

after insemination to calving (Szelényi et al., 2012) and 17.5% in another study from 29-35 to 

60-70 days after insemination (Gábor et al., 2016). However, the occurrence of such losses is 

different among farms (Gábor et al., 2007). 

Several risk factors for pregnancy wastage have been identified so far, such as parity (cows 

are more prone to pregnancy loss than heifers), the bull, postpartum disorders (loss of body 

condition, pyometra, retained placenta), clinical diseases (e.g. mastitis, lameness), season 

(heat stress during summer), twin pregnancies and infectious agents (e.g. Neospora caninum, 

BVDV) (Kovács et al., 2010; López-Gatius et al., 2009; Wathes et al., 2008). 

In order to find those cows that suffered pregnancy loss, recheck of the pregnancy status 

approximately 70 days after insemination and efficient estrus detection are recommended. 

Performing pregnancy recheck at dry-off is particularly useful in finding cows that aborted and 

were not detected in estrus (Szelényi et al., 2012). 

Table 7. Losses from the first maternal insemination until first calving 

Stage of life Starting 
number 

% 
lost 

Reason 

Prenatal losses 

Insemination of dam 100   

Fertilization of oocyte 90 10 Fertilization failure, 

wrong time of AI 

Pregnant at 24 days after AI 54 40 Early embryonic mortality 

Pregnant at 60 days after AI 43 20 Late embryonic mortality 

Pregnant in late gestation 41 5 Abortion 

Postnatal losses 

Calf alive at 24 hours 

postpartum 

38 8 Perinatal mortality 

Live heifer calf1 19 50 Unwanted male calves 

Alive at one month 18 5 Neonatal mortality 

and freemartins 

Alive at 15 months 16 7 Calf and juvenile mortality 

Pregnant as heifer 15 3 Conception failure 

Pregnant in late gestation 15 3 Culled following embryonic loss or 

abortion 

Heifer starts first lactation 14 2 Maternal death at calving 

1 assuming the use of non-sexed semen 

Source: Wathes et al., 2008  
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5. Data collection 

Information about the management practices applied to heifers and cows were gathered 

between 22 May and 6 November 2015 during personal interviews performed on farm visits in 

34 large Holstein-Friesian dairy herds in Hungary. The inclusion criteria for the farms were as 

follows: (1) use of computerized on-farm records, (2) continuous participation in milk recording 

at least since 1 January 2011, (3) herd size above 250 cows, and (4) willingness to provide 

data to the authors. At least two dairy herds were surveyed from each of the seven regions of 

Hungary (Figure 5). The total number of cows in the surveyed herds was 25,672 (as of 1 

January 2014) that accounted for 14.6% of the Hungarian milk recorded Holstein-Friesian 

population (Livestock Performance Testing Ltd., 2014). Farm managers and veterinarians of 

each herd were interviewed about the management practices applied to heifers and cows in 

2014. Individual animal data from the farms participating were gathered from the Livestock 

Performance Testing Ltd. (Gödöllő, Hungary). Herd, animal ID, date of birth, date and number 

of inseminations, results of pregnancy diagnoses, date and number of calvings, 305-day milk 

yield and culling date were collected. The number of individual animal records taken into 

account in the analyses are indicated in the respective chapter of the thesis. Data were 

managed in Microsoft Excel 2013 (Microsoft Corporation, Redmond, WA, USA). The studies 

conducted and their relationships are summarized in the Appendix. 

 

Figure 5. The number of surveyed farms and their cumulative herd size in each of the 
statistical regions of Hungary  
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6. Dairy heifer reproductive management and performance on large 

Hungarian commercial farms 

The aim of this study was to survey the reproductive management practices and to evaluate 

the reproductive performance of replacement heifers in large commercial dairy herds. 

6.1. Materials and methods 

The survey of reproductive management practices applied to heifers contained questions 

regarding estrus detection, insemination, culling policy, pregnancy diagnosis, housing and 

feeding. For some questions more than one answer was possible, therefore, the frequency of 

responses may sum up to more than 100%. Where one or more farms could not/did not provide 

an answer, the frequency of each possible response is given as the percentage of the 

responding farms. Individual data of 50,396 heifers first inseminated between 1 January 2011 

and 31 December 2014 were analyzed. Age at first service (AFS), first-service conception risk 

(CR1), age at first calving (AFC), days from first service to culling (FSC) and age at culling 

(AC) were calculated. In this study, an insemination was regarded successful if a positive 

pregnancy diagnosis was confirmed by a first calving 265-290 days after the insemination. 

6.2. Results 

6.2.1. Reproductive performance of the studied heifer population 

Mean size of the surveyed herds was 755 cows (range: 291–2,502), with a 10,014 kg (range: 

8,330–12,541 kg) 305-day corrected milk yield, on average. The reproductive indices of the 

surveyed heifer population is shown is Table 8. 8.6% of the inseminated heifers was culled or 

died prior to first calving.  

Table 8. Reproductive indices of the surveyed heifer population 
 

Mean ± SD 

Entire studied heifer population (n=50,396) 

Age at first service (months) 15.53 ± 1.59 

Culled before first calving (n=4,311) 

Days from first service to culling 246.25 ± 107.1 

Age at culling (months) 23.94 ± 3.95 

Reached first calving (n=46,085) 

Age at first calving (months) 25.61 ± 2.22 

First service conception risk1 (%) 47.10 

Gestation length (days) 276.66 ± 4.47 

1 % of the entire population that reached first calving 
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6.2.2. Reproductive management of heifers 

Equal proportion of the respondents raised heifers on the milk producing farm or on a separate 

heifer raising facility (17-17 farms, 50.0-50.0%). The prevalence of certain reproductive 

management practices is shown in Figures 6-11.  

 

Figure 6. The use of certain heifer reproductive management practices (n=34) 

Estrus detection aids (e.g. activity meter, tail chalking) were used in 14.7% of the herds (5 

farms) (Figure 7). Visual estrus observation was performed during daytime or in 24 hours in 

18 herds (52.9%), continuously in certain part of the day (e.g. in the morning) in 3 herds (8.8%) 

and in short (≤40 min) periods in 11 herds (32.4%). Estrus observation was not performed in 

two herds (5.9%), these farms relied on estrus detection aids, exclusively. 

 

Figure 7. Method of estrus detection and the decision criteria of breeding eligibility in heifers 
on the surveyed farms 
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Figure 8. The years of experience and the number of inseminations with sexed semen 
 

Early pregnancy diagnosis in heifers (by means of reproductive ultrasonography or pregnancy-

associated glycoprotein examinations) was performed in the minority of the herds (13 farms, 

38.2%). Performing pregnancy checks weekly was the most prevalent practice, however, 

diagnosing pregnancy in heifers on a monthly basis was very common, as well (Figure 9). On 

14.7% of the farms pregnancy status was confirmed once (Figure 10), primarily around 60 

days after insemination (on 4 out of 5 farms). Where pregnancy status was confirmed twice 

(5.9%), the first confirmation took place approximately 60 days after insemination, whereas the 

second confirmation was around 100 days after insemination in one herd, and two to four 

weeks before calving in the other herd. However, on the majority of the farms pregnancy was 

not confirmed after the initial diagnosis. 
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Figure 9. Frequency of pregnancy diagnosis in heifers (n=32) 

 

Figure 10. The number of pregnancy rechecks and the person who performs pregnancy 
diagnosis on the surveyed farms 

Inseminators were more commonly responsible for pregnancy diagnosis in the herds than 

veterinarians (Figure 10). Figure 11 shows that heifers were culled most often after five 

unsuccessful inseminations due to reproductive failure.  

Figure 11. How many times do you inseminate heifers before culling them due to failure to 

conceive? (n=31) 
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7. Associations between management practices and major 

reproductive parameters of Holstein-Friesian replacement heifers 

In this study we aimed to assess the associations between management practices and the 

major reproductive indices in dairy heifers on large commercial dairy farms. 

7.1. Materials and methods 

In this study the associations of 13 general and reproductive management practices with the 

major reproductive parameters of heifers were analysed. These management practices were 

assumed to be the most significant from a reproductive perspective based on the expertise of 

the authors. Data of heifers first inseminated between January 1, 2014, and December 31, 

2014, were analysed retrospectively. The original dataset contained inseminated heifers only. 

One farm had only 12 complete heifer records, and therefore was excluded from the study. 

Heifers with a gestation length outside of the 265-290-day range were excluded from the 

analyses. After data editing, a total of 14,763 heifers from 33 farms remained in the dataset. 

Data were edited in MS Excel (Microsoft Corporation, Redmond, WA, USA). 

7.1.1. The analysed management practices and reproductive parameters 

Dairy heifers are inseminated all year round in Hungary, usually through artificial insemination. 

The decision to breed is usually based on a combination of body weight, withers height and 

age. Heifers are generally inseminated either at the observed estrus, at the signals of estrus 

detection aids or when tail chalk is rubbed off; hormonal synchronization is not typical in 

heifers. The management practices involved in the analyses are shown in Table 9. 

The following reproductive indices were evaluated: age at first service, age at first calving, 

conception risk to first insemination and pregnancy status at 20 months of age. When 

calculating the probability of pregnancy at 20 months of age, heifers already culled by this age 

were excluded.  
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Table 9. Definitions of the analysed management practices, and the corresponding number of 

farms and heifers (the total number of farms is 33, unless otherwise specified) 

Management practice Definition Farms 
(n) 

Heifers 
(n) 

Location of heifer raising 
 

  
Milk producing farm Heifers were housed on the milk producing farm 

throughout the rearing period. 

17 6,200 

Separate heifer-raising facility Heifers were raised on another location. 16 8,563 

Grazing 
   

Yes Heifers had access to pasture for at least 1 month 

during raising. 

12 4,164 

No Heifers had no access to pasture at all. 21 10,599 

Body weight measurements 
   

Yes Weight of the heifers was measured ≥ 3x from 

weaning until breeding. 

15 6,957 

No Weight was measured < 3x or was not measured 

at all. 

18 7,806 

Reproduction advisor 
   

Yes The farm employed a reproduction advisor. 17 7,226 

No The farm did not employ a reproduction advisor. 16 7,537 

Method of estrus detection 
   

Visual observation only Insemination was based on visual estrus detection 

exclusively. 

28 12,619 

Estrus detection aids Pedometers, activity monitoring systems and/or 

tail chalking were applied. 

5 2,144 

Duration of visual 

observation (n=32) 

   

Continuously during the day Estrus observation was performed during the 

entire day shift or in 24 hours. 

17 6,748 

Not continuous Heifers were observed in short periods (≤ 40 min) 

or only in the morning. 

13 6,057 

No observation Inseminations were based on estrus detection 

aids exclusively. 

2 1,086 

Number of services with 

sexed semen (n=32) 

   

The first AI only Sexed semen was used for the 1st AI only. 8 3,266 

More than one AI Sexed semen was used after the 1st AI as well. 21 10,243 

No sexed semen use Only conventional (not sexed) semen was used. 3 807 
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Years of sexed semen use 

(n=30) 

≥ 4 years The use of sexed semen started at least 4 years 

before the study. 

18 10,323 

1-3 years The use of sexed semen started 1-3 years before 

the study. 

9 2,424 

No sexed semen use Only conventional (not sexed) semen was used. 3 807 

Clean-up bull 
   

Yes After a herd-specific number of AIs, open heifers 

were subject to natural service. 

5 2,437 

No Heifers were bred using AI exclusively. 28 12,326 

Number of AIs prior to 

culling (n=31) 

   

≤ 5 Heifers were inseminated ≤ 5x before culling due 

to infertility. 

17 6,269 

> 5 or other Heifers were inseminated > 5x before culling due 

to infertility, or other criteria were applied: if the 

heifer remained open after natural service, or if the 

heifer was open above a certain age (e.g. 20 

months). 

14 8,065 

Reproductive ultrasound 
   

Yes Pregnancy diagnosis was performed by 

transrectal ultrasonography. 

11 4,972 

No Pregnancy diagnosis was done by rectal palpation 

solely. 

22 9,791 

Pregnancy recheck 
   

No After the initial pregnancy diagnosis, pregnancy 

status was not rechecked. 

26 11,596 

Yes Pregnancy status was rechecked once or twice 

after the initial pregnancy diagnosis. 

7 3,167 

Frequency of pregnancy 

diagnosis (n=31) 

   

Weekly or less frequently Pregnancy diagnosis was performed ≤ 1x per 

week on the farm. 

25 10,463 

More than once per week Pregnancy diagnosis was performed > 1x per 

week on the farm. 

6 3,177 
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7.1.2. Statistical analysis 

The relationships between the continuous variables (i.e. AFS, AFC) and the management 

practices were examined by linear mixed effects models using the lme4 package in R software 

(Bates et al., 2015). The continuous dependent variables were Box-Cox transformed to 

eliminate skewness of the data (Box and Cox, 1964). The relationships between dichotomous 

dependent variables (i.e. CR1, pregnancy status at 20 months of age) and reproductive 

management practices were analysed by logistic regression, including mixed effects using the 

lme4 package in R software (Bates et al., 2015). Univariate analyses were performed, and in 

each mixed model a management practice was included as a fixed effect, whereas herd was 

chosen as a random effect. When three options were examined within a given management 

practice, pairwise comparisons of the options were performed by Tukey’s post-hoc test using 

the multcomp package in R (Hothorn et al., 2008). The exact P-values for the Tukey’s post-

hoc tests are indicated in the text, whereas in the tables only the significant differences are 

marked. The null hypothesis was that there was no difference between the groups within a 

given management practice. The statistical analyses were performed in R version 3. 3. 2. (R 

Core Team, 2016). The level of significance was set to 0.05. 

7.2. Results 

Mean (± SD) herd size of the participating farms was 702 ± 359 cows, with a 305-day milk yield 

of 9,993 ± 972 kg on average. The mean (± SD) number of heifers first inseminated in 2014 

was 447 ± 293. Altogether, 14,763 heifers were inseminated during the study period, and these 

were included in the analyses of AFS and CR1. First calving was achieved by 13,818 heifers, 

and these were included in the analysis of AFC. These heifers represented replacement 

animals that conceived and did not have any problems during pregnancy that would lead to 

death or culling prior to first calving. Few inseminated heifers were culled or died before 20 

months of age; therefore, pregnancy status at 20 months of age was assessed in 14,608 

heifers. Each farm raised its own replacement heifers. 

7.2.1. Age at first service 

Median AFS was 15.16 months (interquartile range, IQR = 1.55). The use of estrus detection 

aids (i.e. activity meters, tail chalking) was associated with lower AFS compared to solely visual 

observation (p<0.001). Discontinuous visual observation – i.e. only at certain parts of the day 

or in short periods (<40 minutes) dedicated to estrus detection – was linked to lower AFS 

compared to continuous estrus observation (p=0.077). The exclusive use of conventional 

semen was associated with higher AFS compared to the farms which use sexed semen 

(p<0.001). AFS tended to be higher in cases where a clean-up bull was used (p=0.071) (Table 

10). 
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7.2.2. Age at first calving 

Median AFC was 24.97 months (IQR = 2.34). The application of estrus detection aids was 

associated with reduced AFC compared to visual observation exclusively (p=0.001). Heifers 

from herds with discontinuous estrus observation tended to have lower AFC than their 

companions that were subject to continuous observation (p=0.057); however, the lowest AFC 

was achieved when no visual observation was performed. On farms where conventional 

semen was used exclusively, AFC was higher than that on farms that used sexed semen only 

for the first AI (p=0.049). AFC tended to be lower when pregnancy rechecks were performed 

(p=0.070). Checking pregnancy status more than once per week was related to lower AFC, 

compared to weekly or less frequent pregnancy checks (p=0.023) (Table 11). 

7.2.3. First-service conception risk 

The average CR1 was 49.6%, and it tended to increase in heifers which were not grazed at all 

compared to their companions that were pastured for at least some period of time (p=0.096). 

Employing a reproduction advisor was associated with higher success rates for first 

inseminations (p=0.028). CR1 was higher in heifers inseminated with conventional semen only, 

compared to those inseminated with sexed semen (p<0.05). Heifers in herds using artificial 

insemination exclusively tended to have lower CR1 compared to those herds that used a clean-

up bull after a certain period of unsuccessful inseminations (p=0.078) (Table 12). 

7.2.4. Probability of pregnancy at 20 months of age 

In the herds, 89.6% of the heifers were pregnant by 20 months of age. The probability of 

pregnancy at 20 months of age tended to be lower in herds that lacked regular body weight 

measurements (p=0.089). The use of estrus detection aids showed a tendency toward higher 

probability of pregnancy (p=0.074). A larger number of 20-month-old heifers were pregnant in 

herds with discontinuous estrus observation compared to those with visual estrus detection 

throughout the day (p=0.020). The probability of pregnancy at 20 months was lower in heifers 

from herds which had less experience (1-3 years), compared to those who had at least 4 years 

of experience, in sexed semen use (p=0.020). The probability of pregnancy in 20-month-old 

heifers was higher when a pregnancy recheck was performed (p=0.009) (Table 13). 
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Table 10. Associations of age at first service (AFS) and management practices 
 

Mean AFS 95% confidence interval p 

Location of heifer raising 
   

Milk producing farm 15.08 14.67-15.54 0.457 

Separate heifer-raising facility 15.35 14.68-16.10 
 

Grazing 
   

Yes 15.27 14.94-15.63 0.747 

No 15.17 14.60-15.81 
 

Body weight measurements 
   

Yes 15.10 14.49-15.78 0.573 

No 15.30 14.60-16.10 
 

Reproduction advisor 
   

Yes 15.25 14.96-15.56 0.806 

No 15.17 14.49-15.93 
 

Method of estrus detection 
   

Visual observation only 15.38 15.02-15.77 <0.001 

Estrus detection aids 14.33 13.79-14.92 
 

Duration of visual observation 
   

Continuously during the day 15.58 15.16-16.03 0.055 

Not continuous 14.79 14.15-15.51 
 

No observation 14.73 13.62-16.12 
 

Number of AIs with sexed semen 
   

The first AI only 14.76a 14.05-15.58 <0.001 

More than one AI 15.35a 14.50-16.34 
 

No sexed semen 16.51b 15.51-17.69 
 

Years of sexed semen use 
   

≥ 4 years 14.95 14.55-15.38 0.332 

1-3 years 15.53 14.65-16.55 
 

No sexed semen use 15.66 14.03-17.86 
 

Clean-up bull 
   

Yes 16.16 14.93-17.66 0.071 

No 15.07 14.00-16.36 
 

Number of AIs prior to culling   
   

≤ 5 15.40 15.01-15.82 0.298 

> 5 or other 14.99 14.30-15.79 
 

Reproductive ultrasound 
   

Yes 15.00 14.22-15.91 0.489 

No 15.31 14.45-16.33 
 

Pregnancy recheck 
   

No 15.33 14.94-15.75 0.155 

Yes 14.78 14.07-15.58 
 

Frequency of pregnancy diagnosis 
   

Weekly or less frequently 15.27 14.87-15.70 0.296 

More than once per week 14.80 13.99-15.76 
 

a, b Different superscripts within a management practice with three options indicate a significant 

(p<0.05) difference.  
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Table 11. Associations of age at first calving (AFC) and management practices 
 

Mean AFC 95% confidence interval p 

Location of heifer raising 
   

Milk producing farm 25.03 24.65-25.42 0.416 

Separate heifer-raising facility 25.32 24.63-26.08 
 

Grazing 
   

Yes 25.38 25.00-25.78 0.316 

No 25.06 24.48-25.70 
 

Body weight measurements 
   

Yes 25.10 24.46-25.79 0.709 

No 25.24 24.52-26.03 
 

Reproduction advisor 
   

Yes 25.15 24.88-25.44 0.927 

No 25.18 24.47-25.96 
 

Method of estrus detection 
   

Visual observation only 25.32 24.93-25.72 0.001 

Estrus detection aids 24.44 23.96-24.95 
 

Duration of visual observation 
   

Continuously during the day 25.57 25.51-25.57 0.025 

Not continuous 24.76 24.68-24.77 
 

No observation 24.43 24.34-24.44 
 

Number of AIs with sexed semen 
   

The first AI only 24.54a 24.45-25.36 0.048 

More than one AI 25.40ab 24.51-26.38 
 

No sexed semen 26.07b 24.70-27.70 
 

Years of sexed semen use 
   

≥ 4 years 24.95 24.91-24.96 0.526 

1-3 years 25.48 25.39-25.49 
 

No sexed semen use 25.30 25.14-27.34 
 

Clean-up bull 
   

Yes 26.00 24.71-27.53 0.128 

No 25.03 23.84-26.41 
 

Number of AIs prior to culling   
   

≤ 5 25.21 24.84-25.58 0.745 

> 5 or other 25.08 24.33-25.89 
 

Reproductive ultrasound 
   

Yes 24.98 24.14-25.93 0.528 

No 25.28 24.37-26.30 
 

Pregnancy recheck 
   

No 25.30 25.28-25.30 0.070 

Yes 24.72 24.69-24.72 
 

Frequency of pregnancy diagnosis 
   

Weekly or less frequently 25.25 25.23-25.25 0.023 

More than once per week 24.63 24.60-24.63 
 

a, b Different superscripts within a management practice with three options indicate a significant 
(p<0.05) difference.  
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Table 12. Associations of first-service conception risk (CR1) and management practices 

  Odds ratio 95% confidence interval p 

Location of heifer raising 
   

Milk producing farm Reference 0.975 

Separate heifer-raising facility 0.99 0.68 ‒ 1.46 
 

Grazing 
   

Yes Reference 0.096 

No 1.39 0.94 ‒ 2.04 
 

Body weight measurements 
 

 
 

Yes Reference 0.921 

No 0.98 0.67 ‒ 1.44 
 

Reproduction advisor 
   

Yes Reference 0.028 

No 0.67 0.47 ‒ 0.96 
 

Method of estrus detection 
   

Visual observation only Reference 0.530 

Estrus detection aids 0.85 0.50 ‒ 1.43 
 

Duration of visual observation 
   

Continuously during the day Reference 0.599 

Not continuous 1.20 0.80 ‒ 1.80 
 

No observation 1.33 0.59 ‒ 3.00 
 

Number of AIs with sexed semen 
   

The first AI only Referencea 0.003 

More than one AI 0.92a 0.62 ‒ 1.37 
 

No sexed semen use 3.27b 1.52 ‒ 7.04 
 

Years of sexed semen use 
   

≥ 4 years Referencea 0.001 

1-3 years 0.77a 0.52 ‒ 1.14 
 

No sexed semen use 2.50b 1.40 ‒ 4.49 
 

Clean-up bull 
   

Yes Reference 0.078 

No 0.63 0.38 ‒ 1.05 
 

Number of AIs prior to culling   
   

≤ 5 Reference 0.772 

> 5 or other 0.95 0.65 ‒ 1.37 
 

Reproductive ultrasound 
   

Yes Reference 0.710 

No 1.08 0.72 ‒ 1.61 
 

Pregnancy recheck 
   

No Reference 0.313 

Yes 1.27 0.80 ‒ 2.02 
 

Frequency of pregnancy diagnosis 
   

Weekly or less frequently Reference 0.412 

More than once per week 0.81 0.48 ‒ 1.35   

a, b Different superscripts within a management practice with three options indicate a significant 
(p<0.05) difference.   
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Table 13. Associations of proportion of pregnant heifers at 20 months of age and 
management practices 

  Odds ratio 95% confidence interval p 

Location of heifer raising    
Milk producing farm Reference 0.946 

Separate heifer-raising facility 1.03 0.44 ‒ 2.40  
Grazing    
Yes Reference 0.648 

No 1.23 0.51 ‒ 2.95  
Body weight measurements    
Yes Reference 0.089 

No 0.49 0.21 ‒ 1.11  
Reproduction advisor    
Yes Reference 0.199 

No 0.58 0.26 ‒ 1.33  
Method of estrus detection    
Visual observation only Reference 0.074 

Estrus detection aids 2.88 0.90 ‒ 9.17  
Duration of visual observation    
Continuously during the day Referencea 0.017 

Not continuous 3.03b 1.34 ‒ 6.88  
No observation 3.85ab 0.75 ‒ 19.70  
Number of AIs with sexed semen    
The first AI only Reference 0.788 

More than one AI 0.76 0.27 ‒ 2.11  
No sexed semen use 1.24 0.17 ‒ 9.11  
Years of sexed semen use    
≥ 4 years Referencea 0.019 

1-3 years 0.28b 0.11 ‒ 0.71  
No sexed semen use 1.27ab 0.30 ‒ 5.38  
Clean-up bull    
Yes Reference 0.713 

No 1.25 0.39 ‒ 4.03  
Number of AIs prior to culling      
≤ 5 Reference 0.874 

> 5 or other 0.93 0.37 ‒ 2.33  
Reproductive ultrasound    
Yes Reference 0.143 

No 0.52 0.21 ‒ 1.25  
Pregnancy recheck    
No Reference 0.009 

Yes 3.60 1.37 ‒ 9.43  
Frequency of pregnancy diagnosis    
Weekly or less frequently Reference 0.855 

More than once per week 0.97 0.74 ‒ 1.28   
a, b Different superscripts within a management practice with three options indicate a significant 
(p<0.05) difference. 
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8. Reproductive management and major fertility parameters of cows 

in large-scale Hungarian dairy herds 

In this study we aimed to assess the major reproductive parameters and the reproductive 

management practices applied to cows on the surveyed farms. 

8.1. Materials and methods 

In this study, the major production and reproductive parameters, and the management 

practices including estrus detection, ovulation synchronization, insemination, pregnancy 

diagnosis, calving, housing and feeding were surveyed regarding 2014. 

8.2. Results 

8.2.1. The major production and reproductive parameters in the surveyed herds 

Data regarding herd size, production and reproductive performance are shown in Table 14. 

Table 14. The major production and reproductive parameters of the surveyed herds in 2014 
  Farms (n) Mean Minimum Maximum SD 

Number of cows (01. 01. 2014) 34 755 291 2.502 470 

305 day milk yield (kg) 34 10,014 8,330 12,541 965 

Average number of lactations 34 2.2 1.8 2.6 0.2 

Culling rate (%) 32 29.5 11.2 44.7 8.2 

Number of calvings as a % of starting 

(i.e. as of 1 January 2014) 

cow number1 

33 106.4 90.9 133.3 9.3 

Calving interval (days) 32 435.2 392 490 23.7 

Abortion (as a % of confirmed 

pregnancies) 

12 3.25 0.1 12.9 3.75 

Reproductive culling (% of total 

culling) 

21 31.68 7.57 69.70 16.48 

Services per conception 32 4.04 2.56 6.15 0.72 

First service conception risk (%) 31 26.52 11.26 51.40 9.41 

Breeding interval (days) 13 31.38 22 56.03 9.83 

1 Calving of cows and heifers altogether 
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8.2.2. Estrus detection, ovulation synchronization and insemination 

More than three quarters (76.5%) of the surveyed farms applied a voluntary waiting period 

after calving (Figure 12). However, the length of the VWP differed largely among farms (Figure 

13). On one farm the length of the VWP was dependent on parity, with a 50-day long VWP 

applied to primiparous, and an 80-day long VWP applied to multiparous cows. 

 

Figure 12. The application of some major reproductive management practices in the 

surveyed herds (n = 34) 

 

Figure 13. Distribution of the surveyed herds by the length of the voluntary waiting period 

(days, n = 34) 

The majority of farms applied more than one method for estrus detection: 12 herds (35.3%) 

used one method (mainly visual estrus observation), 17 farms (50.0%) used two methods 

(mainly visual observation and activity monitoring), four farms (11.8%) used three methods, 

and one farm (2.9%) used four methods for detecting cows in estrus. The most widely adopted 

method for estrus detection was visual estrus observation (30 herds, 88.2%), followed by 

activity monitoring (23 herds, 67.6%) (Figure 14). 
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Most farms (27 herds, 79.4%) used at least one ovulation synchronization protocol, of which 

OvSynch was the most commonly used one (20 of the 27 herds, 74.1%) (Figure 14). In the 

seven herds (20.6%) that did not apply ovulation synchronization, estrus was induced by 

prostaglandin products. 

 

Figure 14. Estrus detection and ovulation synchronization methods in the surveyed herds 

Sexed semen was used for cows in three herds (8.8%), but in all of these herds the decision 

to inseminate cows with sexed semen was based on strict criteria: 

 parity (primarily primiparous cows); 

 estrus expression (showing pronounced estrus signs, not synchronized); 

 milk yield (higher milk production); 

 number of inseminations (for first or second inseminations); 

 season (rather in the cold seasons). 

8.2.3. Pregnancy diagnosis 

Early pregnancy diagnosis was performed in the majority of herds, and transrectal 

ultrasonography was the primary method used. Pregnancy diagnosis started 35 days after 

insemination, on average (min.: 27 days, max.: 60 days). After the initial pregnancy diagnosis, 

pregnancy status was confirmed 1.56 times, on average. The average number of pregnancy 

checks was 1.83 per week, but the variation among farms was large (Figure 15). On two farms 

(5.9%) the survival of the conceptus after the initial diagnosis was not checked. On the farms 

where pregnancy status was rechecked once (16 herds, 47.1%), this was done primarily at 

drying-off, whereas on farms where two rechecks were performed (11 herds, 32.4%) these 

took place around day 60 of pregnancy and at drying-off. On those farms, where pregnancy 

status was rechecked three times, these examinations were performed on days 60-63, days 

100-120 and then around drying-off. Pregnancy diagnosis was slightly more often performed 

by inseminators compared to veterinarians (Figure 16). Open cows were culled primarily 

based on daily milk production and the number of unsuccessful inseminations (Figure 16). 
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Figure 15. Frequency of pregnancy diagnosis in the surveyed herds (n = 33) 

 

 

 

Figure 16. The person involved in the pregnancy diagnosis and the criteria of culling open 

cows in the surveyed herds 

Calving in small groups was predominant (21 herds, 61.8%). Thirty-three farms answered the 

question regarding the examinations performed in the calving pens. Rectal examinations were 

performed in 32 herds (97.0%), whereas vaginal examinations were performed in 11 herds 

(33.3%) in the calving pen. Cows were released into the lactating herd based on the 

examination of the udder (29 herds, 87.9%) and that of the uterus (27 herds, 81.8%), whereas 

on two farms neither the udder, not the uterus was examined (6.1%). One farm did not respond 

to this question. The protocol for checking uterine involution was very different among farms. 

8.2.4. Housing and feeding 

There was no grazing on more than half of the surveyed farms (18 herds, 52.9%). Dry cows 

were grazed in 12 herds (35.3%), whereas on one farm (2.9%) the group before drying-off was 

grazed, as well. Feet and leg problems influence reproductive performance to a large extent, 

therefore we raised questions regarding the frequency of hoof trimming, as well. On the large 
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majority of farms hoof trimming was performed every six months (30 herds, 88.2%). In 18 herds 

(52.9%) hoof trimming was done when lame cows were found, and in two herds (5.9%) every 

three months. 

On most farms at least one method was used for heat abatement (Figure 17). Every farm that 

used sprinklers to cool cows in the milk producing barns used ventilators, as well (22 herds, 

64.7%). On almost half of the farms (16 herds, 47.1%) other methods were used for heat 

abatement, as well, e.g. ventilators in the collecting yard, cow curtains, and altered feed 

composition. Every farm analysed feed composition regularly in a laboratory. However, regular 

body condition scoring was lacking in more than half of the herds (18 herds, 52.9%), in these 

herds body condition was judged and treatment was done on an individual basis (e.g. in thin 

cows). 

 

Figure 17. Management practices regarding heat stress and feeding on the surveyed farms  

(n = 34) 

We also asked the farm managers and veterinarians about their aims regarding herd size in 

the next five years: 15 herds (44.1%) planned to grow, 16 herds (47.1%) planned to maintain 

herd size, one farm (2.9%) planned to decrease the number of cows, one farm (2.9%) did not 

know (because such decisions are based on the market circumstances), and one farm (2.9%) 

did not respond. 
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9. Management practices associated with reproductive performance 

in Holstein cows on large commercial dairy farms 

The aim of this study was to examine and evaluate the associations of herd characteristics, 

general and reproductive management practices in cows with reproductive indices on large 

commercial dairy farms. 

9.1. Materials and methods 

The data of cows that calved between 1 January 2014 and 31 December 2014 were analysed. 

Cows with a gestation length out of the 265-290-day range were excluded from the analyses. 

In case a cow calved twice in 2014, the latter lactation with a known outcome (culling or calving 

again) was taken into account. After data editing a total of 23,784 cows from 34 farms remained 

in the dataset. Data were edited in MS Excel 2013 (Microsoft Corporation, Redmond, WA, 

USA). 

9.1.1. The analysed management practices and reproductive parameters 

Herd characteristics included in the analyses were herd size and herd-level 305-day milk yield. 

Regarding herd size, three categories were created: herds with 250-499, 500-999 and ≥ 1,000 

cows. Farms were divided into two categories according to the average 305-day milk yield: 

herds producing ≤ 10,000 kg and herds producing > 10,000 kg per cow. The analysed general 

management practices were body condition scoring, heat abatement and the employment of 

a reproduction advisor. 

Specific reproductive management practices included the application of voluntary waiting 

period (VWP), use of estrus detection aids, application of estrus synchronization and 

pregnancy diagnosis policy. In the analysis of VWP, two categories were created: those farms 

that applied a VWP of at least 50 days (VWP: yes), and those that applied a VWP of less than 

50 days combined with those that reported not to use a well-established VWP (VWP: no). 

Regarding pregnancy diagnosis policy, the use of transrectal ultrasonography and the 

frequency of pregnancy diagnosis were analysed. In addition to pregnancy diagnosis, farms 

applied transrectal ultrasonography to determine the stage of the ovarian cycle, as well. It was 

also evaluated whether performing early pregnancy diagnosis before day 60 postinsemination 

coupled with recheck around day 60 was associated with better reproductive performance.  

The associations of the management and fertility practices with the following reproductive 

indices were evaluated: days to first service (DFS), breeding interval (IBI), calving to 

conception interval (CCI), first-service conception risk (CR1) and pregnancy status at 200 days 

in milk (P200). When calculating DFS (n = 19,796) and IBI (n = 11,648), those cows that were 
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not inseminated were excluded. CCI was calculated for those cows that were diagnosed 

pregnant after the date of the last insemination (n = 15,709). CR1 was quantified for cows with 

at least one insemination followed by a known pregnancy diagnosis outcome (n = 19,796). 

When calculating P200, only cows still present in the herd by 200 days in milk (DIM) were 

included (n = 19,134). 

9.1.2. Statistical analysis 

In this study, the associations among herd characteristics and management practices were 

analysed by Fisher’s exact test. The relationships between the continuous variables (i.e. DFS, 

IBI, CCI) and the management practices were examined with linear mixed effects models using 

the lme4 and emmeans packages in R (Bates et al., 2015; Lenth, 2017). The continuous 

dependent variables were Box-Cox transformed to eliminate skewness of the data (Box and 

Cox, 1964). The relationships between dichotomous dependent variables (i.e. CR1, P200) and 

reproductive management practices were analysed with logistic regression including mixed 

effects using the lme4 and emmeans packages in R (Bates et al., 2015; Lenth, 2017). In each 

mixed model a management practice was included as the fixed effect, whereas herd was the 

random effect. In this study, those management practices that were associated (p < 0.05) were 

analysed in mixed models that included two management practices and their interaction as 

fixed effects, and herd as the random effect. Only cows with complete records were included 

in the models. Pairwise comparisons were performed by Tukey’s post-hoc test when more 

than two options were examined within a given management practice, using the multcomp 

package in R (Hothorn et al., 2008). The exact P-values for the Tukey’s post-hoc tests are 

indicated in the text, whereas in the tables only the significant differences are marked. The null 

hypothesis was that there were no differences between the groups included in a given model. 

The statistical analyses were performed in R version 3. 4. 0. (R Core Team, 2017). 

9.2. Results 

9.2.1. Herd characteristics and general management 

The number of cows that calved in 2014 (mean ± SD) was 420 ± 110, 719 ± 149 and 1,079 ± 

122 in the 250-499, 500-999 and ≥ 1,000-cow herd size categories, respectively. Parity of the 

cows was 2.38 ± 1.55, 2.31 ± 1.46 and 2.14 ± 1.36, on average, in the different herd size 

categories, respectively. The age of cows at calving was 1,401 ± 700, 1,346 ± 650 and 1,247 

± 587 days in the herd size categories, respectively. The 305-day milk yield in these categories 

were 9,570 ± 1,879, 10,079 ± 2,140 and 10,667 ± 2,200 kg, respectively. 

Herds with 500-999 cows had significantly shorter IBI (p = 0.04), and herds with ≥ 1,000 cows 

tended to have shorter IBI (p = 0.09), compared to herds with 250-499 cows (Table 15). Herds 
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with 500-999 cows tended to have more pregnant cows by 200 DIM compared to smaller herds 

(p = 0.07).  

Herd-level 305-day milk yield was not associated with any reproductive parameter (p > 0.05). 

However, not performing regular body condition scoring was associated with lower CR1 (OR 

= 0.76, 95% confidence interval [CI] = 0.60-0.96, p = 0.02). No associations were found 

between herd size, average herd-level milk yield, body condition scoring, and other 

management practices (p > 0.05). 

Employing a reproduction advisor was associated with hormonal synchronization protocols: 

every herd that employed a reproduction advisor used hormonal synchronization, as well (p = 

0.02). However, employing a reproduction advisor was not associated with any of the analysed 

parameters (p > 0.05). 

Heat abatement was associated with the use of transrectal ultrasonography (p = 0.03). The 

method of heat abatement was associated with IBI (p < 0.01), CCI (p < 0.01) and P200 (p < 

0.01). Ventilation with sprinklers performed better than ventilation only or no heat abatement, 

however, using ventilation only was not significantly better than no heat abatement (Table 16). 

9.2.2. Voluntary waiting period, estrus detection and hormonal synchronization 

protocols 

Cows in those herds that did not apply a VWP (or where VWP was shorter than 50 days) 

showed superior reproductive performance compared to VWP-users (Table 17), except for 

CR1, where no relationship was found. Method of estrus detection (visual observation vs. 

estrus detection aids) was not associated with any of the analysed parameters. The use of 

hormonal synchronization protocols was associated with performing transrectal 

ultrasonography (p < 0.01). The application of hormonal synchronization protocols was not 

associated with the reproductive parameters, however, the interaction of synchronization and 

transrectal ultrasonography was significantly associated with P200 (p = 0.02). 

9.2.3. Pregnancy diagnosis 

The application of transrectal ultrasonography was associated with the method of heat 

abatement (p = 0.03), hormonal synchronization (p < 0.01) and early pregnancy diagnosis 

followed by pregnancy recheck (p = 0.03). Therefore, transrectal ultrasonography was 

analysed together with these practices. When ultrasonography was evaluated together with 

heat abatement, the application of ultrasound was associated with reduced time to first 

insemination (p = 0.02) and showed a tendency towards more pregnant cows by 200 DIM (p 

= 0.07) (Table 16). In the analysis of CR1, the interaction of heat abatement and 

ultrasonography was significant (p = 0.04). When ultrasonography was evaluated together with 
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hormonal synchronization, those farms that used both practices had significantly shorter DFS 

than those that applied none of these methods (p < 0.01). Transrectal ultrasonography showed 

a tendency towards increased P200 (p = 0.07), and the interaction of synchronization and 

ultrasonography was significant, as well (p = 0.02). When analysed in combination with early 

pregnancy diagnosis and recheck, ultrasonography was associated with DFS (p < 0.01), IBI (p 

= 0.04) and P200 (p = 0.02), however, performing early pregnancy diagnosis and recheck was 

not associated with any of the parameters. The odds of pregnancy by 200 DIM tended to be 

higher when weekly pregnancy checks were performed compared to more frequent checks (p 

= 0.09). 
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Table 15. Associations of herd characteristics and general management with the reproductive indices of dairy cows 

 
Days to first service Breeding interval (days) Calving to conception interval 

(days) 
Pregnant at 200 days in 

milk  
Estimate 95% CI p Estimate 95% CI p Estimate 95% CI p OR 95% CI p 

Herd size 
(cows) 

                        

250-499 72.54 65.64-80.41 0.46 41.91 38.94-45.05 0.03 142.17 132.62-152.41 0.19 Reference 0.06 

500-999 67.47 58.65-78.10 
 

36.58 32.82-40.67  
 

135.51 122.67-149.69 
 

1.41 1.03-1.92 
 

≥ 1,000 66.10 56.86-77.38 
 

37.02 32.94-41.49 128.56 115.47-143.11 
 

1.32 0.95-1.85 
 

305-day milk 
yield (kg) 

            

≤ 10,000 70.18 63.96-77.28 0.48 40.11 37.26-43.14 0.18 139.19 130.22-148.79 0.37 Reference 0.62 

> 10,000 67.08 59.42-76.19 
 

37.51 33.93-41.38 
 

133.58 122.21-146.00 
 

1.07 0.81-1.43 
 

BCS 
   

Yes 70.91 64.85-77.80 0.29 38.16 35.45-41.04 0.65 131.25 123.27-139.77 0.13 Reference 0.48 

No 66.30 58.87-75.12 
 

39.06 35.30-43.13 
 

140.37 128.76-153.02 
 

0.90 0.68-1.20 
 

Reproduction 
advisor 

   

Yes 66.60 61.13-72.74 0.27 37.93 35.32-40.70 0.47 133.47 125.39-142.09 0.40 Reference 0.26 

No 71.42 63.14-81.17 
 

39.35 35.59-43.43 
 

138.60 126.88-151.41 
 

0.86 0.65-1.13 
 

CI: 95% confidence interval; OR: odds ratio; BCS: body condition scoring  
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Table 16. The relationship of reproductive ultrasonography and the associated management practices with the reproductive indices of dairy 

cows 

  
Days to first service Breeding interval 

(days) 
Calving to conception 

interval (days) 
Pregnant at 200 

days in milk   
Estimate 95% CI Estimate 95% CI Estimate 95% CI OR 95% CI 

Reproductive 
ultrasound 

Heat abatement 

        
Yes No 73.67 60.48-90.87 42.63abc 36.87-49.09 165.79ab 145.31-189.16 Referenceac 

Yes Ventilation 64.51 56.15-74.56 42.26ab 38.08-46.79 136.74abc 124.41-150.29 1.51abc 1.14-2.01 

Yes Ventilation + sprinklers 64.61 60.04-69.65 35.99c 34.03-38.03 129.41c 123.19-135.94 1.88b 1.62-2.18 

No No 87.93 70.35-111.6 44.33abc 37.99-51.49 172.94a 150.19-199.14 0.77a 0.50-1.18 

No Ventilation 76.45 67.64-86.81 43.94a 40.30-47.85 142.64abc 131.75-154.43 1.18ac 0.93-1.49 

No Ventilation + sprinklers 76.58 66.91-88.14 37.47bc 33.95-41.28 134.99bc 123.66-147.35 1.46bc 1.12-1.90 

Reproductive 
ultrasound 

Estrus synchronization 

        
Yes Yes 64.93a 60.77-69.48 37.21 35.08-39.45 132.58 125.78-139.74 Referencea 

Yes No 74.71ab 62.70-89.88 39.24 33.70-45.49 143.86 125.59-164.78 1.66a 0.85-3.24 

No Yes 72.57ab 64.09-82.58 40.59 36.47-45.07 137.28 124.62-151.21 0.88ab 0.67-1.17 

No No 83.90b 72.94-97.10 42.77 38.12-47.85 148.95 134.15-165.39 0.56b 0.41-0.77 

Reproductive 
ultrasound 

Early pregnancy 
diagnosis + recheck         

Yes Yes 66.08ac 61.11-71.59 37.55 35.11-40.13 131.83 124.05-140.09 Reference 

Yes No 63.63ab 57.10-71.16 36.73 33.39-40.33 135.91 124.78-148.04 0.98 0.77-1.26 

No Yes 79.75bd 69.31-92.33 42.22 37.69-47.17 139.34 125.54-154.67 0.71 0.52-0.96 

No No 76.62cd 68.71-85.76 41.32 37.80-45.10 143.66 132.36-155.93 0.70 0.55-0.89 

CI: 95% confidence interval; OR: odds ratio 

a, b, c, d Different superscripts indicate significant differences (p < 0.05).  
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Table 17. Associations of voluntary waiting period, method of estrus detection and pregnancy diagnosis frequency with the reproductive indices 

of dairy cows 

 
Days to first service Breeding interval (days) Calving to conception 

interval (days) 
Pregnant at 200 days in 

milk  
Estimate 95% CI p Estimate 95% CI p Estimate 95% CI p OR 95% CI p 

VWP1             

Yes 73.31 68.09-79.12 < 0.01 41.16 38.94-43.50 < 0.01 142.07 134.70-149.87 0.01 Reference < 0.01 

No 62.20 55.88-69.56 
 

35.23 32.21-38.46 
 

127.82 117.65-138.86 
 

1.45 1.12-1.88  

Estrus 
detection aids 

           
 

Yes 68.28 63.63-73.42 0.91 38.47 36.31-40.74 0.77 136.67 129.88-143.84 0.70 Reference 0.93 

No 68.88 59.66-80.23 
 

39.16 34.75-44.00 
 

133.90 120.57-148.70 
 

1.02 0.73-1.42  

Pregnancy 
diagnosis 
frequency 

            

> 1x/week 71.01ab 64.23-78.84 0.03 39.08 35.78-42.61 0.40 139.23 128.68-150.66 0.64 Reference 0.10 

1x/week 70.96a 62.33-81.35  39.46 35.20-44.13  133.03 120.10-147.35  1.38 1.01-1.88  

< 1x/week 58.12b 49.81-68.51  35.86 30.82-41.54  138.91 121.64-158.61  1.09 0.73-1.64  

CI: 95% confidence interval; OR: odds ratio; VWP: voluntary waiting period 

1 Yes: VWP was ≥ 50 days; No: VWP was < 50 days or no VWP was applied. 

a, b Different superscripts indicate significant differences (p < 0.05). 
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10. Relationship of parity and management practices with 

reproductive performance in Holstein-Friesian dairy cows 

In this study we aimed to analyse the associations among management practices and 

reproductive performance by parity in dairy cows. 

10.1. Materials and methods 

10.1.1. The analysed management practices and reproductive parameters 

Individual data of 23,781 cows that calved between 1 January 2014 and 31 December 2014 

on the farms were analyzed retrospectively. The management practices and the respective 

number of farms, and the number of primi- and multiparous cows are shown in Table 18. 

Regarding estrus detection, synchronization and insemination policy the application of 

voluntary waiting period (VWP), use of estrus detection aids (pedometers, activity meters, tail 

chalking), and the application of estrus synchronization protocols (generally Ovsynch, Cosynch 

or Presynch-Ovsynch) were analyzed. Two categories were created for the analysis of VWP: 

farms that apply a  ≥ 50-day-long VWP (VWP: yes), and those that apply a VWP of < 50 days 

or do not use a well-established VWP (VWP: no).  

The analysis of pregnancy diagnosis policy included the application of early pregnancy 

diagnosis methods (transrectal ultrasonography or examination of pregnancy-associated 

glycoproteins) and the frequency of pregnancy diagnosis. The use of transrectal 

ultrasonography was analyzed separately, as well. It was also evaluated whether early 

pregnancy diagnosis before day 60 postinsemination followed by a pregnancy recheck around 

day 60 was associated with reproductive performance.  

The associations of the parity and the management practices with the following reproductive 

indices were analyzed: days to first service (DFS), breeding interval (IBI), calving to conception 

interval (CCI), first-service conception risk (CR1) and pregnancy at 200 days in milk (P200). 

DFS and IBI were calculated for the inseminated cows, whereas CCI was calculated for those 

cows which were diagnosed pregnant after the date of last insemination. CR1 was quantified 

for cows with at least one insemination followed by a known pregnancy diagnosis outcome. 

Cows that stayed in the herd at least until 200 days in milk (DIM) were included in the analysis 

of P200. 
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Table 18. Number of herds and cows by parity according to reproductive management 

 
Farms (n) Primiparous cows (n) Multiparous cows (n) 

Voluntary waiting period    
Yes 19 5,107 7,758 

No 15 4,239 6,677 

Estrus detection aids    

Yes 25 6,585 10,386 

No 9 2,761 4,049 

Estrus synchronization    

Yes 27 7,589 11,901 

No 7 1,757 2,534 

Early pregnancy diagnosis    

Yes 24 6,982 10,897 

No 10 2,364 3,538 

Reproductive 
ultrasonography 

   

Yes 23 6,545 10,214 

No 11 2,801 4,221 

Pregnancy recheck    

Yes 18 5,113 8,511 

No 16 4,233 5,924 

Pregnancy diagnosis 
frequency 

   

>1x/week 10 3,101 4,563 

Weekly 16 4,501 7,135 

<1x/week 7 1,521 2,346 

10.1.2. Statistical analyses 

The associations of the parity with the continuous variables (i.e. DFS, IBI, CCI) under different 

management practices were examined with linear mixed effects models using the lme4 

package in R (Bates et al., 2015). The continuous dependent variables were log-transformed 

to eliminate skewness of the data. The associations of the parity with the dichotomous 

dependent variables (i.e. CR1, P200) under different reproductive management practices were 

analysed with logistic regression including mixed effects using the lme4 package in R (Bates 

et al., 2015). In this study, in each mixed model one of the reproductive indices was the 

outcome variable, whereas parity, a management practice and the interaction between parity 

and management were included as fixed explanatory variables, and herd was a random effect. 

Pairwise comparisons were performed by Tukey’s post-hoc test when more than two methods 

were examined within a given management practice, using the multcomp package in R 

(Hothorn et al., 2008). The exact P-values for the Tukey’s post-hoc tests are indicated in the 

text, whereas in the tables only the significant differences are marked. The null hypothesis was 

that there were no differences between the groups included in a given model. 
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The associations of parity, reproductive indices, and management were quantified by contrast 

matrices and by the glht procedure from the multcomp package in R (Hothorn et al., 2008). 

The result of the analyses was the ratio of reproductive parameters of multiparous to 

primiparous cows under different management practices. For continuous dependent variables 

within each parity we calculated the ratio of reproductive parameters if a given management 

practice had been vs. had not been applied. Thereafter, the ratio of the obtained parameters 

for multiparous and primiparous cows was evaluated (e.g. the ratio of multiparous DFSVWP-

users/DFSVWPnon-users to primiparous DFSVWP-users/DFSVWPnon-users). For dichotomous dependent 

variables the odds ratio (OR) was calculated within each parity if a given management practice 

had been vs. had not been applied. Thereafter, the ratio of the obtained ORs for multiparous 

and primiparous cows was evaluated (e.g. the ratio of multiparous OR(VWP-users/VWPnon-users) to 

primiparous OR(VWP-users/VWPnon-users)). The statistical analyses were performed in R version 3. 4. 

0. (R Core Team, 2017). 

10.2. Results 

For each management practice, firstly, the results for the overall population, thereafter, the 

differences of primi- and multiparous cows are presented (Tables 19-21). 

10.2.1. Reproductive performance and parity 

Mean (± SD) and median DFS were 75.6 (± 35.8) days and 68.0 days in the overall population, 

respectively. Mean (± SD) and median IBI were 42.8 (± 24.9) days and 37.3 days, respectively, 

whereas mode of the IBI was 23 days. Mean (± SD) and median CCI were 157.5 (± 93.1) and 

134.0 days. In the entire studied population, CR1 was 20.5%, whereas 59.6% of the cows 

present in the herds at 200 DIM were pregnant. In general, primiparous cows performed better 

in terms of IBI (42.2 vs. 43.2 days, p < 0.001), CCI (152.3 vs. 161.8 days, p < 0.001), CR1 

(24.8 vs. 17.3%, p < 0.001) and P200 (65.2 vs. 55.4%, p < 0.001) compared to multiparous 

cows, however, no differences between parities were found regarding DFS (75.7 vs. 75.6 days, 

p > 0.05). 

10.2.2. Voluntary waiting period, estrus detection and synchronization 

Cows in those herds that did not apply a VWP (or where VWP was shorter than 50 days) 

showed superior performance compared to VWP-users in terms of DFS (p = 0.007), IBI (p < 

0.001), CCI (p = 0.011) and P200 (p = 0.004) (Tables 18 and 19). The difference in CCI and 

P200 between the VWP-users and non-users was significantly associated with parity, since 

multiparous cows experienced larger improvement when VWP was not applied than 

primiparous cows (p = 0.015) (Table 22). 
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The method of estrus detection showed only minor and nonsignificant differences in the 

reproductive parameters. Primiparous cows experienced larger reduction in DFS when estrus 

detection aids were used compared to multiparous cows (p = 0.015). 

Estrus synchronization was associated with shorter DFS (p = 0.005) and larger P200 (p = 

0.040) in the overall population. The reduction in DFS (p < 0.001), IBI (p = 0.026) and CCI (p 

= 0.005), and the improvement in P200 (p < 0.001) was larger in primiparous cows compared 

to the multiparous ones when estrus synchronization was used. 

10.2.3. Pregnancy diagnosis policy 

Early pregnancy diagnosis was associated with reduced IBI (p = 0.009), CCI (p = 0.030) and 

improved P200 (p = 0.002) in the overall population. The reduction in IBI (p = 0.001), CCI (p = 

0.006), and the improvement in P200 (p < 0.001) was larger in primiparous, compared to 

multiparous cows when early pregnancy diagnosis was performed (Tables 19-21). 

The use of transrectal ultrasonography was associated with reduced DFS (p = 0.005), IBI (p = 

0.030) and improved P200 (p = 0.014) considering the entire studied population. Primiparous 

cows experienced larger improvement when transrectal ultrasonography was used compared 

to the multiparous ones in terms of IBI (p < 0.001) and P200 (p < 0.001). 

Pregnancy recheck was also evaluated, but no differences were found in the parameters in 

the overall population. However, IBI (p = 0.002), CCI (p < 0.001), CR1 (p = 0.020) and P200 

(p < 0.001) were slightly better in primiparous, but they were slightly deteriorated in multiparous 

cows among those herds where pregnancy status was rechecked. 
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Table 19. Descriptive statistics of days to first service, breeding interval and calving to conception interval by the use of voluntary waiting period, 

estrus detection and hormonal synchronization and by parity 

 
Days to first service Breeding interval (days) Calving to conception interval (days) 

 
Primiparous Multiparous Primiparous Multiparous Primiparous Multiparous 

 
Mean ± SD 
(Median) 

n Mean ± SD 
(Median) 

n Mean ± SD 
(Median) 

n Mean ± SD 
(Median) 

n Mean ± SD 
(Median) 

n Mean ± SD 
(Median) 

n 

Voluntary 
waiting period 

            

Yes 78.6 ± 37.1 
(71) 

4,642 79.5 ± 37.5 
(71) 

6,138 44.3 ± 27.5 
(38) 

3,355 46.3 ± 25.8 
(40) 

4,749 157.6 ± 96.7 
(130) 

3,979 172.3 ± 96.7 
(150) 

4,464 

No 72.1 ± 35.3 
(63) 

3,742 71.0 ± 31.8 
(64) 

5,272 39.5 ± 24.3 
(35) 

2,687 39.6 ± 20.9 
(35) 

4,020 145.6 ± 91.0 
(119) 

3,188 150.4 ± 84.5 
(130) 

4,076 

Estrus 
detection aids 

            

Yes 74.8 ± 35.1 
(68) 

5,931 75.4 ± 34.5 
(69) 

8,182 41.7 ± 25.9 
(36) 

4,308 42.9 ± 23.4 
(38) 

6,319 152.2 ± 95.1 
(125) 

5,094 163.1 ± 92.4 
(141) 

6,137 

No 77.9 ± 39.6 
(68) 

2,453 76.1 ± 37.1 
(67) 

3,228 43.3 ± 27.1 
(37) 

1,734 44.1 ± 25.3 
(38) 

2,450 152.4 ± 92.6 
(126) 

2,073 158.5 ± 90 
(138) 

2,403 

Estrus 
synchronization 

            

Yes 72.6 ± 32.8 
(67) 

6,803 73.5 ± 33.0 
(67) 

9,394 41.4 ± 24.3 
(36) 

4,962 42.9 ± 23.3 
(38) 

7,289 150.0 ± 92.9 
(123) 

5,909 160.8 ± 90.8 
(139) 

7,006 

No 89.2 ± 47.0 
(76) 

1,581 85.4 ± 42.8 
(74) 

2,016 45.9 ± 33.6 
(37) 

1,080 44.9 ± 26.8 
(39) 

1,480 163.2 ± 100. 
(136) 

1,258 166.6 ± 95.8 
(144) 

1,534 
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Table 20. Descriptive statistics of first service conception risk and pregnancy status at 200 

days in milk by reproductive management and parity 

 
First service conception 

risk 
Pregnant at 200 days in milk 

 
Primiparous Multiparous Primiparous Multiparous 

 
% n % n % n % n 

Voluntary waiting 
period 

        

Yes 24.9 4,642 16.6 6,138 63.4 4,580 49.8 5,975 

No 24.7 3,742 18.2 5,272 67.5 3,634 62.2 4,945 

Estrus detection 
aids 

        

Yes 24.8 5,931 17.1 8,182 65.7 5,806 55.1 7,820 

No 24.9 2,453 18.0 3,228 64.0 2,408 56.2 3,100 

Estrus 
synchronization 

        

Yes 24.7 6,803 16.7 9,394 66.9 6,649 55.7 8,958 

No 25.6 1,581 20.2 2,016 58.0 1,565 54.0 1,962 

Early pregnancy 
diagnosis 

        

Yes 24.7 6,264 16.9 8,606 68.3 6,084 57.2 8,100 

No 25.3 2,120 18.7 2,804 56.3 2,130 50.2 2,820 

Reproductive 
ultrasound 

        

Yes 23.9 5,886 16.4 8,089 67.9 5,727 56.8 7,631 

No 27.0 2,498 19.5 3,321 59.2 2,487 52.2 3,289 

Pregnancy recheck 
        

Yes 25.6 4,651 16.9 6,821 67.0 4,540 55.1 6,484 

No 23.9 3,733 18.0 4,589 63.1 3,674 55.8 4,436 

Pregnancy 
diagnosis 
frequency 

        

>1x/week 22.9 2,773 16.0 3,528 60.7 2,750 52.3 3,462 

Weekly 28.4 4,025 20.4 5,620 69.9 3,933 58.5 5,303 

<1x/week 17.1 1,384 11.2 1,958 60.5 1,327 52.7 1,840 
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Table 21. Descriptive statistics of days to first service, breeding interval and calving to conception interval by pregnancy diagnosis policy and parity 

 
Days to first service Breeding interval (days) Calving to conception interval (days) 

 Primiparous Multiparous Primiparous Multiparous Primiparous Multiparous 

 Mean ± SD 
(Median) 

n Mean ± SD 
(Median) 

n Mean ± SD 
(Median) 

n Mean ± SD 
(Median) 

n Mean ± SD 
(Median) 

n Mean ± SD 
(Median) 

n 

Early pregnancy 
diagnosis 

            

Yes 71.3 ± 31.4 
(66) 

6,264 72.1 ± 31.2 
(67) 

8,606 40.4 ± 23.1 
(36) 

4,567 42.2 ± 22.5 
(37) 

6,647 148.8 ± 93.0 
(121) 

5,479 159.6 ± 91.0 
(137) 

6,462 

No 88.6 ± 46.1 
(77) 

2,120 86.2 ± 43.8 
(75) 

2,804 47.7 ± 33.6 
(40) 

1,475 46.6 ± 27.5 
(40) 

2,122 163.6 ± 97.8 
(139) 

1,688 168.9 ± 93.7 
(149) 

2,078 

Reproductive 
ultrasound 

            

Yes 71.6 ± 31.9 
(67) 

5,886 71.8 ± 31.4 
(67) 

8,089 40.4 ± 23.1 
(36) 

4,339 42.4 ± 22.6 
(38) 

6,296 150.7 ± 93.7 
(123) 

5,163 160.9 ± 91.5 
(139) 

6,091 

No 85.4 ± 44.0 
(73) 

2,498 84.9 ± 41.8 
(74) 

3,321 46.6 ± 32.4 
(39) 

1,703 45.4 ± 26.9 
(39) 

2,473 156.3 ± 96.2 
(130) 

2,004 164.2 ± 92.4 
(143) 

2,449 

Pregnancy 
recheck 

            

Yes 73.5 ± 33.0 
(67) 

4,651 74.8 ± 33.6 
(68) 

6,821 41.6 ± 24.7 
(37) 

3,338 43.6 ± 23.9 5,274 150.2 ± 95.3 
(120) 

4,039 162.5 ± 92.7 
(140) 

5,063 

No 78.5 ± 40.2 
(70) 

3,733 76.8 ± 37.4 
(69) 

4,589 42.9 ± 28.0 
(36) 

2,704 42.7 ± 24.0 
(37) 

3,495 155.0 ± 93.2 
(130) 

3,128 160.9 ± 90.3 
(140) 

3,477 

Pregnancy 
diagnosis 
frequency 

            

>1x/week 80.7 ± 42.9 
(71) 

2,773 77.2 ± 40.8 
(67) 

3,528 43.2 ± 28.9 
(37) 

2,007 43.5 ± 26.3 
(37) 

2,745 157.9 ± 94.4 
(133) 

2,287 160.2 ± 91.1 
(137) 

2,532 

Weekly 76.0 ± 32.8 
(70) 

4,025 78.3 ± 32.8 
(71) 

5,620 42.4 ± 25.8 
(37) 

2,805 43.8 ± 23.5 4,144 147.7 ± 92.4 
(120) 

3,582 159.7 ± 90.4 
(138) 

4,344 

<1x/week 63.7 ± 27.5 
(57) 

1,384 64.2 ± 27.1 
(58) 

1,958 40.1 ± 22.6 
(36) 

1,105 41.3 ± 20.2 
(38) 

1,639 156.7 ± 99.0 
(128) 

1,120 170.5 ± 96.0 
(148) 

1,412 
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Table 22. Ratio of reproductive indices1 of multiparous and primiparous cows based on the 

mixed effects models for each management practice 

 
Days to 

first 

service 

Breeding 

interval 

Calving to 

conception 

interval 

First-

service 

conception 

risk 

Pregnant at 

200 days in 

milk 

Voluntary 

waiting period 

1.017 1.032 1.046* 0.899 0.746*** 

Estrus 

detection aids 

1.028* 1.017 1.028 0.959 0.908 

Estrus 

synchronization 

1.054*** 1.050* 1.069** 0.849 0.730*** 

Early 

pregnancy 

diagnosis 

1.052*** 1.063** 1.061** 0.923 0.764*** 

Reproductive 

ultrasound 

1.016 1.072*** 1.032 0.958 0.800*** 

Pregnancy 

recheck 

1.043*** 1.054** 1.076*** 0.843* 0.804*** 

Frequency of 

pregnancy 

diagnosis 

 

>1x/week - 

weekly 

0.910 0.984 0.949 0.983 1.153 

>1x/week - 

<1x/week 

0.924 0.973 0.915 1.046* 0.980 

Weekly - 

<1x/week 

1.016* 0.989 0.964 1.064*** 0.850 

1 For continuous dependent variables the ratio of reproductive parameters was calculated 

within each parity if a given management practice had been vs. had not been applied. 

Thereafter, the ratio of the obtained parameters for multiparous and primiparous cows was 

evaluated. If the value is > 1, the ratio of parameters (users vs. non-users of a practice) is 

larger in multiparous than in primiparous cows. For dichotomous variables the odds ratio 

(OR) was calculated within each parity if a given management practice had been vs. had not 

been applied. Thereafter, the ratio of the obtained ORs for multiparous and primiparous cows 

was evaluated. 

* p < 0.05, ** p < 0.01, *** p < 0.001  
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11. Discussion 

11.1. Heifers 

11.1.1. Reproductive parameters 

AFS was 15.53 months in our study, which is comparable to the results of a Dutch survey, 

which found a 15 months median age at first breeding (Mourits et al., 2000). CR1 was 47.10%, 

which equals to the results of DeJarnette et al. (2009), who found a 47% CR1 in the dataset 

of 48,200 Holstein heifers. In a longitudinal study of 122 dairy herds, CR1 was 64% (Hultgren 

et al., 2008), whereas Chebel et al. (2007) reported a 67.8% CR1 in their study of 6,389 

Holstein heifers in the US. Higher growth rates during heifer raising and younger age at 

breeding lead to lower conception rates (Mourits et al., 1997).  

AFC is by far the economically most important reproductive index of dairy heifers, since it 

determines the length of the non-productive period until the first lactation. Mean AFC found in 

our study (25.61 months) was lower than the results based on the records of more than 14 

million Holsteins, where the mean AFC was 26.9 months (Hare et al., 2006). In the study of 

Mourits et al. (2000), AFC was 25-27 months on 51% of the farms, whereas 29% of the farmers 

reported a younger age (≤24 months) and 20% reported a higher age (≥27 months) at first 

calving on herd level. Heinrichs (1993) suggested that the economically optimal age at first 

calving is 23 to 24 months. In a 100-cow herd, lowering the AFC by one month reduced the 

cost of the replacement program by 1,556 EUR or by 4.3% of the total cost of rearing (Tozer 

& Heinrichs, 2001). Boulton et al. (2017) calculated that a one-day increase in AFC resulted in 

an extra cost of 3.26 EUR per heifer. 

11.1.2. Management practices 

11.1.2.1. General heifer-raising practices 

Raising heifers on a milking farm or on a separate facility was not associated with any important 

reproductive index, which implies that management efficiency was not affected by location. In 

a study conducted in Pennsylvania, a comparison of milking and custom heifer operations 

showed that AFS and age at pre-fresh (3 weeks before the expected calving) were lower for 

custom heifer operations than for milking operations (14.36 vs. 14.88 months and 22.75 vs. 

24.13 months, respectively) (Gabler et al., 2000). 

In our survey, 35.3% of the farms kept their heifers on pasture at least for some time during 

heifer raising. No grazing showed a tendency toward increased CR1, but no association was 

found between grazing and other parameters. It is possible that supervision was less effective 

on pasture, and therefore estrus detection was less accurate and the timing of AI relative to 
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the estrus event was suboptimal. In a longitudinal study of 122 dairy herds in southwest 

Sweden, CR1 was not associated with grazing time; however, AFS and AFC increased with 

the time spent on pasture, although grazing for up to 5 months was more advantageous than 

no grazing at all (Hultgren et al., 2008). 

In our study, regular body condition scoring was not performed on more than 90% of the farms, 

and regular body weight measurements (i.e. at least three times from weaning to breeding) 

were missing in a slim majority of the herds surveyed. Regular body weight measurements 

during heifer raising tended to be associated with the probability of pregnancy at 20 months of 

age. Body weight is a measure of physical maturity in dairy heifers (Mourits et al., 1997); 

therefore, tracking heifer growth regularly enables farmers to make timely management 

decisions, which may ultimately result in more pregnant heifers by a certain age. Heifers should 

be inseminated at 55% of their mature body weight (National Research Council, 2001). In the 

Netherlands it was found that 72% of the farmers kept an eye on the body condition score, but 

only one percent actually monitored it, and only 9.5% performed body weight measurements 

regularly (Mourits et al., 2000). In the same study, timing of the first insemination was largely 

determined by the age of heifers (on 95% of the farms), however, withers height and body 

weight influenced the breeding decision to a much lesser extent (27% and 17%, respectively). 

Regular consultations with a reproduction advisor did not improve results, except for CR1. The 

rates of 6-week in-calf and estrus detection were improved in seasonal calving herds as a 

result of a herd reproductive management program (McDougall et al., 2014). Bovine 

practitioners should be able to advise about many areas of dairy farming in order to remain 

useful for the producers (Cannas da Silva et al., 2006). 

11.1.2.2. Estrus detection 

Estrus detection is one of the major limiting factors of reproductive efficiency in dairy herds. 

Estrus detection aids enable continuous monitoring (e.g. pedometers), or estrus can be 

determined by whether the tail chalk has been rubbed off since the last check. The use of 

estrus detection aids was associated with better reproductive indices in our study. On the large 

commercial farms involved in our studies, the large number of replacement heifers could 

potentially limit the efficiency of visual observation; therefore, the use of estrus detection aids 

was advantageous. Neves and LeBlanc (2015) found that the improvement in insemination 

risk (42 vs. 50%) led to an increase in pregnancy risk (15 vs. 17%) after the adoption of activity 

monitoring systems. However, the use of activity monitoring devices without visual observation 

is not recommended (Michaelis et al., 2014).  
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We found that observing estrus only in certain periods of the day instead of continuous visual 

estrus detection improved AFS, AFC and probability of pregnancy at 20 months of age in dairy 

heifers. Visual observation was more efficient when performed only at certain parts of the day, 

which in most cases meant short periods (< 40 minutes) dedicated to observation, probably 

due to the responsible employee’s higher level of commitment to this activity. The efficiency of 

visual observation depends on the time of day, frequency and duration, as well as the signs 

considered to determine whether the animal is in estrus (Roelofs et al., 2010). 

11.1.2.3. Insemination policy 

Sexed semen was used on almost every farm in our survey. The exclusive use of conventional 

semen was associated with higher AFS and CR1 compared to use of sexed semen. AFC was 

different between heifers inseminated solely with conventional semen and those inseminated 

with sexed semen for first service alone. Higher AFS among exclusive conventional semen 

users was presumably related to some other management decision, not to the semen type 

itself. Possibly, herds not inseminated with sexed semen experienced poor heifer fertility, and 

farmers tried to compensate for this by using exclusively conventional semen, which generally 

yields higher success rates compared to sexed semen; however, it is also possible that CR1 

was reduced due to the use of the sexed semen itself. In a study of more than 1,300 Holstein 

heifers, lower pregnancy per AI for first service was found in heifers inseminated with sexed 

semen (40.2 vs. 51.8%), and time from first AI to calving was longer, as well (10.2 vs. 9.9 

months) (Chebel et al., 2010). In the US sexed semen was used primarily for the first and 

second inseminations (DeJarnette et al., 2009), the same way as in our survey. Faster genetic 

improvement can be achieved and herd size can be effectively increased by the use of sexed 

semen, while the occurrence of dystocia can be lowered (Seidel Jr., 2003; Djedovic et al., 

2016). 

We found a tendency toward higher AFS and better CR1 in the herds for which clean-up bulls 

were used that can be explained by other management factors, because the use of a clean-

up bull is generally preceded by a period of artificial insemination. One possible explanation 

for the higher AFS in this group is that these herds experienced estrus detection problems, 

and therefore timely insemination of the heifers was not achievable. Higher CR1 might be partly 

explained by virgin heifers that were not observed in estrus being bred by the clean-up bull 

only, and this could be registered as a first insemination that resulted in pregnancy; however, 

it is not a general practice on Hungarian large dairy farms. De Vries et al. (2005b) reported no 

meaningful disadvantages in terms of pregnancy rates in case of natural service. 
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11.1.2.4. Pregnancy diagnosis 

Early pregnancy diagnosis was performed on approximately one-third of the farms. The use of 

reproductive ultrasonography was not associated with an improvement in the parameters; this 

might be caused by better heifer fertility, which diminishes the possible gain acquired by early 

pregnancy diagnosis via transrectal ultrasonography, coupled with less frequent pregnancy 

checks compared to cows (Fodor et al., 2016a). Performing pregnancy checks frequently 

(more than once a week) was linked to reduced AFC, possibly because the time lost until open 

heifers were found was reduced. 

Pregnancy recheck was lacking on the majority of farms. Recheck of pregnancy status tended 

to be associated with reduced AFC, and was related to a greater chance of pregnancy at 20 

months of age. This suggests the need for pregnancy rechecks, despite pregnancy wastage 

being more common in cows than in heifers (Starbuck et al., 2004; Gábor et al., 2008). 

 

11.2. Cows 

11.2.1. Reproductive parameters 

The average herd size and the 305-day milk production of the surveyed farms were higher 

than the national average as of January 2014 (380 cows/herd and 9,240 kg, respectively). The 

average number of lactations and calving interval were similar to the national average (2.2 and 

439 days, respectively) (Livestock Performance Testing Ltd., 2014; National Food Chain 

Safety Office & Livestock Performance Testing Ltd., 2015). 

A fourfold difference was found in the culling rate of farms, whereas the number of calvings 

showed large variability among farms, as well. In addition to the true differences, the large 

variation among herds in the occurrence of abortion may be related to what is considered an 

abortion on a given farm, and to the precision of the records. Approximately one-third of the 

culled cows left the herd due to reproductive disorders, but the ninefold difference among farms 

may be partly due to the differences in recording culling reasons. In addition to estrus detection 

efficiency, breeding interval is influenced by the use of ovulation synchronization protocols and 

early pregnancy diagnosis, as well. 

It has become clear that the benchmark values of reproductive parameters often used in 

Hungary are outdated, because even the best performing herds were unable to achieve these 

values (calving interval: 365-395 days; first service conception risk: 50-60%; services per 

conception: 1.5-2.2 (Farin & Slenning, 2001; Szenci, 1995)). In an earlier study the 

reproductive performance of 33 outstanding Hungarian dairy herds was surveyed (their mean 
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305-day milk yield was 9,416 l): calving interval was 432 days, services per conception was 

3.22, and 30.3% of the cows conceived to first service (Vucseta, 2002). The results of that 

survey were slightly better than those found in our herds. The average calving interval of the 

Hungarian milk recorded herds was 437 days in 2011 (which was the highest among nine 

ICAR member countries included in that analysis) and 443 days in 2012, whereas services per 

conception was > 3.0 in every year of that analysis (Kerényi et al., 2012; Kerényi et al., 2013). 

Culling rate was 30-35% on average (in some herds a 50% culling rate was found), of which 

one-fourth occurred due to reproductive reasons. 

In our study DFS did not differ by parity, however, shorter IBI and higher CR1 led to decreased 

CCI and higher probability of pregnancy by 200 DIM in primiparous cows. Although some 

studies found no remarkable difference in reproductive performance by parity (López-Gatius 

et al., 2005; Michaelis et al., 2014), others found better reproductive results in primiparous 

cows for DFS (Yusuf et al., 2011), IBI (Remnant et al., 2015), CR1 (Norman et al., 2009) and 

CCI (Bicalho et al., 2007). 

11.2.2. Herd characteristics and general management 

According to our results, herds with 500 or more cows outperformed smaller farms in 

reproductive performance. One possible explanation is that as herd size increases, the need 

for better organized management is increased, as well. Larger herds may use advanced 

practices more commonly compared to the small ones, because of difficulties in overseeing a 

large number of animals, and due to the shorter pay-back time of the investments. Similarly to 

Hungary, the trend in the dairy farming in the USA is toward consolidation of the dairy industry 

into large farms with > 500 cows. This creates new challenges e.g. in estrus detection, thereby 

increasing the need for estrus detection aids and hormonal synchronization protocols (Lucy, 

2001). 

We could not find any associations between the average herd-level milk production and 

reproductive indices. At individual level, genetic antagonism exists between milk yield and 

reproduction (Stevenson, 2005). However, on the farm level, this antagonistic relationship can 

be offset by management, and herds with higher 305-day milk yield can have better 

reproductive performance, because the feeding, animal health status and reproductive 

management are generally better, as well (Lucy, 2001; LeBlanc, 2010). 

Every surveyed farm analysed feed composition in a laboratory, which testifies a praiseworthy 

attitude. The available nutrients are used for maintenance and milk production by the cow (in 

young cows for growth, as well), reproduction is ranked behind these functions (Stevenson, 

2001). The duration and severity of negative energy balance (NEB) significantly influences 

fertility, e.g. when the follicle (and the oocyte in it) is exposed to NEB for a long time, they are 



77 
 

damaged, which reduces the chance of conception (Huszenicza et al., 2003). However, 

feeding management is at least as important as feed composition: time constraints in the 

access to feed and overcrowding increase the competition for feed among cows that reduces 

pregnancy risk (Collings et al., 2011; Schefers et al., 2010). 

Regular body condition scoring was missing on more than half of the Hungarian farms. In our 

study, herds performing body condition scoring on a regular basis experienced improved CR1. 

This can be explained by body condition scoring being a suitable practice for tracking the 

changes of the metabolic status of a cow after calving, and when the energy balance of the 

cow is taken into consideration at the decision to inseminate, the success of the insemination 

is higher. Timing of breeding after calving is based on the assessment of change in body 

condition and on milk production (Chapel et al., 2017). Non-optimal body condition score can 

lead to reduced first-service conception risk and increased days open (Chapel et al., 2017). 

In our study, ventilation coupled with sprinklers was associated with the best reproductive 

performance, however, applying ventilation fans only was hardly better than using none of the 

available heat abatement methods. Farms using ventilation fans only often reported that fans 

with sprinklers were originally implemented, but due to technical problems or planning errors 

(e.g. the bedding in the milk producing barn had become very wet), sprinklers had finished 

working or were switched off. Efficient heat abatement is very important, since the metabolic 

rate of lactating dairy cows is so high, that they are extremely sensitive to heat stress (Lucy, 

2001). Sprinklers in the holding area during summer were associated with increased service 

rate (Schefers et al., 2010). 

In most herds foot trimming was performed at least every six months. In a meta-analysis it was 

found that disorders of the locomotive system delay conception by 12 days on average, but 

large differences exist among studies (Fourichon et al., 2000). 

We found no associations between the employment of a reproduction advisor and the cows’ 

reproductive indices. It is possible that the involvement of the advisor in the reproductive 

management is different on each farm, or the level of the implementation of the advice is 

different. Derks et al. (2014) found that discussing fertility in the veterinary herd health 

management program did not influence any reproductive parameters, except for age at first 

calving. However, in seasonal calving herds, the uptake of a sophisticated herd reproductive 

management program resulted in a two percentage point increase in six-week in-calf rate 

(McDougall et al., 2014). 
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11.2.3. Reproductive management 

11.2.3.1. Voluntary waiting period 

Three-quarters of the surveyed herds applied a voluntary waiting period after calving, however, 

its length showed large differences among farms. In our study, the application of a minimum 

50-day long VWP was associated with longer time to first insemination, longer breeding interval 

and delayed conception after calving, resulting in a lower proportion of pregnant cows by 200 

DIM, but no relationship was found with the success rate of first inseminations. Multiparous 

cows experienced larger improvement in time to conception postpartum when VWP was not 

applied vs. when VWP was applied, than primiparous cows, which suggests that lack of a 

minimum 50-day-long VWP is more beneficial for multiparous cows. The uptake of dynamic 

voluntary waiting period may be a good approach to overcome the poorer results associated 

with the use of VWP (Szelényi et al., 2010). Some, but not all studies suggest that longer VWP 

is associated with improved CR (Stevenson, 2005; Schefers et al., 2010). When no 

complications occur around calving, no more than 40-day long VWP is needed for uterine 

involution (Stevenson, 2005). Generally every VWP above six weeks was less profitable than 

the six-week long VWP, and, therefore early breeding was profitable (Inchaisri et al., 2011). In 

the study of Stangaferro et al. (2018) the median days to conception was six days shorter (85 

vs. 91 days) in the 60-day-long VWP group compared to the 88-day-long VWP group in 

primiparous cows, and 28 days shorter (104 vs. 132 days) in multiparous cows. 

11.2.3.2. Estrus detection 

Visual estrus observation was performed on approximately 90% of the farms, and activity 

monitoring was applied in two-thirds of the herds. Method of estrus detection showed no 

associations with reproductive performance. One possible explanation for this is the 

widespread use of hormonal synchronization protocols that can mask the possible effect of 

estrus detection aids. Tail chalking is an economic and efficient method of estrus detection, 

however, it is much less frequently used in dairy herds in Hungary compared to the USA 

(Caraviello et al., 2006; Stevenson, 2001). Primiparous cows experienced larger advantage 

than the multiparous ones in terms of DFS when estrus detection aids were used. Michaelis et 

al. (2014) found that activity monitoring coupled with visual observation performed significantly 

better than either method alone. According to Neves and LeBlanc (2015), implementing an 

activity monitoring system increased the number of inseminations in a given time period, 

leading to better pregnancy rate, however, no significant differences were found between 

activity monitoring and estrus synchronization. Several studies indicate that the performance 

of activity meters may be compromised by higher parity. Increasing parity was found to be a 
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risk factor for poor estrus expression, resulting in lower pedometer measurements (Walsh et 

al., 2011; Yániz et al., 2006). Roelofs et al. (2010) concluded that secondary signs of estrus 

(e.g. walking activity) decrease, conversely, the primary sign of estrus (standing still) increases 

with higher parity. In Israel, the average herd rate of undetected estrus in 2008 was higher in 

multi- than in primiparous cows (38.9 vs. 43.9%; Galon, 2010). It is possible that the lack of 

associations between the method of estrus detection, reproductive performance and parity in 

our study could be attributed to the widespread use of hormonal synchronization programmes. 

11.2.3.3. Synchronization programmes 

Most herds applied ovulation synchronization, and Ovsynch was the most widely used 

protocol. In our study, the use of hormonal synchronization protocols was associated with the 

application of transrectal ultrasonography, but no associations between synchronization and 

reproductive parameters were found. When analysed by parity, the use of hormonal 

synchronization protocols was related to a larger advantage in terms of DFS, IBI, CCI and 

P200 in primiparous compared to multiparous cows. Estrus synchronization protocols have 

become so popular, because herds with poor oestrus detection are able to shorten DFS and 

CCI, however, CR is often negatively affected (Lucy, 2001).  Gábor et al. (2004) concluded 

that ovulation synchronization protocols can be used to improve reproduction in a herd, but 

their efficiency depends on the farm, up-to-date data recording and on the estrus detection 

efficiency, as well. Tóth et al. (2006) introduced ovulation synchronization and reproductive 

ultrasonography into a herd, and reduced calving interval and services per conception by 20 

days and 0.8, respectively, in only three years, whereas the annual milk production increased 

by 600 kg. In their experiment the profit of the programme exceeded its cost tenfold. In a study 

evaluating differences between primi- and multiparous cows after OvSynch based on six trials, 

it was found, that OvSynch was more effective in primiparous animals (CR1: 37.9 vs. 31.6%; 

P200: 81.8% vs. 75.4%) (Tenhagen et al., 2004). Machado et al. (2017) compared 

insemination only at completion of the PreSynch-OvSynch programme with insemination after 

detected estrus during the PreSynch-OvSynch protocol. They found no differences between 

the effectiveness of the two strategies in primiparous animals, however, in multiparous cows 

inseminating at completion of the synchronization programme yielded better CR1 (41.2 vs. 

35.3%), which implies that synchronization programmes behave differently in primi- and 

multiparous cows. The introduction of OvSynch into a management system with poor oestrus 

detection decreased the cost per pregnancy, however, when OvSynch was introduced into a 

herd with better oestrus detection, cost per pregnancy slightly increased despite improving 

reproductive results (Stevenson, 2005). 
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11.2.3.4. Pregnancy diagnosis 

More than two-thirds of the farms performed early pregnancy diagnosis. The most widespread 

tool was transrectal ultrasonography. However, pregnancy diagnoses started on day 35 after 

insemination, on average. Those surveyed farms that applied transrectal ultrasonography were 

more likely to use heat abatement, hormonal synchronization protocols, and to perform early 

pregnancy diagnosis followed by a pregnancy recheck. Those reproductive management 

programs that applied ultrasonography were generally superior regarding reproductive 

performance compared to those that did not use this practice. The application of early 

pregnancy diagnosis methods was associated with larger improvement in primiparous cows in 

the reproductive parameters, except for CR1. 

In a large national survey of 398 farms in 2012, nearly three-quarters (287 herds, 72.1%) of 

the farms performed rectal palpation, transrectal ultrasonography was used in 67 herds 

(16.8%), whereas other pregnancy diagnosis methods were used in 44 herds (11.1%) 

(Monostori, 2014). Early pregnancy diagnosis methods create the opportunity to identify cows 

that fail to conceive early postbreeding. If early pregnancy check is coupled with management 

measures aiming at the quick reinsemination of open cows IBI can be reduced (Fricke, 2002). 

In a field trial that compared reproductive results using solely rectal palpation vs. transrectal 

ultrasonography, DFS, IBI and CCI were reduced by 7.0, 29.6 and 12.0 days, respectively, in 

the ultrasound group, which generated 43.89 EUR additional net income per cow per year 

compared to the palpation group (Fodor et al., 2016b). The accuracy of pregnancy diagnosis 

is not affected by age of the cow (Szenci et al., 1995). 

Pregnancy recheck was performed on the large majority of the Hungarian farms. Although this 

practice yields unquestionable benefits, we could not detect any significant associations with 

reproductive parameters. Early pregnancy diagnosis followed by a pregnancy recheck was 

associated with larger improvement of CCI and P200 in primiparous than in multiparous cows. 

It is widely accepted that early pregnancy diagnosis must be followed by a recheck at the time 

when the rate of pregnancy loss is reduced (Fricke, 2002). Some studies found no effect of 

parity on pregnancy loss (Starbuck et al., 2004), on the contrary, others found higher incidence 

of pregnancy wastage in multiparous compared to primiparous cows (Alnimer & Ababneh, 

2014; Gábor et al., 2016; Santos et al., 2009). In a study of 6,396 cows from four dairy herds 

found that multiparous cows were almost twice as likely to lose pregnancy between day 30 

and 58 after insemination as their primiparous counterparts (Santos et al., 2009).  
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12. Conclusions and suggestions 

Despite the common perception that heifer fertility is much less problematic than cow fertility, 

huge production losses might occur in this area due to the extended non-productive period of 

replacement heifers. Reproductive management of heifers is much less intensive than that of 

the cows, however, our studies have shown that a number of intensive reproductive 

management practices is associated with improved reproductive performance. Our results 

suggest that the implementation of estrus detection aids (pedometers, activity meters, tail 

chalking), observing estrus for short (< 40 min) periods instead of continuously, and frequent 

pregnancy checks (i.e. more than once per week) are associated with younger age at first 

calving. Moreover, there are still large opportunities in improving tracking of growth rate in 

heifers, which is a fundamental element of reaching optimal age at first calving. Therefore, the 

use of these practices is suggested to improve the reproductive results of replacement heifers. 

The reproductive performance of primi- and multiparous dairy cows is far from the optimum 

values that were established decades ago. This has two implications: (1) the optimum values 

of reproductive parameters are outdated and should be reconsidered, and (2) further 

improvements are needed in the reproductive management of dairy cows. Technologies and 

protocols that are associated with better reproductive results are used on many – but not all – 

dairy farms. Those herds that use transrectal ultrasonography (usually together with ventilation 

and sprinklers, hormonal synchronization, and pregnancy recheck) achieve better reproductive 

results. The application of voluntary waiting period should be improved (e.g. by using dynamic 

voluntary waiting period), because the present approach of this practice is not advantageous. 

Moreover, the efficiency of the efforts made is sometimes suboptimal: e.g. farm managers 

strive to protect cattle against heat stress, but due to the errors in planning, implementation or 

due to technical maintenance problems, sprinklers are not used, only the ventilation fans are 

turned on, and the efficiency of heat abatement is significantly deteriorated. Our studies have 

also shown that the associations of reproductive management practices and parameters are 

different in primi- and multiparous cows. The application of estrus synchronization, and 

performing early pregnancy diagnosis with recheck are associated with larger improvement in 

calving to conception interval in primi- than in multiparous cows. 

If the efficiency of reproductive management on a dairy farm is improved, the relative cost of 

reproductive management decreases. Therefore, efficient reproductive management is 

essential for sustainable and profitable dairy production. 
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13. New and novel results 

1. The use of estrus detection aids (pedometers, activity meters, tail chalking) was 

associated with significantly reduced age at first service and first calving in heifers. 

2. Observation of estrus for short (< 40 min) periods instead of all day long was associated 

with significantly higher probability of pregnancy at 20 months of age. The probability of 

pregnancy by 20 months of age was significantly higher when farms had at least four 

years of experience in sexed semen use compared to less experienced sexed semen 

users. Heifers calved at a significantly younger age on farms performing pregnancy 

diagnosis more than once per week. 

3. Most large commercial dairy herds applied heat abatement methods. However, on a 

significant proportion of farms ventilation was used without sprinklers. Ventilation with 

sprinklers was associated with the shortest breeding interval, the shortest calving to 

conception interval, and the highest odds of being pregnant by 200 days in milk. Solely 

ventilation showed similar results to no heat stress protection in the milk producing barns. 

4. Lack of a voluntary waiting period (VWP) or a < 50-day-long VWP was associated with 

reduced calving to conception interval compared to those farms that used a VWP of  

≥ 50 days. The improvement was larger in multiparous than in primiparous cows. 

5. Transrectal ultrasonography was usually applied together with ventilation and sprinklers, 

hormonal synchronization, and pregnancy recheck, and was associated with reduced 

days to first service, shorter breeding interval, and higher odds of pregnancy at 200 days 

in milk. Primiparous cows experienced larger improvement when transrectal 

ultrasonography was used (vs. not used) compared to their multiparous herdmates. 
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