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1. Introduction 
 
Milk production in modern dairy cows has increased over the past decades (Capper et al., 2009, 

von Keyserlingk et al., 2013), as a result of progress in the fields of genetics, animal nutrition 

and husbandry management (Barkema et al., 2015). Following parturition, milk yield increases 

rapidly and reaches a maximum during the first 4 to 8 weeks postpartum, which is generally 

termed as peak of lactation. It is followed by a daily decrease of milk secretion until the cow 

enters the dry-off period (Macciotta et al., 2005, Silvestre et al., 2009). Traditionally, the weeks 

around peak of lactation are considered to be the most profitable stage of the lactation, and 

therefore, many researchers enunciate the goal to achieve as many lactations as possible during 

the productive life of a dairy cow (Cabrera, 2014). In order to meet this target, a cow should be 

able to conceive shorty after parturition and then undergo a 305-day lactation followed by a 

two-month dry period (i.e., one calf per year). This calving interval (CI) has been the 

benchmark of modern dairy industry for over 60 years (Esslemont et al., 1985). However, the 

increase in milk production has been accompanied by a reduction in the reproductive 

performance of cows (Lucy, 2001, Ingvartsen et al., 2003, Dobson et al., 2008, Lucy, 2010, 

Bollwein et al., 2014, Lucy, 2016), and the calving intervals increased involuntary (Hare et al., 

2006). The negative relationship between lactation and fertility is nowadays attributed mainly 

to an inadequate adaptation of the animal’s metabolism to cope the high energetic demands of 

milk production than to the high milk yield pes se (Ingvartsen et al., 2003).  

 

The current production model has some important disadvantages which can be summarized as 

followed: 

(a) Most of health problems of dairy cows occur in the first 60 days postpartum (Erb et al., 

1981, Ingvartsen et al., 2003), i.e., the risk of production diseases such as mastitis, 

metritis, ketosis and abomasal displacement decreases with the progression of lactation. 

Unfortunately, the onset of the breeding period coincides with the period of frequent 

diseases. Not surprisingly, the attempts to successfully breed the cows during this period 

can be challenging considering the negative effects of periparturient diseases on fertility 

(Fourichon et al., 2000, Santos and Ribeiro, 2014, Ribeiro et al., 2016).  

(b) In the early postpartum period, most cows are in a negative energy balance (NEB), 

which imposes detrimental effects on fertility (Beam and Butler, 1999, Butler, 2003, 
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Bollwein et al., 2014, Lucy, 2015). In order to compensate these effects, a variety of 

sophisticated treatment protocols using hormones has been developed (e.g., Ovsynch, 

Cosynch, Resynch, Doublesynch) which are administered frequently to overcome 

subfertility. However, these interventions are costly and have raised public issues 

concerning animal welfare and food quality (Pieper et al., 2016). 

(c) In pasture-based dairy systems, the calving period is seasonally concentrated, i.e., the 

cows should conceive in a specific time interval following parturition in order to 

maximize the profits from the annual pasture feeding (Borman et al., 2004). To achieve 

this compact calving pattern, the induction of parturition is common practice, which 

negatively affects the survival rate of the newborns (Mansell et al., 2006). Moreover, 

cows that fail to conceive within this interval have a greater risk to be culled (Evans et 

al., 2006). Both situations can affect the profitability and the animal welfare of the farm. 

(d) Dairy cows can sustain milk production for longer periods than the typical 305-day 

lactation (Arbel et al., 2001, Kolver et al., 2006a, Auldist et al., 2007). As a consequence 

of an increased milk yield based on genetic merit, cows often reach dry off with a high 

production, which can affect the risk of mastitis after drying-off (Rajala-Schultz et al., 

2005, Newman et al., 2010). 

(e) While the increasing use of sexed semen has facilitated the production of replacement 

heifers, male Holstein calves have nowadays a negligible economic value (Holden and 

Butler, 2018). This became a significant animal welfare issue, as male calves are 

frequently not appropriately housed, veterinary treatment of diseased calves is not 

guaranteed, or, even worse, male calves are sacrificed directly after calving. 

Researchers have suggested the introduction of an extended lactation management system, by 

deliberate prolonging the voluntary waiting period (VWP) (Borman et al., 2004, Knight, 2005). 

The theoretical goal of this management pattern is to reduce the number of parturitions during 

a certain cow’s lifecycle, by replacing typical lactations by extended ones. Provided that the 

average daily milk production remains on an economically level, the implementation of 

extended lactations should have various important advantages: 

(a) The onset of the breeding period takes place not before mid lactation, i.e., distant from 

the postpartum NEB nadir and its negative effects on fertility (Fig. 1; Wathes et al., 

2007, Wathes, 2012). Thus, greater reproductive efficiency is expected.  
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Figure 1:  Schematic diagram of the pathophysiologic mechanisms explaining the impact of 
negative energy balance on fertility (adapted from Wathes et al. 2017) 

 
 

(b) The number of parturitions in a cow’s productive life, and as consequence the number 

of the high-risk postpartum periods, will be reduced. As a consequence, the incidence 

of diseases and the associated high veterinary costs for the farm will decline (Allore and 

Erb, 2000, Knight, 2005, Roemer, 2011). 

(c) Labor time is nowadays one of the most decisive limiting factors for milk production 

on dairy farms. By reducing the number of calvings and concomitant riskful transition 

periods, the load of work for the staff on the dairy farm is significantly reduced (Borman 

et al., 2004, Lehmann et al., 2019). 

(d) Cows will spend more time on late lactation and are expected to reach the dry period 

with lower milk production, which can be beneficial for the health of the mammary 

gland (Rajala-Schultz et al., 2005, Newman et al., 2010). 

(e) In late lactation, the percentage of milk protein increases compared to early lactation. 

As milk protein is the value-determining factor of milk, profitability of milk production 

is higher in late lactation as long as the production level is reasonably high 
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(f) Extended lactations could be useful to reduce the market offer of calves which are not 

obviously at present not needed as indicated by very low prices. Thus, an animal welfare 

problem can be minimized or, at the best, solved.  

However, extended lactations could also have some major drawbacks: 

(a) Cows with a deliberate extended CI spend more time on late lactation, when the number 

of somatic cell counts (SCC) in milk are high. This could negatively affect the quality 

of milk and milk products (Hortet et al., 1999, Hagnestam-Nielsen et al., 2009). 

(b) There is a considerable variation in the ability of individual animals to achieve a 

lactation period of more than 400 days (Kolver et al., 2006a, Auldist et al., 2007, Kolver 

et al., 2007). As a result, a part of the herd will spend time on a non-profitable 

production level or it will be culled due to low productivity, both of which can 

economically damage a farm.  

(c) The partition of nutrients on late lactation are towards body energy reserves (Delany et 

al., 2010, Marett et al., 2011, Marett et al., 2015). Therefore, cows with an extended 

lactation are in a greater risk of getting obese at dry-off and parturition, which can 

negatively affect the performance in the following lactation (Roche et al., 2009). 

(d) The lower number of calvings per year can result in fewer replacement heifers and may 

change herd composition towards multiparous cows, which could reduce the genetic 

progress of the herd. 

Several studies regarding the effects of extended lactation on different aspects of dairy 

production have been published within the past two decades (Arbel et al., 2001, Butler et al., 

2010, Lehmann et al., 2019). A few retrospective and modelling studies examined and analyzed 

the characteristics and the dynamics of extended lactations. Most of them are based on 

observational data from cows that failed to conceive and therefore had unintentionally extended 

calving intervals (Vargas et al., 2000, Grossman and Koops, 2003, Haile-Mariam and Goddard, 

2008, Mellado et al., 2016). A few preplanned, prospective studies examined the effects of the 

prolongation of the voluntary waiting period (VWP) on various aspects of production 

performance including fertility. In a large-scale study in Israel, Arbel et al. (2001) found no 

difference in the pregnancy rates of high-yielding cows when the VWP was extended by 60 

days (Arbel et al., 2001). However, the study was not planned as a fertility trial and no other 

reproductive data were analyzed. A trend for an improvement in the conception rates of cows 
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planned for a 15-month vs. a 12-month CI was found in a study in Sweden (Larsson and 

Berglund, 2000). Moreover, a statistically significant reduction in the number of anestrus 

treatments for animals with an extended VWP in comparison to animals planned to be bred 

shortly after parturition was found (Larsson and Berglund, 2000). Earlier studies showed an 

improvement in reproduction measurements of cows intentionally bred for extended CIs 

(Harrison et al., 1974, Whitmore et al., 1974, Schindler et al., 1991). Extended VWP was also 

found to be beneficial regarding the efficiency of estrus synchronization and timed AI programs 

(Tenhagen et al., 2003, Chebel and Santos, 2010, Stangaferro et al., 2018b). 

 

As previously stated, the prerequisite to perform an extended lactation is the ability of a cow to 

sustain elevated milk production for an extended period. It is obvious that the total milk yield 

of a cow undergoing an extended lactation would be higher than that of a typical 305-day 

lactation (i.e., more days in milk result in cumulative higher milk yield per lactation cycle). 

However, it is the comparison of daily milk production between lactations of different duration 

that can largely influence profitability. The Israeli study with high producing cows in a non-

seasonal calving system found a statistically significant increase in the value corrected milk per 

day of lactation of primiparous cows when prolonging the time of first AI from 93 to 154 DIM 

(Arbel et al., 2001). Analyzing data from farms in Denmark that practice extended lactations 

using various calving intervals (CI), Lehmann et al. (2016) found that the produced daily 

amount of Energy corrected milk (ECM) from cows with prolonged VWP was at least equal to 

the amount produced from cows with a standard 12-month CI (Lehmann et al., 2016). On the 

other hand, two studies found a daily loss in milk yield up to 5.7 % for multiparous cows and 

daily gain up to 5.8 % for primiparous cows by an extended versus a traditional lactation (Rehn 

et al., 2000, Österman and Bertilsson, 2003). A key measure to increase the profitability of 

extended lactations is to enhance the persistency by various ways, i.e., with the supplementation 

of bovine somatotropin (bST) (van Amburgh et al., 1997) or by increasing milking frequency 

(Österman and Bertilsson, 2003, Sorensen et al., 2008). In pasture-based systems, the 

prolongation of the lactation period up to 22 months accompanied with various combinations 

of genotypes and nutrition planes resulted in minimal losses (6 to 8 %) of annualized milk 

production compared to a typical 10-month lactation (Butler et al., 2006, Kolver et al., 2006, 

Auldist et al., 2007, Butler et al., 2010). 
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Extended lactation systems lead to fewer calvings in the productive life of a cow and reduce 

the number of high-risk periods associated with parturition (Knight, 2005). This hypothesis is 

supported by the study of Lehmann et al. (2018), who found that the prolongation of the VWP 

reduced the disease cases per annual cow up to 18 % (Lehmann et al., 2019). Similar findings 

were reported in the study of Allore and Erb (2000), who simulated for a 4-year period the 

effect of extending the VWP by 100 days in cows supplemented with bST. The authors found 

significantly lower incidences of all reproductive and metabolic diseases tested in the study for 

cows in the extended compared to cows in the control group, except for subclinical 

intramammary infections (Allore and Erb, 2000). 

 

Irrespective of the various advantages and disadvantages extended lactations might have, in 

order for such systems to be feasible, they must be economically efficient. According to 

Malcolm (2005) extended lactations in pasture-based systems can be as profitable as the typical 

10-month lactations (Malcolm, 2005). The extension of the VWP in high yielding cows in Israel 

resulted in an increased net return per day of the experimental period, which was more 

noticeable for the primiparous cows ($ 0.21 and $ 0.16 per day per cow for the primiparous and 

pluriparous cows, respectively; Arbel et al., 2001). These results are further supported by those 

of Browne et al. (2014), who found that extended compared to conventional lactations ensure 

higher operating profit due to higher overall milk solids (Browne et al., 2014). An extension of 

the VWP by 28 days for cows that received timed artificial insemination increased the 

profitability per slot in primiparous cows, but it had the opposite effect regarding pluriparous 

cows (Stangaferro et al., 2018a). A newer study by Lehman et al. (2019) revealed that the 

prolongation of the CI reduced the productivity of the cow and simultaneously increased the 

efficiency of the herd and the profitability of the farm (Lehmann et al., 2019). 

 

The aim of our study was to objectively compare and quantify in a prospective experimental 

field study the effects of extending the lactation in high-yielding cows by extending the VWP 

from the established level of 40 days up to 120 and 180 days on different aspects of cow and 

farm efficiency. Within the scope of this work was to randomly assign cows in groups with 

different VWPs and thoroughly document reproductive efficiency (ovarian function, estrus 

expression, conception rate, pregnancy loss), milk production (daily and overall, milk and 

energy corrected milk), udder health (somatic cell count development, mastitis prevalence) and 
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development of body condition (body condition score and backfat thickness). Our hypothesis 

was that modern high yielding cows with extended lactations would show improved fertility 

indices and lactation persistency compared to a control group with conventional management.  
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Abstract 
 
The objective of this prospective field study was to evaluate the effects of extending the 

lactation period on various reproductive measurements of high yielding Holstein cows. On 40 

days in milk (DIM), cows were gynecologically examined (transrectal palpation, sonography, 

vaginoscopy). Cows without signs of clinical endometritis were blocked by parity and were 

randomly allocated to one of three experimental groups with a voluntary waiting period (VWP) 

of 40, 120 and 180 days, respectively (G40, n = 135; G120, n = 141; G180, n = 139). Cows of 

G120 and G180 were reexamined at the end of the VWP. If natural estrus was detected within 

46 d after the end of the VWP, an artificial insemination (AI) was performed. If no estrus was 

detected, the respective cows were synchronized by applying the classical OvSynch protocol. 

There was no difference in the proportion of cows that estrus was detected between 40 to 86 

DIM or in the days to first estrus between the three groups. Estrus detection in this period was 

lower in cows with BCS<3 on 90 DIM compared to BCS ≥3 (61.5% vs. 76.0%) and in cows 

with high Energy Corrected Milk production (ECM) on 92 DIM [58.6% vs. 70.1%, for cows 

with higher and lower than the median (39.9kg) ECM, respectively]. The proportion of cows 

that estrus was detected within 46 d after the VWP was greater in G120 (88.9%) and G180 

(90.8%) compared to G40 (70.4%). These effects were more apparent in cows with high ECM. 

The rate of estrus detection and of becoming pregnant in this period was greater for G120 

(hazard ratio 2.2 and 1.6, respectively) and for G180 (hazard ratio 2.4 and 1.8) compared to 

G40. Cows in both groups with extended lactation had greater overall first service conception 

rates (G120: 48.9%; G180: 49.6%) and a lower number of services per pregnant cow (G120: 

1.56 ± 0.1; G180: 1.51 ± 0.1) compared to G40 (36.6%; 1.77 ± 0.1). There was no difference 

in pregnancy loss or in the proportion of cows culled up to 305 d of lactation between the three 

groups. The number of Ovsynch protocols per 1,000,000 kg ECM was reduced by 75% in G180 

and by 74% in G120 compared to G40 (5.9 vs. 7.1 vs. 25.1). In conclusion, extending the 

lactation of dairy cows can improve main reproductive measurements in high yielding cows.  

Key Words: extended lactation, dairy cow, fertility.
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Introduction 
 
Parity is the prerequisite for milk production. A 12-month calving interval is usually proposed 

traditionally as the economically most cost-effective breeding pattern (Holmann et al., 1984), 

i. e., cows should conceive before 85 DIM. However, the remarkable increase in milk yield in 

dairy cattle over the past decades has been accompanied by a decrease in reproductive 

efficiency (Lucy, 2001; Pryce et al., 2004; Inskeep and Dailey, 2005), which makes a 12-month 

calving interval difficult to achieve. 

The voluntary waiting period (VWP) as a component of reproduction management describes 

the postpartum interval during which the cows are deliberately not inseminated. On most 

commercial dairy farms, a VWP of 40-60 d is applied. In high-yielding dairy cows, a substantial 

increase of the VWP in order to prolong the lactation period may prove beneficial for various 

reasons: (a) it is generally accepted that negative energy balance during early lactation has 

detrimental effects on fertility (Beam and Butler, 1999; Butler, 2005; Wathes et al., 2007) and 

may be avoided if the first service is performed in later lactation; (b) a longer VWP may prevent 

drying off during high milk production, which can negatively affect the health status of udder 

during the dry period and the subsequent lactation (Bates and Dohoo, 2016); (c) the  transition 

period represents a time of increased disease and culling risk for the cow; 50% of production 

diseases and 30% of involuntary cullings occur in the first 30 DIM (Roemer, 2011). Thus, the 

replacement of many short lactations with fewer longer ones may improve longevity of cows; 

(d) too many calves are born, since the broad use of sexed semen has facilitated the production 

of replacement heifers and the prices for male Holstein calves are very low. 

To overcome the aforementioned problems, the extension of the lactation period has been 

proposed (Borman et al., 2004; Knight, 2005) and studied mostly in pasture based systems 

(Butler et al., 2006; Kolver et al., 2007; Kay et al., 2009) but also, to a smaller extend, in 

intensive production systems (Arbel et al., 2001). 

Several retrospective studies have analysed and evaluated data from cows with long calving 

intervals (Vargas et al., 2000; Grossman and Koops, 2003; Mellado et al., 2016). However, 

these studies included cows which failed to conceive during the desired period (i.e. subfertile 

animals). Only a few pre-planned studies tested the effect of extending the VWP on fertility. 

Larsson and Berglund (2000) reported that extending the calving interval from 12 to 15 months 
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had weak, albeit positive effects on the reproductive efficiency of high yielding cows. Other 

studies  revealed an improvement in conception rates at first AI (Schindler et al., 1991) or a 

reduction of the number of AIs per conception (Harrison et al., 1974; Whitmore et al., 1974) 

when the animals were first inseminated later in lactation (Tenhagen et al., 2003; Chebel and 

Santos, 2010). In contrast, results of Schneider et al. (1981) suggested negative effects of a 

longer VWP. For animals whose breeding period started at first observed estrous after either 

50 or 80 DIM, the average number of AI per conception was 1.50 and 1.95, respectively. 

Unfortunately, further reproductive measurements were not evaluated in this study and the 

results are outdated. 

The purpose of our study was to examine the effects of extending the lactation in high yielding 

cows by extending the VWP up to 180 DIM on different aspects of productivity and 

profitability. The hypothesis tested in this paper is that the extension of the VWP will result in 

enhanced fertility of high yielding dairy cows. 

Materials and Methods 

Animals and Experimental Design 
 
The study took place at a commercial dairy farm in Saxony, Germany. Based on data from 

2012, the farm had a total of 1,092 lactating Holstein-Friesian cows and a mean milk production 

of 11,488 kg/305 d (4.09% fat, 3.27% protein). Herd fertility was characterized by a 32% first 

service conception rate (FSCR), 2.6 inseminations per pregnancy and a calving interval (CI) 

of 422 d on average. Animals were housed indoors in a free stall barn with concrete slatted 

floor and cubicles with mattresses. All animals at the farm were housed, fed and milked under 

the same conditions and they were dried off 6 weeks before the expected calving date or when 

the average daily milk production was under 15 kg/d for 5 consecutive days. Lactating cows 

were milked with a total of 21 automatic milking systems (AMS) (Lely Astronaut A4, 

Maassluis, Netherlands). On average, each AMS was used for 47 cows (3.2 milkings per cow 

per day). A mixed ration (Table 1) was allocated by a stationary conveyor belt four times a day 

ad libitum leading to refusals prior to the next feeding of roughly 2%. Additional amounts of 

the concentrate used in the mixed ration (Table 2) were fed at the AMS based on the individual 

milk production level of each cow. Cows producing 34 kg ECM received 2.7 kg concentrates 

per day and 0.173 kg per kg of additional milk yield. Thus, in total, up to 7.2 kg concentrates 
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were offered at the AMS. Feeding of dry cows was performed twice daily using a feed mixer 

(Tables 1 to 3). The dairy herd software HERDE (DSP Agrosoft GmbH, Paretz, Germany) was 

used to record production and health data. The herd was vaccinated and checked for bovine 

herpesvirus 1 twice a year; serologically positive animals were culled. The farm was free from 

bovine viral diarrhea virus infections. 

For the purpose of the study, animals that calved between January 2013 to December 2013 

underwent daily health evaluation between parturition and 10 DIM. Cows that did not suffer 

severe dystocia, puerperal diseases (septicemic mastitis or metritis accompanied with a rectal 

temperature of ≥ 39.5 oC) or life-threatening illness were selected to undergo an examination 

of their reproductive system at 40 DIM by transrectal palpation, vaginoscopy, and sonography 

(Tringa linear, ESAOTE/ Pie Medical, The Netherlands) equipped with a 5 MHz linear 

transducer. Assessed findings during the examination included the presence and characteristics 

of vaginal discharge, size, contractility and horn symmetry of the uterus and the ovaries with 

their corresponding structures. Reproductive disorders were diagnosed based on the following 

criteria: cows exhibiting abnormal vaginal discharge or hyperechogenic content in the uterus 

were considered to suffer from an endometritis and were excluded from the study. Additionally, 

all cows with incomplete involution of the uterus (e.g., no  repositioning  in  the  pelvic  canal,  

no  symmetry  of the horns, or both) were  excluded  from  the  study. Cows with cystic ovarian 

follicles (COF) were diagnosed based on the presence of thin walled (<3 mm) cystic structure 

on the ovary with a diameter greater than 25mm in the absence of a corpus luteum (Vanholder 

et al., 2006) and were treated with a single intramuscular injection of GnRH (gonadorelin; 

OESTRACTON®, IDT Biologika, Dessau-Roßlau, Germany). No animals were detected with 

luteinized cystic structures. Animals with follicles smaller than 12 mm in diameter without a 

corpus luteum and no recorded estrus up to 40 DIM were characterized as animals with 

potential inactive ovaries (PIO). No treatment was undertaken for these cows. 

 Sample size estimation was performed and a difference of 10% in main binary variables (i.e. 

proportion of cows with estrus detection, FSCR) was considered significant in a univariate 

analysis. Animals were blocked by parity and were randomly (based on the last digit of the ear 

tag) allocated to one of the three experimental groups G40 (n = 135), G120 (n = 141) and G180 

(n = 139) with a VWP of 40, 120 and 180 days respectively. A second ultrasonographic 

examination of the reproductive system was performed at the end of the VWP of groups G120 
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and G180 (i.e. at 120th and 180th DIM, respectively). Documentation and treatment of these 

animals was the same as described above. 

Reproductive Management of Animals, Estrous Detection and Pregnancy Diagnosis 
 
Estrous detection was based on the Lely Qwes-HR System which evaluates animal locomotion 

and rumination activity collected via the AMS and on supplementary observation from the 

personnel of the farm. Estrus signs (vulvar hyperemia and clear mucus discharge) were 

confirmed with vaginoscopy by means of a speculum. 

The animals of all groups received an AI at observed estrus during the first 40 days after the 

end of the VWP. A subsequent pregnancy check was conducted once a week by sonography 

between d 42 and 49 post insemination (p.i.). Findings used as criteria for a pregnancy diagnosis 

included the presence of an intact embryo with obvious heart pulse. In case of dubious findings, 

the sonographical examination was repeated a week later. A second pregnancy check by rectal 

palpation was performed within 90-100 days after the successful AI. For cows diagnosed as 

pregnant 40 d p.i. and non-pregnant 100 d p.i., embryonic or early fetal mortality was stated.  

Cows exhibiting estrus prior to pregnancy diagnosis, were re-inseminated with deposition of 

the semen in the cranial part of the cervix. In case of multiple inseminations, the date of the 

successful insemination was determined based on the sonographic findings and confirmed 

retrospectively from the calving date. Cows with a negative pregnancy diagnosis as well as 

those which did not exhibit estrus during the first 40 d after the end of VWP were synchronized 

using the classical OvSynch protocol [100 μg GnRH; 7 d later 0.5 mg of cloprostenol (PGF 

Veyx forte®, Veyx-Pharma, Schwarzenborn, Germany); 48 h later 100 μg GnRH; insemination 

14-20 h thereafter using frozen-thawed semen from multiple sires of proven fertility]. OvSynch 

was initiated once a week for practical reasons. Thus, the actual estrus detection period was 

extended up to 46 d after the end of the VWP for the cows that the VWP ended on a Tuesday. 

A cow found not pregnant but without having showed estrus signs was resynchronized 

following the same protocol. Cows which were not pregnant after a total of 3 inseminations 

were classified as subfertile. 

All animals in G40 received at least one AI, whereas 6 animals of G120 and 8 animals of G180 

had to be removed from the study because they were culled before the VWP ended. Thus, in 

this study effective sample size was 401 cows.  Moreover 4 animals in G40, 6 animals in G120 
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and 6 animals in G180 were culled before having received 3 AIs (i.e. before completing the 

experimental protocol). These animals were eligible for analysis only for a part of the 

reproductive measurements. 

 

Variables Under Investigation 
 
The BCS of all cows was scored on the day of the parturition (BCS0) and on 60, 90 (BCS90), 

120 and 180 DIM  using a score between 1 and 5 in 0.25 increments (Edmonson et al., 1989). 

Based on the measurements at d 0 and 90, cows were divided in low (BCS0 n = 49; BCS90 n 

= 322) or high BCS (BCS0 n = 352; BCS90 n = 79) if the score was <3.0 or ≥3.0 respectively. 

The effect of BCS change between day 0 and 90 was estimated, with animals categorized in 

those losing <1 (n = 267) and ≥1 (n = 134) BCS. Season was divided in warm (from May, 01 

to October, 31, n = 215) and cool (from November, 01 to April, 30, n = 186) period. 

Additionally, the cows were classified into 2 parity groups: primi- (n = 152) and pluriparous 

cows (n = 249). Monthly visits were conducted in the farm by the State Control Association 

(Landeskontrollverband) to perform production measurements at a cow-level (milk yield, fat, 

protein, somatic cell count etc.). For the purpose of the present study, milk yield was 

documented based on the 3rd monthly test between 79 and 104 DIM (lower and upper quartile). 

It was calculated as ECM (4.0% fat and 3.4% protein; GfE, 2001):   

ECM (kg) = milk (kg) x (0.38 x fat% + 0.21 x protein% + 1.05) / 3.28. 

Animals were categorized as low (n = 197) and high (n = 198) milk production cows (ECM3) 

based on the median ECM, which was 39.9 kg for all cows in the 3rd monthly test. Data from 

six cows were not available due to technical reasons. Additionally, daily milk yield at the end 

of the VWP (d 40, 120 and 180 for G40, G120 and G180, respectively) and the ECM at the 

nearest time point to the end of the VWP (2nd monthly test between 46 and 64 DIM for G40, 

4th monthly test between 115 and 142 DIM for G120 and 6th monthly test between 187 and 206 

for G180, lower and upper quartiles) have been recorded.  
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Statistical Analysis 
 
Statistical analyses were conducted using the Statistical Analysis System v9.3 (SAS Institute, 

USA). To compare the three groups G40, G120 and G180 in respect to reproductive, productive 

and body measurements, at first a univariate analysis was performed. Differences in binary 

variables were evaluated by Chi-square analysis (PROC FREQ). Differences in continuous 

variables were analyzed using the Kruskal-Wallis and Wilcoxon’s two sample test (PROC 

NPAR1WAY) due to the underlying distribution of the data. 

To determine the effect of a set of variables on binary outcomes, generalized linear mixed 

models using PROC GLIMMIX were used. In the statistical models the following effects were 

included: group (G40 vs. G120 vs. G180), parity, season, BCS0 and BCS90, BCS change 

between parturition and d 90 and ECM3. All two-way interactions with the group were included 

into the models. Backward stepwise selection with level of stay of 0.10 was used. When group 

had a significant effect on a variable, pairwise comparisons were performed using the LSmeans 

statement. The rate of estrus detection between  40 and 86 DIM and 46 d after the end of the 

VWP, the rate of becoming pregnant and the median days to estrus and to pregnancy were 

evaluated using the Kaplan Meyer survival curves (PROC LIFETEST) and Cox’s proportional 

hazards regression models (PROC PHREG). Endpoint for a cow to express estrus was set to 46 

d and to become pregnant to 200 d after the end of the VWP. The aforementioned effects were 

tested in these models.  Results are presented as mean ± SEM and median ± median absolute 

deviation (MAD), unless stated otherwise. Differences were considered to be statistically 

significant at P < 0.05 and as a tendency at 0.05 ≤ P < 0.10. 

 

Results 
 
No significant differences were detected between the three groups in respect to mean lactation 

number, BCS0, BCS90 and BCS loss between d 0 and 90 (P > 0.10). The median BCS0 and 

BCS90 were 3.25 and 2.5 for all cows, respectively. The median BCS loss between day 0 and 

90 was 0.75. There was a significant decrease of the BCS between d 0 and 60 in all groups 

(0.75 ± 0.25, P < 0.0001, for all groups). No significant decrease of the BCS was noticed 

between d 60 and 120 for G120 and between d 60 and 180 for G180 (0 ± 0 and 0 ± 0.25, P = 

0.62 and P = 0.41, respectively). The mean lactation number averaged for all cows in the 

experiment 2.34 ± 0.08. Daily milk production at the end of the VWP differed between G40 



16 
 

and G180 (44.1 ± 0.7 vs. 39.1 ± 0.7, P < 0.0001) and between G120 and G180 (42.8 ± 0.7 vs. 

39.1 ± 0.7, P = 0.001), but not between G40 and G120 (P = 0.42). Regarding the ECM at the 

nearest time to the end of the VWP, this differed between G40 and G180 (40.1 ± 0.6 vs. 36.7 

± 0.6, P = 0.0005) and tended to differ between G120 and G180 (38.6 ± 0.6 vs. 36.7 ± 0.6, P = 

0.08), but not between G40 and G120 (P = 0.21). 

 

Reproductive Measurements Between Day 40 and 86 of the Lactation 
 
The gynecological examination that took place at 40 DIM revealed that there was no difference 

between the three groups regarding the proportion of animals that showed PIO (15.6% for both 

G40 and G120 and 22.1% for G180, P = 0.27). Moreover, there were no significant differences 

between the three groups regarding the proportion of animals that exhibited COF (P = 0.41, 

Table 4). There was no group effect on the proportion of animals that estrus was detected 

between day 40 and 86 of the lactation (70.4% vs. 58.5% vs. 64.1% for G40, G120 and G180, 

respectively, P = 0.13, Table 4). There was no group effect on days to first estrus after the 40 

day period (22 vs. 25 vs. 20.5 median days for G40, G120 and G180, respectively, P = 0.54). 

There was a statistical tendency (P = 0.08) for an effect of parity on the proportion of PIO (1st 

parity 21.7% vs. 15.3% in greater parities) and an interaction of parity with group (P = 0.06). 

Specifically, in G40 and G180 more 1st parity cows showed PIO (19.2% vs. 13.3% and 34.8% 

vs. 15.3%, respectively), whereas in G120 this effect was reversed (13% in first parity 

compared to 17.3% in greater parities). Fewer animals with PIO (P = 0.0004), with low BCS90 

(P = 0.02) and with high milk production (P = 0.01) were detected in estrus in this period 

compared to cows with active ovaries (46.5% vs. 68.2%), with higher BCS90 (61.5% vs. 

76.0%) and with lower milk production (58.6% vs. 70.1%) (Table 5). Only the finding of PIO 

had a significant effect on days to first estrus after the 40 day period (27 median days for cows 

with PIO compared to 22 days when ovaries where active, P = 0.03). 

 

Reproductive Measurements Within 46 Days After the End of the VWP 
 
Group had an effect on the proportion of animals with PIO at the end of the VWP (G40 15.6% 

vs. G120 8.9% vs. G180 2.3%, P = 0.0002). Moreover, an interaction with parity was evident 

(P = 0.09). Specifically, more primiparous cows (19.2%) compared to pluriparous (13.3%) had 
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PIO in the G40, whereas this effect was reversed in the G120 and G180 (1.9% vs. 13.6% and 

0% vs. 3.5% for primi- and pluriparous, respectively).  

Group had a highly significant effect on the proportion of animals that exhibited estrus (P < 

0.0001). Specifically, 70.4% of the G40 cows showed estrus within 46 d after the VWP 

compared to 88.9% and 90.8% of the G120 and G180 cows, respectively (Table 6). Moreover, 

a significant interaction with milk production was apparent (P = 0.001). In the subgroup of 

cows with low ECM3 there was no statistical difference regarding the proportion of animals 

that exhibited estrus within 40 d between the three groups (81.7% vs. 87.5% vs. 90.7% for G40, 

G120 and G180, respectively, P = 0.3). However, in high milk production cows only 57.1% 

showed estrus within 46 d in the G40, compared to 91.7% and 93.3% in G120 and G180, 

respectively (P < 0.0001). Additionally, the median days from the end of the VWP to estrus 

was shorter in the G120 and the G180 compared to the G40 (Table 6 and Figure 1). An 

interaction between group and ECM3 was evident in this variable as well (P = 0.06). Potentially 

Inactive Ovaries at the end of the VWP influenced the proportion of animals that exhibited 

estrus within 46 days (84.9% showed estrus with active ovaries vs. 66.7% with PIO, P = 0.005). 

Moreover, there was a significant interaction with group (P = 0.01), as this effect was noticed 

only in the G40 (73.7% with active ovaries were detected in estrus vs. 52.4% with PIO), but 

not in the G120 (83.3% vs. 89.4%, respectively) or in the G180 (100% vs. 90.6%, respectively). 

No significant differences were detected between the three groups regarding the proportion of 

animals with COF at the end of the VWP due to the low number of animals with this condition 

in the present study (P = 1.0, Table 6). 

Regarding the proportion of animals that became pregnant within 46 d after the end of the VWP 

the same pattern as mentioned above was evident. Group, ECM3 and their interaction proved 

significant. Cows assigned to the G40 showed lower overall conception rate (34.1%) within 46 

d compared to G120 and G180 (56.4% and 56.5%, respectively, P = 0.0001, Table 6). However, 

there was no difference in the number of services per conception between the three groups (1.18 

± 0.1 vs. 1.25 ± 0.0 vs. 1.18 ± 0.0 for G40 vs. G120 vs. G180, respectively, P = 0.43, Table 6). 

The lower conception rates were more apparent in high milk production cows, in which 

subgroup only 17.5% of the G40 conceived within 46 d, compared to 53.3% and 56% of the 

G120 and G180 cows, respectively (P < 0.0001). Generally, high milk production cows had 

lower conception rates in this period than low production cows (42.9% vs. 55.4%, P = 0.01). 
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However, number of services per conception did not differ between cows with low (1.19 ± 0.0) 

vs. high (1.21 ± 0.0, P = 0.87) milk production. Although in univariate analysis parity had a 

significant effect on conception rates as well (primiparous 56.7% vs. pluriparous 44.2%, P = 

0.02), this effect did not remain in the final model, as it was evident only in the G40 group 

(primiparous 50.0% vs. pluriparous 24.1%, P = 0.002) and not in the extended lactation groups 

(primi- vs. pluriparous 65.4% vs. 50.6% for G120 and 54.4% vs. 57.5% for G180, P = 0.10 and 

P = 0.71, respectively).  

 

Reproductive Measurements Overall 
 
Group and parity had an effect on the overall first service conception rate and group an effect 

on the number of services of pregnant cows. Specifically, 36.6% of the G40 conceived with 

one AI, whereas this proportion was 48.9% for G120 and 49.6% for G180 (P = 0.05, Table 7). 

Cows of the G40, G120 and G180 required 1.77 ± 0.1, 1.56 ± 0.1, 1.51 ± 0.1 services to 

conceive, respectively (P = 0.04, Table 7). Primiparous cows showed FSCR of 51.3% 

compared to 41.1% for pluriparous cows (P = 0.04, Table 5). Although a greater proportion of 

the G120 conceived after an OvSynch protocol compared to G40 and G180 (53.3% vs. 27.5% 

vs. 33.3%, respectively), the number of animals in the extended lactation groups was too low 

(15 in G120 and 12 in G180) to detect statistical differences. The median days from the end of 

the VWP to pregnancy were shorter and the rate of pregnancy was greater in the G120 and the 

G180 compared to the G40 (Table 7 and Figure 2). Milk yield influenced this variable as well, 

as low milk production cows needed 33 days to become pregnant after the end of the VWP 

compared to 40 days for high production cows (P = 0.04, Table 5). The proportion of subfertile 

cows (i.e. >3AIs) was influenced only by parity (primiparous 8.9% vs. pluriparous 19.7%, P = 

0.002). Pregnancy loss and proportion of animals culled up to 320 d of the study did not differ 

between the three study groups (Table 7). However, there was a tendency (P = 0.09) for a 

greater percent of animals to be culled from begin to end of study in the extended lactation 

groups (11.1% vs. 17% vs. 20.9% for G40, G120 and G180, respectively). 



19 
 

Table 1. Constituents of the mixed ration fed during the study period  

  Lactation Far-off1 Close-up2 

  (% of dry matter) 

Corn silage  43.2 9.1 46.9 

Grass silage  28.4 49.0 21.7 

Grass straw   28.2 13.0 

Molasses  3.2   

Concentrates  25.2 13.8 18.4 
1day of drying off until d 21 before expected calving. 

2day 21 before expected calving until calving. 

 

Table 2. Composition of the concentrates (% of dry matter) fed during the study period 

  Lactation Far-off1 Close-up2 

Rapeseed meal  32.9   
Aldehyd-treated rapeseed meal3  5.9   
Expeller soybean meal  18.3 13.0 61.4 

Sunflower meal  7.2 34.0 2.1 
Malt culms   42.4 26.0 

Dried molasses  9.7   
Wheat middlings  9.5   
Wheat  1.3   

Corn  5.9   
Calcium salt of palm fatty acids4  6.3   

Minerals  2.0 5.4 9.7 
Calcium carbonate  0.7 0.9  
Sodium chloride  0.3 4.2 0.7 

DCAB  (meq)   209 288 69 
1day of drying off until d 21 before expected calving. 

2day 21 before expected calving until calving. 

3Mervo Best®; Nuscience, Utrecht, Netherlands 

4Nurisol®; Heinrich Nagel KG, Hamburg, Germany 
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Table 3. Rations fed during the study period  

 Lactation 

37 kg/d ECM 
Lactation 

50 kg/d ECM 
Far-off1 Close-up2 

 

 Assumed dry matter intake (kg/d) 22.65 24.90 12.5 12.3 

MJ NEL/kg DM 
MJ NEL/day 

 7.30 
165.3 

7.33 
182.5 

5.5 
68.8 

6.6 
81.2 

Crude protein (g/d) 3740 4413 1568 1781 

Undegradable protein (g/d) 1067 1389 319 448 

Crude fat (g/d) 1093 1273 318 358 

Crude fibre (g/d) 3464 3706 3436 2360 

Starch (g/d) 4600 4906 562 2597 

Sugar (g/d) 1150 1425 538 407 

Calcium (g/d) 162 198 60 36 

Phosphorus (g/d) 100 120 42 46 

Sodium (g/d) 42 54 36 24 

Magnesium (g/d) 63 72 25 49 

Potassium (g/d) 329 329 235 173 

Sulfur (g/d) 56 56 30 52 
1day of drying off until d 21 before expected calving. 

2day 21 before expected calving until calving
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Table 4. Reproductive performance between DIM 40 and 86 for cows grouped according 
to a voluntary waiting period of 40 d (G40), 120 d (G120) and 180 d (G180) 

 Group (n/n)  
Variable G40 G120 G180 P-value 

PIO1  (%) 15.6 (21/135) 15.6 (21/135) 22.1 (29/131) 0.27 
COF1 (%) 3 (4/135) 4.4 (6/135) 1.5 (2/131) 0.41 
Estrus detection (%) 70.4 (95/135) 58.5 (79/135) 64.1 (84/131) 0.13 

Days to 1st estrus2 22 (95) 25 (79) 21 (84) 0.54 
1 PIO: potential inactive ovaries; COF: cystic ovarian follicle. 
2 From 40 DIM onwards (median). 
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Table 5. Effect of parity, Energy Corrected Milk (ECM) yield, Body Condition Score 
(BCS) and its loss, and season on main reproductive parameters 

Variable Primiparou
s 

Pluriparou
s 

ECM3
3 

< 39.9 
kg/d 

ECM3
3 

> 39.9 
kg/d 

BCS90
4 

<3 

BCS90
4 

>3 

BCSloss
5 

< 1 

BCSloss
5 

> 1 

Warm 
season

6 

Cold  
season

6 

Number 
of cows 152 249 197 198 322 79 267 134 215 186 

Estrus 
detection  
40-86 
DIM (%) 

66.5 63.1 70.1* 58.6* 61.5* 76.0* 67.0 59.0 62.3 66.7 

Days to 
1st estrus  
40-86 
DIM 
(Median) 

20 24 20.5 24 23 20 22 24 22 24 

PIO140 
DIM (%) 21.7 15.3 20.3 15.2 17.4 19.0 17.6 17.9 19.5 15.6 

COF1 40 
DIM (%) 1.3 4.0 2.5 3.5 3.4 1.3 2.3 4.5 3.3 2.7 

FSCR1 

(%) 51.3* 41.1* 50.0 40.4 45.9 41.0 46.6 41.8 45.3 44.6 

AI per 
pregnancy 
(Mean ± 
SEM) 

1.58 ± 0.1 1.64 ± 0.1 1.57 ± 
0.1 

1.67 ± 
0.1 

1.60 ± 
0.1 

1.69 ± 
0.1 

1.62 ± 
0.1 

1.61 ± 
0.1 

1.61 ± 
0.1 

1.63 ± 
0.1 

DO - 
VWP1 

(Median) 
33 37 33* 40* 35 35 35 35 35 35 

Subfertile
2 (%) 8.9* 19.7* 12.3 18.0 15.7 15.1 14.8 17.2 17.1 13.9 

*Values within a row with significant (P < 0.05) effect on the corresponding reproductive parameter. 

1PIO: potential inactive ovaries; COF: cystic ovarian follicle; FSCR: first service conception rate; DO: days open, 
VWP: voluntary waiting period. 

2Defined as the proportion of cows which did not conceive after the third AI. 

3Milk yield calculated as energy corrected milk per day at 3rd monthly test 

4Body condition score (scale 1-5) at 90 DIM 

5Loss of BCS points (scale 1-5) between 1 and 90 DIM 

6Warm season: May, 1 – Oct, 31; cold season: Nov, 01 – April, 30. 
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Table 6. Reproductive performance within 46 days after the end of the voluntary waiting period of 
40 d (G40, DIM 40-86), 120 d (G120, DIM 120-166) and 180 d (G180, DIM 180-226), 
respectively 

 Group (n/n)  

Variable G40 G120 G180 P-value 
PIO1 (%) 15.6 (21/135)a 8.9 (12/135)b 2.3 (3/131)b 0.0002 
COF1 (%) 3.0 (4/135) 3.0 (4/135) 3.1 (4/131) 1.0 

Estrus detection (%)   70.4 (95/135)a 88.9 

 

90.8 

 

<0.0001 
Days to 1st estrus2   22 (95)a 12 (120)b 9 (119)b <0.0001 
Pregnant (%) 34.1 (46/135)a 56.4 (75/1333)b 56.5 (74/131)b 0.0001 

AIs per pregnancy 1.18 ± 0.1 (46) 1.25 ± 0.0 (75) 1.18 ± 0.0 (74) 0.43 
a-bValues within a row with different superscripts differ (P < 0.05). 
1 PIO: potential inactive ovaries; COF: cystic ovarian follicle. 
2 From the end of the voluntary waiting period (median). 
3 Two cows of the G120 were culled before 1st pregnancy examination.
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Table 7. Overall reproductive performance of cows grouped according to a voluntary waiting 
period of 40 d (G40), 120 d (G120) and 180 d (G180) 

 Group (n/n)  
Variable G40 G120 G180 P-value 

FSCR1 (%) 36.6 (49/1344)b 48.9 (65/1334)a 49.6 (65/131)a 0.05 
AIs per pregnancy 1.77 ± 0.1 (106)a 1.56 ± 0.1 (112)b 1.51 ± 0.1 (107)b 0.04 
DO1 92 (106)c 148 (112)b 204 (107)a <0.0001 

DO-VWP1 52 (106)a 28 (112)b 24 (107)b <0.0001 
Subfertile2 (%) 19.1 (25/1315) 13.2 (17/1295) 14.4 (18/1255) 0.38 
Pregnancy loss3 (%) 3.9 (4/1046) 3.6 (4/112) 1 (1/1056) 0.37 

Culled ≤ 320 DIM (%) 7.4 (10/135) 11.4 (16/141) 10.1 (14/139) 0.53 
a-cValues within a row with different superscripts differ (P < 0.05). 
1FSCR: first service conception rate, DO: days open (median), VWP: voluntary waiting period. 
2Defined as the proportion of cows which did not conceive after the third AI. 
3Defined as the proportion of cows being pregnant at d 40 p.i. and non-pregnant at d 100 p. i. 
4Two cows of the G120 and one of the G40 were culled before 1st pregnancy examination. 
5Four cows of the G40 and six cows of the G120 and G180 were culled before receiving 3 AIs. 
6Two cows of the G40 and G180 were culled before 100d confirmation of pregnancy. 
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Figure 1. Kaplan Meier survival curves for the proportion of cows not seen in estrus between 

the end of the voluntary waiting period and 46 days onwards in the three lactation groups. 

Median days to the expression of estrus were 31 d for G40 (95% confidence interval [CI] 26-

37), 14 d for G120 (95% CI 11-16) and 12 d for G180 (95 % CI 9-18). The rate of estrus 

detection was higher for G120 (hazard ratio 2.2; 95 % CI = 1.7 - 2.9) and for G180 (hazard ratio 

2.4; 95 % CI = 1.8 - 3.2) compared to G40 (both P < 0.0001)
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Figure 2. Kaplan Meier survival curves for the proportion of non-pregnant cows in the three 

lactation groups. Median days to the pregnancy was 65 d for G40 (95% confidence interval 

[CI] 52-74), 41 d for G120 (95% CI 26-50) and 26 d for G180 (95 % CI 22-41). The rate of 

becoming pregnant was higher for G120 (hazard ratio 1.6; 95 % CI 1.2-2.0) and for G180 

(hazard ratio 1.8; 95 % CI 1.4-2.4) compared to G40 (P = 0.001 and P < 0.0001, respectively
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Discussion 
 
The prospective field study presented allowed to characterize the effects of varying the VWP 

on herd fertility as all cows experienced a uniform feeding, housing and milking management 

on a large-scale dairy farm. The idea behind the extension of the VWP is that the onset of 

breeding takes place fairly after the high-risk period of puerperium and postpartal negative 

energy balance (NEB) (Knight, 2005) which should result in an improved herd fertility. This is 

crucial as the genetic selection towards milk production has led to a high predisposition of dairy 

cows to NEB and NEB-mediated diseases (Veerkamp et al., 2003; Leroy et al., 2017) associated 

with a reduced fertility (Lucy, 2007; Lucy, 2016). 

The underlying pathophysiologic mechanisms explaining the interaction between NEB and 

subfertility are complex and include (a) the suppression of pituitary luteinizing hormone release 

in face of a NEB (Jolly et al., 1995; Beam and Butler, 1999), (b) negative effects of peripheral 

metabolite concentrations being typical for cows experiencing NEB (e. g., high NEFA, low 

serum glucose, insulin and IGF-I levels) (Butler, 2001; Butler, 2005; Schlamberger et al., 2010) 

on oocyte quality, follicular growth, oestrogen production from dominant follicles, estrus 

expression and embryo survival (Leroy et al., 2004; Wathes et al., 2007; Lüttgenau et al., 2016), 

and (c) an increase of hepatic hormone clearance of progesterone and estrogens during peak 

lactation (Sangsritavong et al., 2002; Vasconcelos et al., 2003). Thus, the period of postpartal 

anovulation may be prolonged in high-yielding dairy cows (Rhinehart et al., 2009) and, 

concomitantly, the anestrous period is extended (Beam and Butler, 1999; Pryce et al., 2004; 

Butler, 2005).  

Exhibition of estrus and its subsequent detection is pivotal for a good herd reproductive 

efficiency. It is largely influenced by numerous environmental, management and health factors, 

such as barn surface type (Vailes and Britt, 1990; Saint-Dizier and Chastant-Maillard, 2012), 

methods for estrus detection (Saint-Dizier and Chastant-Maillard, 2012) and lameness (Walker 

et al., 2010) or ketosis (Rutherford et al., 2016). Especially in high milk production cows, the 

efficiency of estrus detection is low due to a poor and/or total absence of visible estrus, known 

as silent ovulation (Yoshida and Nakao, 2005; Yániz et al., 2008). This phenomenon may affect 

one third of the cow in the first 90 DIM (Ranasinghe et al., 2010). This figure is very close to 

the results of the present study (Table 4 and 5). In the study of Lüttgenau et al. (2016) higher 

NEFA levels were associated with a lower probability to inseminate a cow. Consistently, a high 
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level of milk production and a low BCS90 had a significant negative effect on the proportion 

of animals without estrus detection between 40 and 86 DIM. Reasonably, estrus could be easier 

detected in cows of G120 and G180 after the end of the extended VWP. This observation 

indicates that high milk production cows are those who profit mainly in terms of estrus 

expression by extending the VWP. This positive relationship between length of VWP and estrus 

detection was also evident in the study of Larsson and Burglard (2000). In accordance with 

their results, in our study only one third of the cows in G120 and G180 compared to the control 

cows in G40 needed to be synchronized hormonally due to the inability to detect estrus within 

46 d after the VWP. 

 Although our definition of inactive ovaries (PIO) was not conclusive due to the structure of 

our protocol, associations between cows defined as inactive (with follicles smaller than 12 mm 

in diameter, without a corpus luteum and no recorded estrus up to 40 DIM) and fertility traits 

from that point on were evident, especially in early lactation. Specifically, in accordance with 

the aforementioned studies, our results showed that, regardless of the groups, both the interval 

from parturition to first visible estrus and the proportion of cows not showing estrus within the 

first 86 DIM were greater for animals with PIO in the early lactation (i.e. at 40 DIM) than in 

animals with definite functional ovaries. The extension of the VWP offered those cows the time 

needed to resume their ovarian activity at the beginning of the breeding period (i.e. at the end 

of the VWP), as indicated by the significant difference in the proportion of animals with PIO 

at the end of the VWP between control and experimental groups (Table 6). In addition, PIO 

early in the lactation tended to occur more frequently in primiparous than in pluriparous 

animals. These findings agree with the study of Tanaka et al. (2008), who showed that 

primiparous heifers need more time to resume their ovarian activity postpartum than 

pluriparous cows.  

The results of our study showed that cows with a longer VWP had a better first AI conception 

rate and a lower number of AIs per conception. The overall enhanced fertility (both estrus 

detection and successful insemination) in the extended lactation groups resulted in the reduction 

of the expected difference of open days between the control and the experimental groups. Thus, 

a difference of 80 days in VWP (between G40 and G120) resulted in a median difference of 56 

open days.  These results are in accordance with those from other studies who examined the 

fertility of cows deliberately inseminated at various DIM intervals. Larsson and Berglud (2000) 
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found a decrease in the number of AIs per conception (1.6 vs 1.9) and a tendency for improved 

first AI conception rate (56% vs 49%) between cows bred for a 15-month and for a traditional 

12-month calving interval (Larsson and Berglund, 2000). Gordon et al. (2010) reported that the 

efficiency of Ovsynch increases if the protocol is initiated between 76 to 105 DIM compared 

to 60 to 75 DIM. The positive effect of an extension of the VWP on the reproductive efficiency 

of cows timed inseminated after synchronization is further supported from the results of 

Stangaferro et al. (2017). Although in our study the low number of synchronized cows did not 

allow safe statistical conclusions to be drawn, a similar trend could be implied from the 

available results. Also recent studies using algorithms for the construction of alternating 

decision trees found a positive relationship between the length of the VWP and the reproductive 

efficiency, as indicated by conception rates (Schefers et al, 2010) and the proportion of pregnant 

animals after the 1st AI (Caraviello et al, 2006). 

Another aspect to consider in the context of extended lactation protocols are the cows with 

puerperal disorders. We deliberately chose to exclude endometritis cases in order to exclude a 

presumably major confounding factor that needed precise definition and diagnosis. However, 

uterine disorders interfere with ovarian cyclicity but improve with time even without treatment 

(Tsousis et al., 2009). Moreover, animals with NEB have a delay in uterus clearance and 

involution (Wathes et al., 2007). Hence, we believe that the positive effect of extended lactation 

protocols on the reproductive efficiency of dairy cows under commercial farm conditions 

would have been even greater if endometritis cases would have been included. However, based 

on the results of the present study we could not determine precisely the extent to which the 

enhanced fertility in the extended lactation groups is attributed to a better energy balance of the 

cows, to the increased DIM up to estrus detection and insemination or to their interaction, which 

additionally are factors confounded by nature. Cows in the extended lactation groups did not 

show any further decline of their BCS from d 60 onwards, which could have a positive effect 

on the reproductive measurements noticed in the present study. 

According to the literature, our study provides clear evidence that the expenditures for fertility 

can be substantially reduced by extending the VWP and, thereby, the lactation period. 

Interestingly, no distinct differences in respect to the analyzed reproductive measurements were 

obvious comparing G120 and G180. Thus, in contrast to other studies, even a VWP of 180 d 

appears to be feasible as long an appropriate persistency assures the economic viability of a 
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lactation period of 500 d (results not shown). This approach, however, seems to be most 

appropriate especially for high-yielding herds with a superior management; an involuntary 

extended lactation may be detrimental for substandard farms.   

The overwhelming part of dairy farmers’ revenue is based on the mean daily milk production 

of the cow, while disposal of the calf constitutes only minimal income. Nonetheless, the key 

figures and expenditures for fertility in a herd are still calculated based on the individual cow 

(e. g., insemination index, expenditures per successful insemination). Based on the 

economocial framework, it may be more useful to relate the expenditures to the amount of milk 

produced. We did that using the means of the three groups investigated. Accordingly, 30-35% 

less inseminations were needed in G180 and G120 per 10,000 kg ECM compared to G40 (G40: 

1.50; G120: 1.02; G180: 0.97 inseminations/10,000 kg ECM). Even more impressive was the 

number of Ovsynch protocols needed to produce 1,000,000 kg ECM (G40: 25.1, G120: 7.1, 

G180: 5.9). Hormone programs used to overcome the subfertility of high-yielding dairy cows 

are highly criticized by the consumer in recent years (Pieper et al. 2016). Thus, a management 

tool to reduce their application in practice by 75% without affecting milk production may be 

attractive in the future. These considerations are the basis to suggest that new key indicators 

which are related to the amount of milk produced should be implemented to characterize herd 

fertility. The positive effects of extended lactations on fertility are only relevant to dairy farmers 

if economic viability is guaranteed. Further aspects of extended lactations are studied in part II 

of this series. 

Conclusions  
 
The results of the present study indicate that the extension of the VWP up to 180 DIM can 

significantly improve main reproductive measurements of dairy cows. Moreover, these positive 

effects are more prominent in the higher yielders (in our study 50% of cows with the higher 

milk production). This criterion can be used in order to adjust breeding strategies in a farm. 

The productive and economic impact of such reproductive protocols is the subject of additional 

research.
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Abstract 
 
The objective of this prospective field study was to evaluate the effects of extending the 

lactation period of high yielding dairy cows on milk production, udder health characteristics 

and on the development of body condition. On 40 days in milk (DIM), an examination of the 

genital tract (transrectal palpation, sonography, vaginoscopy) was performed. Cows without 

signs of clinical endometritis were blocked by parity and were randomly allocated to one of 

three experimental groups with a voluntary waiting period of 40, 120 and 180 days, respectively 

(G40, n = 135; G120, n = 141; G180, n = 139). Mean daily milk and Energy Corrected Milk 

production did not differ between the three groups regarding the first 305 d or for the whole 

lactation (d 1 and up to dry off, culling or 600 DIM). In late lactation (306 to 600 DIM) G40 

had lower average productivity (23.8 kg) compared to G120 (26.5 kg), with G180 showing 

intermediate values (25.7 kg). The extended lactation groups showed greater persistency, as the 

rate of decline based on a Wilmink function was lower for G120 (c = -0.063 and -0.045 for 

milk and ECM, respectively) and G180 (c = -0.061 and -0.047) compared to G40 (c = -0.071 

and -0.056). There was no difference between the three groups regarding the evaluated udder 

health characteristics (somatic cell count, incidence of mastitis and days off milk due to 

mastitis). More cows in G180 (7.9%) were culled due to low productivity compared to G40 

(0.7%) and as a tendency compared to G120 (2.8%). Moreover, cows of G180 showed higher 

median BCS at the time of dry-off compared to cows of both G40 and G120 (3.50 for G180 vs. 

3.25 for both G40 and G120). At the time of dry-off, cows of the G180 had also greater backfat 

thickness (25.0 mm) compared to both cows of the G40 (22.2 mm) and of the G120 (21.6 mm). 

Based on our results, the extension of the voluntary waiting period of high yielding cows up to 

120 days has no adverse effects regarding milk production, involuntary culling, udder health or 

BCS gain. 

 

Key words: extended lactation, dairy cow, milk production, udder health, body condition
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Introduction 
 
Reproductive and milk production efficiency are the most important aspects for the financial 

viability of a modern dairy. An optimum calving interval of 12-13 months has been suggested 

in various studies in order to maximize the number of peak lactations that a cow achieves during 

its productive life (Weller and Folman, 1990). Over the past decades, the average milk yield of 

dairy cows has increased as a result of improvements in the fields of genetics and nutrition. 

Cows are nowadays capable to sustain their production far more than the minimum 

recommended lactation length of 305 days (Österman and Bertilsson, 2003; Kolver et al., 2006; 

Auldist et al., 2007). However, for every 5 kg of increase in the milk production at dry off, the 

risk of an intramammary infection is elevated by seventy seven percent (Rajala-Schultz et al., 

2005). Moreover, the period from the onset to the peak of lactation is associated with the highest 

prevalence of reproductive and productive diseases and therefore with an increased risk of 

culling (Roemer, 2011). According to some researchers the establishment of extended 

lactations offers an alternative way to overcome these problems (Knight, 2005).  

The principle idea behind the deliberate delay of rebreeding is to overcome the detrimental 

effects of negative energy balance (NEB) on fertility. In the accompanying study of our working 

group, a positive effect of extending the lactation on various fertility measures was found 

(Niozas et al., accompanying study).  Moreover, the replacement of a shorter lactation with a 

more prolonged, would reduce the total number of parturitions and consequently of the animal’s 

exposure to the high-risk period of early puerperium (Knight, 2005). The implementation of 

extended lactations can be advantageous for the low-cost pasture-based systems, as it addresses 

the problems of the seasonally concentrated calvings (Borman et al., 2004). Moreover, it can 

be used as an alternative management practice for cows which failed to conceive in the 

predetermined time interval (Butler et al., 2006). Even in intensive dairy systems the lactations 

with an extended length are not necessarily of lower productivity, provided however, that 

animals sustain a high level of persistency (Arbel et al., 2001, Österman and Bertilsson, 2003). 

Previous studies have demonstrated that increased milking frequency (Österman and 

Bertilsson, 2003), the administration of recombinant bovine somatotropin (van Amburgh et al., 

1997) or a high plane of nutrition (Kolver et al., 2007) can lead to higher daily milk production 

in extended compared to conventional lactation length. This effect was more apparent to 

primiparous than pluriparous cows, due to their greater persistency (Arbel et al., 2001). 
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However, it remains unclear if such management practices are sustainable under commercial 

farm conditions.  

Nonetheless, the extension of the lactation is possible to have some major drawbacks. Cows 

with an extended calving interval spend more time in late lactation, which could lead to 

increased milk losses due to the elevated milk somatic cell counts (SCC), associated with this 

stage of lactation (Hortet et al., 1999; Hagnestam-Nielsen et al., 2009). Another point of 

concern derives from the fact that the ability of cows to lactate beyond the conventional 305-

days lactation varies among individual animals (Kolver et al., 2006; Auldist et al., 2007; Kolver 

et al., 2007). Thus, a proportion of them will experience low production levels and will be 

involuntary dried off remote from parturition. Apart from the direct financial implications of 

this situation, animals with an extended calving interval will spend more time in late lactation, 

during which a greater partitioning of nutrients moves away from the udder and towards body 

reserves (Delany et al., 2010; Marett et al., 2011, 2015). As such, these animals are in a greater 

risk of obesity, which in turn could have a negative impact on the following lactation (Roche 

et al., 2009). 

The purpose of our study was to compare the productive performance of cows randomly 

assigned to one conventional and to two extended lactation protocols, by prolonging the 

voluntary waiting period up to 120 and 180 days. Moreover, the impact of these management 

practises on the udder health and the body development of dairy cows was evaluated.  

 

Materials and Methods 
 
The study was carried out in a large dairy farm in Saxony, Germany (MVA Ruppendorf, 

Freibergerstrasse 1e, Klingenberg OT Ruppendorf, 01774, Sachsen). Based on data from the 

year 2012 the farm had a total of 1,092 lactating Holstein-Friesian cows and an average milk 

production of 11,488 kg/ 305 days (4.09% fat and 3.27% protein). Animals were housed indoors 

in a free stall barn with concrete slatted floor and cubicles with mattresses. Lactating cows were 

milked with an automatic milking system (AMS) (Lely Astronaut A4, Maassluis, Netherlands).  

Details of the study herd and examination protocols are reported in part I of this series (Niozas 

et al., accompanying study). Briefly, all calvings for the period from 1st January to 31st 

December 2013 were monitored and recorded. Animals without severe dystocia and free from 

life threatening puerperal diseases including 3rd grade metritis (Sheldon et al., 2006) and 
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septicemic mastitis were eligible for an examination of their reproductive tract at 40 DIM by 

transrectal palpation, vaginoscopy, and sonography (Tringa linear, ESAOTE/ Pie Medical, The 

Netherlands) equipped with a 5 MHz linear transducer. Animals with endometritis and animals 

with evident health disorders were excluded from the study, whereas the rest of the animals 

were blocked by parity and were randomly (based on the last digit of the ear tag) allocated to 

one of the three experimental groups G40 (n = 135), G120 (n = 141) and G180 (n = 139) with 

a voluntary waiting period (VWP) of 40, 120 and 180 days respectively. Sample size estimation 

was performed for main reproductive measures (Niozas et al., accompanying study). Cows were 

dried off 6 weeks before the expected calving date or when the average daily milk production 

was under 15 kg/day for 5 consecutive days. Production diseases were diagnosed and treated 

by the veterinarian and the staff of the farm. Any cow with an average weekly milk production 

less than 15 kg/d and found non pregnant was culled due to low productivity (n = 16). 

 

Milking Records and Udder Health Data 
 
The AMS provided individual daily milk records throughout the lactation and data concerning 

milk conductivity and temperature. All analyses in the present study are based on the actual 

daily recordings. Endpoint for the follow up of a cow was set at 600 DIM. The mean daily milk 

production was calculated as the sum of daily milk productions divided by the actual number 

of days that a cow was milked and it was determined for the initial 100 d of the lactation, for 

the period between 101 and 200 DIM, between 201 and 305 DIM, for the initial 305 d of the 

lactation, for the period between 306 and 600 DIM and for the whole lactation (d 1 and up to 

dry off, culling or 600 DIM) in each group. Animals with an increased milk conductivity (>70 

standardized units as measured by the AMS during milking) were examined by the personnel 

of the farm and those cows showing any macroscopic alterations in the milk (flakes, watery, 

clots or bloody) with or without mastitis associated clinical symptoms (e.g. oedematous and 

painful udder, elevated body temperature) were diagnosed to suffer from clinical mastitis 

(Schukken et al. 2011). However, a somatic cell count (SCC) evaluation in the milk from cows 

which were alerted from the AMS as animals with mastitis and not having the above mentioned 

symptoms was not performed. These animals were housed, treated and milked in a separate 

group until the end of the milk withdrawal time from the administered therapy, when they re-
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joined the lactating group. Daily milk records were not available for animals with mastitis 

during the time of therapy and are reported as days off milk due to mastitis. A cow was 

considered culled due to mastitis if the animal died due to severe septicemic mastitis or if it was 

tested positive for Streptococcus agalactiae or Staphylococcus aureus and was removed from 

the farm.  Milk production including the milk fat, protein, urea and lactose concentration, as 

well as SCC were measured monthly by the State Control Association 

(Landeskontrollverband). Energy corrected milk (ECM with 4.0% fat and 3.4% protein) for 

every cow and monthly measurement was calculated based on the equation (GfE, 2011): 

ECM (kg) = milk (kg) x (0.38 x fat% + 0.21 x protein% + 1.05) / 3.28. 

Based on the monthly milk production and ECM values, a scatter plot was derived for every 

cow separately to explore the relationship between milk yield and ECM. In the vast majority of 

cases a linear relationship was evident. Thus, a linear regression equation between ECM and 

milk yield was obtained based on the available measurements. From the derived equations and 

for every cow separately, daily ECM was calculated based on the available daily milk yield. In 

cases that a cow had <4 measurements or the derived r from the analysis indicated a weak 

correlation (r < 0.50), no equation was derived. Thus, 19 out of 415 cows (4.6%) were excluded 

from this analysis. In 370 out of the remaining 395 cows (93.7%) a strong correlation between 

ECM and milk yield was evident (r ≥ 0.7). Mean daily ECM was calculated for the same periods 

as described above for mean daily milk production. In order to compare the development of 

SCC between the 3 groups across time, the lactation was divided in 30 d periods and every 

measurement was assigned to the corresponding period that the measurement took place. 

 

Body Condition Score and Backfat Thickness 

 

In order to assess the changes in the body condition of the animals throughout the lactation, 

both body condition scoring (BCS) and backfat thickness (BFT) were estimated. A five-scale 

method with a subunit of 0.25 (Edmonson et al., 1989) was used to estimate the BCS of the 

animals. The BFT was measured with the method described by Schroder and Staufenbiel 

(2006). An ultrasound device (Tringa linear, ESAOTE/ Pie Medical, The Netherlands) 

equipped with a 5 MHz linear transducer was used to measure BFT. Briefly, after the 
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preparation of the skin with a solution of 70% alcohol, the transducer was placed vertically on 

the imaginary line connecting the tuber coxae and the tuber ischia and approximately 10 cm 

cranial to tuber ischia. The picture gained from the abovementioned measurement was frozen 

and the thickness of subcutaneous fat was measured at site as the distance (in mm) between 

skin and the fascia trunci profunda. The measurement of BFT always included the thickness of 

the skin. In order to avoid bias, BCS was always estimated first. Both measurements were 

performed at the day of calving, at the 15th, 30th, 45th, 60th, 90th, 120th, 180th DIM and thereafter 

every two months until the end of the lactation period. An additional measurement was 

performed at dry off. 
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Statistical Analysis 
 
Statistical analyses were conducted using the Statistical Analysis System v9.3 (SAS Institute, 

USA), unless otherwise stated. To compare the three groups G40, G120 and G180 in respect to 

BCS development, univariate analysis using the Kruskal-Wallis and Wilcoxon’s two sample 

test (PROC NPAR1WAY) for every time point was performed, due to the underlying 

distribution of the data. The same analysis was used to compare primi- with pluriparous cows 

regarding BCS development. Variables with repeated measures (BFT, ECM, SCC) were 

analyzed with the use of repeated measures with the mixed procedure of SAS. The models 

included group, parity, day or period of measurement and their interactions as fixed effects and 

included cow as a random effect. The season was included in the analyzed models as a binary 

variable, with the months from May to October defined as summer months and those between 

November and April as winter months. However, season had no effect whatsoever in this or 

any of the following analyses. Thus, it was excluded and will be no further discussed. 

Covariance structure was chosen based on the values of the Akaike Information Criterion 

(AIC). Five models were run with different structures (compound symmetry, unstructured, first 

order autoregressive, first order ante dependence and Toeplitz) and the model with the least 

AIC was chosen. Backfat thickness data were square root transformed and somatic cell count 

data were analyzed using the natural logarithm of SCC. Regarding mean daily milk yield and 

mean daily ECM, a mixed model that included group, parity and their two-way interaction was 

applied. Binary variables (% cows culled, dried-off etc.) were analyzed with the use of general 

linear mixed models (PROC GLIMMIX) that included group, parity and their two-way 

interaction. In all cases, pairwise comparisons were performed with the PDIFF command 

incorporating the Tukey adjustment. The rate of cows being dried off was additionally 

evaluated using the Kaplan Meyer survival curves (PROC LIFETEST). 

In order to provide estimates about the characteristics of the lactation curves we applied a 

Bayesian modelling approach to test day records of milk and ECM, based on the assumption 

of Wilmink’s lactation function (Wilmink, 1987). For this analysis data were truncated at 75th 

percentile of dry off DIM, as from this point on lactation curves were not smooth due to the 

few remaining animals in milk. As a result, lactation curves were estimated up to d 365 for 

G40, d 416 for G120 and d 469 for G180. The Wilmink equation is: 

( ) ( )expy f t b k t c tα= = + ⋅ − ⋅ + ⋅  
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The model proposed by Wilmink (1987) is a modification of Cobby and Le Du model, and k is 

related to the moment peak, which is about 50 d (Vargas et al. 2000). For the purposes of this 

study k was assumed equal to 0.065 (Silvestre et al. 2006). The scaling factor α represents yield 

at the beginning of lactation, b is the inclining slope parameter up to peak yield, and c is the 

declining slope parameter (Silvestre et al. 2006). The dependent variable y=f(t) represents the 

milk production (kg /day) at time t of the lactation period (in days).  

We assumed a linear mixed effects structure to incorporate covariate information comprising 

of the group and parity fixed effects, which we assume will improve the accuracy of the 

estimates of Wilmink’s lactation curve parameters. The fitted Bayesian model is described by 

the following equations: 

 

( ),ij i ij ijy f t eθ= + , 

 

( ) ( ), expi ij i i ij i ijf t a b k t c tθ = + − ⋅ + , 

 

= +θ Xβ e , 

 

where yij denotes the test-day record of the ith cow at time j (i=1,2,…,n; j=1,2,..,m)  θ is the 

vector comprising parameters of the Wilmink’s function, that is θ=(α1, α2, ...., αn, b1, b2, ...., bn, 

c1, c2, ...., cn)t, X denotes the data, and β denotes the vector of fixed effects. More specifically, 

we included as covariate information for explaining variation in the lactation curves of the 

animals included in our analysis, animal random effects as well as the fixed effect of group and 

parity. Hence, we have: 

 

  
iiiiii
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iiiiii
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where beta0.θi (i=1,2,…,395) denote the coefficients for the animal random genetic effects for 

parameters α, b and c, beta1.θ denote the fixed effects parameters for the group effect on α, b 

and c and beta2.θ denote the parameters of parity.  
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Our model assumes a unique curve to each cow, with all curves being exchangeable, i.e. 

“similar” in that they are sampled from a distribution of curves depending on the assumption 

for the densities of the αi, bi ,ci. This approach is considered to be most suitable in comparison 

to fitting a single curve across all cows, or assuming completely independence among cows. 

Finally, prior distributions for θ (i.e. parameters α, b and c) and residual variance are specified. 

Specifically, we placed vague priors for the model parameters. Specifically, it was assumed 

that parameters of the model follow the well-known Gaussian distribution, with zero mean and 

very large variance (restricting the prior though to be on the nonnegative domain for α 

parameter). Residuals are assumed to follow a Gaussian distribution with ( )2,0~ ei Ne σ . 

Posterior distributions for all model parameters then are obtained by the use of Markov chain 

Monte Carlo (McMC) methods. 

We used WinBUGS (Spiegelhalter et al., 2004) to implement the Bayesian approach. All 

McMC models were implemented using Gibbs sampler, considering a burn-in period of 5,000 

iterations, and then monitoring a large chain of 100,000 iterations, where one in 10 samples 

was kept, so the marginal density estimations from each one of the parameters to be based on 

a sample of 10,000. The source code of the fitted models is available upon request by the 

corresponding author. 

For the purposes of the current analysis, Peak Yield (PY) was calculated utilizing the parameter 

estimates from the fit of the Wilmink models for milk and ECM respectively, as the maximum 

test day milk yield. Peak Time (PT) is the test time at which daily milk yield reaches maximum. 

Peak Time values of the fitted models were calculated by equalizing the first partial derivations 

of the Wilmink function to zero, i.e. as 1 ln cPT
k kb

 = − ⋅  
 

. Accordingly, PY values were 

estimated by replacing calculated PT values in the Wilmink function. Results are expressed as 

LSmeans ± SEM, unless otherwise stated. Level of significance was set at P < 0.05.
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Results 
 
Milk Production 
 
The results regarding mean daily milk and ECM production at specific periods are presented 

on Table 1. The three groups did not differ to their mean daily milk production (neither actual 

nor ECM) of the first 100 or from 101 to 200 days. An interaction between group and parity 

was evident regarding average daily milk and ECM production during the first 100 d, as 

pluriparous cows of G180 produced more than those of G120 (48.2 and 45.4 vs. 45.5 and 43.1, 

for milk and ECM of G180 vs. G120, respectively, both P < 0.05). Group 120 and as a tendency 

Group 180 showed higher mean daily production than G40 from d 201 to d 305 and from d 306 

onwards (Table 1). However, mean daily milk and ECM production did not differ between the 

three groups regarding the first 305 d or for the whole lactation (d 1 and up to dry off, culling 

or 600 DIM, Table 1). No difference regarding milk production was evident between G120 and 

G180 in any variable. Pluriparous cow had higher mean milk and ECM production regarding 

early (d 1-100), mid (d 101-200), the first 305 d and the whole lactation compared to 

primiparous cow (all P < 0.0001). However, primiparous cows had better mean daily milk 

production (both actual and ECM) compared to pluriparous from d 306 onwards.  

Summary statistics (medians and the corresponding 95% credible intervals) of the main 

parameters of the Wilmink models for milk and ECM are presented in Tables 2 and 3 and in 

Figures 1 and 2, respectively. Along with the results based on the complete data, we present 

results for the various levels of groups and parity separately. The results are typical of a standard 

lactation curve, where b<0 and c<0. Regarding the lactation curves derived from daily milk 

recordings, the yield at the beginning of lactation was marginally higher for G180 compared to 

G40 and G120, leading to a greater overall PY (46.86 for G180 vs. 45.78 and 45.61 for G40 

and G120, respectively) by almost identical rates of incline (Table 2). Peak Time ranged from 

51.53 (G40) to 53.18 (G120) DIM. The rate of decline was higher (lower c values indicate 

higher rate of decline) for G40 (c = -0.071) compared to G120 and G180 (c = -0.063 and -

0.061, respectively, Table 2 and Figure 1A). Based on the derived lactation curves mean daily 

milk production up to d 365 for G40 is 36.3 kg/d, up to d 419 for G120 is 35.6 kg/d and up to 

d 446 for G180 is 35.8 kg/d.  First parity cows had much lower yield at the beginning of 

lactation and lower rate of incline, lower PY and later PT and much lower rate of decline 

compared to pluriparous cows (Table 2 and Figure 1B). 
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Regarding the lactation curves derived from daily ECM recordings, the same pattern as for milk 

was noticed. Specifically, G180 showed marginally higher PY compared to G40 and G120 

(43.05 vs. 42.25 vs. 41.85, respectively). Moreover, the rate of decline was higher for G40 (c 

= -0.056) compared to G120 and G180 (c = -0.045 and -0.047, respectively, Table 3 and Figure 

2A). Based on the derived lactation curves mean daily ECM production up to d 365 for G40 is 

34.8 kg/d, up to d 419 for G120 is 34.7 kg/d and up to d 446 for G180 is 34.5 kg/d.  Regarding 

the effect of parity on the lactation curves derived from ECM recordings, exactly the same 

pattern as described above was noticed (Table 3 and Figure 2B). 

 
Somatic Cell Count and Udder Health 
 
There was no difference between the three groups regarding the number of the SCC up to day 

330 (P = 0.63, Fig. 3). Up to this time point, there was a time effect (P < 0.0001), as there was 

a gradual increase of SCC with increasing DIM. Moreover, a significant interaction between 

group and time was apparent (P = 0.006), because G40 had numerically lower SCC up to day 

120 and numerically higher SCC from that point on compared to the other two groups (Fig. 3). 

No difference between the three groups was significant at any specific day. From day 330 to 

day 420 there was no difference between G120 and G180 (P = 0.71), nor was there a group by 

time interaction. A weak time effect (P = 0.06) was also here evident. Primiparous cows had 

lower SCC values (3.9 ± 0.06) compared to pluriparous cow (4.6 ± 0.05, P < 0.0001) throughout 

the experimental period, with the exception of the first postpartum measurement (4.3 ± 0.1 vs. 

4.0 ± 0.1, respectively, P = 0.04). No group by parity interaction was significant at any specific 

day. 

There was no difference between the 3 groups regarding the incidence of mastitis within the 

first 320 d of lactation nor throughout the study period (Table 4). There was also no difference 

between the 3 groups regarding the average number of mastitis cases per infected cow or the 

average days off milk due to mastitis within 305 d nor throughout the study. There was no 

difference between the 3 groups regarding the proportion of cows culled within the first 305 d 

of lactation, neither overall nor due to mastitis. However, a greater number of cows in G180 

were culled compared to G40 (20.9% vs. 11.1%, respectively, P = 0.05). Additionally, more 

cows in G180 (7.9%) were culled due to low productivity compared to G40 (0.7%, P = 0.01) 

and as a tendency compared to G120 (2.8%, P = 0.07). Pluriparous cows had worse udder 
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health compared to primiparous in all variables, except from the average number of days off 

milk due to mastitis (Table 4). 

 

Dry-off Management 
 Variables regarding dry-off management are shown in Table 5 and Figure 4. The actual days 

that the cows were dried off were 341, 396 and 447 for G40, G120 and G180 respectively (all 

P < 0.0001). Additionally, an interaction between group and parity was apparent, as in G40 

pluriparous cows were dried off later than primiparous (351 d vs. 330 d), whereas in G120 both 

groups were almost simultaneously dried (393 d vs. 399 d, respectively) and in G180 

pluriparous were dried off earlier than primiparous (436 d vs. 438 d). Dry period length was 

greater in G180 (57.9 ± 2.3 d) compared to G40 (48.4 ± 2.2 d). Cows of G180 had lower milk 

production at the day of dry-off and at the week before dry off (16.9 and 17.9, ± 0.6) compared 

to both G40 (19.1 and 19.9, ± 0.5, P = 0.02 and 0.03, respectively) and G120 (19.1 and 20.0, ± 

0.5, both P = 0.02, respectively). Moreover, more cows in G180 were dried off with a weekly 

milk yield lower than 15 kg/d (53.6%) compared to G40 and G120 (34.2 and 37.6%, P = 0.03 

and 0.04, respectively). Pluriparous cows had longer dry period, lower milk production at the 

day and at the week before dry off and a greater proportion was dried off with weekly milk 

yield below 15 kg/d compared to primiparous cows.  

 
BCS and BFT 
 
The BCS did not differ between the three groups from the day of the parturition and up to 240 

DIM, whereas there was a tendency (P = 0.07) for the groups to differ at d 45 and 300, with the 

animals of group G120 having 0.25 median BCS lower than the other two groups (Fig. 5A). At 

d 360 cows of the G120 were 0.25 median BCS thinner than the cows of the G180 (P = 0.03). 

Moreover, cows of G180 showed higher median BCS at the time of dry-off compared to cows 

of both G40 and G120 (3.50 ± 0.50 for G180 vs. 3.25 ± 0.50 for both G40 and G120, P = 0.03 

and 0.004, respectively). A greater proportion of cows of G180 compared to those of G40 and 

G120 had BCS at dry-off higher than 3.5 (35.9% vs. 21.6% and 19.6%, P = 0.02 and 0.008, 

respectively). Pluriparous cows showed greater BCS on day 0 and from day 360 onwards (P < 

0.05) compared to primiparous, whereas primiparous cows had greater BCS from day 30 to day 

240 (P < 0.05). On day 15 and 300 there was no difference regarding BCS between primi- and 

pluriparous cows. Almost the same results were obtained regarding BFT measurements. 
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Specifically, there was a weak group effect up to d 300 (P = 0.07), with G40 showing overall 

higher BFT than G120 (P = 0.05). No interaction between group and time was evident (P = 

0.18, Fig. 5B). At d 360 cows of the G180 showed greater BFT (22.8 ± 0.7) compared to cows 

of the G120 (21.0 ± 0.7, P = 0.04). At the time of dry-off cows of the G180 had greater BFT 

(25.0 ± 0.7) compared to both cows of the G40 (22.2 ± 0.7, P = 0.01) and of the G120 (21.6 ± 

0.7, P = 0.002). Parity had no overall effect on the development of BFT (P = 0.75). However, 

there was a significant interaction between parity and time (P < 0.0001), as pluriparous cows 

had higher BFT values at partum compared to primiparous cows (25.0 ± 0.4 vs. 21.7 ± 0.5, P 

= 0.0004) followed by a higher BFT loss during the lactation (BFT at 120 d 11.1 ± 0.4 vs. 13.2 

± 0.5, for pluri- and primiparous respectively, P = 0.04). At dry-off pluriparous cows reached 

again greater BFT (24.5 ± 0.5) compared to primiparous cows (20.3 ± 0.5, P < 0.0001). 
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Figure 1. Observed (obs.) and estimated with Wilmink function (Wil.) development of milk 
yield in cows with a 40, 120 and 180 days Voluntary Waiting Period (VWP) length (G40, 
G120 and G180, respectively) (A) and in primi- and pluriparous cows (B).  



57 
 

 

 

 

Figure 2. Observed (obs.) and estimated with Wilmink function (Wil.) development of ECM 
in cows with a 40, 120 and 180 days Voluntary Waiting Period (VWP) length (G40, G120 
and G180, respectively) (A) and in primi- and pluriparous cows (B). 
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Figure 3. Development of Somatic Cell Count (expressed as the natural logarithm of SCC) in 
cows with a 40, 120 and 180 days Voluntary Waiting Period (VWP) length (G40, G120 and 
G180, respectively) based on a mixed model for repeated measures with VWP length, period 
of measurement and their interaction as fixed effects (LSmeans ± SEM). 
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Figure 4. Kaplan Meier survival curves for the proportion of cows not dried off in the three 
lactation groups. Median days to dry-off were 331 d for G40 (95% confidence interval [CI] 
320-343), 386 d for G120 (95% CI 379-397) and 440 d for G180 (95 % CI 431-446). 
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Figure 5. Development of Body Condition Score (BCS, median ± median absolute deviation) 
(A) and Back Fat Thickness (BFT, means ± SEM) (B) in cows with a 40, 120 and 180 days 
Voluntary Waiting Period (VWP) length (G40, G120 and G180, respectively). 
a-b Values within a specific time point with different superscripts differ (P < 0.05). 
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Discussion 
 

Milk Production 
 
Based on the results of the present study, animals with an extended VWP produced on average 

only numerically, but not statistically, less kg milk per DIM than animals bred in the early 

period. Animals from G180 reached their dry period with significantly lower milk production 

than cows from the other two groups. As showed in previous studies, the metabolic profile of 

animals (i.e. high plasma glucose, leptin and IGF-I factor and low GH concentration) during 

the extended part of lactation is consistent with the reduction in milk production and the 

partitioning of the nutrients towards body reserves (Delany et al., 2010; Marett et al., 2011, 

2017). In the same studies, however, there was a great variability in the ability of animals to 

sustain an extended lactation and the most persistent cows adapted their somatotropic axis in 

favor of lactation (i.e. increased GH and in some cases combined with a decreased IGF-I plasma 

concentrations in comparison to less persistent cows).  This was evident in our study as well, 

as the rate of decline of the lactation curves of the extended groups was lower compared to 

G40. This finding is indicative of greater persistency in cows with extended VWP. In 

accordance to our results, Arbel et al. (2001) found that cows with an intentional delayed 

breeding after calving produced less milk per DIM than cows with a shorter VWP, with the 

difference being more obvious in pluriparous than primiparous cows. However, in the same 

study, when lactation was expressed as production of ECM per day of calving interval (CI), 

animals with an extended lactation produced numerically (pluriparous) or significantly 

(primiparous) more ECM per day of CI than those with shorter lactations (Arbel et al., 2001). 

This difference could be attributed to the fact that cows with extended lactations have a larger 

proportion of milking days per days of dry period than cows with a shorter lactation. According 

to the authors, primiparous cows profited the most from the extension of the lactation, which 

reflects the increased persistency of the primiparous compared to pluriparous cows, as noticed 

also in our study. Similar observations are made in the study of Österman and Bertilsson (2003), 

who found no difference in the production of ECM per day of CI between cows managed for a 

12- and 18-month CI, irrespective of the milking frequency used in their experiment. Our results 

also indicate that there was no difference in the average daily ECM production between the 

three groups, since the increase in milk solids during the extended phase of the lactation 
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counteracted the weal decline in mean daily milk production. Moreover, in accordance to the 

aforementioned studies, primiparous cows had greater persistency in our study, since total and 

daily milk and ECM production were higher in primiparous compared to pluriparous cows in 

the extended (over 305 DIM) lactation period. This finding was also directly evident from the 

derived lactation curves with the Wilmink function. As showed in previous studies, animals 

undergoing extended lactation have greater average milk solids production than animals with a 

standard 305-days lactation period (Österman and Bertilsson, 2003; Kolver et al., 2007; 

Sorensen et al., 2008). Moreover, the increased protein concentration in milk derived from 

animals managed for an extended lactation results in superior cheese yield production per 100 

kg milk in comparison to milk from animals with a typical 10-month lactation (Auldist et al., 

2010). For those reasons, the deliberate extension of the lactation period can be a beneficial 

management system, particularly for dairy farms which supply the cheese industry (Auldist et 

al., 2010; Maciel et al., 2016), dairy systems where payment is based on milk solids 

concentration (van Amburgh et al., 1997; Borman et al., 2004; Auldist et al., 2007) or if a 

reduction in milk solids results in payment penalties. The greater persistency in the extended 

lactation groups could reflect the negative effect of pregnancy on lactation (Penasa et al., 2016).  

 

Udder Health 
 
In our study the extension of the VWP did not have a negative effect on udder’s health, since it 

did not lead to an increase in SCC or in the number of mastitis cases. These results are in 

accordance with studies which showed that in animals undergoing extended lactations with a 

pre-planned 18-month calving intervals no significant increase in the SCC values was noticed 

(Österman et al., 2005; Sorensen et al., 2008). Moreover, in our results pluriparous cows had 

greater SCC than primiparous cows throughout the lactation, which agrees with the 

observations from Sharma et al. (2013), who found a negative effect of age and parity on udder 

health. The increased SCC in our study could be partly explained by the increased mastitis 

incidence (as defined in our study) in pluriparous cows compared to primiparous cows, as the 

parity and stage of lactation have no effect in SCC in bacteriologically negative animals 

(Laevens et al., 1997). Considering the relative low sensitivity and specificity of the mastitis 

detection system (Kamphuis et al., 2010) and the high number of false-positive mastitis 

detection alerts in AMS (Steeneveld et al., 2010), the number of animals diagnosed and treated 
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for subclinical mastitis was probably overestimated in our study. However, this fact is expected 

to have an equal distribution across groups. 

 

BCS, BFT and Dry-off Management 
 
Genetic selection towards milk production in dairy industry has led to several changes in 

cattle’s physiology, such as an increased fat tissue mobilisation after calving in order to meet 

the energetic needs of lactation (Chagas et al., 2009; Lucy et al., 2009). After parturition, the 

activation of homeorhetic and homeostatic mechanisms lead to the uncoupling of the 

somatotropic axis (Bauman and Currie, 1980; Bauman, 2000; Roche, 2007), which is 

characterised by decreased levels of IGF-I  and an increase in circulating GH and in peripheral 

insulin resistance, ultimately leading to an enhancement of glucogenolysis and lipolysis (Lucy 

et al., 2001; Lucy, 2004). These hormonal changes lead ultimately to the early postpartum body 

fat mobilisation and the repartitioning of available nutrients away from body tissue reserves 

and towards udder in favour of milk production. As lactation progresses, the recoupling of 

somatotropic axis shifts the energy partitioning from milk production to body adipose tissue 

(i.e. decreased lipolysis, increased gluconeogenesis und lipogenesis) (Bauman, 2000). The most 

used methods to assess the available body nutrient reserves in cows are BCS and BFT (Schroder 

and Staufenbiel, 2006; Roche et al., 2009). In our study, cows with the longest VWP (i.e. G180) 

entered the dry off period (or completed their lactation) with greater BCS and BFT values in 

comparison to cows with short and intermediate length of VWP (i.e. G40 and G120). This 

finding is in accordance with other studies who found that cows undergoing extended lactations 

gained more BCS than cows with the typical 10-month lactating period (Kolver et al., 2006; 

Auldist et al., 2007). The authors suggested that this finding could be the result of cows 

spending more time during their extended lactation period under positive energy balance. 

Animals from G180 had a BCS at dry off greater than 3.5 and this could negatively affect dry 

period management and subsequent lactation. High BCS at dry off and calving has been 

associated with disease and productivity loss in the early puerperium (Pryce and Harris, 2006; 

Roche et al., 2009). Moreover, cows from the same group had longer dry periods, and therefore 

more non-lactating days than animals from the remaining groups, although the value of this 

parameter was still within acceptable limits (58 days). Irrespectively of the groups, parity had 

an interaction with BCS and BFT development throughout the lactation. More specifically, 
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pluriparous cows underwent a greater loss of BCS and BFT during early and mid-lactation and 

entered the dry period with higher values than primiparous cows. This fact can be attributed to 

the increased persistency of primiparous cows, which makes them more suitable candidates for 

extended lactation systems (Arbel et al., 2001). 

The higher persistency of G120 compared to G40 cows resulted in identical values of these 

groups regarding dry off duration, milk yield at dry off and proportion of cows dried-off below 

15 kg/d. Only by extending the VWP for a very long period can we succeed to dry-off cows in 

lower production levels, which could be theoretically advantageous for udder health. However, 

a drawback could be the milking of cows in not profitable levels (Marett et al., 2015), which 

can result in longer dry periods (Österman and Bertilsson, 2003; Lehmann et al., 2016) and 

higher culling rates due to low productivity, as noticed in our study. Primiparous cows reached 

dry-off in higher production levels compared to pluriparous cows, indicative of the greater 

persistency. 

 

Conclusion 
 
Taking into account the results of the previous and the present study we conclude that 

pluriparous cows with lower than average milk production are the worst candidates for extended 

lactation as they show adequate reproductive efficiency early in the lactation and show 

decreased persistency during the lactation. High yielders are expected to benefit more regarding 

reproductive performance if the lactation is extended and primiparous cows can sustain a 

satisfactory level of production for longer periods. Regarding the time period for which the 

VWP can be extended, based on our results 120 days is a very promising length, as the animals 

assigned to this protocol had increased reproductive efficiency, equal daily milk production 

compared to a short lactation group and exhibited no adverse effects on udder health or BCS 

gain. However, the critical question is how profitable can such an intervention be and therefore 

this will be addressed with further research. 
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4.  General Discussion  
 
4.1.  Reproductive performance 
 
The results of our study suggest that the extension of the voluntary waiting period (VWP) 

improved main reproductive measurements of dairy cows, i.e., estrus detection after the end of 

the VWP and success at first insemination. The positive effects of an extended VWP on fertility 

could be mainly the result of the following mechanisms: 

(a) Cows have more time to recover from the negative effects of a profound postpartal negative 

energy balance (NEB) and concomitant metabolic changes (e.g. excessive loss of BCS, 

increased serum concentration of non-esterified fatty acids, oxidative stress) on fertility (Beam 

and Butler, 1999, Butler, 2003, Sordillo and Aitken, 2009, Lucy, 2015). 

(b) Cows have more time to overcome postpartum inflammatory diseases of the reproductive 

tract (Gautam et al., 2009, Sheldon et al., 2009, Gautam et al., 2010). 

(c) Cows have more time to cope with production diseases that occur during the first 60 days 

p.p. (Erb et al., 1981, Ingvartsen et al., 2003).  

 

4.1.1.  Negative energy balance and its effects on reproduction  
 
After parturition the activation of homeorhetic und homeostatic mechanisms leads to the 

partition of nutrients (originating from feed intake and the mobilization of body reserves) in 

favor of milk production and, in the case of primiparous animals, body growth (Bauman and 

Currie, 1980, Bauman, 2000). In the high yielding dairy cow, the amount of available nutrients 

is often not capable to match the energy needs, and therefore the metabolism enters a state of 

NEB (Butler and Smith, 1989, Beam and Butler, 1999, Butler, 2003), which can negatively 

affect the reproductive performance of the cows. The complex pathophysiological mechanisms 

of the effects of NEB on the reproductive performance are well described in the literature and 

can be summarized in the following: 

(a) The duration and the magnitude of the NEB affect the postpartal time interval for the 

resumption of ovarian cyclicity (Beam and Butler, 1999). The main effects of NEB take place 
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at the hypothalamus and are manifested as a reduction of GnRH pulse frequency and 

consequently as a suppression of the pulsatile LH secretion from the anterior pituitary gland. 

The latter effect can determine the fate of the first postpartal wave’s dominant follicle (i.e., 

ovulation under moderate LH pulsatility, atresia and turn-over under low LH pulsatility or 

cystic degeneration associated with extreme LH pulsatility and a lack of LH surge) (Canfield 

and Butler, 1990, Jolly et al., 1995, Beam and Butler, 1999, Butler, 2001, Silvia et al., 2002, 

Wiltbank et al., 2002, Butler, 2003, Diskin et al., 2003). The reduction in LH secretion impairs 

the ability of granulosa cells to secrete estradiol 17-β while the production of an androgene 

precursor (androsteredione) from the theca cells leads ultimately to a reduced ovarian 

steroidogenetic ability (Kawashima et al., 2007b, Kawashima et al., 2012, Cheong et al., 2016). 

(b) The NEB-mediated changes in circulating hormones and metabolites (i.e., a reduced 

concentration of IGF-1, insulin and glucose, an elevated concentration of NEFAs, BHB and a 

higher insulin resistance) suppress the reproductive performance in terms of oocyte quality, 

follicular growth, estrogen production from dominant follicles, estrus expression and, 

ultimately, embryo survival (Leroy et al., 2004, Wathes et al., 2007, Luttgenau et al., 2016, 

Leroy et al., 2017). 

(c) The comparatively high feed intake of high yielding dairy cows following the fresh cow 

period is accompanied by an increased liver blood flow. Subsequently, the metabolism of 

steroid hormones (i.e. progesterone and estradiol 17-β) is enhanced, which affects negatively 

the reproductive performance (Sangsritavong et al., 2002, Vasconcelos et al., 2003, Wiltbank 

et al., 2006). 

 

4.1.2.  Postpartum ovulation and estrus exhibition and detection 
 
Exhibition of estrus and its subsequent detection is pivotal for a good herd reproductive 

efficiency. It is largely affected by numerous environmental, management, and health factors, 

such as barn surface type (Vailes and Britt, 1990), methods for estrus detection (Saint-Dizier 

and Chastant-Maillard, 2012), and diseases such as lameness (Walker et al., 2008, Walker et 

al., 2010) or ketosis (Rutherford et al., 2016). In agreement with these results, in our study, 

fewer animals with potentially inactive ovaries (PIO) at 40 DIM, a low BCS at 90 DIM and 

high milk production exhibited estrus between 40 and 86 DIM, in comparison to animals 
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without PIO, a higher BCS and lower milk production. According to various studies, BCS is 

negatively associated with the postpartum interval to first estrus and positively associated with 

the likelihood of exhibiting estrus before the planned start of mating (Buckley et al., 2003, 

Roche et al., 2007, Roche et al., 2009). An early resumption of postpartal ovarian cyclicity is 

associated with improved fertility (Kawashima et al., 2006, Darwash et al., 1997, Galvao et al., 

2010) and cows that ovulate the first postpartal follicular wave generally have a better energy 

status (i.e., lower serum concentration of GH and NEFAs and higher concentration of IGF-1) 

compared to non-ovulating cows (Kawashima et al., 2007a, Kawashima et al., 2012). Cows 

that ovulate shortly after parturition have a lower increment milk production (Kawashima et 

al., 2007a), while cows that lose more body condition have longer intervals to first estrus 

(Friggens, 2003). Lüttgenau et al. (2016) found that higher serum NEFA levels are associated 

with a lower probability of inseminating a cow (Lüttgenau et al., 2016).  

According to the results of our study, the length of the VWP had a positive effect on the 

percentage of cows with recorded estrus activity after the end of it. This is in line with other 

studies that demonstrated a greater proportion of cows treated for anestrus after the end of the 

VWP for animals bred for a 12-month in comparison to animals bred for a 15-month CI 

(Ratnayake et al., 1998, Larsson and Berglund, 2000). According to Gaillard et al. (2016a) an 

increase in the number of estrus cycles recorded postpartum correlates with the number of cows 

that express estrus and can positively affect the ease of estrus detection (Nielsen et al., 2010, 

Gaillard et al., 2016a). The difference in the proportion of cows expressing estrus after a short 

vs. a long VWP in our study was even greater in high yielding cows, probably due to the 

negative effects of NEB on the production of estradiol from the ovaries (Kawashima et al., 

2012) and estradiol’s association with estrus expression (Lyimo et al., 2000). As showed in 

studies, the efficiency of estrus detection in high yielding cows is low due to poor or total 

absence of visible signs (silent ovulation) (Yoshida and Nakao, 2005, Yaniz et al., 2008), and 

could affect up to one third of the cows in the first 90 DIM (Ranasinghe et al., 2010). 

 

4.1.3.  Effect of the length of the voluntary waiting period on fertility parameters 
 
The prolongation of the CI in our study had a positive effect on the subsequent reproductive 

performance of cows, as indicated from the higher first AI conception rate and the lower 
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number of AIs per conception for animals with a long vs. a short VWP. Similar results were 

found in other studies where cows were bred for a pre-planned extended CI. However, the 

differences were not always statistically significant. In the study of Larsson and Berglund 

(2000), cows with a 15-month CI had lower number of AIs per conception and a trend for 

higher first service conception rate in comparison to cows with a 12-month CI (Larsson and 

Berglund, 2000). A statistically significant improvement of first service conception rate in cows 

with extended VWP was found in studies which used timed artificial insemination (TAI) 

(Tenhagen et al., 2003, Stangaferro et al., 2018b). In the study of Stangaferro et al (2018b), an 

effect of parity on first AI conception rate was depicted as also obvious in our study, where 

more primiparous cows became pregnant after the first AI than pluriparous cows (first AI 

conception rate 51.5 vs. 41.1% for primiparous vs. pluriparous cows respectively, P = 0.04). 

After parturition the energy balance of high yielding cows is frequently profoundly negative 

(Butler et al., 1981, Beam and Butler, 1999) and returns to a positive state not prior to the 6th 

week postpartum (Gilmore et al., 2011). The NEB is associated with decreased conception rates 

(Domecq et al., 1997), therefore the delayed onset of the AI period can counterbalance the 

negative effects of the NEB on reproductive performance. In the study of Stangaferro et al. 

(2018b), cows with an extended VWP had a higher BCS at first AI, decreased systemic 

inflammation, better uterine health and to a lesser extent anovulation in comparison to cows 

from the control group (Stangaferro et al., 2018b). Moreover, in the same study, the 

prolongation of the VWP resulted in an increased proportion of cows with BCS ≥ 2.75, which 

is associated with greater pregnancy rates after first AI (Carvalho et al., 2014). Moreover, the 

uterus of a cow after 123 DIM has significantly lower chances to suffer from cytological 

endometritis at AI (Pascottini et al., 2017). It is widely accepted, that subclinical endometritis 

can have a negative effect on fertility (Gilbert et al., 2005, Barlund et al., 2008, Rinaudo et al., 

2017). In the study of Stangferro et al. (2018b), less cows in the group with an extended VWP 

had purulent vaginal discharge and cytological endometritis 10 days before the AI in 

comparison to cows with shorter VWP (Stangaferro et al., 2018b). Additionally, an increase in 

the number of estrus cycles before the first AI can decrease the number of AIs per conception 

(Thatcher and Wilcox, 1973, Darwash et al., 1997, Gaillard et al., 2016a). However, based on 

the results of our field study, we could not determine precisely the extent to which the enhanced 

fertility in the extended lactation groups was attributable to a better energy balance of the cows, 
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to the increased DIM up to estrus detection and insemination, or to an interaction of these 

factors, which are additionally confounded by nature.  

 

4.2.  Milk Production, body measurements and udder health  
 
4.2.1.  Milk yield in extended lactation 
 

A prerequisite for an effective performance of cows with extended lactations is the ability to 

produce milk at economically feasible levels throughout their entire lactation cycle (Borman et 

al., 2004, Knight, 2005, Butler et al., 2010). One objective way to compare the performance of 

cows with different calving intervals is the comparison of average daily milk per feeding day 

(i.e., days in milk plus dry off period). The results of our study showed that cows with a longer 

VWP produced numerically, but not statistically significant less mean daily milk and mean 

daily energy corrected milk (ECM) per day of calving interval. As a matter of fact, the 

difference between G40 and G120 regarding the average daily ECM production throughout the 

lactation was only 0.1 kg. There are a few published studies regarding milk production 

performance from cows with intentionally different CI in confinement husbandry systems (van 

Amburgh et al., 1997, Rehn et al., 2000, Arbel et al., 2001, Österman and Bertilsson, 2003, 

Lehmann et al., 2016, Lehmann et al., 2019). In the study of Arbel et al. (2001) cows produced 

numerically (pluriparous cows) or statistically (primiparous cows) significant more value 

corrected milk (VCM) per day of CI than the corresponding animals with a shorter CI (33.0 vs. 

32.8 kg VCM/day of CI for pluriparous, P > 0.05, and 28.5 vs. 27.7 kg VCM/day of CI for 

primiparous cows, P < 0.05, respectively) (Arbel et al., 2001). In accordance, Österman et al. 

(2003) found no differences in average ECM production per feeding day between cows 

managed for a 12-month and an 18-month CI in combination with various milking frequencies 

(MF, i.e. milking 2 vs. 3 times daily) (Österman and Bertilsson, 2003). Moreover, in the same 

study cows with an 18-month CI and a MF of 3 times daily showed the highest ECM production 

per day of CI, indicating that an extension of the CI should be accompanied with measures that 

promote lactation persistency (Österman and Bertilsson, 2003). Lehmann et al. (2016) analysed 

the data from 4 farms in Denmark, where cows were voluntary bred for extended lactations of 

various durations (i.e., 13 up to 19-month CI). The authors found that the mean ECM produced 

per feeding day did not differ statistically, irrespectively of the duration of the CI (Lehmann et 
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al., 2016). Rehn et al. (2000) also found no difference regarding average daily production of 

cows of the Swedish Red and White and Swedish Holstein breed bred for a pre-planned 15-

month CI compared to cows bred for a standard 12-month CI (Rehn et al., 2000).  

The performance of cows with extended lactations has been more extensively studied in 

pasture-based systems with a seasonal calving interval pattern, where in most cases the animals 

are bred for longer calving intervals, lasting up to 24 months (i.e., one calf every two years 

pattern) (Borman et al., 2004, Auldist et al., 2007, Kolver et al., 2007, Phyn et al., 2007, Kay 

et al., 2009, Butler et al., 2010, Abdelsayed et al., 2015). In these studies cows were able to 

produce milk for more than the typical 305-day period, but there was a great variation in their 

ability to complete the extended lactation cycle, with the variation being greater as the length 

of the pre-planned CI increased. In the study of Auldist et al. (2007), cows were managed for 

different calving intervals between 12 and 24 months. The proportion of cows that produced a 

milk yield above the farm’s thresholds was reduced with the prolongation of the CI (i.e., 96 % 

in the 18-month CI group vs. 40 % in the 24-month CI group). Cows with a 24-month CI 

produced 7.9 % less kg ECM/feeding day compared to cows with a typical 12-month CI 

(Auldist et al., 2007). Similar results were reported by Butler et al. (2010), who tested the 

potential to use a 24-month CI as an alternative to culling for cows that failed to conceive after 

parturition. In this study, 87 % of cows achieved lactations of 540 DIM compared to only 13-

17 % of cows that were still lactating in 660 DIM (Butler et al., 2010). However, in the study 

of Kolver et al. (2007) the use of cows with a high genetic merit for milk production and the 

supplementation with 3 kg of grain reduced the loss of ECM/day of CI in cows with extended 

lactations. In our study, the extension of lactation from 341 days (approximately 13-month CI 

in G40) to 447 days (approximately 17-month CI in G180), but not to 396 days (approximately 

15-month CI in G120), resulted in a significant increase of the proportion of animals culled due 

to low productivity. Based on these findings, a calving interval of at least 15 months can be 

recommended from an economical point of view for high yielding dairy farms. 

As with milk production, an objective way to compare the productivity of cows with different 

calving intervals is by estimating the annualised production of milk fat and milk protein (i.e., 

milk solids, MS). Auldist et al. (2007) found a loss of zero, 0.4, 5 and 7 % in annualised MS 

production for cows with a 14, 18, 21 and 24-month CI respectively, in comparison to cows 

with a 12-month CI. In fact, as shown in several studies, the MS concentration in milk gained 
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from the extended phase of the lactation is higher in comparison to that from a standard 10-

month lactation (Auldist et al., 2007, Kolver et al., 2007, Turner et al., 2008) and can therefore 

counterbalance the moderately reduced milk yield (Grainger et al., 2009). Moreover, the greater 

protein – and to a lesser extent fat - concentration of milk gained from extended lactations can 

be advantageous for the cheese industry. Auldist et al. (2010) reported superior coagulation 

properties and higher cheese yield per 100 kg of milk gained from an extended lactation, 

without any negative effects on cheese quality (Auldist et al., 2010). Moreover, the increased 

MS concentration could also be beneficial in dairy systems, that reward greater MS and/or 

penalise low MS concentrations (Borman et al., 2004). The elevated production of MS during 

extended lactation was also evident in our study. Energy corrected milk differences between 

G40 and the extended groups were smaller compared to absolute volume differences. 

Moreover, for G120 and G180, ECM curves were flatter compared to milk yield curves during 

the extended phase of the lactation. The impact of the length of the lactation on specific milk 

components will be a matter of further evaluations based on the pool data available from our 

study. 

 

4.2.2.  Factors affecting milk production in extended lactation 
 
4.2.2.1. Parity 
 
One of the major factors affecting milk production of cows undergoing extended lactation is 

parity. In our study, primiparous cows performed significantly better during the extended phase 

of the lactation (i.e. after 305 DIM) in comparison to pluriparous cows. This finding is in 

accordance with the results of most prospective studies in confinement intensive systems (van 

Amburgh et al., 1997, Arbel et al., 2001, Österman and Bertilsson, 2003) and in retrospective 

studies of cows undergoing extended lactations (Haile-Mariam and Goddard, 2008). An 

explanation could be the fact that the mammary gland of primiparous cows still develops during 

first lactation, thus resulting in flatter lactation curves and higher persistency compared to 

pluriparous cows (Stanton et al., 1992, Tekerli et al., 2000). Using the GARNUS dynamic and 

stochastic model to predict the lifetime production of cows with various combination of normal 

and extended lactations, Gaillard et al. (2016) found that a 16-month lactation for primiparous 

cows seems to be the most beneficial for lifetime efficiency (Gaillard et al., 2016c). Based on 
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the above findings, in particular primiparous cows are excellent candidates for extended 

lactations. 

4.2.2.2. Genetic strain and feeding level 
 
Two important factors that affect the performance of cows in extended lactation systems are 

the genotype and diet, as well as their interaction (Auldist et al., 2007, Kolver et al., 2007, Phyn 

et al., 2008, Grainger et al., 2009, Kay et al., 2009, Butler et al., 2010). Kolver et al. (2007) 

studied the effect of genotype and diet on the performance of cows with extended lactation in 

pasture-based systems. They used animals from two different genetic strains (New Zealand 

Holstein-Friesian; NZ-HF vs. North America Holstein-Friesian; NA-HF) combined with 

different levels of supplementary nutrition (Kolver et al., 2007). In their study, fewer NZ-HF 

cows completed the target of lactating days. Moreover, they undergone a greater loss of 

annualized milk and milk solids production and had a higher BCS at dry-off than NA-HF cows 

(Kolver et al., 2007). Using the animals from the same study, Kay et al. (2009) found that the 

metabolic profile of NZ-HF cows receiving a high plane of nutrition was consistent with a 

greater recoupling of the somatotropic axis (e.g. lower GH concentration) and with a greater 

partition of available nutrients away from the mammary gland and towards body reserves in 

comparison to NA-HF cows (Kay et al., 2009). The cumulative results of these two studies 

reflect the greater selection of NA-HF strain towards milk production, which makes this cow 

genetic strain more suitable for an extended lactation in pasture-based systems. 

Studies in pasture-based systems revealed that although the diet (whether restricted or 

supplemented) does not affect the capacity of animals to complete an extended lactation, an 

excessive energy intake results in a greater partitioning of nutrients towards body tissue 

reserves and has a negative impact on the ability of the cows to reach their lactation length 

target (Kolver et al., 2007, Sorensen et al., 2008, Grainger et al., 2009, Delany et al., 2010, 

Marett et al., 2011). During early lactation, the increase in energy intake leads to a higher milk 

yield, which is attributed to the stimulation of mammary epithelial cells proliferation and 

secretory activity (Norgaard et al., 2005). The supplementation of the pasture-based diet in 

cows during the first (Phyn et al. 2009) or second (Butler et al. 2010) winter of an extended 

lactation resulted in a statistically significant (both studies) increase in milk and MS production 

during the treatment period. Moreover, a numerical (Phyn et al. 2009) or statistically significant 

(Butler et al. 2010) positive carry-over effect on the remaining lactation cycle was evident. On 
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the other hand, Rius et al. (2011) found no carry-over effect of a short time diet supplementation 

during the first winter period in the milk production of cows with an extended lactation (Rius, 

2011). However, the carry-over period in this study was considerably shorter (i.e., 78 days) in 

comparison to the studies of Phyn et al. (2009) and Butler et al. (2010) (i.e., 301 and 330 days, 

respectively).  

 

4.2.2.3. Milking frequency 
 

The increase of milking frequency can be a way to enhance lactation persistency (Hillerton et 

al., 1990). This is achieved through local changes in the mammary gland, that ultimately 

stimulate the mammary epithelial proliferation and result in an increase of the number of 

epithelial cells (Capuco et al., 2003). In the study of Östermann and Bertilsson (2003), the 

induction of an 18-month CI combined with a 3 times a day milking frequency resulted in an 

equal ECM production per day to cows with a 12-month CI (21.8 vs. 22.1 kg ECM/day of CI, 

respectively; P > 0.05) . On the other hand, a short-term increase of the milking frequency in 

the mid-lactation (i.e., ~ 328 DIM) of cows with a prolonged CI led to a short-term increase of 

1.1 kg milk/day, but it had not a carry-over effect for the rest of the lactation (Rius, 2011). The 

promising results of our study regarding daily milk and ECM yield could be partly explained 

considering that our cows were milked on average 3.2 times a day on the AMS. As these 

milking systems become very popular, our study could serve as a reference for modern dairy 

farming. 

 

4.2.3.  Somatic cell count and udder health 
 
Somatic cell counts (SCC) in milk are an indicator of quality and hygiene. The value is affected 

by various parameters such as age, time of lactation and infection (Kehrli and Shuster, 1994, 

Alhussien and Dang, 2018). Cows with a prolonged CI spend more time in late lactation, during 

which the SCC are high, and therefore, milk from extended lactation could negatively affect 

the quality of milk and its cheese making properties (Lucey, 1996, Hortet et al., 1999, Lacy-

Hulbert et al., 1999, Hagnestam-Nielsen et al., 2009, Pollott, 2011). Some studies showed that 

the SCC in milk from cows with an extended CI tends to increase with the progression of the 
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lactation length (Lacy-Hulbert et al., 2006, Sorensen et al., 2008, Pollott, 2011), which was 

attributed to a decline in the integrity of epithelial cells rather than to a higher number of 

intramammary infections (Sorensen et al., 2008). In our study only a weak time effect was 

evident regarding SCC from day 330 of the lactation and onwards in the extended groups and 

no difference was found between the three groups up to that point. Moreover, a parity effect on 

SCC was found, as primiparous cows had lower SCC values throughout the whole lactation in 

comparison to pluriparous cows. These findings are in accordance to the results of Östermann 

et al. (2005), who found that the extension of the calving interval by 6 months combined with 

different milking frequencies (i.e., 2 vs. 3 times per day) had no effect on the SCC. In the same 

study, pluriparous cows had increased SCC values in comparison to primiparous cows. 

According to the authors, this difference could be attributed to various reasons, i.e., to an 

increased mastitis incidence with advancing number of lactations, to remaining effects of 

intramammary infections from previous lactations or to the lower milk production of 

pluriparous cows at the late period of an extended lactation (Österman et al., 2005). A 

difference in the SCC between cow genotypes undergoing extended lactations was reported in 

the study of Lacy-Hulbert et al. (2006). The authors found that grazing cows with a high genetic 

merit for milk yield (i.e. NA-HF) had lower SCC during the second season of a 21-month 

lactation than low genetic merit cows (i.e. NZ-HA cows) (Lacy-Hulbert et al., 2006). However, 

the extension of the lactation did not increase the incidence of mastitis cases, since the animals 

experienced less intramammary infections during the second half of the lactation, despite that 

SCC numbers increased throughout the same period (Lacy-Hulbert et al., 2006). 

 

4.2.4.  Effect of extended lactation in dry-off management 
 
The replacement of conventional lactation cycles with extended ones reduces the number of 

calvings per cow per year and therefore the number of dry cows per year in a farm (Knight, 

2005). However, the actual number of cows in the dry-off period would depend on the 

proportion of cows being able to sustain milk production above thresholds in late lactation, 

which has a direct effect on dry-off length. In our study, only the cows with the longest VWP 

had statistically significant longer dry-off period than the cows bred for a normal 12-month 

lactation period (48.4 vs. 57.9 days for VWP of 40 and 180 days, respectively, P = 0.01). This 
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finding is in accordance to the results from other studies who found positive correlations 

between CI length and the duration of the dry-off period (Österman and Bertilsson, 2003, 

Lehmann et al., 2016). The advantage of drying off cows after extended lactations with lower 

milk yields was practically confirmed only in the cows of G180 in our study, since those in 

G120 had comparable milk production to cows of G40 at dry-off.  

 

4.2.5.  Energy, nutrient partition and body condition during extended lactation 
 
In order to support the high energy demanding milk production at the beginning of lactation, 

the activation of homeorhetic and homeostatic mechanisms lead ultimately to the uncoupling 

of the somatotropic axis. This is principally characterized by an increase in growth hormone 

(GH) and non-esterified fatty acids (NEFAs) and a decrease in glucose, insulin and insulin-like 

growth factor 1 (IGF-1) in blood, combined with a reduced insulin sensitivity of peripheral 

tissues (Bauman and Currie, 1980, Bauman, 2000, Opsomer et al., 2000, Lucy, 2004, Lucy et 

al., 2009, Opsomer, 2015, Opsomer et al., 2017). Various studies examined the metabolic 

changes and nutrient partitioning during the extended phase of lactation (i.e., from 305 DIM 

onwards), the majority of which involved animals managed in pasture-based systems (Sorensen 

and Knight, 2002, Grainger et al., 2009, Kay et al., 2009, Delany et al., 2010, Marett et al., 

2011, Williams et al., 2013, Marett et al., 2014, 2015, 2017, 2018, 2019). A common finding 

in the aforementioned studies is the partitioning of nutrients away from the mammary gland 

and towards body energy reserves (i.e., body fat tissue) during the extended phase of the 

lactation. The metabolic mechanisms contributing to this include an increased sensitivity and 

responsiveness of insulin (Marett et al., 2015, Marett et al., 2017), a reduced response of GH 

to hypoglycemia (Marett et al., 2014) and reduced lipolytic and glucogenic responses to 

catecholamines (Marett et al., 2018). However, there was significant variation between cows 

regarding metabolic and endocrinological profiles, which depended on the persistency level 

and on the ability of the cow to produce milk throughout the extended phase of the lactation. 

Specifically, beyond 300 DIM the more persistent cows had increased plasma concentrations 

of GH and NEFAs, decreased concentrations of insulin, glucose and leptin and similar IGF-1 

levels compared to cows which failed to complete an extended lactation (Delany et al., 2010, 

Marett et al., 2011). Since IGF-1 is the main negative feedback for the production of GH 
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(Etherton and Bauman, 1998, Le Roith et al., 2001), the increased levels of GH could be the 

result of an increased GH receptor resistance, a decreased hepatic clearance of GH or an 

increase on the sensitivity of GH secretion (Kay et al., 2009, Marett et al., 2011). Cows that 

were able to sustain a high milk yield up to 580 DIM in pasture-based systems had lower whole 

body and tissue specific insulin responsiveness in comparison to cows with lower production 

(Marett et al., 2019). 

Kirkland and Gordon (2001) reported that the partitioning of energy intake towards milk energy 

was greater in early compared to late lactation cows; however, this was not true regarding milk 

fat (Kirkland and Gordon, 2001). In pasture-based systems the marginal milk yield responses 

and energy efficiency from grain supplementation were not altered when cows moved into the 

extended phase of the lactation, indicating that extended lactations can be as energy efficient 

as the conventional lactation (Auldist et al., 2011, Williams et al., 2013). Energy partitioning 

during the extended phase of lactation is influenced by several factors such as genetic strain, 

feed level, genetic strain to diet interactions and milk yield (Kolver et al., 2007, Sorensen et al., 

2008, Grainger et al., 2009, Kay et al., 2009, Delany et al., 2010, Gaillard et al., 2016b, Marett 

et al., 2019). A diet restriction in grazing cows did not affect their capacity to complete a 

lactation period lasting up to 22 months; however, an excess energy intake (e.g. TMR offering 

in pasture based systems) affected negatively the ability to sustain an extended lactation and 

led to an earlier drying-off with increased BW and BCS (Kolver et al., 2007, Sorensen et al., 

2008, Grainger et al., 2009). The negative effects caused by the excessive energy 

supplementation were more profound in cows with lower genetic merit for milk production 

than in cows selected for high milk yield (i.e., New Zealand vs. Overseas Holstein-Friesian) 

(Kolver et al., 2007, Grainger et al., 2009).  

One of the concerns about extended lactations, and the fact that the partition of available 

nutrients is in favor of body reserves at late lactation, is that animals spend more time in positive 

energy balance. This could lead to obese cows with obvious negative effects for the subsequent 

transit period. Cows with a BCS at calving higher than the optimum (i.e., greater than 3.0 - 

3.25) have a reduced dry matter intake, produce less milk and have a greater risk for 

periparturient metabolic disorders, such as milk fever, ketosis and displaced abomasum (Dyk, 

1995, Duffield, 2000, Roche and Berry, 2006, Roche et al., 2009). Common ways to measure 

body energy reserves (i.e., fat tissue) include BCS and back fat thickness (Ferguson et al., 1994, 
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Schroder and Staufenbiel, 2006, Roche et al., 2009). In our study, only cows with the longest 

lactation (G180) had a higher BCS and increased backfat thickness before dry-off compared to 

cows with short (G40) or intermediate (G120) lactations, which is consistent with similar 

observations from other studies (Kolver et al., 2006, Auldist et al., 2007, Grainger et al., 2009, 

Lehmann et al., 2017). The effect of this increase on the health of cows in the subsequent 

lactation will be the subject of a future study. Nonetheless, dairy farmers who wish to adopt 

longer than 15-month CI should integrate high planes of management during the extended 

phase of lactation in order to minimize potential adverse effects. 

 

4.2.6.  Effect of extended lactation on subsequent lactation 
 
It is an important key feature for the overall evaluation of the extended lactation efficiency to 

identify the effects it poses in the subsequent lactation. However, evidence in the literature is 

scarce. Lehmann et al. (2016) found that the extension of first parity calving interval led to an 

increase of the ECM yield per feeding day for the first 80 days of the second lactation (Lehmann 

et al., 2016). In accordance to these results, Arbel et al. (2001) found that primiparous cows 

with an extended VWP produced 1.7 kg ECM/day more (P < 0.05) during the first 150 days of 

the subsequent lactation in comparison to primiparous with a conventional lactation. Regarding 

pluriparous cows a numerical, although not significant, increase (i.e., 0.6 kg ECM/day, P > 

0.05) was evident (Arbel et al., 2001). Östermann et al. (2003) studied two consecutive 

lactations of cows with a 12- and 18-month CI (Österman and Bertilsson, 2003). The authors 

found that cows from the 18-month group produced 0.5 kg ECM per day of CI more than cows 

from the 12-month group in their second lactation (Österman and Bertilsson, 2003). Moreover, 

the prolongation of the VWP reduced significantly the duration of the dry-off period of the 

subsequent extended lactation (4.6 weeks shorter dry period duration in the second extended 

lactation compared to the first extended lactation; P < 0.05) (Österman and Bertilsson, 2003).  

 

4.2.7.  Prediction and selecting animals for extended lactation 
 
Although many cows are capable to produce milk for longer than the typical 305-day lactation 

period, there is great variability between individual animals to complete successfully extended 
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lactations (Auldist et al., 2007, Kolver et al., 2007, Butler et al., 2010). Thus, it is important to 

select the most suitable cows to avoid detrimental effects on the farm’s profitability. Two 

studies analyzed the possible selection criteria for cows that would undergo extended lactations 

(Kay et al., 2007, Lehmann et al., 2017). The summarized conclusion from these studies 

indicate that production characteristics from the previous and the early phase of the current 

lactation can be used to predict the productive performance in the remaining phase of the 

current extended lactation. Characteristics associated with greater milk yield during the 

extended phase of the lactation included a low BCS at the theoretical dry-off date and higher 

DIM of ECM peak of the previous lactation; and included high NEFAs and low insulin, glucose 

and IGF-1 blood concentrations during the first 10 weeks postpartum and a high ECM yield at 

the second and third milk recording of the current lactation (Kay et al., 2007, Lehmann et al., 

2017). In accordance Abdelsayed et al. (2015) supported the use of both genetic and phenotypic 

markers to select cows for an extended lactation, as the repeatability of milk production across 

lactations seems to be high.  

 

4.3.  Conclusions 
 
The extended lactation system can be an alternative to overcome some of the problems of 

modern dairy husbandry systems and it poses as an ethical and sustainable production system 

due to lower need of hormones treatments, fewer calvings per animal and its potential as an 

option to reduce the incidence of production diseases.. However, it is of pivotal importance to 

define the most suitable cows for extended lactations (i.e., high yielding cows, primiparous 

cows). More studies are needed in order to assess the profitability of the system, taking into 

account the effects of the current extended lactation on the subsequent lactations and herd 

dynamics.
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5. Summary  
 

Georgios Niozas  

Extended lactation in high yielding cows: effects on fertility parameters, milk yield, 

udder health und body measurements 

 

Milk production of modern dairy cows has increased over the past decades, as a result of 

progress in the fields of genetics, animal husbandry and nutrition. However, the increase in 

milk production has been accompanied with a decline in reproductive performance. It is 

discussed controversially, whether the traditional 12-month calving interval (CI) pattern aiming 

to achieve a maximal number of lactation peaks in the productive life of a cow is still valid for 

the future. The concept of the extended lactation by a deliberate prolongation of the voluntary 

waiting period (VWP) has emerged from some researchers as an alternative. 

 

The objective of this thesis was to evaluate the effects of extending the VWP on various 

reproductive measurements, milk production, udder health characteristics, and development of 

body condition of high yielding Holstein cows. The experiment was carried out in a large dairy 

farm in Saxony, Germany (Mlichviehanlage Ruppendorf, Saxony, 1,100 cows; average milk 

yield 11,450 kg per 305 days). On 40 days in milk (DIM), cows with no history of severe 

dystocia and postpartum diseases, such as third grade metritis and septicemic mastitis, were 

gynecologically examined (transrectal palpation, sonography, vaginoscopy). Cows without 

signs of clinical endometritis were blocked by parity and were randomly allocated to 1 of 3 

experimental groups with a VWP of 40, 120, and 180 days, respectively (G40, n = 135; G120, 

n = 141; G180, n = 139). Cows of G120 and G180 were re-examined at the end of the VWP. If 

natural estrus was detected within 46 days after the end of the VWP, an artificial insemination 

was performed. If no estrus was detected, the respective cows were synchronized by applying 

the classical Ovsynch protocol (i.e., 100 μg of GnRH; 7 days later 0.5 mg of cloprostenol; 48 

hours later 100 μg of GnRH; insemination 14 to 20 hours thereafter using frozen-thawed semen 

from multiple sires of proven fertility). Body condition score (BCS) and backfat thickness 

(BFT) were assessed at parturition, and on day 15, 30, 45, 60, 90, 120, 180 postpartum, 
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respectively, and thereafter every 2 months until the end of the lactation. Cows were milked 

with an automatic milking system (AMS, Lely Astronaut A4, Maassluis, Netherlands) and were 

housed and fed under the same conditions. 

Considering the effects of the extension of the VWP on the reproductive performance, no 

difference was found in the proportion of cows in which estrus was detected between 40 to 86 

DIM or in the days to first estrus between the 3 groups. Estrus detection in this period was 

lower for cows with BCS<3 on 90 DIM compared to cows with BCS≥3 (61.5 % vs. 76.0 %) 

and in cows with high energy-corrected milk production (ECM) on 92 DIM (58.6 vs. 70.1 %, 

for cows with higher and lower than the median daily milk yield [i.e., 39.9 kg ECM], 

respectively). The proportion of cows whose estrus was detected within 46 d after the end of 

the VWP was greater in G120 (88.9 %) and G180 (90.8 %) compared to G40 (70.4 %). These 

effects were more apparent in cows with high ECM yield. Cows from both groups with an 

extended VWP had greater overall first service conception rates (G120: 48.9 %, G180: 49.6 %) 

and a lower number of services per pregnant cow (G120: 1.56; G180: 1.51) compared to G40 

(36.6 % and 1.77, respectively). No difference in pregnancy loss or in the proportion of cows 

culled up to 305 DIM was observed between the 3 groups. The number of Ovsynch protocols 

per 1,000,000 kg of ECM was reduced by 75 % in G180 and by 74 % in G120 compared to 

G40 (5.9 vs. 7.1 vs. 25.1).  

Cows with an extended VWP produced daily numerically, but not statistically significant, less 

milk and ECM per feeding day in comparison to cows from the control group. Primiparous 

cows performed better during the extended phase of the lactation (i.e. from day 305 onwards) 

in terms of daily milk and daily ECM production in comparison to pluriparous cows. The 

extended lactation groups showed greater persistency, as the rate of decline based on a Wilmink 

function was lower for G120 (c = −0.063 and −0.045 for milk and ECM, respectively) and 

G180 (c = −0.061 and −0.047) compared to G40 (c = −0.071 and -0.056). No significant 

differences were found between the 3 groups regarding somatic cell count, incidence of mastitis 

and days off milk due to mastitis. Significantly more cows in G180 (7.9 %) were culled due to 

low productivity compared with G40 (0.7 %); a statistical trend was found comparing G40 (0.7 

%) with G120 (2.8 %). Moreover, cows of G180 showed higher median BCS at the time of dry 

off compared with cows of both G40 and G120 (G180: 3.50; G120: 3.25; G40: 3.25) At the 

time of dry off, G180 cows also had greater BFT (25.0 mm) compared to G40 (22.2 mm) and 

G120 cows (21.6 mm).  
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In conclusion, the extension of the voluntary waiting period of high yielding cows can improve 

substantially main reproductive measurements. A VWP of 120 d had no adverse effects 

regarding milk production, involuntary culling, udder health or BCS gain. Based on these 

results a calving interval of at least 15 months can be recommended for high yielding dairy 

cows.   
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6. Zusammenfassung 
 

Georgios Niozas  

Verlängerte Laktationsdauer bei Hochleistungskühen: Effekte auf Fertilität. 

Milchleistung, Eutergesundheit und Körperkondition. 

 

Das Leistungspotential von Milchkühen ist in den zurückliegenden 30 Jahren durch die 

systematische genetische Selektion sowie das verbesserte Fütterungs- und 

Haltungsmanagement linear um etwa 2.4 % pro Jahr gestiegen. Die Abkalbung gilt als eine 

Voraussetzung für die Milchsynthese und –sekretion; traditionell wird eine Zwischenkalbezeit 

von 12 Monaten angestrebt, um eine maximale Anzahl von Laktationen während des 

produktiven Lebens der Kuh zu erreichen und damit die Wirtschaftlichkeit der 

Milchproduktion zu optimieren. Das nunmehr erreichte Leistungsniveau der Milchkühe geht 

jedoch mit einer hohen Laktationsinzidenz von Produktionskrankheiten und einer verminderten 

Reproduktionsleistung einher. Beide Phänomene werden durch die bei Hochleistungskühen 

ausgeprägte negative Energiebilanz (NEB) in der Frühlaktation und eine hohe Milchleistung 

zum Zeitpunkt des Trockenstehens begünstigt. Das Konzept einer verlängerten 

Laktationsdauer durch eine verlängerte freiwillige Wartezeit (FWZ) zwischen Abkalbung und 

erster Besamung wurde von einigen Arbeitsgruppen als eine alternative Strategie zur 

Vermeidung der oben aufgeführten Probleme beschrieben.  

 

Es war das Ziel dieser Studie, die Auswirkungen einer Verlängerung der FWZ auf Kennzahlen 

der Fertilität, Milchproduktion, Eutergesundheit und die Entwicklung der Körperkondition von 

Hochleistungskühen zu untersuchen. Das Projekt wurde in einer großen Milchviehanlage in 

Sachsen (MVA Ruppendorf, Sachsen, Deutschland; 1.100 Kühe, Herdenleistung 11.450 

kg/305 Tage) durchgeführt. Klinisch unauffällige Kühe mit ungestörtem Geburtsverlauf 

wurden am 40. Tag der Laktation mittels transrektaler Palpation, Sonographie und 

Vaginoskopie untersucht. Kühe ohne Anzeichen einer klinischen Endometritis wurden 

randomisiert einer von drei Versuchsgruppen zugeordnet, die sich bzgl. der FWZ 

unterschieden, d. h. 40 Tage (G40, n = 135), 120 Tage (G120, n = 141) und 180 Tage (G180, 

n = 139). Die Kühe der Gruppen G120 und G180 wurden am Ende der FWZ erneut 
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gynäkologisch untersucht. Wenn die Kühe innerhalb von 46 Tagen nach Ende der FWZ 

Brunstsymptome zeigten, wurde eine Besamung (KB) durchgeführt. Wenn kein Östrus 

festgestellt wurde, wurden die jeweiligen Kühe mittels des klassischen Ovsynch-Protokolls 

synchronisiert. Die Messungen des Body-Condition-Scores (BCS) und der Rückenfettdicke 

(RFT) erfolgten am Tag der Abkalbung, am 15., 30., 45., 60., 90., 120. und 180. Tag der 

Laktation und anschließend alle zwei Monate bis zum Ende der Laktation. Die Kühe wurden 

mit einem automatischen Melksystem (AMS, Lely Astronaut A4, Maassluis, Niederlande) 

gemolken und unter einheitlichen Bedingungen gehalten und gefüttert.  

 

Es ließen sich keine statistisch signifikanten Unterschiede nachweisen zwischen den drei 

Gruppen bzgl. des Anteils der Kühe, die zwischen Tag 40 und 86 post partum Brunstsymptome 

zeigten. Der Anteil der Kühe mit Brunstsymptomen war in diesem Zeitraum niedriger bei 

Kühen mit einem BCS < 3 am 90. Tag der Laktation im Vergleich zu Kühen mit BCS ≥ 3 (61,5 

vs. 76,0 %). Auch bei Kühen mit einer überdurchschnittlichen Milchleistung (ECM > 39,9 

kg/Tag) am 92. Tag der Laktation wurden signifikant seltener Brunstsymptome beobachtet im 

Vergleich zu Kühen, die weniger Milch produzierten (ECM < 39,9 kg/Tag; 58,6 vs. 70,1 %). 

Innerhalb von 46 Tagen nach dem Ende der FWZ wurden Brunstsymptomen bei 88,9 % der 

Kühe in G120 bzw. bei 90,8 % der Kühe in G180 beobachtet, das waren signifikant höhere 

Werte als bei Kühen der G40 (70,4 %). Der Effekt der Verlängerung der FWZ auf die 

Brunsterkennung war bei Kühen mit höherer ECM-Leistung ausgeprägter. Kühe mit einer 

verlängerten FWZ hatten einen höheren Erstbesamungserfolg (G120: 48,9 %; G180: 49,6 %) 

und einen geringeren Trächtigkeitsindex (G120: 1,56; G180: 1,51) im Vergleich zu den Kühen 

der Kontrollgruppe (G40: 36,6 % bzw. 1,77). Zwischen den drei Gruppen wurden keine 

Unterschiede in Bezug auf die Höhe der Trächtigkeitsverluste oder die Abgangsrate während 

der ersten 305 Tage nach der Abkalbung festgestellt. Die Anzahl der Ovsynch-Protokolle pro 

1.000.000 kg ECM war bei G180 um 75 % und bei G120 um 74 % niedriger als bei G40 (5,9 

und 7,1 gegenüber 25,1).  

 

Kühe mit einer verlängerten FWZ hatten eine numerisch, aber nicht statistisch signifikant 

geringere tägliche Milch- und ECM-Produktion pro Futtertag im Vergleich zu Kühen aus der 

Kontrollgruppe. Die Gruppen mit einer langen FWZ zeigten eine größere Persistenz, d. h. die 

negative Steigung der Wilmink-Funktion für G120 (c = –0,063 und –0,045 für Milch bzw. 
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energiekorrigierte Milch) und G180 (c = –0,061 und –0,047) war niedriger als die der 

Kontrollgruppe war (G40, c = –0,071 und –0,056). In Bezug auf die somatische Zellzahl der 

Milch und die Anzahl von Mastitiden ergaben sich zwischen den Gruppen keine signifikanten 

Unterschiede. In G180 war die Abgangsrate höher als in G120 und G40 (7,9 % vs. 2,8 % vs. 

0,7 % für die G180 vs. G120 vs. G40). Darüber hinaus hatten die Kühe der G180 zum Zeitpunkt 

des Trockenstehers einen höheren BCS und eine höhere Rückenfettdicke im Vergleich zu den 

Gruppen G40 und 120 (G180: 3,50 bzw. 25,0 mm; G120: 3,25 bzw. 22,2 mm; G40: 3,25 bzw.  

21,6 mm). 

 

Es lässt sich zusammenfassend schlussfolgern, dass die Verlängerung der FWZ auf 180 Tage 

bei Hochleistungskühen zu einer signifikanten Verbesserung der Fruchtbarkeitskennzahlen 

führt; nachteilige Auswirkungen auf die Milchleistung waren zumindest bei einer 

Verlängerung der FWZ auf 120 Tage nicht nachweisbar. Auf Grundlage der Ergebnisse dieser 

Studie wird eine Verlängerung der FWZ auf mindestens 120 Tage für Hochleistungskühe 

empfohlen.  
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