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Simple Summary: Monitoring the reproductive activity at the level of dairy farms is the key to
making productive and economic activity more efficient. The present research was carried out in five
Holstein dairy farms in Romania that practice an integrated herd management system, with herds
ranging from 500 to 1000 dairy cows. Depending on the production level of the cows and the farm,
the age at first calving, the birth rate, the calving interval, the interval from calving to the onset of
gestation, the number of artificial inseminations for a gestation, as well as the efficiency of using cows
for reproduction during productive life were analyzed. The study was carried out over a period of
three years and consisted of recording reproductive and production data to establish a database,
performing a statistical analysis, calculating correlations, and testing the significance of the means.
Based on the results obtained, efficiency indicators were calculated, and a management plan was
developed to substantiate the development of Holstein dairy farms, in close connection with their
production level.

Abstract: Managing reproductive activity in dairy farms is an important factor in increasing cow
productivity and making the farm more economically efficient. The research was carried out in the 5
most important Holstein dairy farms in Romania, during the period 2022-2024. The data obtained
were processed and interpreted statistically, compared with the results obtained for these parameters
by other researchers. Following the research, average values of milk quantity were recorded ranging
from 9749.38 + 20.88 kg of milk in farm D in 2022 and 15514.01 + 29.31 kg of milk in farm A in 2024.
The age of first calving decreased from one year to the latest in each farm, with the averages falling
in the last year between 22.53 months and 24.61 months, and the calving interval decreased with an
average value on all farms in 2024 of 401 days. The average duration of exploitation of dairy cows is
4 lactations, and based on the calculation of the efficiency index of reproductive activity, the 5 farms
are efficient in terms of using cows for reproduction.

Keywords: age of first calving; conception rate; first calving; reproductive efficiency

1. Introduction

In the context of a steadily growing human population in the coming decades, it is inevitable
that global demand for food will increase [1]. An important part of food supply is insured by animal
production, by converting inedible or unpalatable materials for people to milk or meat [2]. The
ingestion of milk and dairy products has been demonstrated to engender a plethora of advantages
for individuals of all age groups. Milk is a complex foodstuff, containing a variety of nutrients
including protein, fat, carbohydrates, vitamins, and minerals [3-6]. Evidence has demonstrated that
the ingestion of milk protein can contribute to the reduction of adipose tissue and body mass [7-10].
This phenomenon may also be attributable to whey protein's capacity to diminish appetite and
enhance satiety [11,12]. It is encouraging to note that the effects in question have been observed in
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both healthy and overweight subjects [13-17], or diabetic people [18,19]. Cattle are responsible for
the production of 81% of the total milk yield, buffaloes for 15%, goats with 2%, sheep 1% and the
remaining share is provided by camels, yaks, equines, etc. [20].

A more detailed analysis of the milk produced by cattle reveals that a big part of it is produced
by Holstein cows, the breed with the highest milk production. The current mean yield is
approximately 11000 kg per lactation [21], with some records demonstrating yields in excess of this
threshold. It is noteworthy that there are also some long-lived producers, such as a 14-year-old
Holstein cow that has produced a total of no less than 218,000 kg of milk and is still producing [22].

This development can be attributed to the consistent genetic progress that has been observed in
the Holstein breed [23]. It should also be mentioned that the actions taken to increase milk production
have also had undesirable repercussions on the reproductive parameters of cows, in particular on
conception rate [24]. Consequently, discourse among farmers is focused on a significant concern
pertaining to reproductive activity, particularly as this has been demonstrated to exhibit a negative
correlation with milk production [25-27]. Nevertheless, a divergence of opinion is evident. For instance,
Santos & Ettema [28] posited that a highly complex correlation exists between elevated milk production
and reproductive performance, which necessitates meticulous scrutiny. While other authors posit that
inadequate management practices are responsible for the inability of cows to conceive and maintain
gestation, irrespective of milk production, this position is not universally held [29].

The age of the first calving is a primary and pivotal factor in the reproductive activity of dairy
cows. Its significance is attributable to the fact that its timing is analogous to the cow's entry into
production. In an effort to reduce costs, farmers have been known to shorten the non-productive
period, that is to say, they lower the age of the first calving [30,31]. Nevertheless, an exaggerated
decrease in this parameter can have deleterious effects, such as causing the cow to experience
difficulties during parturition or to remain with health conditions. Many authors suggest that the age
of the first calve should be less than or equal to 24 months, in order to ensure profitability at the farm
level [32-35].

Another essential reproductive parameter in the reproductive activity is the birth rate. It is
reasonable to hypothesize that farmers will desire a high level of this parameter; however, the
question must be posed: are twin pregnancies also desired? The response to this issue is negative,
according to the findings of the research. Twinning will reduce profitability, through negative effects
on calves born as twins [36]. Concurrently, there is an elevated prevalence of pregnancy
complications, including abortion, retained placenta, and metritis, among female subjects carrying
twins [37]. In the past, it has been established that each twin birth produces an economic loss of about
$110 [38,39], such an analysis will not be carried out soon, but the results would be extremely
interesting.

A further parameter that exhibits a high degree of correlation with the reproduction
management of a dairy farm is the calving interval. The definition of the term under discussion is the
time interval between two successive parturitions, the interest of farmers is to keep it as low as
possible. It is an established fact that shorter calving intervals naturally result in a higher number of
offspring and a higher milk yield per day [40]. Nevertheless, the question of the optimal minimum
value remains contentious. The rationale behind this is that a lower minimum value is associated
with an elevated risk of developing parparturient disorders [41]. In many countries, selection for
improved milk production has increased this range, including: Canada [42], U.K. [43], Spain [44] and
the Netherlands [45].

It is imperative to incorporate the postpartum period, specifically the interval between
parturition and the subsequent insemination, into the analysis of reproductive indicators. This period
between calving and insemination is called the service period [46]. The optimal value of this indicator
is 80-90 days, which is to some extent an indicator of reproductive functions [47-52].

Any discussion of insemination activity in dairy cows must of course include the number of
inseminations per gestation period. As the number increases, so too do the costs on the farm, which
in turn has a detrimental effect on profitability. The increasing utilisation of sexed semen is not
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conducive to the efficacy of this indicator, as the sexing process has been shown to reduce sperm
viability [53]. Moreover, as if this fact were not sufficient, the probability of the cow becoming
pregnant by increasing the number of spermatozoa in the straw cannot be increased [54,55]. In the
contemporary context, the number of inseminations per gestation period on dairy farms necessitates
heightened scrutiny to enhance cost efficiency and financial viability.

The overall picture for dairy cows is simple: the desire to improve milk production has driven
down the level of reproductive indicators [56-58]. The objective of this paper is to analyse the current
level of reproductive parameters and establish their correlations. In addition, it will determine the
optimal level that ensures optimal activity and maximum profitability of the farm.

2. Materials and Methods

2.1. Farms and Animals

This paper is based on biological material from 5 farms, located in different geographical areas
of Romania. The positioning of the farms was not arbitrary; rather, it was meticulously selected to
ascertain whether the geographical area and the relief shape exerted any influence on the level of
reproduction parameters. However, it should be noted that all of the farms under discussion are
engaged in the farming of the same breed of cattle, called Holstein.

In all farms, regardless of the region, we are talking about a herd of more than 500 cows milked
3 times a day. The cows are kept in free stalls, in modern housing with individual resting places on
rubber mats. The milking takes place in specially designed side-by-side milking parlours. The size of
the parlours varies from 2 x 14 to 2 x 20. Milk yields on the farms analyzed start from an average of
about 10 000 kg (Farm E) per standard lactation and reach up to 15000 kg (Farm B). It is evident that
the observed production levels are indicative of high-performing cows, whose reproductive activity
poses significant management challenges.

2.2. Data for Analysis

The farms under consideration in this paper are part of the Holstein Cow Breeders Association
- Romania. This breeding society (Holstein RO) has been awarded national accreditation in order to
undertake Official Control of Production. In addition to this, the society is responsible for the
establishment and maintenance of the Genealogical Register of the Holstein breed. The association
being also member in WHFF (World Holstein Friesian Federation), this finding demonstrates that the
trend of the Holstein breed is also being followed at a national level. The primary data on which this
paper is based have been provided by Holstein RO. Consequently, they are the result of official
control, and thus they are characterised by high accuracy and objectivity.

In the 5 farms included in the study, we aimed to analyse the levels of the following reproductive
parameters:
e age of the first calving;
e  birth rate;
e calving interval;
e  service period;
e number of inseminations per gestation.

Another proposed objective was to calculate the reproductive efficiency indicator. It can be
determined using the following formula:

365(n —1)100
E="TT1— """
d
E - the efficiency indicator of using the cows at reproduction

n - the number of parturitions (or lactations)

d - the interval between the first and last parturition (days)

The value of the indicator is considered to be optimal when it is higher than the 85% threshold.

Correlations have also been established between age of the first calving and milk production,
reproductive efficiency and the level of certain reproductive or production indicators.
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2.3. Statistical Analysis

Statistical analysis was performed by using the R programe, version 4.4.2 and for the graphical
illustration of the results the software GraphPad Prism 10. The results were visualised using box plots
and bar graphs, and p < 0.05 was considered statistically significant.

2.4. Ethical Review

Cow owners were informed about the purpose of this scientific study. Verbal informed consent
was obtained from all farmers participating in the study. To respect farmers' confidentiality, the farms
have been coded with letters (A - E).

3. Results
3.1. Age of the First Calving

The age at first calving is a reproductive indicator with particular implications for the
reproductive longevity and productivity of dairy cows. However, it is also an efficiency indicator,
denoting the proportion of the dry period in the animal's life. The age of introduction to reproduction
of young female has decreased significantly over the last 30 years. Nevertheless, it is crucial to
emphasise that the onset of the first pregnancy should occur when the cows possess a fully developed
pelvis and the body weight reaches 75% of the weight of the adult animals of the same breed. This
indicator was analyzed over three years (2022-2024) in 5 farms breeding Holstein cows, located in
Romania as shown in Figure 1. From each farm, the existing data in the zootechnical records were
analyzed for a sufficiently large, statistically assured number of animals so that the results would be
relevant. Table 1 shows the dynamics of age at first calving in days for the 5 farms. A comparative
analysis of farms and by year reveals that the highest precocity is recorded in Farm B, located in
Eastern Romania, specifically in the region of Moldova. There, the age of first calving decreased from
22.65 months in 2022 to 22.53 months in 2024, with a significant difference between means (p < 0.05).
With a coefficient of variability not exceeding 8.94%, the broodstock is also relatively homogeneous.
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Figure 1. Location of farms surveyed in Romania.
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Table 1. The dynamics of the age at the first calve of Holstein cows (in days).

Age at the first calve (days)

Farm studied Year of reference p-Value
2022 2023 2024
N 816 742 796
Farm A X + Sx 75736 +6.07 738.89+291  738.31+2.15 3.171%**
S 172.26 79.08 60.53
CV (%) 22.75 10.7 8.20
N 684 738 809
1.27*
X + Sx 679.49+233 677.01+1.64 67592+1.57
Farm B
S 60.73 44.67 44.63
CV (%) 8.94 6.60 6.60
N 454 618 641 3.38%**
Farm C X + Sx 731.04+2.68 726.71+2.02 722.10+1.81
S 42.72 45.32 43.83
CV (%) 5.84 6.24 6.07
N 424 445 519 1.65%*
X # Sx 733.45 +5.31 710.7 +4.07 722.82 +3.96
Farm D
S 107.08 84.46 86.39
CV (%) 5.31 11.88 11.95
N 412 595 628
X # Sx 671.10+5.13  703.83+4.23  718.04 +3.77 7.62%**
Farm E
S 100.23 99.49 92.51
CV (%) 14.93 14.14 12.88

significant * p < 0,05 ; significantly distinct ** p < 0,01; very significant *** p <0,001.

The study demonstrates that, with regard to average milk yield per standard lactation (305 days),
there are particularly favourable outcomes, exhibiting very significant increases over the three-year

period analysed (see Table 2).

Table 2. Milk yield dynamics per standard lactation on Holstein dairy farms.

Quantity of milk (kg)/305 lactation days

Farm studied Year of reference p-Value
2022 2023 2024
N 816 742 796
X+5x 13062.77 £10.85 14316.3 +22.23 14306.59 +12.7 1.21*
Farm A S 310 605.5 340.65
CV (%) 2.37 4.23 238
Farm studied Quantity of milk (kg)/305 lactation days p-Value
Year of reference
N 684 738 809
3.13***
X+£5x 12783.19 £83.7214684.72 + 19.18 15514.01 £ 29.31
Farm B
S 889.64 521.13 833.87
CV(%) 17.13 3.54 5.37
N 454 618 641 2.28%*
Farm C X +Sx  12549.08 +44.95 12255.60 + 33.78 9731.43 + 30.72
S 957.86 840.47 777.9

CV(%) 7.64 6.85 7.9
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N 424 445 519 5.98%+*
armp | XESx 9749382088 10546.93 £39.79 11163.22 + 26.97
S 430.71 839.35 597 4
CV(%) 441 7.95 5.35
N 412 595 628
Farm | XESX 10293(;?? T 11598.05+ 68.4312042.41 + 8437 13.11%*
S 437.81 1669.28 2114.42
CV(%) 4.02 14.39 17.55

significant * p < 0,05 ; significantly distinct ** p < 0,01; very significant *** p <0,001.

During the three-year study period, milk yield per standard lactation exhibited an increase on
all farms, ranging from 9.52% on Farm A to 21.36% on Farm B. The exception to this upward trend is
farm C, where there is a decrease in average production per standard lactation, while the number of
cows in the herd is increasing. In general, the correlations between milk yield per standard lactation
and age at first calving are weakly positive, except for the situation found on Farm C in 2022 and
Farm E in 2024, where the correlations are very weak but in a negative direction. We also note a
stronger correlation of 0.25 calculated for the year 2024 for Farm D (Table 3).

Table 3. Value of phenotypic correlations between milk yield per standard lactation and age at first calving.

Farm Value of phenotypic correlations
2022 2024

Farm A 0 0.05
Farm B 0.13 0.06
Farm C -0.06 0.03
Farm D 0.01 0.25
Farm E 0 -0.06

3.1. The Interval Between Successive Parturitions

Calving-interval is the indicator that highlights the rhythmicity of reproduction on dairy farms.
This was based on the idea that each cow had to produce a calf every year, which was no longer
possible with the increase in production through the use of animals with a longer service life, i.e. the
interval between calving and fecund insemination. This paradigm shift in Holstein cow breeding is
supported by the notion of a prolonged gestation rest period for dairy cows, with consideration given
to the lactation phase, during which time the cow's body experiences significant strain. Thus, this
lactation phase, superimposed on the transition period, puts the cow's body under particular strain,
i.e. recovery after gestation and parturition, negative energy metabolism combined with a capricious
appetite, which leads farmers to inseminate cows in the third-fifth heat cycle (Table 4).

Table 4. Calving interval dynamics of Holstein cows (in days).

Calving intervalul (days)

Farm studied Year of reference p-Value
2022 2023 2024
N 816 742 796
Farm A X + Sx 392.22 +1.94 396.6 +2.54 400.1 +1.87 1.55%
S 45.97 53.88 44.62
CV (%) 11.72 13.59 11.15
N 684 738 809
X + Sx 389.80 + 3.59 393.77 +3.97 395.85 + 3.38
Farm B
S 73.57 82.76 75.53 1.56*

CV (%) 18.87 21.02 19.08
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N 454 618 641
Famc | XESY 40493+447 39844414 404742395
S 78.24 78.35 75.35 0.04
CV(%) 19.32 19.66 18.62
N 424 445 519
Farmp | XEST 39362478  37575:385 40310+ 483
s 76.19 59.61 82.76 1.83*
CV(%) 19.36 15.87 20.53
N 412 595 628
Farmp | XESX 40061503 40005483  401.16+3.42
s 84.75 87.95 71.31 0.10
CV(%) 21.15 21.99 17.78

significant * p < 0,05 ; significantly distinct ** p < 0,01; very significant *** p <0,001.

As demonstrated in Table 4, the examined herds exhibited an overall upward trend in the
calving interval, with increases ranging from 0.04 to 2.4%, except for farm C, where the calving
interval declined concurrently with a decrease in milk production. Differences between means
ranged from insignificant to distinctly significant. It is also noted that the analyzed effective showed
medium to high variability (21.99%).

3.3. Number of Inseminations per Gestation

Figure 2 shows the dynamics of the number of artificial inseminations required to achieve a
gestation. For all the farms analyzed the number of Al/gestation increased from year to year; the
highest number of Al/gestation was recorded on farm D, i.e. 2.76. The increase in Al/gestation is
concomitant with an increase in gestation interval by 2.4% and in the correlation between milk yield
and gestation interval (+0.25). The increase in the number of Al/pregnancy at the same time as the
increase in the calving-interval may be explained by management deficiencies in performing
insemination at the optimal time of estrus.

Dynamics of the number of
inseminations per gestation

2,76

Farm 2 Farm 3 Farm 5

2022 2023 o) (024

Figure 2. Dynamics of the number of inseminations per gestation on the farms analyzed over the 3 years.
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3.4. Efficiency of Using Cows for Reproduction

Table 5 shows summary indicators of the efficiency of the use of cows for breeding purposes on
the farms in the study. Although we are talking about farms with remarkable average yields, the
average number of lactations completed for culled cows over the last three years has ranged between
3.84 and 4.38. The indicator of efficiency of using cows for reproduction correlates best on Farm B
(93.15%) with the shortest interval between first calving and last calving and an average number of
lactations completed below 4. In addition, the efficacy of utilising dairy cows for breeding purposes
on this farm is evidenced by the augmentation in average milk production by 21.36%, concomitant
with a reduction in the age at first calving of 3.57 days.

Table 5. Holstein reproductive efficiency indicators (in days).

Farm studied
Farm A Farm B Farm C Farm D Farm E

Efficiency indicators

Number of cows culled 544 458 430 198 283
Average value of the interval
from first to last gestation 3.45 3.09 3.17 3.18 3.74
(years)
Average number of 419 3.88 3.84 3.98 4.38
completed lactations
Efficiency of use in 9243 9315  89.69  93.64 90.35

reproduction (%)

4., Discussion

The age of first calving is an indicator most influenced by the appropriate management applied
on the farm because the farmer is directly interested in increasing the lifetime production of the
animal, but also in obtaining a high number of offspring. Scientists have concluded that young
females should have their first parturition by 24 months of age, based on research conducted over
the years. If the age of the first calving is too low, there is a risk that the milk quality parameters may
be influenced and also the reproductive condition of the cow in question [28]. Whereas more than 30
years ago, the age at first calve was around 31.5 months, by 2022 it will have dropped to 27.3 months
[59]. Research conducted on five high-performing dairy farms in Romania revealed an average age
at first calving of 715.43 days (23.84 months), with limits between 675.92 + 1.57 days (22.53 months)
in Farm B and 738.31 £ 2.15 days (24.61 months) in Farm A in 2024.

Despite the anticipation of a more robust correlation between milk yield per standard lactation
and age at first calving, the data presented in table 3 reveals a weak or non-existent correlation, with
the exception of Farm D (0.25), where a substantial increase in milk yield was accompanied by a
decline in age at first calving. With regard to average milk yield per standard lactation, the selected
farms were distinguished by exceptional yields, in conjunction with effective management and a
strong genetic background of Holstein cows. At the level of 2024, a high degree of uniformity within
the herds is evident, with the coefficient of variability indicating values ranging from 2.38% to 7.9%.
However, notable variations in the average yields per head are observed on Farm E, indicating
significant disparities amongst the herds. Significance testing of the differences between the means
of 2022 and 2024 revealed significant to highly significant differences (p < 0.001). Among the farms
analysed, Farm A is distinguished by its average milk production of 15514.01 + 29.31 kg. The
exceptional average milk yields achieved are attributable to the importation of biological material,
notably sexed semen from the most prominent US bulls, in conjunction with the implementation of
breeding technology protocols tailored to the specific needs of US farmers. The standards of US
farmers are very high, with animals in the top 100 achieving average daily milk yields of 89 kg. The
young female inseminates for the first time at around 13 months of age, so that the first parturition is
between 23 and 26 months [28,59].
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The interval between two parturitions is an indicator dependent on the duration of gestation,
which is generally constant, and the service-period (the interval from parturition to the first artificial
insemination) which is the main variable. The adjustment of this variable constitutes a fundamental
element of a farmer's strategy, ultimately resulting in enhanced productivity and profitability. The
main key factors influencing transition management are nutrition and environment. Service-period
overlaps with the onset of lactation when the cow mobilizes body reserves to support milk
production, body weight is 5-8% lower than at calving and appetite is low (intake is 45% lower);
recommended rations with optimal energy, protein, mineral and vitamin levels (energy/protein ratio
- 1.0/4.5, phosphorus/calcium - 1.0/1.4, sodium/potassium - 0.7/1.0); providing concentrated feed
(more than 50% of the nutritive value of the ration); feed in more frequent feedings, especially
concentrates, but not more than 2-2.5 kg/meal; good preparation of cows during the resting period
by rational feeding.

The ideal calving interval is defined as being less than 400 days. This particular effort on the part
of farmers on the farms that were analysed is identifiable in the three-year study. Farms B (395.85 +
3.38 days), A (400.1 £+ 1.87 days) and E (401.16 + 3.42 days) achieved average calving-interval values
in 2024 closest to the level of efficiency. Testing the difference in means between 2022 and 2024 shows
that the differences are significant or distinctly significant (Table 4).

The number of Al/gestation is a pivotal factor in the realm of farm management, particularly in
the context of reducing input costs. This is achieved by addressing the utilisation of sexed semen.
Although farmers make substantial efforts to reduce the number of inseminations per gestation,
Figure 2 shows that the results are very low. In farms B, D, F in 2024 the trend was an increase in the
number of inseminations per gestation, concomitant with an increase in the calving interval and in
the average production per head. The phenomenon can be elucidated by the observation that dairy
cows characterised by elevated productivity levels demonstrate ethologically minimal levels of heat
stress. Consequently, the implementation of sensor-based systems to monitor their activity is
requisite. Identifying the optimal time of insemination also remains an important factor to improve
at farm level.

Efficiency of use of cows for reproduction (E %) is the summary indicator that gives an overview
of farms, correlated with the productive longevity of cows, i.e. the average number of lactations and
the interval from first to last pregnancy. The study of large herds of culled cows indicated an efficient
use of cows for breeding on the farms analysed.

5. Conclusions

Research conducted between 2022 and 2025 on five modern farms with substantial Holstein
cows populations revealed that the age at first calving ranged from 22.53 months to 24.6 months in
the final year of the study. Furthermore, there was an observed increase in milk yield of up to 21.36%.
The herd from Farm B, located in Eastern Romania, showed the highest increase in milk production,
had the lowest age at first calving and the average calving interval ranged from 389.8 days to 395.85
days, with an average number of Al per gestation of 1.92, over three years and a very good
reproductive efficiency (93.15%).
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