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The growth rate of replacement heifers significantly impacts their reproductive capacity and subsequent milk
production. Therefore, breeding methods should be evidence-based to maximize the productivity of animals
throughout their lives. To study this issue, we analyzed the zootechnical records of dairy cattle breeding enterprises
in the Kharkiv and Poltava regions of Ukraine. We found that production technology on a particular farm most
influenced heifer growth intensity. The influence of the “farm" factor on heifers' live weight at 3 months of age was
6.4%; at 6 months, 3.8%; at 9 months, 6.1%; at 12 months, 7.0%; and at 15 months, 13.2%. The youngest age at
first insemination was observed in heifers from the Kutuzivka and Stepne farms due to their accelerated growth.
Heifers from the "Gontarivka" and “Agroprogress” farms were inseminated later (after 3 months). Except for the
SE RF "Named after Decabrysty", all farms showed a tendency to reduce the service period duration with an in-
crease in lactations. This indicates similar selection methods on these farms. The results of the study showed that
animals with the greatest live weight gain were significantly younger at first insemination. The milk yield of first-
born heifers positively correlated with live weight at 15 months of age. The early maturity of replacement heifers
contributes to the intensive reproduction of the herd and increases the profitability of dairy farming. Further research
should determine the effect of growth intensity on cow fertility and calf survival.
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Introduction

The primary objective of agricultural production is to supply the
population with high-quality products (Geletu et al., 2021; Rueda-
Garcia et al., 2024). Dairy farming is the primary agricultural sector in
many leading countries (Paliy et al., 2020; Ventura et al., 2021; Kui-
pers et al., 2024). Replacement heifers are essential for the future pro-
ductivity and profitability of dairy herds (Eastham et al., 2018; Over-
ton & Dhuyvetter, 2020). Rearing replacement heifers accounts for
approximately 15-20% of total farm investments, making it the se-
cond largest cost on a dairy farm (Sommerseth et al., 2024). Daily
weight gain is a decisive factor in the effective breeding of productive
dairy heifers and significantly affects milk yield during the first lacta-
tion (Chester-Jones et al., 2017). Furthermore, an increase of every
0.1 kg is associated with an increase in milk yield of 85-113 kg du-
ring the first lactation (Soberon et al., 2012). While this finding has
not always been replicated in similar studies (Davis Rincker et al.,
2011; Kiezebrink et al., 2015), it has been concluded that increasing
daily pre-weaning live weight gain above 0.5 kg/day can improve the
efficiency of the first lactation (Gelsinger et al., 2016). Ukrainian rese-
archers also found that, at 12-15 months of age, animals with a
growth rate similar to that of the average herd, with deviations within
+05 standard deviation, had a long productive period (Klim-
kovetskyi, 2020). Other studies have demonstrated that achieving
higher live weight gains before sexual maturity results in lower ages
at first calving and positively affects milk yield during the first lacta-
tion. Additionally, there is a negative relationship between the fre-
quency of inseminating heifers before first calving and achieving
higher live weight gains before sexual maturity (Vacek et al., 2015).
Heifers with growth retardation at any time during the first year were

characterized by an older age at first calving (4.7—7.9%, depending on
when growth retardation occurred), a lower live weight during the
first year of life (4.1-24.4%), and lower milk productivity during the
first lactation (lower milk yield by 6.1-13.2%, lower milk fat yield by
7.4-13.1%, and lower milk protein yield by 8.7-17.3%) and lifetime
milk productivity (lifetime milk yield by 12.1-25.9%, milk fat + milk
protein by 13.1-26.3%) (Polupan et al., 2024). However, other stud-
ies indicate that accelerated heifer rearing does not always affect life-
time milk production (Krpalkova et al., 2014; Salte et al., 2020).

The body weight of a mature cow is an important factor associat-
ed with dairy heifer growth (Zimmermann et al., 2021; Busanello et
al., 2022). Economic analyses have shown that larger, well-bred heif-
ers are more profitable due to their greater productive potential (Snel-
ling et al., 2019). Body weight at mating is associated with the subse-
quent calving date, the subsequent live weight of the cow, and the
milk fat and protein yield (Archbold et al., 2012). Previous studies
have found a positive relationship between pre-calving body weight
and milk production during the first lactation (McNaughton &
Lopdell, 2013; Etvelde et al., 2017). These results support the conclu-
sion that higher productivity during the first and second lactations can
be achieved by raising heifers to a higher body weight. New Zealand
scientists have identified the potential to increase milk production
during the first lactation by raising heifer body weight. They also
suggest that balanced feeding of lighter heifers before calving could
lead to greater milk production (Handcock et al., 2019; Martin et al.,
2020). Other studies have shown a positive relationship between the
live weight of replacement heifers and their reproduction and re-
sistance to negative factors (Handcock et al., 2020).

The age at first calving is also an important determinant of herd
productivity, with optimal future cow productivity. In herds with ma-
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nagement that ensures adequate body size and body condition assess-
ment at both insemination and calving, a first calving age of less than
23 months is recommended for best subsequent productivity and re-
production (Krpalkova et al., 2014). Other studies indicate that ani-
mals that first calved between 22 and 26 months of age had more
lactations and productive days in their lifetime. They also had higher
milk production in the first and second lactations and throughout their
lives (Froidmont et al., 2013). Norwegian scientists also recommend
planning the age of first calving at 22 months (Salte et al., 2020).
Comparing the connection between the age of first calving and pro-
ductivity and fertility traits, other scientists have found that lowering
the age of first calving correlated with higher fertility and greater milk
yield (Hutchison et al., 2017). In addition, the survival rate of herds
calving at a younger age increased because the cow continued to have
good fertility (Wathes et al., 2014). Poor growth, health, and nutrition
during the growing period often lead to an increase in the age at first
calving, primarily due to their negative impact on heifer fertility (Wa-
thes et al., 2008). Conversely, calving too early has been linked to an
increased risk of dystocia, as well as reduced milk yield, quality, and
reproductive performance. A higher age at first calving is associated
with a higher percentage of milk fat and a lower percentage of milk
protein (Ghavi Hossein-Zadeh, 2011).

Thus, analysis of the literature shows that there is no consensus
on whether the reproductive capacity and productivity of cows de-
pend on their growth rate. The purpose of this study was therefore to
determine and compare this dependence under different milk produc-
tion technologies.

Materials and methods

The work was carried out on the basis of dairy cattle breeding en-
terprises: private enterprise (PE) "Agroprogress", state enterprise rese-
arch farm (SE RF) "Kutuzivka" and "Gontarivka" in Kharkiv region,
as well as SE RF "Named after Decabrysty" and "Stepne" in Poltava
region of Ukraine. At the SE RF "Kutuzivka" dairy complex, the ani-
mals are kept on free-range, long-lasting straw bedding. The cows are

Table 1
Growth intensity of heifers

milked in a hall using a Yalynka milking machine. At the SE RF
"Named after Decabrysty" farm, both free-range and stall housing are
used. The other farms use stall housing. The milk yield per cow dur-
ing the review period was over 6,000 kg.

The calculations used data from the farms' zootechnical and bree-
ding records. The live weight of heifers was converted to the exact
age in months. The results were analyzed using a set of generally
accepted methods: systematic review (introduction and discussion),
generalization (interpretation of results), and zootechnical (assessment
of productivity, reproduction).

The mean and standard error of the mean (x + SE) were calculat-
ed for the data obtained. A one-factor analysis of variance was per-
formed to determine the probability of differences between the gro-
ups. The strength of influence of the factors was calculated as the ratio
of the intergroup variance to the total variance, expressed as a per-
centage. The probability of differences between individual groups
was determined by the a posteriori Tukey test. Correlation and regres-
sion coefficients (rxy) were calculated to establish dependencies. The
regression analysis used the stepwise inclusion method, which pro-
vides for F-inclusion only of variables with a probability level <=
0.05 and F-exclusion >= 0.1. We also used the squared values of the
variables to determine possible nonlinearities in the relationships.

Results

The growth dynamics of heifers in different farms had its own
characteristics. Thus, the differences between the maximum and mi-
nimum average live weight at 3 months of age were 10.0 kg, at
6 months of age — 16.8 kg, at 9 months of age — 28.6 kg, at 12 months
of age — 31.4 kg, and at 15 months of age —61.2 kg. It is important to
note that the lowest average live weight, starting from 6 months of
age, was in heifers of PE "Agroprogress". At 15 months of age, heif-
ers of SE RF "Kutuzivka" and SE RF "Stepne" prevailed in body
weight, although at 3 months of age these animals had the lowest
weight (Table 1).

Live weight (kg) at the age of, months

Farm 3 6 9 12 15
n X+ SE n X+ SE n X+ SE n X+ SE n X+ SE
PE "Agroprogress" 1793 889+03° 1610 139.8+0.6* 1585 1905+0.7¢ 1506 2495+0.82 1576 306.2+1.02
SE RF “Named after Decabrysty" 1291 895+03° 1217 1505+0.7° 1251 210.2+0.9° 1158 276.6+12° 1009 3441+1.3°
SE RF “Gontarivka" 1111 90.7+049 1121 1566+06° 1109 217.9+0.9¢ 1173 279.8+1.0° 1027 341.2+13°
SE RF "Kutuzivka" 4950  848+01P 4755 151.6+04° 4705 2134+06° 4634 2846+0.8° 4460 363.1+1.0°
SE RF "Stepne" 1461 80.7+03* 1409 151.5+05° 1464 219.1+0.7¢ 1448 290.9+0.9¢ 1445 3674+x1.1°

Notes: means in each column followed by different letters are significantly different from one another in the results of the comparison using the Tukey test (P < 0.05).

The share of the influence of the factor "farm" on the live weight
of heifers at 3 months of age was 6.4%, at 6 months — 3.8%, at
9 months — 6.1%, at 12 months — 7.0%, and at 15 months — 13.2%.

The lowest age of first insemination was observed in heifers of
SE RF "Kutuzivka" and SE RF "Stepne" due to the higher intensity of
their rearing. The heifers of SE RF "Gontarivka" and PE "Agropro-

Table 2
Reproductive capacity of animals

gress" were inseminated later (more than 3 months). As for the ser-
vice period, the shortest duration for all lactations was inherent in the
SE RF "Kutuzivka" cows. On all farms, except for SE RF "Named
after Decabrysty", there was a tendency to decrease the duration of
the service period with an increase in the lactation number. This indi-
cates the same selection methods on these farms (Table 2).

Service period duration, days

Age of first insemination, days

Farm first second third fourth
n X+ SE n X+ SE n X+ SE n X+ SE n X+ SE
PE "Agroprogress" 1634 590.7 +3.0¢ 1201 161.0+2.9% 793 154.6+3.3* 455  150.6 £4.0° 199 1423+552
SE RF "Named after Decabrysty" 1625 543.9+3.0° 1280 210.0+3.4¢ 850 181.1+3.6° 460 172.2+4.6¢ 192 1934+8.1°
SE RF "Gontarivka" 1687 596.9 +2.7¢ 1203 168.2+32° 702 146.9+35* 365 1415+4.4d 169 151.2+7.92
SE RF "Kutuzivka" 3906 506.6 +1.42 2299 151.1+22% 1235 1472+27° 576 129.9+35% 214  1299+4.92
SE RF "Stepne" 1439 507.8+2.22 973 1685+35" 665 1555+4.00 414 1417 +4.4® 229 131.8+5.8?

Notes: as in Table 1.

The most significant factor influencing the age of first insemina-
tion of heifers was production technology on the farm, accounting for
12.6% of the variation. Differences in the duration of the service peri-

od were attributable to this factor, ranging from 3.4% to 6.1%. There
were significant differences in cow milk yields over 305 days of lacta-
tion and in fat content in milk across different farms. The milk yield
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exhibited a variation of 8.3% to 14.2%, depending on the production
conditions, and the percentage of fat in milk demonstrated a range of
28.7% to 43.7%, varying according to the age of the cows. Differen-
ces between the maximum and minimum average milk yield in the

Table 3
Milk productivity of cows

0.44%, respectively (Table 3).

first lactation were 1424 kg, in the second — 1629 kg, and in the
third— 1921 kg, and in the percentage of fat — 0.51%, 0.43%, and

Lactation
first second third
Farm n n;(l)llg g;;ls(? Eg fat content,% n 23'5( é’:;lg Eg fat content,% n rgéllg é’:;lg Eg’; fat content,%
X+ SE X+ SE X+ SE X+ SE X+ SE X+ SE
PE "Agroprogress" 1179 6460 + 35° 356+001° 758 7009 +53° 359+0012 438 7160+70° 3.65+0.012
SE RF "Named after Decabrysty" 1247 6623 £51°¢ 395+001¢ 749 7314 £30° 3.95+001° 423 7483 +434 3.95+0.01°¢
SE RF "Gontarivka" 1344 5668 + 282 4.01+0.01¢ 816 6168 + 42 4.02+0.01¢ 435 6252 +642 4,03 +£0.02¢
SE RF "Kutuzivka" 2496 6479 +31° 3.69+001c 1390 7048 +52b 3.71+001> 637 6712+84° 3.72+£001°
SE RF "Stepne" 1049 7092 + 314 350+0012 715 7797 +504 359+0012 442 8173+72¢° 3.61+0.012

Notes: as in Table 1.

Changes in cow milk yield over 305 days of lactation due to their
age in different farms had their characteristics. Thus, the milk yield of
PE "Agroprogress" cows in the second lactation was 108.5%, and in
the third lactation, 110.8% compared to the first lactation. In the ani-
mals of SE RF "Named after Decabrysty", milk production increased
by 10.4% and 13.0%, SE RF "Gontarivka" — by 8.8% and 10.3%, SE
RF "Kutuzivka" — by 8.7% and 3.6%, and SE RF "Stepne" — by 9.9%
and 15.2%, respectively. As for the age-related changes in fat content
in cow milk, on all farms, except for SE RF "Named after Decab-
rysty", it slightly increased.

Thus, the farms had differences in the technology of keeping and
feeding animals, as well as in the methods of breeding work with the
herd, which led to some differences, namely in the growth of repair
heifers and the age of their first insemination, reproduction, and
productivity indicators. Next, the correlations between the live weight
of heifers at different ages and the indicators of their subsequent re-
production were considered (Tables 4-8). The age of first insemina-
tion of heifers had a weak negative relationship with their live weight
at three months. The values of the correlation coefficient were signifi-
cant for all farms. The highest value was obtained from SE RF "Gon-
tarivka", and the lowest from PE "Agroprogress". The first service
period had a very low positive correlation in PE "Agroprogress" and a
weak negative correlation in SE RF "Gontarivka™. The values of the
correlation coefficients of heifer weight at three months with service
periods in other calculations were unreliable.

The strength of the relationship between the age of first insemina-
tion and live weight of heifers determined at an older age increased
with age. Thus, the values of the correlation coefficients determined

Table 4

for heifers of PE "Agroprogress” at 6 months of age differed by
0.109, at 9 months by 0.187, at 12 months by 0.287, and at 15 months
by 0.385 relative to 3 months of age. For SE RF "Named after Decab-
rysty" animals, the differences were: 0.100, 0.204, 0.229, and 0.276,
SE RF "Kutuzivka" — 0.225, 0.293, 0.374, and 0.403, SE RF "Step-
ne" —0.104, 0.218, 0.234, and 0.264, respectively. Only SE RF "Gon-
tarivka" did not show the above-mentioned increase in the strength of
connection.

We found weak probable correlations between live weight at
12 months and the duration of the first service period in animals of SE
RF "Kutuzivka" and SE RF "Stepne" and the fourth service period in
the latter farm. Also, a weak relationship was observed between live
weight at 15 months and the duration of the first service period in
animals of SE RF "Kutuzivka". In other cases, the service period did
not depend on the weight of the animals during rearing.

According to the data of the experimental farms, a significant
positive correlation between the age of first insemination of heifers
and the duration of the first service period was found. However, the
strength of the correlation is very low. The duration of other service
periods did not depend on the age of first insemination (Table 9).
It should be noted that the established dependencies indicate an in-
crease in the first service period in cows that calved at an older age.

The correlation coefficients between the live weight of heifers at
3 months of age and their subsequent milk yield during the first three
lactations differed both in the direction of the relationship and its
strength. Thus, significant positive correlations of body weight with
milk yield during the first lactation were found on all farms.

Correlations of live weight of heifers at 3 months of age with their reproductive functions

Age of first Duration of the service period, days
Farm insemination, days first second third forth
n Iy n Iy n Iy n Iy n Iy
PE "Agroprogress" 1325 -0.106** 950 +0.077* 624 +0.014 366 -0.025 150 -0.034
SE RF "Named after Decabrysty" 1030 -0.228** 804 +0.016 511 +0.015 260 -0.106 113 -0.143
SE RF "Gontarivka" 1226 -0.303** 825 -0073* 549 -0.044 331 -0.064 184 -0.067
SE RF "Kutuzivka" 382 -0.295** 2251  -0.033 1211 +0.002 568 +0.025 210 +0.027
SE RF "Stepne" 976 —0.147** 710 +0.017 398 +0.001 195 +0.033 79 -0.088
Notes: *—P < 0.05; **— P < 0.01.
Table 5
Correlations of live weight of heifers at 6 months of age with their reproductive functions
Age of first Duration of the service period, days
Farm insemination, days first second third fourth
n Ny n Iy n Iy n Iy n Iy
PE "Agroprogress" 1212 -0.215** 884 +0.002 584 +0.019 346 +0.025 138 -0.087
SE RF "Named after Decabrysty" 1031 -0.328** 804 -0.005 515 +0.076 257 -0.082 112 +0.146
SE RF "Gontarivka" 1207 —0.480** 823 +0.048 546 -0.013 336 +0.008 186 +0.065
SE RF "Kutuzivka" 3831 -0.520** 2255 -0.030 1210 -0.032 566 +0.063 210 -0.033
SE RF "Stepne" 1001 —0.251** 730 +0.007 409 -0.085 192 -0.092 75 +0.087

Notes: as in Table 4.
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Table 6

Correlations of live weight of heifers at 9 months of age with their reproductive functions

Age of first Duration of the service period, days
Farm insemination, days first second third fourth
n Iy n Iy n Iy n Iy n Iy
PE "Agroprogress"” 1232 —0.293** 897 +0.018 579 -0.004 338 -0.016 147 -0.120
SE RF "Named after Decabrysty" 1110 —0432** 864 +0.004 561 -0.012 289 -0.095 114 +0.072
SE RF "Gontarivka" 1259 -0.425** 860 -0.015 577 +0.005 348 -0.020 190 +0.017
SE RF "Kutuzivka" 3877 —0.588** 2280 -0.035 1221 -0.022 571 +0.060 211 +0.014
SE RF "Stepne" 987 -0.365** 713 -0.030 404 -0.038 190 -0.053 76 +0.203
Notes: as in Table 4.
Table 7
Correlations of live weight of heifers at 12 months of age with their reproductive functions
Age of first Duration of the service period, days
Farm insemination, days first second third fourth
n Iy n Iy n Iy n Iy n Iy
PE "Agroprogress"” 1180 -0.393** 854 +0.005 551 +0.004 321 +0.019 140 -0.099
SE RF “Named after Decabrysty" 1042 —0457*%* 818 +0.016 540 +0.010 276 -0.122* 110 -0.020
SE RF "Gontarivka" 1255 -0.480** 850 -0.011 573 -0.051 339 +0.017 190 +0.050
SE RF "Kutuzivka" 3885 -0.659** 2285  -0.041* 1225 -0.007 569 +0.062 211 +0.044
SE RF "Stepne" 1034 -0.381** 745 -0.083* 418 -0.018 204 -0.032 91 0.257*
Notes: as in Table 4.
Table 8
Correlations of live weight of heifers at 15 months of age with their reproductive functions
Age of first Duration of the service period, days
Farm insemination, days first second third fourth
n Iy n Iy n Iy n Iy n Iy
PE "Agroprogress" 1244 -0491** 903 +0.047 582 +0.005 334 +0.000 139 +0.056
SE RF "Named after Decabrysty" 931 —-0.504** 738 -0.011 503 -0.010 258 -0.102 91 +0.007
SE RF "Gontarivka" 1253 -0.480** 856 -0.048 576 -0.013 351 +0.008 193 +0.065
SE RF "Kutuzivka" 3829 -0.698** 2256  —0.057** 1214 -0.010 569 +0.045 211 -0.009
SE RF "Stepne" 896 -0.411** 656 —-0.055 360 -0.045 162 +0.072 65 +0.152
Notes: as in Table 4.
Table 9
Correlations of the age of first insemination of heifers with their subsequent reproductive functions
Duration of the service period, days
Farm first second third fourth
n Iy n Iy n Iy n Iy
PE "Agroprogress" 1189 -0.048 783 +0.032 450 -0.010 198 +0.035
SE RF “Named after Decabrysty" 1276 +0.080** 847 +0.052 457 +0.054 191 +0.034
SE RF "Gontarivka" 1246 +0.068* 971 -0.039 662 +0.010 246 +0.007
SE RF "Kutuzivka" 2298 +0.078** 1235 -0.002 576 +0.042 214 +0.049
SE RF "Stepne" 1203 +0.062* 701 +0.031 365 +0.074 169 —0.027

Notes: as in Table 4.

The highest value of the coefficient was found in SE RF "Named
after Decabrysty", and the lowest in SE RF "Stepne". The weight of
heifers at 3 months had a lower effect on milk yield at 305 days of the
second and third lactations. As for the fat content in milk; it was asso-
ciated with weight in different ways in different farms (Table 10).

The values of the correlation coefficients calculated between the
weight of heifers at 6, 9, 12 and 15 months and the indicators of their
subsequent milk productivity were in some cases similar to the previ-
ous ones, but differed in terms of the probability and direction of the
relationship in the farms (Tables 11-15).

The weight of SE RF "Stepne" heifers at 6, 9, 12, and 15 months
had no significant correlation with milk yield for 305 days of lactation
and the percentage of fat in milk for the first, second, and third lacta-
tions. In PE "Agroprogress", the weight of heifers at the ages of 6 and
9 months had no significant correlation with milk yield for 305 days
of lactation, regardless of the lactation number. Starting from the age
of 12 months, a positive correlation was found between live weight
and milk yield for the first and second lactations. As for the fat per-
centage in the milk of cows of this farm, it had a negative correlation
with the weight during rearing in most cases. It is important to note
that all significant correlations in all farms between the weight of
cows during rearing and their milk yield in the first lactation were
positive. As mentioned above, the age of first insemination had a
negative correlation with live weight during the period of animal

4

rearing. Atthe same time, the live weight of animals is positively
related to the milk yield during the first lactation. Negative correlation
coefficients between the age of first insemination and milk yield for
the first lactation were found in PE "Agroprogress" and SE RF "Ku-
tuzivka", and positive correlation coefficients were found in SE RF
"Stepne" (Table 15).

The results of calculations of regression equations that can be
used to determine the age of first insemination of heifers indicate that
it depends on the weight of heifers at 15 months of age on all farms,
as well as on the weight of animals at 9 months of age in SE RF
"Named after Decabrysty" and "Gontarivka" (Table 16). The regres-
sion coefficients for the predictors that were included in the equations
by the stepwise method were almost all negative (except for the
square of the weight at 15 months in the SE RF "Kutuzivka™). This
indicates a decrease in the age of first insemination with an increase in
their weight at 9 and 15 months of age.

It should be noted that the equations calculated for the animals at
the SE RF "Kutuzivka" farm most accurately describe the relationship
between the age at first insemination of heifers and their weight. The
coefficients of determination reflecting the correspondence between
the empirical and theoretical data for the equations derived from the
data of PE "Agroprogress” and SE RF "Gontarivka" were almost
three times lower.
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Table 10

Correlations of live weight of heifers at 3 months of age with their subsequent milk production

Lactation
first second third
Farm milk yield fat content, milk yield fat content, milk yield fat content,
n for 305 days, kg % n  for 305 days, kg % n  for 305 days, kg %
Ny Ny Ny Ny Ny Ny
PE "Agroprogress"” 929 +0.093** -0.046 608 +0.039 +0.057 354 -0.036 +0.172**
SE RF "Named after Decabrysty" 775 +0.203** +0.346** 438  +0.101* +0.226** 235 -0.027 +0.062
SE RF "Gontarivka" 888 +0.096** +0.260** 587  +0.092* +0.010 355  +0.164** +0.049
SE RF "Kutuzivka" 2440  +0.135** -0.016 1359 +0.020 -0055* 627 -0.099* -0.052
SE RF "Stepne" 783 +0.084* -0.016 467 +0.094* -0.069 245  -0.041 -0.140*
Notes: as in Table 4.
Table 11
Correlations of live weight of heifers at 6 months of age with their subsequent milk productivity
Lactation
first second third
Farm milk yield o milk yield fat content, milk yield o
n for 305 days, kg fat content, % for 305 days, kg % n  for 305 days, kg fat content, %
[ Ny Ny Ny Ny Iy
PE "Agroprogress"” 862 +0.040 -0.123** 562 +0.018 +0.005 327  +0.023 +0.167**
SE RF "Named after Decabrysty" 773 +0.158** +0.238** 438  +0.091 +0.238** 233 +0.157* +0.026
SE RF "Gontarivka" 884 +0.095** +0.310** 584  +0.167** +0.072 354 +0.109* +0.02
SE RF "Kutuzivka" 2447 +0.114** —0.046* 1364 -0.099** -0.150** 623 -0.141** -0.072
SE RF "Stepne" 800 -0.017 -0.058 483 -0.031 -0.066 245 -0.079 +0.030
Notes: as in Table 4.
Table 12
Correlations of live weight of heifers at 9 months of age with their subsequent milk productivity
Lactation
first second third
Farm milk yield for 305 milk yield for milk yield for
n days, kg fat content, % 305 days, kg fat content, % n 305 days, kg fat content, %
[ Iy Iy Iy Iy Iy
PE "Agroprogress" 872 +0.064 -0.176** 563  +0.008 -0.133** 325 -0.048 +0.072
SE RF "Named after Decabrysty" 832 +0.165** +0.213** 483  +0.125** +0.258** 265 +0.103 +0.045
SE RF "Gontarivka" 919 +0.070* +0.276** 615 +0.064 +0.105** 378 +0.083 -0.010
SE RF "Kutuzivka" 2475 +0.133** -0.029 1376 —0.091** —0.154** 632 -0.153** —0.096*
SE RF "Stepne” 781 —0.052 —0.009 465 —0.032 -0.023 242 +0.000 —0.033
Notes: as in Table 4.
Table 13
Correlations of live weight of heifers at 12 months of age with their subsequent milk productivity
Lactation
first second third
Farm milk yield milk yield fat content, milk yield
n for 305 days, kg fat content, % for 305 days, kg % n  for 305 days, kg fat content, %
[ Iy Iy Iy Iy Iy
PE "Agroprogress" 835 +0.085* —0.094** 538 +0.106* -0.132** 306 -0.073 +0.032
SE RF "Named after Decabrysty" 792 +0.138** +0.184** 466  +0.114* +0.188** 256 +0.091 —-0.009
SE RF "Gontarivka" 910 +0.057 +0.326** 611 +0.126** +0.134** 362 +0.129* +0.003
SE RF "Kutuzivka" 2482 +0.190** +0.005 1379 -0.036 -0.154** 632 -0.149** —0.173**
SE RF "Stepne” 816 —0.028 —0.080 492 -0.042 +0.013 260 -0.067 +0.017
Notes: as in Table 4.
Table 14
Correlations of live weight of heifers at 15 months of age with their subsequent milk productivity
Lactation
first second third
Farm milk yield for 305 milk yield for milk yield for
n days, kg fat content, % 305 days, kg fat content, % n 305 days kg fat content, %
Iy Ny Iy Iy Iy Iy
PE "Agroprogress" 884 +0.210** -0.032 570 +0.144** -0.024 320 +0.036 +0.048
SE RF "Named after Decabrysty" 720 +0.101** +0.172** 439  +0.115* +0.154** 237 +0.101 -0.030
SE RF "Gontarivka" 916 +0.095** +0.310** 614 +0.167** +0.072 378 +0.109* +0.016
SE RF "Kutuzivka" 2446 +0.249** +0.056** 1366 +0.036 -0.116** 630 -0.109** —0.175**
SE RF "Stepne” 704 +0.022 —0.068 423 0017 —0.036 211 +0.038 -0.117

Notes: as in Table 4.

The calculations for the theoretical age of first insemination of
heifers, depending on their weight at 15 months (Fig. 1), indicate that
a similar pattern of decreasing age of first insemination with increas-

ing weight at 15 months was observed on all farms.

Differences in the reduction of the age of first insemination of
heifers with an increase in their live weight from 360 kg to 460 kg on
different farms were different. Thus, on PE "Agroprogress" the diffe-

rence was 134 days (from 506 to 372 days), in SE RF "Named after
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Decabrysty" — only 50 days (from 553 to 403 days), in SE RF "Gon-
tarivka" — 92 days (from 577 to 485 days), SE RF "Kutuzivka" —
742 days (from 505 to 432 days) and in SE RF "Stepne™ — 123 days
(from 526 to 403 days).

The method of stepwise inclusion of regression analysis showed
that the duration of the first service period depended only on the age
of their first insemination, and only in SE RF "Kutuzivka" and SE RF

in the equations (Table 17). It should be noted that the coefficient of
determination for these regression equations was very low. The estab-
lished trend in these farms indicates that the first-born heifers that
calved at an earlier age had a shorter service period.

The results of the regression analysis for determining milk yield
for 305 days of lactation of first-born cows differed significantly be-
tween farms (Table 18).

"Stepne". Live weight during rearing as a predictor was not included

Table 15
Correlations between the age of insemination of heifers and their subsequent milk productivity

Lactation
first second third
Farm milk yield o milk yield fat content, milk yield 0
n for 305 days, kg fat content, % for 305 days, kg % n  for 305 days, kg fat content, %
Iy Iy Iy Iy Iy Iy
PE "Agroprogress” 1166 —0.155** —0.104** 748 —0.131** 0038 432 —0113* —0.051
SE RF "Named after Decabrysty" 1243 +0.009 -0.074* 746 +0.078* -0.003 420 -0.005 +0.107*
SE RF "Gontarivka" 1046 +0.049 -0.202** 712 -0013 +0.031 439 0083 +0.055
SE RF "Kutuzivka" 2495 -0.235** -0.052** 1390 -0.094** +0.047 637 +0.021 +0.070
SE RF "Stepne" 1344 +0.082** +0.006 815 +0.053 -0.055 435  +0.045 -0.122*
Notes: as in Table 4.
Table 16
Constants and regression coefficients for calculating the age of first insemination
Farm Constants Regression coefficients Determination
weight 15 months (x,) X7 weight 9 months (x7) X7 coefficient (R?
PE "Agroprogress" 988.2+37.7 -134+0.12 0 0 0 0.179
SE RF “Named after Decabrysty" 845.9 +26.2 -050+£0.14 0 -0.77+0.17 0 0.254
SE RF "Gontarivka" 960.5+32.38 -092+0.13 0 0 -0.0011 +0.0004 0.178
SE RF "Kutuzivka" 1201.7+23.0 -287+0.12 0.0026 + 0.0002 0 0 0.521
SE RF "Stepne” 7202+116 0 —0.0015 +0.0001 0 0 0.254
600
& 540
o
<
% PE "Agroprogress"
;—S 480 = = SE RF named after Dekabristiv
i = = = = SE RF "Gontarivka",
3—3 420 eeeeeee SERF "Kutuzivka",
S e .« SE RF "Stepne",
<
360

360 370 380 390 400 410 420 430 440 450 460

Bodyweight of heifers at 15 months, kg
Fig. 1. Dependence of the age of first insemination of heifers on their live weight at 15 months of age
(weight at 9 months in the calculations corresponded to the average live weight on the farm)

Table 17
Constants and regression coefficients for calculating the first service period

Regression coefficients Determination

Farm Constants age of first insemination (x;) X7 coefficient (R?
SE RF "Kutuzivka" 933+153 0.11+0.03 0 0.007
SE RF "Stepne” 141.0+154 0 0.00011 +0.00006 0.007
Table 18
Constants and regression coefficients for calculating milk yield for 305 days of first lactation
Regression coefficients Determina-
Farm Constants  weight 15 2 weight9  weight 3 months 2 Ageof firstin-  tion coeffici-
months (x;) ! months (x,) (x3) 3 semination (x)  ent(R?
PE "Agroprogress"” 4829+559 58+17 0 0 0 0 0 0.026
SE RE "Named after 20604684 0 0 0 4739+7.49 0 0 0.081
Decabrysty
" S 0.049 +
SE RF "Gontarivka 4638 + 265 0 0 0 0 0017 1.09+0.35 0.027
SE RF "Kutuzivka" 7624 433 0 0.0131+0.0015 -10.96+159 0.088+0.023 0 -232+054 0.090
SE RF "Stepne” 2740+656 84+12 0 0 0 0 2.74+061 0.077
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Thus, for the milk yield of the first-born PE "Agroprogress", the
only predictor was the weight at the age of 15 months. The amount of
milk for 305 days of the first lactation of SE RF "Named after Decab-
rysty" animals depended only on their live weight at 3 months of age.
To calculate the milk yield of the first-born heifers of SE RF "Gontar-
ivka", the following predictors were included: live weight of heifers at
3 months of age and age of their first insemination. On SE RF "Ku-
tuzivka", the predictors include live weight at 9 months, and for SE
RF "Stepne” — live weight of heifers at 15 months and age of their
first insemination.

Discussion

The main goal of the dairy herd improvement programme is to
raise heifers that are of the desired size and live weight at minimal
cost, to maximise their genetic milk productivity throughout their li-
ves (Hawkins et al., 2020; Paliy et al., 2021; Aliiev et al., 2022). Our
research has shown that heifers on different farms grow at different
rates. The differences in average live weight at various ages were as
follows: 3 months — 10.0 kg; 6 months — 16.8 kg; 9 months — 28.6 kg;
12 months — 31.4 kg; 15 months — 61.2 kg. Notably, the lowest ave-
rage live weight from 6 months of age was observed in heifers from
PE "Agroprogress”. By 15 months of age, the heifers from SE RF
"Kutuzivka" and SE RF "Stepne" had the highest body weight, de-
spite having the lowest weight at 3 months of age.

Improving the growth rate of heifers can increase lifetime milk
yield per cow, thereby enhancing the environmental and economic ef-
ficiency of dairy farming (Hayes et al., 2021). In order to maximise
lifetime productivity, it is crucial that heifers remain healthy, reach
their target growth rates, and receive proper care until their first calv-
ing (McCarthy et al., 2021; Plomaritou et al., 2025). Poorly reared
heifers are less likely to become pregnant, calve later, and are culled
earlier. Studies by Italian scientists have shown that calves that are
heavier at birth and at weaning calve earlier than those with a low live
weight (Costa et al., 2021). We obtained similar results. There is a ne-
gative correlation and regression coefficient between the age of first
insemination and live weight during the growing period.

Other studies have found a positive relationship between pre-cal-
ving body weight and milk production during the first lactation
(McNaughton et al., 2013; Etvelde et al., 2017). This suggests that
higher productivity in the first and second lactations can be achieved
by raising heifers to a higher body weight. New Zealand scientists
have also identified the potential to increase milk production during
the first lactation by increasing heifer body weight (Hancock et al.,
2019; Martin et al., 2020). The results of our correlation analysis coin-
cide with the above in most cases. However, on some farms, these
relationships were not established or were the opposite.

Regarding the relationship between service period length and live
weight, we found positive and negative correlations. The age at first
insemination was also significantly correlated with live weight. How-
ever, other studies (Hancock et al., 2020) report only a positive relati-
onship between live weight and reproduction.

Our research confirms that the age at first calving is also an im-
portant determinant of productivity in herds with optimal future milk
production. These results corroborate those obtained in studies by
other scientists (Krpalkova et al., 2014; Hutchison et al., 2017; Salte
etal., 2020) but contradict data from Ghavi Hossein-Zadeh (2011).

Further research is needed to determine the effect of growth in-
tensity on cow fertility and calf survival.

Conclusion

In the process of rearing replacement heifers, it is necessary to
take into account the peculiarities of their growth and development to
realize their genetically programmed productivity. Our research has
confirmed that animals with the highest live weight gain were signifi-
cantly younger at first insemination, regardless of the production tech-
nology used on the farm. The duration of the first service period de-
pended on the age at first insemination on two of the farms; on the
other three, the duration of the service period did not depend on rea-

ring intensity. First-born heifers' milk production had a positive corre-
lation with live weight, though not on all farms. Increasing the intensi-
ty of rearing replacement heifers increases the profitability of dairy
farming; however, it is necessary to consider the genetic potential of
the animals and the particular farm's production characteristics.

The authors have no potential conflicts of interest regarding the authorship and
publication of this paper.

References

Aliiev, E., Paliy, A., Kis, V., Paliy, A, Petrov, R., Plyuta, L., Chekan, O., Musi-
ienko, O., Ukhovskyi, V., & Korniienko, L. (2022). Establishment of the
influence of technical and technological parameters of dairy and milking
equipment on the efficiency of machining. Eastern-European Journal of
Enterprise Technologies, 115, 44-55.

Archbold, H., Shalloo, L., Kennedy, E., Pierce, K. M., & Buckley, F. (2012).
Influence of age, body weight and body condition score before mating
start date on the pubertal rate of maiden Holstein-Friesian heifers and im-
plications for subsequent cow performance and profitability. Animal, 6,
1143-1151.

Busanello, M., Sousa, D. G., Poczynek, M., de Almeida, R.. Bittar, C. M. M.,
Mendonga, F. A C., & Lanna, D. P. D. (2022). Body growth of replace-
ment dairy heifers from 3 distinct genetic groups from commercial Brazi-
lian dairy herds. Journal of Dairy Science, 105, 3222-3233.

Chester-Jones, H., Heins, B. J., Ziegler, D., Schimek, D., Schuling, S., Ziegler,
B., de Ondarza, M. B., Sniffen, C. J., & Broadwate, N. (2017). Relation-
ships between early-life growth, intake, and birth season with first-lactati-
on performance of Holstein dairy cows. Journal of Dairy Science, 100,
3697-3704.

Costa, A., Boselli, C., & de Marchi, M. (2021). Effect of body weight and
growth in early life on the reproductive performances of Holstein heifers.
Agriculture, 11(2), 159.

Davis Rincker, L. E., Vande Haar, M. J., Wolf, C. A., Liesman, J. S., Chapin,
L. T., & Weber Nielsen, M. S. (2011). Effect of intensified feeding of
heifer calves on growth, pubertal age, calving age, milk yield, and eco-
nomics. Journal of Dairy Science, 94, 3554-3567.

Eastham, N. T., A. Coates, A., Cripps, P., Richardson, H., Smith, R., &
Oikonomou, G. (2018). Associations between age at first calving and sub-
sequent lactation performance in UK Holstein and Holstein-Friesian dairy
cows. PLoS One, 13(6), 197764.

Eetvelde, M., Kamal, M. M., Vandaele, L., & Opsomer, G. (2017). Season of
birth is associated with first-lactation milk yield in Holstein Friesian cattle.
Animal, 11, 2252-2259.

Froidmont, E., Mayeres, P., Picron P., Turlot, A., Planchon, V., & Stilmant, D.
(2013). Association between age at first calving, year and season of first
calving and milk production in Holstein cows. Animal, 7, 665-672.

Geletu, U. S., Usmael, M. A, Mummed, Y. Y., & Ibrahim, A. M. (2021). Qua-
lity of cattle meat and its compositional constituents. Veterinary Medicine
International, 2021, 7340495.

Gelsinger, S. L., Heinrichs, A. J., & Jones, C. M. (2016). A meta-analysis of the
effects of preweaned calf nutrition and growth on first-lactation perfor-
mance. Journal of Dairy Science, 99, 6206-6214.

Ghavi Hossein-Zadeh, N. (2011). Estimation of genetic and phenotypic relati-
onships between age at first calving and productive performance in Iranian
Holsteins. Tropical Animal Health and Production. 43, 967-973.

Handcock, R. C., Lopez-Villalobos, N., McNaughton, L. R., Back, P. J., Ed-
wards, G. R., & Hickson, R. E. (2019). Positive relationships between bo-
dy weight of dairy heifers and their first-lactation and accumulated three-
parity lactation production. Journal of Dairy Science, 102, 4577-4589.

Handcock, R. C., Lopez-Villalobos, N., McNaughton, L. R., Back, P. J., Ed-
wards, G. R., & Hickson, R. E. (2020). Body weight of dairy heifers is
positively associated with reproduction and stayability. Journal of Dairy
Science, 103, 4466-4474.

Hawkins, A., Burdine, K. H., Amaral-Phillips, D. M., & Costa, J. H. C. (2020).
Effects of housing system on dairy heifer replacement cost from birth to
calving: Evaluating costs of confinement, dry-lot, and pasture-based sys-
tems and their impact on total rearing investment. Frontiers in Veterinary
Science, 16, 625.

Hayes, C. J., McAloon, C. G., Kelly, E. T., Carty, C. I, Ryan, E. G., Meg, J. F.,
& O'Grady, L. (2021). The effect of dairy heifer pre-breeding growth rate
on first lactation milk yield in spring-calving, pasture-based herds. Animal,
15(3), 100169.

Hutchison, J. L., Van Raden, P. M., Null, D. J,, Cole, J. B., & Bickhart, D. M.
(2017). Genomic evaluation of age at first calving. Journal of Dairy Scien-
ce, 100, 6853-6861.

Regulatory Mechanisms in Biosystems, 2025, 16(3), 25098


http://doi.org/10.15587/1729-4061.2022.251172
http://doi.org/10.15587/1729-4061.2022.251172
http://doi.org/10.15587/1729-4061.2022.251172
http://doi.org/10.15587/1729-4061.2022.251172
http://doi.org/10.15587/1729-4061.2022.251172
http://doi.org/10.1017/S1751731111002692
http://doi.org/10.1017/S1751731111002692
http://doi.org/10.1017/S1751731111002692
http://doi.org/10.1017/S1751731111002692
http://doi.org/10.1017/S1751731111002692
http://doi.org/10.3168/jds.2021-21197
http://doi.org/10.3168/jds.2021-21197
http://doi.org/10.3168/jds.2021-21197
http://doi.org/10.3168/jds.2021-21197
http://doi.org/10.3168/jds.2016-12229
http://doi.org/10.3168/jds.2016-12229
http://doi.org/10.3168/jds.2016-12229
http://doi.org/10.3168/jds.2016-12229
http://doi.org/10.3168/jds.2016-12229
http://doi.org/10.3390/agriculture11020159
http://doi.org/10.3390/agriculture11020159
http://doi.org/10.3390/agriculture11020159
http://doi.org/10.3168/jds.2010-3923
http://doi.org/10.3168/jds.2010-3923
http://doi.org/10.3168/jds.2010-3923
http://doi.org/10.3168/jds.2010-3923
http://doi.org/10.1371/journal.pone.0197764
http://doi.org/10.1371/journal.pone.0197764
http://doi.org/10.1371/journal.pone.0197764
http://doi.org/10.1371/journal.pone.0197764
http://doi.org/10.1017/S1751731117001021
http://doi.org/10.1017/S1751731117001021
http://doi.org/10.1017/S1751731117001021
http://doi.org/10.1017/S1751731112001577
http://doi.org/10.1017/S1751731112001577
http://doi.org/10.1017/S1751731112001577
http://doi.org/10.1155/2021/7340495
http://doi.org/10.1155/2021/7340495
http://doi.org/10.1155/2021/7340495
http://doi.org/10.3168/jds.2015-10744
http://doi.org/10.3168/jds.2015-10744
http://doi.org/10.3168/jds.2015-10744
http://doi.org/10.1007/s11250-011-9791-7
http://doi.org/10.1007/s11250-011-9791-7
http://doi.org/10.1007/s11250-011-9791-7
http://doi.org/10.3168/jds.2018-15229
http://doi.org/10.3168/jds.2018-15229
http://doi.org/10.3168/jds.2018-15229
http://doi.org/10.3168/jds.2018-15229
http://doi.org/10.3168/jds.2019-17545
http://doi.org/10.3168/jds.2019-17545
http://doi.org/10.3168/jds.2019-17545
http://doi.org/10.3168/jds.2019-17545
http://doi.org/10.3389/fvets.2020.00625
http://doi.org/10.3389/fvets.2020.00625
http://doi.org/10.3389/fvets.2020.00625
http://doi.org/10.3389/fvets.2020.00625
http://doi.org/10.3389/fvets.2020.00625
http://doi.org/10.1016/j.animal.2020.100169
http://doi.org/10.1016/j.animal.2020.100169
http://doi.org/10.1016/j.animal.2020.100169
http://doi.org/10.1016/j.animal.2020.100169
http://doi.org/10.3168/jds.2016-12060
http://doi.org/10.3168/jds.2016-12060
http://doi.org/10.3168/jds.2016-12060

Kiezebrink, D. J., Edwards, A. M., Wright, T. C., Cant, J. P., & Oshorne, V. R.
(2015). Effect of enhanced whole-milk feeding in calves on subsequent
first-lactation performance. Journal of Dairy Science, 98, 349-356.

Klimkovetskyi, A. A. (2020). The relationship between growth rates of Kyiv
factory type Ukrainian black-and-white dairy breed heifers and cows life-
long productivity. Animal Science and Food Technology, 11, 32-44.

Krpalkova, L., Cabrera, V. E., Kvapilik, J., Burdych, J., & Crump, P. (2014).
Associations between age at first calving, rearing average daily weight
gain, herd milk yield and dairy herd production, reproduction, and profita-
bility. Journal of Dairy Science, 97, 6573-6582.

Krpalkova, L., Cabrera, V. E., Vacek, M., Stipkova, M., Stadnik, L., & Crump,
P. (2014). Effect of prepubertal and postpubertal growth and age at first
calving on production and reproduction traits during the first 3 lactations in
Holstein dairy cattle. Journal of Dairy Science, 97, 3017-3027.

Kuipers, A., @stergaard, S., Loges, R., Zijlstra, J., & Brocard, V. (2024). Asses-
sing solutions for resilient dairy farming in Europe. Animals, 14(20), 2991.

Martin, N. P., Hickson, R. E., Clifford, de R. P., Tulley, W., Lopez-Villalobos,
N., & Back, P. J. (2020). Production benefits from meeting liveweight tar-
gets in dairy heifers. New Zealand Journal of Agricultural Research, 63,
220-232.

McCarthy, M. C., O'Grady, L., McAloon, C. G., & Mee, J. F. (2021). The ef-
fect of contract-rearing on the health status of replacement dairy heifers.
Animals, 11(12), 3447.

McNaughton, L. R., & Lopdell, T. (2013). Effect of heifer live weight on cal-
ving pattern and milk production. Proceedings of the New Zealand Society
of Animal Production, 73, 103-107.

Overton, M. W., & Dhuyvetter, K. C. (2020). Symposium review: An abun-
dance of replacement heifers: What is the economic impact of raising mo-
re than are needed? Journal of Dairy Science, 103(4), 3828-3837.

Paliy, A., Aliiev, E., Paliy, A., Ishchenko, K., Shkromada, O., Musiienko, Y.,
Plyuta, L., Chekan, O., Dubin, R., & Mohutova, V. (2021). Development
of a device for cleansing cow udder teats and testing it under industrial
conditions. Eastern-European Journal of Enterprise Technologies, 109,
43-53.

Paliy, A., Nanka, A., Marchenko, M., Bredykhin, V., Paliy, A., Negreba, J., La-
zorenko, L., Panasenko, A., Rybachuk, Z., & Musiienko, O. (2020). Es-
tablishing changes in the technical parameters of nipple rubber for milking
machines and their impact on operational characteristics. Eastern-Europe-
an Journal of Enterprise Technologies, 104, 78-87.

Plomaritou, A., Hanlon, M., Kantas, D., Georgakoudis, K., Dovolou, E., &
Foskolos, A. (2025). A Review of nitrogen use efficiency of dairy replace-

ment heifers: Improving management practices and minimizing nitrogen
losses. Animals, 15(7), 1031.

Polupan, Y., Stavetska, R., Melnyk, Y., & Siryak, V. (2024). Influence of
growth retardation of heifers on the development, production, duration and
efficiency of productive lifespan of dairy cows. Veterinarija ir Zootechni-
ka, 81, 36-43.

Rueda Garcia, A. M., Fracassi, P., Scherf, B. D., Hamon, M., & lannotti, L.
(2024). Unveiling the nutritional quality of terrestrial animal source foods by
species and characteristics of livestock systems. Nutrients, 16(19), 3346.

Salte, R., Storli, K. S., Weerp, H. K. L., Sommerseth, J. K., Prestlgkken, E., &
Klemetsdal, G. (2020). Designing a replacement heifer rearing strategy:
Effects of growth profile on performance of Norwegian Red heifers and
cows. Journal of Dairy Science, 103, 10835-10849.

Snelling, W. M., Kuehn, L. A., Thallman, R. M., Bennett, G. L., & Golden,
B. L. (2019). Genetic correlations among weight and cumulative producti-
vity of crossbred beef cows. Journal of Animal Science, 97(1), 63-77.

Soberon, F., Raffrenato, E., Everett, R. W., & van Amburgh, M. E. (2012). Pre-
weaning milk replacer intake and effects on long-term productivity of dai-
ry calves. Journal of Dairy Science, 95, 783-793.

Sommerseth, J. K., Shrestha, S., MacLeod, M., Hegrenes, A., Hansen, B. G., &
Salte, R. (2024). How increased heifer growth rate and reduced dairy cow
replacement rate can improve farm economy and reduce greenhouse gas
emissions — a win to win situation? Animal, 18, 101294.

Vacek, M., Krpalkova, L., Syricek, J., Stipkova, M., & Janecka, M. (2015).
Relationships between growth and body condition development during the
rearing period and performance in the first three lactations in Holstein
cows. Czech Journal of Animal Science, 60, 417-425.

Ventura, G., Lorenzi, V., Mazza, F., Clemente, G. A., lacomino, C., Bertocchi,
L., & Fusi, F. (2021). Best farming practices for the welfare of dairy cows,
heifers and calves. Animals, 11(9), 2645.

Wathes, D. C., Brickell, J. S., Bourne, N. E., Swali, A., & Cheng, Z. (2008).
Factors influencing heifer survival and fertility on commercial dairy farms.
Animal, 2, 1135-1143.

Wathes, D. C., Pollott, G. E., Johnson, K. F., Richardson, H., & Cooke, J. S.
(2014). Heifer fertility and carry over consequences for life time producti-
on in dairy and beef cattle. Animal, 8, 91-104.

Zimmermann, M. J., Kuehn, L. A,, Spangler, M. L., Thallman, R. M., Snelling,
W. M, & Lewis, R. M. (2021). Breed and heterotic effects for mature
weight in beef cattle. Journal of Animal Science, 99(8), skab209.

Regulatory Mechanisms in Biosystems, 2025, 16(3), 25098


http://doi.org/10.3168/jds.2014-7959
http://doi.org/10.3168/jds.2014-7959
http://doi.org/10.3168/jds.2014-7959
http://doi.org/10.31548/animal2020.04.032
http://doi.org/10.31548/animal2020.04.032
http://doi.org/10.31548/animal2020.04.032
http://doi.org/10.3168/jds.2013-7497
http://doi.org/10.3168/jds.2013-7497
http://doi.org/10.3168/jds.2013-7497
http://doi.org/10.3168/jds.2013-7497
http://doi.org/10.3168/jds.2013-7419
http://doi.org/10.3168/jds.2013-7419
http://doi.org/10.3168/jds.2013-7419
http://doi.org/10.3168/jds.2013-7419
http://doi.org/10.3390/ani14202991
http://doi.org/10.3390/ani14202991
http://doi.org/10.1080/00288233.2018.1548491
http://doi.org/10.1080/00288233.2018.1548491
http://doi.org/10.1080/00288233.2018.1548491
http://doi.org/10.1080/00288233.2018.1548491
http://doi.org/10.3390/ani11123447
http://doi.org/10.3390/ani11123447
http://doi.org/10.3390/ani11123447
http://doi.org/10.13140/RG.2.1.4098.7766
http://doi.org/10.13140/RG.2.1.4098.7766
http://doi.org/10.13140/RG.2.1.4098.7766
http://doi.org/10.3168/jds.2019-17143
http://doi.org/10.3168/jds.2019-17143
http://doi.org/10.3168/jds.2019-17143
http://doi.org/10.15587/1729-4061.2021.224927
http://doi.org/10.15587/1729-4061.2021.224927
http://doi.org/10.15587/1729-4061.2021.224927
http://doi.org/10.15587/1729-4061.2021.224927
http://doi.org/10.15587/1729-4061.2021.224927
http://doi.org/10.15587/1729-4061.2020.200635
http://doi.org/10.15587/1729-4061.2020.200635
http://doi.org/10.15587/1729-4061.2020.200635
http://doi.org/10.15587/1729-4061.2020.200635
http://doi.org/10.15587/1729-4061.2020.200635
http://doi.org/10.3390/ani15071031
http://doi.org/10.3390/ani15071031
http://doi.org/10.3390/ani15071031
http://doi.org/10.3390/ani15071031
http://doi.org/10.3390/nu16193346
http://doi.org/10.3390/nu16193346
http://doi.org/10.3390/nu16193346
http://doi.org/10.3168/jds.2020-18385
http://doi.org/10.3168/jds.2020-18385
http://doi.org/10.3168/jds.2020-18385
http://doi.org/10.3168/jds.2020-18385
http://doi.org/10.1093/jas/sky420
http://doi.org/10.1093/jas/sky420
http://doi.org/10.1093/jas/sky420
http://doi.org/10.3168/jds.2011-4391
http://doi.org/10.3168/jds.2011-4391
http://doi.org/10.3168/jds.2011-4391
http://doi.org/10.1016/j.animal.2024.101294
http://doi.org/10.1016/j.animal.2024.101294
http://doi.org/10.1016/j.animal.2024.101294
http://doi.org/10.1016/j.animal.2024.101294
http://doi.org/10.17221/8460-CJAS
http://doi.org/10.17221/8460-CJAS
http://doi.org/10.17221/8460-CJAS
http://doi.org/10.17221/8460-CJAS
http://doi.org/10.3390/ani11092645
http://doi.org/10.3390/ani11092645
http://doi.org/10.3390/ani11092645
http://doi.org/10.1017/S1751731108002322
http://doi.org/10.1017/S1751731108002322
http://doi.org/10.1017/S1751731108002322
http://doi.org/10.1017/S1751731114000755
http://doi.org/10.1017/S1751731114000755
http://doi.org/10.1017/S1751731114000755
http://doi.org/10.1093/jas/skab209
http://doi.org/10.1093/jas/skab209
http://doi.org/10.1093/jas/skab209

