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Marek Vrhel, Jaromír Ducháček, Matúš Gašparík, Mojmír Vacek, Radim Codl, and Jan Pytlík
Department of Animal Science, Faculty of Agrobiology, Food and Natural Resources, Czech University of Life

Sciences Prague, Kamýcká 129, 165 00 Prague-Suchdol, Czech Republic

Correspondence: Marek Vrhel (vrhel@af.czu.cz)

Received: 9 August 2022 – Revised: 2 November 2023 – Accepted: 27 February 2024 – Published: 23 April 2024

Abstract. Milk production and the efficiency of dairy cow breeding are significantly influenced by reproduc-
tive factors. The purpose of our research was to examine the relationships between selected milk production
and reproductive parameters. We evaluated 659 dairy cows, including 444 purebreds from the Czech Fleckvieh
and Holstein breeds and 215 crossbreds. Our primary objective was to assess the impacts of breed and parity
on specific milk production and reproductive parameters. The study revealed significant results regarding the
interaction between certain breed groups and parity. In particular, there was a noticeable increase in milk yield
with parity. Furthermore, it was also evident that the highest milk yield values were related to the milk content.
Breed group H, which represents cows with a more than 50 % Holstein bloodline, had the highest values of the
monitored milk content. Our findings show that first-lactation crossbred Czech Fleckvieh cows had a reduced
milk yield, decreased fat, and lactose content in milk. However, they had a more favourable calving interval
when compared to purebred Czech Fleckvieh and higher-parity Holstein crossbreds. Crossbred H, in compari-
son to C100 and C50, whether purebred or crossbred with Czech Fleckvieh, showed a relatively higher content
of some milk components. The results for service periods and calving intervals were not statistically significant.
The findings of this study highlight the promising potential of higher-parity Holstein crossbred cows in terms of
milk yield and the advantages of lower-parity ones concerning milk contents.

1 Introduction

Studies from foreign publications have shown a negative re-
lationship between high milk production and decreasing fer-
tility, especially in cows with predominantly Holstein blood
(Lehmann et al., 2016; Barzehkar et al., 2023). The research
of Cabrera (2014) confirms an increasing trend in the produc-
tivity of dairy cows; however, there is a concurrent decline in
reproductive parameters, as demonstrated by research con-
ducted in Brazil (Madureira et al., 2022). The efficiency of
dairy cow production depends on milk yield (Habib et al.,
2020), feed cost (Hamed and Kamel, 2021), and reproduc-
tion level, which is a basic prerequisite for the sustainability
of dairy farming (El-Tarabany and El-Bayoumi, 2015).

It is well-known that low fertility in dairy cattle leads to
a prolonged calving interval (CalvInt), which in turn is asso-

ciated with reduced annual milk yield and thus profitability
of dairy farming (Nyman et al., 2018). An important factor
that influences milk yield and milk composition is the length
of lactation, which is determined by the length of the ser-
vice period (SP) (Leitner et al., 2012). The optimal length of
CalvInt is approximately an interval of 1 year for dairy cows
with an average milk yield of approximately 7500 to 9500 kg
of milk per lactation (Vijayakumar et al., 2017). Sehested et
al. (2019) reported that high-producing dairy cows can have
an extended CalvInt of up to 90 d. Additionally, the amount
of milk produced per day will also increase based on the re-
duction in SP. Maheshwari et al. (2018) reported that cows
on second and third lactations are the most productive, which
is also confirmed by Bondan et al. (2018). Rajala-Schultz et
al. (2011) in their work suggested that younger dairy cows
have a higher proportion of fat and lactose and also a lower
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somatic cell count (SCC). Kargo et al. (2021) reported that
the heterosis effect in Holsteins and their crossbreds signif-
icantly influenced milk production traits, which is also con-
firmed by Daltro et al. (2021). When examining the relation-
ship between milk production and reproductive parameters,
Knob et al. (2020) reported that reproductive parameters are
significantly better in Czech Fleckvieh crossbreds compared
to Holstein crossbreds due to shorter SP, i.e. the heterosis
effect. Therefore, herd reproduction level indicators are di-
rectly related to milk yield and milk composition. Thus, mon-
itoring and optimizing these parameters is very important in
practice (Begalieva et al., 2022; Rodriguez et al., 2022).

Consequently, the aim of this study was to evaluate the re-
lationships between the milk production parameters, selected
reproductive parameters, and genetic background of animals.
The second objective was to assess the effect of breed, parity,
and their interaction on selected production and reproduction
parameters.

2 Material and methods

2.1 Animals and samples

A total of 659 cows were included in this study. Of these,
the breakdown was as follows: purebred Czech Fleckvieh
(n= 392) (C100), crossbred with more than 50 % Czech
Fleckvieh (n= 215) (C50), and crossbred with more than
50 % Holstein (n= 52) (H). The dairy cows were housed
on three farms in the western region of the Czech Republic
at an altitude of approximately 380–420 m above sea level.
All the dairy cows were housed in free-stall barns, bed-
ded with recycled solid manure or straw bedding. The cows
were milked according to a standardized procedure three
times daily in herringbone milking parlours. Total mixed ra-
tios (TMRs) were composed of standard components (corn
silage, clover silage, straw, hay, molasses, mineral mixture,
and brewers thresher), and changes in their composition re-
flected the inter-period phase and actual milk production over
the whole evaluation period.

2.2 Data collection

The evaluation included data from January to Decem-
ber 2018. Data on average milk yield per lactation (MY, kg),
average fat in milk per lactation (F, kg), average protein in
milk per lactation (P, kg), average lactose in milk per lacta-
tion (L, kg), average percentage of fat in milk (F%), average
percentage of protein in milk (P%), and average percentage
of lactose in milk (L%) were measured using the Pulsameter
2 (certified by ICAR, Labor- und Messgeräte GmbH, Ger-
many). All the data mentioned were recorded and later re-
trieved using the FARMSOFT management and farm soft-
ware as well as the Vitalimeter FA22 neck responder sys-
tem for monitoring cattle locomotor activity (Farmtec a.s.,
Jistebnice, Czech Republic). The dataset was further supple-

mented with data on SP (d), CalvInt (d), and summary selec-
tion indices for the Czech Fleckvieh (Genetic Total Merit In-
dex – GZW) and Holstein breed index (Selection Index Hol-
stein – SIH) from the performance control database main-
tained by the Czech Moravian Breeders Corporation (ČM-
SCH; Hradištko, Czech Republic). The dataset was adjusted
for outliers in selected production parameters which were re-
moved. For a more detailed evaluation, the animals were cat-
egorized based on parity: the first lactation (n= 157 cows),
second lactation (n= 185 cows), third lactation (n= 141
cows), and fourth and further lactations (n= 176 cows) were
monitored.

2.3 Statistical analysis

Statistical evaluation was performed in SAS software version
9.4 (SAS/STAT®; SAS Institute Inc., Cary, NC, USA). Basic
statistics were calculated with the UNIVARIATE procedure.
Linear regression was performed using the REG procedure.
The main evaluation was performed using the MIXED proce-
dure. Several options for evaluating performance parameters
were tested during model development. The REG procedure
was used to select appropriate effects in the model equation
using the STEPWISE method and the Akaike information
criterion parameter. The fixed effects of parity, breed, par-
ity × breed interaction, GZW/SIH, and random effect of the
animal were selected for the model equation for the evalua-
tion of monitored production and reproduction parameters. A
detailed evaluation was performed using the Tukey–Kramer
test. The results showed that the relationships between re-
productive and production traits were not statistically signif-
icant. As a result, they were not included in the model equa-
tions for evaluation, nor were they included in the final model
equation for the production parameters.

The following model equation was used for the evaluation:

yijkl = µ+ PARi +BREj + (PAR × BRE)ij
+ b× (GZW/SIH)+ cowk + eijkl, (1)

where yijkl is the measured value of the dependent variables
MY – milk yield per lactation (kg), F – fat in milk per lacta-
tion (kg), P – protein in milk per lactation (kg), L – lactose
in milk per lactation (kg), F% – percentage of fat in milk
(%), P% – percentage of protein in milk (%), L% – percent-
age of lactose in milk (%), SP – length of the service period
(time from calving to successful insemination of the cow)
(d), CalvInt – calving interval (d), µ – mean value of the de-
pendent variable, PARi – fixed effect of parity (where i = 1,
n= 157; i = 2, n= 185; i = 3, n= 141; i =≥ 4, n= 176),
BREj – fixed effect of the breed (where j = C100, n= 392;
j = C50, n= 215; j = H, n= 52), (PAR × BRE)ij – inter-
action between effects of lactation parity and breed (C100 ×
1, n= 94; C100 × 2, n= 118; C100 × 3, n= 72; C100 ×
4, n= 108; C50 × 1, n= 50; C50 × 2, n= 50; C50 × 3,
n= 54; C50 × 4, n= 61; H × 1, n= 13; H × 2, n= 17;
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H × 3, n= 15; H × 4, n= 7), b × (GZW/SIH) the linear
regression on summary selection indices, cowk the random
effect of the cow (k = 659), and eijkl the random residual er-
ror. Significance levels of p < 0.05 and p < 0.01 were used
to evaluate the differences between groups.

3 Results

The key findings of our study are presented in Table 1,
which shows the outcomes for MY. From the table, it is evi-
dent that the H group achieved the highest MY values, with
an average of 8675.77 kg (p < 0.05). Conversely, the C50
group showed the lowest MY values, with an average of
7576.13 kg (p < 0.05). The C100 group posted MY values
averaging 7670.01 kg (p < 0.05). Table 1 also showed that
the highest average values of F = 357.10, P = 323.64, and
L = 439.27 kg were observed in the H group (p < 0.05). It
was also found that the H breed group had the highest av-
erage fat percentage (F% = 4.17), while the C100 and C50
breeds had fat percentages of 3.96 % and 3.94 %, respec-
tively. A similar trend corresponds to the results of Boual-
legue et al. (2014). In contrast, breed group H also had the
highest protein percentage, P%, at 3.76, while the C50 breed
had the lowest percentage at 3.47. The analysis of lactose
percentage showed that the C100 and C50 breed groups had
the highest values, with L% at 4.96 and 4.95, respectively.
In the case of the H breed, the lactose percentage was found
to be 4.91. Conversely, cows from the C100 and C50 breed
groups achieved shorter average SP durations, which are con-
sidered better. The difference in SP was up to 17.13 d shorter
for C100 and up to 23.35horter for C50 (p < 0.05). Evalua-
tion of the CalvInt parameter revealed that the lowest mean
durations were also achieved by the C100 and C50 breeds.

Other widely recognized reproductive parameters were not
evaluated due to a lack of data for their objective assess-
ment or the already large number of parameters evaluated
in this study. Nevertheless, interesting inverse relationships
between production and reproduction parameters can still be
described.

Notably, the effects of parity, breed, and their combined
interaction within the model had significant impacts on the
evaluated parameters. Table 2 presents the results from the
MIXED procedure, examining the effects of parity, breed,
and their interaction of breed and parity on the monitored
production and reproduction parameters. The individual ef-
fects of parity and breed often paralleled the trends observed
in the parity× breed interaction effect. Therefore, in the sub-
sequent sections, only the interaction results are discussed.
The results of our study, as shown in Table 2, indicate the
lowest values for MY as 6731.58 and 6914.37 kg, F as 258.94
and 268.72 kg, P as 232.79 and 246.01 kg, L as 352.31 and
365.53 kg, and F% as 3.87 % and 3.92 %. These values were
achieved by the Czech Fleckvieh breed group (C100), includ-
ing crossbreds with a majority share (C50) during their first

parity (p < 0.05). On the other hand, the lactose percentages,
L%= 5.04% and L%= 5.06%, reached their highest values
(p < 0.05). Our results indicate that the breed group with
a majority of Holsteins had the highest values of MY, F, P,
L, F%, and P%, regardless of parity (p < 0.05). The high-
est MY value, 9602.57 kg, was recorded for the oldest dairy
cows of the H breed (p < 0.01). Additionally, the highest val-
ues for SP and CalvInt were achieved by the H cows in their
fourth or greater parity, while the lowest values were found
in the C50 breed during their fourth or greater parity as well
as the C50 breed during their third parity. In the next phase of
our investigation, we delved into the connection between SP
and production parameters as well as their association with
the GZW or SIH values. Through linear regression, we con-
firmed the commonly assumed functioning of these indices.
Specifically, a 1 d extension in SP directly translates to an in-
crease in MY by 1029 kg, an increase in fat F by 0.043 kg, an
increase in protein P by 0.053 kg, and slight shifts in F% and
L% by 0.0004 % and 0.0003 %, respectively, with statistical
significance at the p < 0.05 level.

The results of the evaluated parameters are illustrated in
Fig. 1 for enhanced clarity and understanding. This figure
showcases the outcomes for MY, F, P, and L at a signifi-
cance level of p < 0.05. From the figure, it is evident that the
H breed group surpasses both the C100 and C50 groups in
terms of MY, P, F, and L at a significance level of p < 0.05.
However, when it comes to the length of SP and CalvInt,
both the C100 and C50 groups show shorter durations. On
further comparison between the purebred group (C100) and
the crossbreds (C50), C100 demonstrated better values for
production parameters like MY, P, F, and L (kg). In contrast,
the C50 group showed the shortest SP and CalvInt (d) at a
significance level of p < 0.05. To provide a thorough analy-
sis of these parameters, we considered both production and
reproductive parameters. The results derived from our model
equation turned out to be statistically significant for the ma-
jority of the parameters evaluated, with significance levels
ranging from p < 0.01 to 0.05. The other commonly used
reproductive parameters were not evaluated due to a lack of
data for their objective evaluation or due to the already large
number of parameters evaluated in this study. None of the
results for SP and CalvInt is statistically significant. Never-
theless, interesting inverse relationships between production
and reproduction parameters can still be described.

The results of the correlation analysis for the monitored
parameters are presented in Table 3. From this table, it is
evident that the correlation of SP with most parameters is
statistically insignificant, except for a strong positive corre-
lation with CalvInt. This is expected, as the length of SP
significantly influences the duration of CalvInt. Additionally,
negative correlations were observed with L% and GZW/SIH,
with values of −0.119 and −0.108, respectively (p < 0.01).
Parity showed a weak to moderate correlation with most pa-
rameters, except for a strong negative correlation with L%
at a value of −0.515 (p < 0.01). A very strong correlation
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Table 1. Basic statistical analysis of variables in the evaluated groups of cow breeds with the UNIVARIATE procedure.

C100 C50 H

Variables N Means SD CV N Means SD CV N Means SD CV

MY 392 7670.01 1145.19 14.93 215 7576.13 1178.08 15.55 52 8675.77 1839.64 21.20
F 392 302.05 47.67 15.78 215 296.87 47.41 15.97 52 357.10 72.31 20.25
P 392 270.25 39.63 14.66 215 261.81 40.95 15.64 52 323.64 63.95 19.76
L 392 391.76 60.51 15.44 215 387.67 61.62 15.89 52 439.27 94.95 21.62
F% 392 3.96 0.33 8.28 215 3.94 0.30 7.55 52 4.17 0.47 11.17
P% 392 3.54 0.20 5.58 215 3.47 0.20 5.83 52 3.76 0.27 7.14
L% 392 4.96 0.15 3.10 215 4.95 0.16 3.18 52 4.91 0.14 2.88
SP 346 145.51 70.93 48.75 182 139.29 55.15 39.59 42 162.64 71.54 43.99
CalvInt 346 430.51 70.93 16.48 182 424.29 55.15 13.00 42 447.64 71.54 15.98
GZW/SIH 384 97.70 7.56 7.73 183 95.67 8.23 8.60 33 96.60 8.52 8.82

MY – milk yield per lactation (kg); F – fat in milk per lactation (kg); P – protein in milk per lactation (kg); L – lactose in milk per lactation (kg); F% – percentage of
fat in milk; P% – percentage of protein in milk; L% – percentage of lactose in milk; SP – length of the service period (d); CalvInt – calving interval (d); GZW/SIH –
summary selection indices for the Czech Fleckvieh (GZW) and Holstein breed index (SIH) from the performance control database maintained by the Czech Moravian
Breeders Corporation; C100 – purebred Czech Fleckvieh; C50 – crossbred with more than 50 % Czech Fleckvieh; H – crossbreds with more than 50 % Holstein blood;
N – number of observations; SD – standard deviation; CV – coefficient of variation (%).

Figure 1. Graphical representation of the results of the selected pro-
duction and reproduction parameters. MY – milk yield per lactation
(kg); P – protein in milk per lactation (kg); F – fat in milk per lac-
tation (kg); L – lactose in milk per lactation (kg); SP – length of
the service period (d); CalvInt – calving interval (d); C100 – pure-
bred Czech Fleckvieh; C50 – crossbreds with more than 50 % Czech
Fleckvieh; H – crossbreds with more than 50 % Holstein blood. Dif-
ferent letters (a, b) within columns for a given parameter indicate
statistical significance at p < 0.05.

was observed between L and MY, registering at 0.965, and
between F and P, with a value of 0.885 (p < 0.01). There
was also a moderate correlation between F% and P% with a
value of 0.468. The majority of the correlations between the
parameters are positive, with a few exceptions such as the
correlation between parity and L%.

4 Discussion

In our work, we evaluated the association between selected
productive parameters and parity across three dairy cow
breed groups. Our findings highlighted variations in cer-

tain reproductive and production parameters between varying
parities and three distinct cow breed groups (C100, C50, H)
raised in the same region of western Bohemia. The results
indicated that younger cows produced a lower milk yield.
This finding aligns with Vrhel et al. (2021), who asserted that
cows are not fully mature during their first lactation. When
assessing production parameters, we observed that cows in
their earlier lactations produced lower amounts of F, P, and
L in milk. This observation is similarly made by Grayaa
et al. (2019). The primiparous cows of the H breed exhib-
ited relatively elevated levels of specific milk components
when compared to those in the C100 and C50 breeds, with
the exception of L%. This observation aligns with findings
presented by Puppel et al. (2018). These authors further ob-
served in their work on the Czech Fleckvieh breed that cows
with a higher percentage of components in milk have a lower
MY. In the case of H crossbred cows at second lactation, we
found a relatively high percentage of components, the short-
est CalvInt and SP, but the lowest MY. This corresponded to
the results of the study by Ozdemir et al. (2018). The level of
lactation persistency might have also influenced milk compo-
nents (Brito et al., 2021). Wahinya et al. (2020) in their work
focused on the selection of cows to improve lactation persis-
tency and thus achieve maximum milk yield. However, at the
same time, non-genetic factors affected performance param-
eters of dairy cows, as noted by Boujenane and Draga (2021).
Evaluating CalvInt and SP, the highest values were found in
H cows at fourth and further lactations, consistent with the
work of Dalcq et al. (2017). These authors suggested that the
significant increase in CalvInt and SP might have been due to
the length of lactation. Coffey et al. (2016) further suggested
that the heterosis effect of crossbreds improves cow repro-
duction, which could also have explained our non-significant
findings in the evaluation. We observed an increase in milk
production when longer SP-selected parameters were used.

Arch. Anim. Breed., 67, 197–205, 2024 https://doi.org/10.5194/aab-67-197-2024



M. Vrhel et al.: Association between production and reproduction parameters 201

Ta
bl

e
2.

E
va

lu
at

io
n

of
se

le
ct

ed
pr

od
uc

tio
n

an
d

re
pr

od
uc

tio
n

pa
ra

m
et

er
s

(L
SM
±

SE
L

SM
)b

y
us

in
g

th
e

M
IX

E
D

pr
oc

ed
ur

e
in

te
rm

s
of

pa
ri

ty
,b

re
ed

,a
nd

pa
ri

ty
–b

re
ed

in
te

ra
ct

io
n.

Pa
ri

ty
M

Y
F

P
L

F%
P%

L
%

SP
C

al
vI

nt

1
70

74
.9

1
±

16
8.

81
A

28
7.

54
±

6.
62

A
25

6.
28
±

5.
87

A
36

8.
84
±

9.
04

A
4.

11
±

0.
05

3.
64
±

0.
03

A
5.

02
±

0.
02

A
,a

16
0.

52
±

10
.4

1
44

5.
52
±

10
.4

1
2

81
21
.3

8
±

12
5.

84
B

32
1.

75
±

4.
94

B
,a

29
4.

34
±

4.
37

B
41

5.
81
±

6.
74

B
4.

01
±

0.
04

3.
64
±

0.
02

A
4.

96
±

0.
02

C
,b

14
8.

37
±

8.
00

43
3.

37
±

8.
00

3
85

44
.6

3
±

13
0.

57
B

34
0.

77
±

5.
12

B
,b

30
0.

02
±

4.
54

B
43

1.
50
±

7.
00

B
4.

00
±

0.
04

3.
52
±

0.
02

B
4.

91
±

0.
02

B
,c

14
2.

97
±

8.
68

42
7.

97
±

8.
68

≥
4

83
92
.5

6
±

19
4.

95
B

32
9.

83
±

7.
65

B
29

1.
67
±

6.
78

B
42

0.
36
±

10
.4

4B
3.

96
±

0.
06

3.
49
±

0.
03

B
4.

83
±

0.
02

B
,D
,d

18
9.

01
±

16
.4

1
47

4.
01
±

16
.4

1

B
re

ed

C
10

0
76

75
.0

9
±

57
.7

0A
30

1.
02
±

2.
26

A
26

9.
75
±

2.
01

A
39

1.
81
±

3.
09

A
3.

94
±

0.
02

A
3.

53
±

0.
01

A
4.

95
±

0.
01

a
14

6.
28
±

3.
75

a
43

1.
28
±

3.
75

a

C
50

76
13
.3

0
±

84
.1

6A
29

8.
63
±

3.
30

A
26

2.
94
±

2.
93

A
39

0.
22
±

4.
51

A
3.

94
±

0.
02

A
3.

47
±

0.
01

B
,C

4.
95
±

0.
01

a
14

2.
47
±

5.
53

A
42

7.
47
±

5.
53

A

H
88

11
.7

1
±

21
3.

11
B

36
0.

27
±

8.
36

B
32

4.
04
±

7.
41

B
44

5.
35
±

11
.4

1B
4.

18
±

0.
06

B
3.

72
±

0.
04

B
,D

4.
88
±

0.
03

b
19

1.
90
±

15
.6

9B
,b

47
6.

90
±

15
.6

9B
,b

Pa
ri

ty
×

br
ee

d

1
C

10
0

69
14
.3

7
±

11
5.

86
A

26
8.

72
±

4.
54

A
,a

24
6.

01
±

4.
03

A
36

5.
53
±

6.
21

A
,a

3.
92
±

0.
03

A
3.

58
±

0.
02

A
5.

06
±

0.
01

A
,a

14
9.

66
±

7.
23

43
4.

66
±

7.
23

1
C

50
67

31
.5

8
±

19
6.

43
A
,a

25
8.

94
±

7.
71

A
23

2.
79
±

6.
83

A
,a

35
2.

31
±

10
.5

2A
,a

3.
87
±

0.
06

A
3.

47
±

0.
03

A
5.

04
±

0.
02

C
,c

15
0.

85
±

13
.0

0
43

5.
85
±

13
.0

2
1

H
75

78
.7

7
±

45
3.

17
c

33
4.

97
±

17
.7

8B
,b

29
0.

04
±

15
.7

5b
38

8.
66
±

24
.2

7
4.

54
±

0.
13

B
3.

89
±

0.
08

B
,C
,a

4.
97
±

0.
05

18
1.

07
±

27
.5

3
46

6.
07
±

27
.5

3
2

C
10

0
79

08
.1

0
±

10
3.

76
B
,C

31
5.

51
±

4.
07

B
,C

28
2.

08
±

3.
61

B
,C

40
6.

16
±

5.
56

B
,C

4.
00
±

0.
03

A
3.

59
±

0.
02

E
,b

4.
99
±

0.
01

E
,b

14
5.

49
±

6.
53

43
0.

49
±

6.
53

2
C

50
78

72
.2

0
±

17
1.

49
B
,C

30
9.

24
±

6.
73

B
,C

27
3.

48
±

5.
96

B
,C

41
0.

63
±

9.
19

B
,c

3.
96
±

0.
05

A
3.

50
±

0.
03

D
,G

4.
98
±

0.
02

15
4.

11
±

11
.1

0
43

9.
11
±

11
.1

0
2

H
85

83
.8

5
±

32
0.

18
B

34
0.

49
±

12
.5

6B
32

7.
44
±

11
.1

3B
,D
,E
,c

43
0.

63
±

17
.1

5b
4.

05
±

0.
09

3.
85
±

0.
06

B
,F
,H

4.
90
±

0.
04

B
,E

14
5.

50
±

20
.3

4
43

0.
50
±

20
.3

4
3

C
10

0
79

58
.7

0
±

13
2.

57
B
,C

30
9.

17
±

5.
20

B
,C

27
5.

28
±

4.
61

B
,F
,G

40
1.

21
±

7.
10

B
,C

3.
90
±

0.
04

A
3.

48
±

0.
02

D
,G
,a

4.
92
±

0.
02

B
,D
,a

14
2.

88
±

8.
63

42
7.

88
±

8.
63

3
C

50
81

93
.5

4
±

15
6.

60
B
,c

32
8.

20
±

6.
14

B
,C
,c

28
3.

70
±

5.
44

B
,G
,d

41
6.

50
±

8.
39

B
4.

02
±

0.
05

A
3.

47
±

0.
03

D
,G
,a

4.
94
±

0.
02

B
,G
,d
,e

13
1.

96
±

10
.0

4
41

6.
96
±

10
.0

4
3

H
94

81
.6

5
±

33
4.

72
B
,D
,d

38
4.

94
±

13
.1

3B
,D

34
1.

08
±

11
.6

3B
,D
,H

47
6.

81
±

17
.9

3B
,D
,d

4.
08
±

0.
10

3.
62
±

0.
06

4.
87
±

0.
04

B
,d

15
4.

08
±

22
.4

6
43

9.
08
±

22
.4

6
≥

4
C

10
0

79
19
.2

1
±

10
9.

47
B
,C

31
0.

68
±

4.
29

B
,C

27
5.

61
±

3.
81

B
,F
,G

39
4.

33
±

5.
86

C
,b

3.
93
±

0.
03

A
3.

49
±

0.
02

D
,G
,a

4.
85
±

0.
01

B
,D
,F
,f

14
7.

10
±

7.
58

43
2.

10
±

7.
58

≥
4

C
50

76
55
.8

9
±

14
7.

54
B
,C
,b

29
8.

13
±

5.
79

B
,C
,d

26
1.

78
±

5.
13

F,
G
,I
,b

38
1.

45
±

7.
90

C
,e

3.
91
±

0.
04

A
3.

44
±

0.
03

B
,D
,F
,G

4.
84
±

0.
02

B
,D
,F
,H

13
2.

96
±

10
.0

3
41

7.
96
±

10
.0

3
≥

4
H

96
02
.5

7
±

55
4.

33
B
,a

38
0.

69
±

21
.7

4B
,c

33
7.

62
±

19
.2

7B
,J

48
5.

31
±

29
.6

9B
,f

4.
04
±

0.
16

3.
54
±

0.
10

4.
78
±

0.
07

B
,d

28
6.

97
±

47
.6

6
57

1.
97
±

47
.6

6
L

SM
–

le
as

t-
sq

ua
re

d
m

ea
ns

;S
E

L
SM

–
st

an
da

rd
er

ro
ro

ft
he

le
as

t-
sq

ua
re

d
m

ea
ns

;M
Y

–
m

ilk
yi

el
d

pe
rl

ac
ta

tio
n

(k
g)

;F
–

fa
ti

n
m

ilk
pe

rl
ac

ta
tio

n
(k

g)
;P

–
pr

ot
ei

n
in

m
ilk

pe
rl

ac
ta

tio
n

(k
g)

;L
–

la
ct

os
e

in
m

ilk
pe

rl
ac

ta
tio

n
(k

g)
;F

%
–

pe
rc

en
ta

ge
of

fa
ti

n
m

ilk
;P

%
–

pe
rc

en
ta

ge
of

pr
ot

ei
n

in
m

ilk
;L

%
–

pe
rc

en
ta

ge
of

la
ct

os
e

in
m

ilk
;S

P
–

le
ng

th
of

th
e

se
rv

ic
e

pe
ri

od
(d

);
C

al
vI

nt
–

ca
lv

in
g

in
te

rv
al

(d
);

pa
ri

ty
–

or
de

ro
fl

ac
ta

tio
n;

C
10

0
–

pu
re

br
ed

C
ze

ch
Fl

ec
kv

ie
h;

C
50

–
cr

os
sb

re
ds

w
ith

m
or

e
th

an
50

%
C

ze
ch

Fl
ec

kv
ie

h;
H

–
cr

os
sb

re
ds

w
ith

m
or

e
th

an
50

%
H

ol
st

ei
n

bl
oo

d;
A

–B
,C

–D
,E

–F
,G

–H
,I

–J
–

re
la

tio
ns

hi
ps

be
tw

ee
n

le
tte

rs
m

ea
n

st
at

is
tic

al
si

gn
ifi

ca
nc

e
w

ith
in

co
lu

m
ns

fo
rg

iv
en

ef
fe

ct
s

(p
<

0.
01

);
a–

b,
c–

d,
e–

f–
re

la
tio

ns
hi

ps
be

tw
ee

n
le

tte
rs

m
ea

n
st

at
is

tic
al

si
gn

ifi
ca

nc
e

(p
<

0.
05

).

https://doi.org/10.5194/aab-67-197-2024 Arch. Anim. Breed., 67, 197–205, 2024



202 M. Vrhel et al.: Association between production and reproduction parameters

Table 3. Correlation analysis between monitored production and reproduction parameters.

Monitored F P L F% P% L% SP CalvInt Parity GZW/SIH
parameters

MY 0.864∗∗ 0.931∗∗ 0.965∗∗ −0.160∗∗ −0.123∗∗ 0.003NS 0.055NS 0.055NS 0.200∗∗ 0.181∗∗

F 0.885∗∗ 0.831∗∗ 0.350∗∗ 0.108∗∗ 0.010NS 0.056NS 0.056NS 0.172∗∗ 0.254∗∗

P 0.898∗∗ 0.014NS 0.242∗∗ 0.015NS 0.079NS 0.079NS 0.132∗∗ 0.204∗∗

L −0.152∗∗ −0.112∗∗ 0.209∗∗ 0.054NS 0.054NS 0.070NS 0.239∗∗

F% 0.468∗∗ 0.028NS
−0.002NS

−0.002NS
−0.050NS 0.160∗∗

P% 0.032NS 0.065NS 0.065NS
−0.177∗∗ 0.070NS

L% −0.119∗∗ −0.119∗∗ −0.515∗∗ 0.252∗∗

SP 1.000∗∗ −0.006NS
−0.108∗∗

CalvInt −0.006NS
−0.108∗

Parity −0.260∗∗

MY – milk yield per lactation (kg); F – fat in milk per lactation (kg); P – protein in milk per lactation (kg); L – lactose in milk per lactation (kg); F% – percentage of fat in milk; P% –
percentage of protein in milk; L% – percentage of lactose in milk; SP – length of the service period (d); CalvInt – calving interval (d); parity – order of lactation; GZW/SIH –
summary selection indices for the Czech Fleckvieh (GZW) and Holstein breed index (SIH), sourced from the performance control database maintained by the Czech Moravian
Breeders Corporation; p < 0.01=∗∗; p < 0.05=∗; NS – no significance.

This was also confirmed by Mecitoglu (2022) and O’Hara et
al. (2020). In contrast, Syrůček et al. (2017) suggested that
extending SP will reduce milk production per cow per year.
The results indicate a relationship between the GZW/SIH
breeding indexes and the production parameters. An increase
in the index value affected most of the evaluated production
and reproduction parameters, as found in research by Costa
et al. (2019). Thus, in general, the correctness of using the
GZW/SIH in dairy cattle breeding could be suggested.

The prolongation of CalvInt can have a more negative im-
pact on breeding in primiparous cows. On the other hand,
Niozas et al. (2019) suggested that prolonging lactation can
improve the reproductive performance of high-producing
dairy cows. Our study showed that H dairy cows had longer
CalvInt and SP and produced more milk over the entire lac-
tation length, regardless of parity. A similar result in Danish
farms was also described by Lehmann et al. (2016), who re-
ported that milk yield in a descending lactation phase de-
creased on second and further lactations. The findings for
primiparous cows in our work revealed that the C100 and
C50 primiparous cows had a lower reproductive performance
and MY compared to older cows of the same breed, which
aligns with Okuyucu et al. (2018). Daltro et al. (2021) fur-
ther added that these differences might have been due to re-
productive management or the heterosis effect. Thus, our re-
sults suggest that high MY and long CalvInt or SP of dairy
cows, irrespective of parity, are not optimal in terms of an-
nual MY and hence breeding economics, as confirmed in
the work of Vijayakumar et al. (2017). Furthermore, Reth-
meier et al. (2019) found that deteriorating fertility could
be compensated for to some extent by improving environ-
mental factors such as higher levels of nutrition, optimiz-
ing stall designs from a welfare perspective, and employing
modern technologies for monitoring the herd or individual
animals. An interesting result was found in H crossbreds,
which showed the greatest variability in MY, CalvInt, and SP

across lactations. First- and second-lactation cows had rela-
tively low SP and CalvInt, while third- and further-lactation
cows had the longest SP and CalvInt. Similar observations
were reported by Nasr et al. (2021). A significant result of
our work was found in H cows on second lactation. These
cows achieved the shortest CalvInt and SP and the lowest
MY while on their third and further lactations. They achieved
the longest CalvInt and SP but the highest MY. This may
be related to the heterosis effect as suggested by Kargo et
al. (2021). They further observed that there was a significant
heterosis effect on both milk production and reproductive pa-
rameters.

5 Conclusions

This study confirms the importance of monitoring and eval-
uating the relationships between reproduction and produc-
tion parameters. As mentioned in the results of our study,
differences between breeds and parities can significantly in-
fluence breeding management and the treatment of individ-
ual dairy cows. The results from the linear regression anal-
ysis suggest interdependence between the evaluated parame-
ters and highlight the importance of monitoring them. Breed-
ing, based on combinations of breed values in selection in-
dices, has proven to be effective and beneficial. Our study
has shown that younger C50 cows have lower MY, F, P, and
L and shorter CalvInt and SP compared to C100 or H cows on
higher lactations. Thus, it is important to pay more attention
to the influences that negatively affect their proper manage-
ment. We also found that H cows on their second lactation
have relatively better F, P, and L in milk compared to C100
cows. In terms of milk volume, older H cows performed bet-
ter in our study, while the primiparous H crossbreds had a
better percentage of F%, P%, and L%. This should be consid-
ered in reproduction and feeding management. The findings
of our study suggest that more attention should be paid in the
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context of the heterosis effect in C50 and H crossbreds in or-
der to maximize the production and reproductive potential of
cows. These results could be a valuable foundation for fur-
ther scientific research that would extend the results to more
breeds and more reproductive parameters.

Data availability. The dataset for the study was the Association
between production and reproduction parameters based on parity
and breed of dairy cows in the Czech Republic (original data)
(Mendeley data): https://doi.org/10.17632/6vy2tvv7jn.1 (Vrhel et
al., 2024).
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