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Abstract. Evaluation and selection of breeding bulls based on economically important characteristics is the main tool
in modern systems of genetic improvement of dairy cattle. The purpose of the study was to analyse the influence of
environmental and genetic factors on the traits of milk productivity, reproduction, productive longevity, and the difficulty
of calving, to assess the genetic parameters and breeding value of breeding bulls based on these traits. The research
material was data on the indicators of productivity, reproduction, and productive longevity of cows of the Ukrainian
black speckled milky breed of the agricultural cooperative “Vostok” of the Kharkiv region. A multidimensional linear-
threshold model was used to calculate genetic parameters (heritability coefficients and genetic correlations) and breeding
values of breeding bulls. A probable phenotypic negative association was identified between calving difficulty and milk
yield for 305 days (r= -0.2244%0.0266, P>0.999); an increase in calving difficulty by 1 point leads to a decrease in milk
yield for 305 days of lactation by 1281.0 kg. Calculated estimates of genetic correlation indicate the presence of a fairly
high relationship between milk yield for 305 days of lactation and the service period (over +0.5), a negative relationship
between the service period and productive longevity (about -0.37), and a positive relationship between the service period
and calving difficulty (about +0.26). This data indicates the presence of genetic antagonism between milk productivity and
the level of reproduction of dairy cows, the negative impact of the extended service period on the length of stay of cows
in the dairy herd, and the impact of calving difficulty on the deterioration of cow fertility. Estimates of the breeding value
of breeding bulls by milk yield, service period, productive longevity, and calving difficulty were calculated. The results
obtained indicate the expediency of including traits of reproduction, productive longevity, and difficulty of calving cows
in the breeding index, which is used to evaluate and select bulls-producers of the Ukrainian black speckled milky breed
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Introduction

Evaluation and selection are powerful driving forces in
modern animal husbandry, including dairy cattle breed-
ing. For example, in the United States dairy cattle industry,
milk production has increased by 80% since 1944, while the
number of dairy cows has decreased by 65% (Mueller & Van
Eenennaam, 2022). Selection breeding plays a substantial
role in this. Unlike feeding and production technologies,
which require constant costs, the genetic improvement
achieved in one generation is passed on to subsequent
generations of animals, that is, it has a cumulative effect.
Therefore, improving methods for the genetic assessment
of animals is of great practical importance in terms of ac-
celerating genetic progress.

Modern breeding of dairy cattle is based on the genetic
assessment of animals based on economically important
traits. The range of breeding traits in dairy cattle breeding
is constantly expanding and now includes, in addition to
milk productivity, many other traits, such as reproduction
rates, longevity, etc. (Cole et al., 2021).

An important breeding feature in dairy cattle breed-
ing is the difficulty of calving (dystocia). The difficulty of
calving is due to losses associated with increased mortal-
ity of calves and cows, reduced milk yields, poor reproduc-
tive capacity, and veterinary care costs. D. Malasauskien
et al. (2022) identified that heavy calving leads to an in-
crease in the incidence of lameness in dairy cows. A study
by Morek-Kopec et al. (2021) showed that heavy calving
increases the frequency of forced culling, especially in
primiparous animals, which negatively affects the produc-
tive longevity of animals. Similar results were obtained by
Fodor et al. (2020). The difficulty of calving is genetically
related to another economically important trait — the birth
of dead calves, which leads to a decrease in the number of
valuable heifers (Sigdel et al., 2022).

Mammi et al. (2021) identified that problematic calv-
ing is associated with reduced rumination and rest time for
cows. The negative impact of heavy calving on the feed dry
matter intake was also identified (Reshalaitihan & Hanada,
2019). A study by Antanaitis et al. (2021) showed that heavy
calving causes a decrease in the concentration of lactose in
milk and increases the risk of mastitis.

In the United States, estimates of breeding bulls on the
difficulty of calving began to be officially published in 1978
(Miglior et al., 2017). Today, in the United States, the diffi-
culty of calving, along with the birth of dead calves, is in-
cluded in the “calving ability” composite trait (Van Raden
et al., 2021). In the total merit index (TMI), which is used
to evaluate and select the Norwegian Red breed, the ease of
calving takes 2.9% (About Norwegian Red..., 2022).

Calving difficulty is expressed in points on 3-7-point
scales (Tomka, 2018). In general, the difficulty of calving is
characterised by low heritability - from 0.04 to 0.20 (Alam
et al., 2017; Silvestre et al., 2019; Probo et al., 2022). Ge-
netic assessment of calving difficulty is performed using a
linear or threshold model. The threshold model, which was
first proposed by S. Wright, is theoretically more reasonable

given the nature of this trait since it allows obtaining esti-
mates of breed value in terms of a quantitative trait with a
normal distribution (Ruban & Danshin, 2019), although its
practical use is associated with certain technical problems,
such as time spent on calculations, the convergence of
estimates, etc. The optimal solution is to use a mixed lin-
ear-threshold multidimensional model to simultaneously
estimate quantitative traits (e.g., milk productivity) and
calving difficulty, considering genetic and environmental
relationships between traits, which improves the accuracy
of the estimate (Tomka, 2018).

The purpose of the study was to examine the influence
of systematic environmental and genetic factors on the in-
dicators of milk productivity (milk yield for 305 days of lac-
tation), reproduction (service period), productive longevity,
and difficulty of calving, an assessment of genetic param-
eters (heritability and genetic correlation coefficients) and
breeding value of breeding bulls for these indicators.

Materials and Methods

The research material was the data of breeding accounting
for indicators of productivity, reproduction, and produc-
tive longevity of cows of the Ukrainian black speckled milky
breed of the agricultural cooperative “Vostok” of the Kharkiv
region for the period from 2009 to 2021. The farm keeps
1,500 cows. They are kept in boxes with manure removal by
mobile means and milking cows on two Parallel installations,
2x16. Cows are fed according to lactation phases (first phase —
1-120 days, second phase — 121-211 days, third phase — over
212 days) using total mixed ration (TMR). With an average
milk yield of 28-34 litres per day, cows are fed 28-35 kg of si-
lage, 12-15 kg of alfalfa haylage, 3-6 kg of hay, and 8-12 kg of
grain mixture with minerals. One kilogram of dry matter of
the total mixed ration contains 11.8-12.3 MJ of metabolic en-
ergy, 12-14% protein at the level of acid-detergent and neu-
tral-detergent fibre of 19-20% and 35-38%, respectively.

All cows with completed lactation for 305 days (371
cows, 1346 lactations) were selected for the study. The as-
sessment of breeding value was conducted for producers,
daughters of which gave at least 10 lactations (a total of
30 breeding bulls were evaluated). Milk yield for 305 days
of lactation was calculated using the interval method ac-
cording to ICAR recommendations (Procedure 2 of Section
2...,2020). The service period was calculated as the interval
between the calving date and the date of fertilisation. Pro-
ductive longevity was calculated as the interval between
the date of first calving and the date of exclusion of the cow
from the herd. The difficulty of calving was determined on
a 3-point scale: 1 point — normal calving, 2 points — calving
with minor complications, and 3 points — difficult calving.

Statistical data analysis (descriptive statistics, vari-
ance analysis, correlation, and regression analysis) was
performed using the R version 3.6.0 environment (the R
foundation of statistical computing).

The degree of influence of factors in the analysis of
variance was determined by the formula:
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2 Sseffect 1
SStotat ( )

where, SS

7 — SUM Of squared deviations for the effect un-
der study; SS

o — tOtal sum of squared deviations.

Calculations of genetic parameters (heritability co-
efficients and genetic correlations) and breeding values
of breeding bulls were performed using the TM v.1.0 pro-
gramme (Legarra & Varona, 2011). The following multidi-
mensional linear threshold model was used:

y =Xb +Zs + e 2)

where y - vector of observations (milk yield for 305 days
of lactation, duration of the service period, productive lon-
gevity, and difficulty of calving of cows); b — fixed year-calv-
ing season effects vector and calving number; s — vector of
additive genetic (breeding) values of breeding bulls; X and
Z - plan matrices; e — balance vector.

Breed value estimates were calculated using the BLUP
“breeder model” method (Schaeffer, 2019).

Reliability of breed value assessments (R) was calcu-
lated using the formula:

R=1— PEV/32 (3

where PEV - prediction error variance; ¢* — additive ge-
netic trait variance.

These methods allow for assessing the probability and
degree of influence of the main environmental and genetic
factors on the characteristics under study, obtaining re-
liable values of genetic parameters, and calculating esti-
mates of the breeding value of breeding bulls.

Results and Discussion

Tables 1 and 2 provide descriptive statistics on milk yield for
305 days of lactation, duration of the service period, produc-
tive longevity, and difficulty of calving of cows in SK “Vostok”.

Table 1. Descriptive statistics of productivity, reproduction, and productive longevity in SK “Vostok”

Feature n M+m c Cv, %
1 lactation
Milk yield for 305 days of lactation, kg 371 7891.0+83.9 1615.5 20.5
Service period, days 133.1+2.2 42.0 31.6
2 lactation
Milk yield for 305 days of lactation, kg 318 8512.6+104.6 1865.9 21.9
Service period, days 133.5%2.6 46.3 34.7
3 lactation
Milk yield for 305 days of lactation, kg 074 8591.9£112.7 1866.0 21.7
Service period, days 136.0+2.8 46.1 33.9
4 lactation
Milk yield for 305 days of lactation, kg 180 7974.3+139.3 1869.1 23.4
Service period, days 139.3%3.6 48.2 34.6
5 lactation
Milk yield for 305 days of lactation, kg 95 8317.3+183.4 1787.6 21.5
Service period, days 135.2%4.7 45.5 33.7
6 lactation
Milk yield for 305 days of lactation, kg 8283.2+265.4 1839.0 22.2
Service period, days 48 138.2+6.7 44.8 32.4
7 lactation
Milk yield for 305 days of lactation, kg " 6722.2+340.0 1798.9 26.8
Service period, days 139.8+8.8 46.6 33.4
8 lactation
Milk yield for 305 days of lactation, kg 20 6585.0+370.3 1656.1 25.2
Service period, days 140.7+11.5 51.5 36.6
9 lactation
Milk yield for 305 days of lactation, kg 7 7320.6+529.0 1399.6 19.1
Service period, days 121.7+11.8 31.3 25.7
10 lactation
Milk yield for 305 days of lactation, kg 6543.7+983.3 1703.1 26.0
Service period, days 131.7+12.7 22.1 16.7
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Table 1, Continued

Feature n M=m c Cv, %
11 lactation
Milk yield for 305 days of lactation, kg ) 7588.5+555.5 785.6 10.4
Service period, days 97.0+54.0 76.4 78.7
On average for all lactation periods

Milk yield for 305 days of lactation, kg 1346 8185.6+49.9 1831.0 22.4
Service period, days 1346 135.1+1.2 45.2 33.5
Productive longevity, months 746 69.0+1.0 27.1 39.3

Notes: n — number of observations, M — arithmetic mean, m - standard error of the arithmetic mean, o — mean square deviation,

Cv, % — the coefficient of variation

Animals of the herd under study are generally char-
acterised by a fairly high milk productivity. Milk yield in-
creases in 305 days from the first to the third lactation, af-
ter which it decreases.

The duration of the service period gradually increases
from the first to the fourth lactation, then decreases slightly,
but then increases again and reaches its maximum value at
the eighth lactation. In general, the value of the service pe-
riod is too high, since it exceeds the duration of the service

Table 2. Descriptive statistics on the

period in more productive cows of the Holstein breed in
the United States, which is 114 days (Norman et al., 2020).
The productive longevity of cows in this herd is about 5.8
years, which is a fairly high indicator for dairy cattle breeding.
Thus, according to the data of de Vries & Marcondes (2020),
the productive longevity of cows in countries with a high level
of dairy productivity is from 3 to 4 years, and in a number of
countries, such as France, Italy, Poland, and Canada, there
is a downward trend in this indicator (Dallago et al., 2021).

difficulty of calving in SK “Vostok”

Calving difficulty, points Number of calving sessions Share, %
1 1224 91.3
2 105 7.8
3 11 0.9
Total 1340 100

The majority of calvings (91.3%) of primiparous ani-
mals and cows pass without complications, in 7.8% of cases
they have minor complications, and only in 0.9% of cases
difficult calving is observed (Table 2). For comparison, in
Holstein cows in Italy, 79.5% of calvings are without any
complications and 20.5% require the intervention of spe-
cialists (Probo et al., 2022).

The correlation analysis identified a likely phenotypic
negative relationship between calving difficulty and milk
yield over 305 days (r = -0.2244+0.0266, P>0.999). Regression

analysis showed that an increase in calving difficulty by 1
point leads to a decrease in milk yield for 305 days of lactation
by 1281.0 kg. These results correspond well with the data of
Atashi et al., (2022), according to which heavy calving not only
reduces milk yield in the early stages of lactation but also has
a prolonged negative effect on milk productivity in general.
Table 3 shows the results of a variance analysis of the
influence of factors “year - calving season”, lactation num-
ber, father, and ease of calving on milk yield for 305 days of
lactation, service period, and productive longevity.

Table 3. Influence of environmental and genetic factors on milk during 305 days of lactation, service period,
and productive longevity

Milk yield of 305 days of lactation

Service period Productive longevity

Factor
F n? F n? F n?
Year — calving season 23.177%** 41.2 3.658%*** 11.8 8.379%*x* 16.4
Lactation number 13.717%** 4.7 0.993 - - -
Father 3.044%** 8.3 0.979 - 24,332%%* 15.6
Ease of calving 4.208* 0.3 0.371 - 2.322
Notes: F - Fischer criterion, n? - degree of influence, %, * - P>0.95, ** — P>0.99, *** - P>0.999

The “year - calving season” factor was highly likely to
affect all the traits under study, while the lactation num-
ber had a likely effect only on milk yield for 305 days of

lactation. The father of the cow substantially affected milk
yield and productive longevity, but not the service period,
which can be explained by the low heritability of this trait.
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Similar results were obtained in other studies. For exam-
ple, the likely effect of the season of the year and lactation
number on milk productivity was established by Habibi
et al. (2022). Ukita et al. (2022) identified a likely effect of
the year and month of calving on the inflammation rate
of Holstein cows in Japan. A study by Nejad et al. (2021)

established the dependence of the risk of culling (and, ac-
cordingly, the duration of productive life) of cows on the
season of the year.

Table 4 shows estimates of the genetic parameters
(heritability coefficient and genetic correlations) of the
traits under study.

Table 4. Estimates of genetic parameters of milk yield for 305 days of lactation, service period, productive longevity,

and difficulty of calving
o Genetic correlation
Feature Heritability rate
service period productive longevity calving difficulty

Milk yield of 305 days 0.3341 +0.5229 +0.0943 +0.085

Service period 0.0830 - -0.3688 +0.2571
Productive longevity 0.2045 -

Calving difficulty 0.1787 +0.0410 -

The milk yield for 305 days of lactation had the highest
value of the heritability coefficient. Productive longevity
and calving difficulty were characterised by low herita-
bility, while service period heritability was the lowest. The
resulting assessment of the heritability of calving difficulty
substantially exceeds the estimates obtained in the study
by Sigdel et al. (2022), which were 0.06-0.07.

Regarding the genetic correlation coefficients, a fairly
high relationship between milk yield for 305 days of lacta-
tion and the service period (over +0.5), a negative relation-
ship between the service period and productive longevity
(about -0.37), and a positive relationship between the
service period and calving difficulty (about +0.26) are no-
table. These results indicate a known genetic antagonism

between milk production and the reproduction rate of
dairy cows (Canaza-Cayo et al., 2018; Yamazaki et al.,
2020; Martinez-Castillero et al., 2020), the negative im-
pact of the extended service period on the length of stay
of cows in the dairy herd and the impact of the difficulty of
calving on the deterioration of cow fertility (Probo et al.,
2022).

Based on the use of a mixed multidimensional lin-
ear-threshold model, estimates of the breeding value of
breeding bulls by milk yield, service period, productive
longevity, and calving difficulty were calculated (Table 5).
Breeding values of bulls by calving difficulty are expressed
in terms of a quantitative trait with a normal distribution
(average value is 0.00569, variance — 0.18166).

Table 5. Estimates of the breeding value of breeding bulls by milk yield for 305 days of lactation, service period, productive
longevity and difficulty of calving

Milk yield for 305 Service period, Productive . .
Breeding bull Number of | gays of lactation, kg days longevity, months Calving difficulty
lactations
BV R BV R BV R BV R

FR3535222528 16 +722 0.62 +6.70 0.40 -1.40 0.09 -0.26 0.30
NL736463357 26 -290 0.71 -2.80 0.51 -0.90 0.48 -0.02 0.54
NL761829452 17 +385 0.62 +1.10 0.37 +0.30 0.13 -0.31 0.33
UA1800619813 14 +459 0.60 +2.30 0.42 -0.60 0.71 -0.24 0.30
UA3200801725 114 +4 0.88 +2.10 0.75 +0.10 0.93 +0.67 0.84
UA3200822444 50 -279 0.80 -0.10 0.66 +0.20 0.93 +0.28 0.77
UA3200822461 16 -130 0.64 -2.90 0.51 +2.80 0.88 +0.05 0.58
UA5600607819 13 -103 0.60 +0.60 0.44 -3.80 0.80 -0.37 0.14
UA5600607838 101 -104 0.85 -2.90 0.72 -3.20 0.87 -0.02 0.77
UA5900260662 124 -521 0.88 +0.90 0.75 -0.40 0.94 +0.27 0.83
UA6300108374 18 -364 0.62 -7.70 0.53 +4.70 0.87 -0.18 0.66
UA6300109103 19 -78 0.58 -1.40 0.51 +0.40 0.83 -0.12 0.61
UA6300109105 13 +135 0.53 +0.60 0.49 +6.20 0.81 +0.66 0.58
UA6300109106 37 -36 0.72 -1.50 0.61 +2.40 0.88 +0.37 0.80
UA6300109107 12 -92 0.55 -1.30 0.46 +0.40 0.83 +0.11 0.60
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Table 5, Continued

Milk yield for 305  Service period, Productive . .
Breeding bull Number of | gays of lactation, kg days longevity, months Calving difficulty
lactations
BV R BV R BV R BV R
UA6300109108 11 +70 0.53 -5.60 046 +11.10 0.83 +0.58 0.64
UA6300309551 10 -93 0.48 -1.20 0.46 +1.60 0.81 +0.01 0.60
UA6300309555 32 +246 0.71 +0.50  0.57 +1.90 0.88 +0.32 0.77
UA6300376295 21 -158 0.69 -3.40  0.55 +2.10 0.88 -0.02 0.61
UA6300376594 40 -12 0.79 -1.20 0.65 +1.60 0.91 -0.08 0.72
UA6300446717 153 -1008 0.90 -6.40  0.76 -2.40 0.94 -0.19 0.77
UA6300447275 104 -146 0.88 +1.90 0.73 -2.00 0.92 +0.04 0.76
UA6300661596 21 -42 0.69 +1.20  0.53 +0.60 0.60 +1.03 0.66
UA6300755786 110 -240 0.87 -2.60  0.70 -4.00 0.90 -0.93 0.35
UA6300765661 32 +595 0.75 +3.70 0.53 -2.80 0.87 -0.64 0.26
UA6300777972 41 +280 0.79 +2.00  0.61 -2.30 0.75 -0.65 0.21
UA8000358181 12 +583 0.57 +4.40 0.30 +0.40 0.06 -0.09 0.14
UA8010591081 13 -183 0.60 +0.30  0.30 -1.80 0.02 -0.20 0.14
UA8010785745 22 -239 0.69 +0.20 0.44 -3.00 0.48 -0.37 0.30
UA8011167205 20 +493 0.69 +9.20 0.51 -2.20 0.69 +0.47 0.56

Notes: BV - assessment of breed value, R - reliability of assessment of breed value

The highest assessment of breeding value by milk yield
for 305 days of lactation was given to FR3535222528 (+722 kg),
UA6300765661 (+595 kg),and UA8000358181 (+583 kg) breed-
ing bulls. According to the estimates of breeding value, the
duration of the service period in bulls UA6300108374 (-7.7
days), UA6300446717 (-6.4 days), and UA6300109108 (-5.6
days) are notable. In terms of productive longevity, the best es-
timates of breeding value were given to bulls UA6300109108
(+11.1 months), UA6300109105 (+6.2 months), and
UA6300108374 (+4.7 months). Regarding the difficulty of
calving, bulls UA6300755786 (-0.93), UA6300777972 (-0.65),
and UA6300765661 (-6.4) can be highlighted.

The obtained estimates of heritability coefficients are
close to those obtained by other researchers, in particular,
Stefani et al. (2021), although the heritability of milk yield
at 305 days of lactation in this controlled study was higher
(0.33 vs. 0.15). The use of a mixed linear threshold model
allowed for a higher heritability coefficient for calving dif-
ficulty (0.1787) than when using linear models (Tomka,
2018; Silvestre et al., 2019), which allowed increasing the re-
liability of estimates of the breeding value of breeding bulls
based on this feature. The decrease in milk yield for 305 days
of lactation due to the difficult calving of cows is consistent
with the data of other authors (Stefani et al., 2021).

The calculated values of genetic correlations confirm
the well-known genetic antagonism between milk produc-
tion and reproduction of dairy cows, which has recently
been confirmed by genomic studies, the results of which
showed that over 40 years (from 1964 to 2004), intensive
breeding for milk productivity in the Holstein breed led to
a deterioration in the reproduction rate of cows (Ma et al.,
2019). 234 regions of the genome with selection signatures
were identified, of which 125 regions either contained or
were located near 198 genes affecting reproductive function.

Notably, the low level of heritability of reproduction
indicators, including the service period, and the presence
of an unfavourable genetic relationship between them and
the milk productivity of cows does not mean that their
genetic improvement by breeding methods is impossi-
ble. Weller et al. (2022) analysed phenotypic and genetic
changes in milk productivity (milk yield, fat, and protein)
and reproduction (fertilisation status, which is the inverse
of the number of inseminations per fertilisation, expressed
as a percentage) in the Holstein livestock population of
Israel for the period from 1980 to 2018. The authors iden-
tified that in parallel with the increase in milk productiv-
ity, there was a decrease in the status of fertilisation from
55.6% in 1983 t0 46.5% in 2018, but the average assessment
of the breeding value of animals by fertilisation status in-
creased from -1.9 to -0.1. These data indicate that the de-
terioration in reproduction rates was caused not by genetic,
but by environmental factors. This is supported by the results
of the study by Morton et al. (2018), according to which the
proportion of non-genetic component covariance between
reproduction traits and milk productivity is up to 67%.

According to Lucy (2019), breeding is a tool that al-
lows for quickly improving the level of reproduction of
dairy cows. In the Nordic countries (Denmark, Sweden,
and Finland), reproduction rates began to be included in
the breeding programmes of dairy breeds as early as the
1960s, which allowed for avoiding their deterioration with
increased milk productivity (Muuttoranta et al., 2019). In
the Holstein population of the United States, between 1960
and 2000, there was a steady decline in both the breed-
ing value and the factual (phenotypic) values of the cow
pregnancy level, then from 2000 there was a gradual in-
crease in the factual values of the cow pregnancy level, and
since 2010 (after the introduction of genomic assessment
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of animals), there has been some genetic progress (Berry,
2018). Currently, two-thirds of Interbull member countries
conduct a genetic assessment of dairy cattle based on re-
productive traits (Interbull, 2022).

Thus, as a result of research, a substantial influence of
environmental factors (especially the “year — calving sea-
son” factor) on the milk yield, service period, and produc-
tive longevity of cows of the herd under study was estab-
lished. The presence of genetic antagonism between milk
productivity and the level of reproduction of cows of the
Ukrainian black speckled milky breed and the negative im-
pact of heavy calving on the duration of the service period
were confirmed.

Conclusions

The conducted studies indicate a substantial influence
of the “year — calving season” factor on the indicators of
milk productivity, reproduction, and productive longevity
of cows, which makes it necessary to include this factor in
the model for assessing the genetic parameters and breeding
value of breeding bulls and cows based on the examined traits.

Heritability estimates (from 0.0830 to 0.3341) indicate
the possibility of genetic improvement of all these traits
through targeted breeding work.

The calculated values of genetic correlations confirm
the existence of an unfavourable relationship between
milk yield for 305 days of lactation and the service period

(+0.5229), a negative relationship between the service
period and productive longevity (-0.3688), and a positive
relationship between the service period and calving dif-
ficulty (+0.2571). Such results indicate the negative con-
sequences of breeding only for milk productivity for the
level of reproduction of dairy cows of the Ukrainian black
speckled milky breed and indicate the need to include
traits of reproduction, productive longevity, and difficulty
of calving of cows in the economic breeding index, based
on which the assessment, selection, and breeding of ani-
mals will be conducted.

The use of a mixed multidimensional linear threshold
model allows simultaneously assessing the breeding value
of breeding bulls based on quantitative characteristics and
those expressed in qualitative categories (calving diffi-
culty). Using such a mixed multidimensional linear-thresh-
old model, estimates of the breeding value of bulls-pro-
ducers of the Ukrainian black speckled milky breed by milk
yield, service period, productive longevity, and calving dif-
ficulty were calculated. The obtained estimates should be
used in practice for the genetic improvement of this breed.

The obtained estimates of genetic parameters can be used
in further studies when modelling possible genetic changes
in the breeding traits under study (direct and correlated
response to selection) under different selection scenar-
ios and variants of breeding programmes in the Ukrainian
black speckled milky breed.

(1]
(2]

(3]

(4]

[5]
(6]

[7]

(8]

(9]

(10]

(11]

References

About Norwegian Red. Norwegian EBVs. Calving traits (2021). Retrieved from www.norwegianred.com/about-
norwegian-red/norwegian-ebvs/calving-traits/.

Alam, M., Dang, C.G., Choi, T.J., & Choy, Y.H. (2017). Genetic parameters of calving ease using sire-maternal grandsire
model in Korean Holsteins. Asian-Australasian Journal of Animal Science, 30(90), 1225-1233. https://doi.org/10.5713/
ajas.16.0322.

Antanaitis, R., Juozaitiene, V., Malasauskien, D., & Televicius, M. (2021). Influence of calving ease on in-line milk
lactose and other milk components. Animals, 11(3), article number 842. https://doi.org/10.3390/ani11030842.
Atashi, H., Asaadi, A., Hostens, M. (2021). Association between age at first calving and lactation performance, lactation
curve, calving interval, calf birth weight, and dystocia in Holstein dairy cows. PLoS ONE, 16, article number e0244825.
https://doi.org/10.1371/journal.pone.0244825.

Berry D.P. (2018). Symposium review: Breeding a better cow - will she be adaptable? Journal of Dairy Science, 101(4),
3665-3685. https://doi.org/10.3168/jds.2017-13309.

Canaza-Cayoa, A.W., Lopes, P.S., Cobuci J.A., Martins, M.F., and da Silva M.V.G.B. (2018). Genetic parameters of
milk production and reproduction traits of Girolando cattle in Brazil. Italian Journal of Animal Science, 17(1), 22-30.
https://doi.org/10.1080/1828051X.2017.1335180.

Cole,].B., Diirr, ].W., & Nicolazzi, E.L. (2021). Invited review: The future of selection decisions and breeding programs:
What are we breeding for, and who decides? Journal Dairy Science, 104(5), 5111-5124. https://doi.org/10.3168/
jds.2020-19777.

Dallago G. M., Wade K. M., Cue R. I., McClure J T., Lacroix R., Pellerin D., and Vasseur E. (2021). Keeping Dairy Cows
for Longer: A Critical Literature Review on Dairy Cow Longevity in High Milk-Producing Countries. Animals 11, article
number 808. https://doi.org/10.3390/ani11030808.

de Vries, A., & Marcondes M. I. (2020). Review: Overview of factors affecting productive lifespan of dairy cows. Animal,
14, 155-164. https://doi.org/10.1017/S1751731119003264.

Fodor, 1., Lang, Z., & Ozsvari, L. (2020). Relationship of dairy heifer reproduction with survival to first calving,
milk yield and culling risk in the first lactation. Asian-Australasian Journal of Animal Science, 33(8), 1360-1368.
https://doi.org/10.5713/ajas.19.0474.

Habibi. E., Qasimi, M. I., Ahmadzai, N., Stanikzai, N., Sakha M. Z. (2021). Effect of Season and Lactation Number on
Milk Production of Holstein Friesian Cows in Kabul Bini-Hesar Dairy Farm. Open Journal of Animal Sciences, 11, 369-
375. https://doi.org/10.4236/0jas.2021.113026.

Animal Science and Food Technology. 2022. Vol. 13, No. 4




Ruban & Danshyn

57

[12] Interbull. (2022). National genetic evaluation forms provided by countries. Retrieved from http://www.interbull.org/ib/
geformsy/.

[13] Legarra, A., & Varona, L. (2011). Threshold model. Manual. Retrieved from http://snp.toulouse.inra.fr/~alegarra/
manualtm.pdf.

[14] Lucy, M.C. (2019). Symposium review: Selection for fertility in the modern dairy cow - Current status and future
direction for genetic selection. Journal of Dairy Science, 102, 3706-3721. https://doi.org/10.3168/jds.2018-15544.

[15] Ma, L., Sonstegard, T.S., Cole, J.B., & VanTassell, C.P. (2019). Genome changes due to artificial selection in U.S.
Holstein cattle. BMC Genomics, 20, article number 128. https://doi.org/10.1186/s12864-019-5459-x.

[16] Malasauskiené, D., Antanaitis, R., Juozaitiené, V., Paulauskas, A., Urbonavicius, G., Televicius, M., Urbutis, M.,
Kajokiené, L., Yilmaz, A., & Baumgartner, W. (2022). Impact of calving difficulty on lameness in dairy cows. Agriculture,
12(7), article number 960. https://doi.org/10.3390/agriculture12070960.

[17] Mammi,L.M.E.,Cavallini,D.,Fustini, M., & Fusaro,I.(2021). Calving difficulty influences rumination time and inflammatory
profile in Holstein dairy cows. Journal of Dairy Science, 104, 750-761. https://doi.org/10.3168/jds.2020-18867.

[18] Martinez-Castillero, M., Toledo-Alvarado, H., Pegolo, S., Vazquez, A. 1., de los Campos, G., Varona, L., Finocchiaro, R.,
Bittante, G., and Cecchinato, A. (2020). Genetic parameters for fertility traits assessed in herds divergent in milk
energy output in Holstein-Friesian, Brown Swiss, and Simmental cattle. Journal of Dairy Science, 103,11545-11558.
https://doi.org/10.3168/jds.2020-18934.

[19] Miglior, F., Fleming, A., Malchiodi, F., & Brito, L.F. (2017). A 100 Year Review: Identification and genetic selection of
economically important traits in dairy cattle. Journal of Dairy Science, 100(12), 10251-10271. https://doi.org/10.3168/
jds.2017-12968.

[20] Morek-Kopec, M., Zarnecki, A., Ptak, E., & Otwinowska-Mindur, A. (2021). Effect of calving difficulties and calf
mortality on functional longevity in polish holstein-friesian cows. Animals, 11(10), article number 2792. https://doi.
org/10.3390/ani11102792.

[21] Morton, J. M., Pryce, J. E., and Haile-Mariam, M. (2018). Components of the covariances between reproductive
performance traits and milk protein concentration and milk yield in dairy cows. Journal of Dairy Science, 101, 5227-
5239. https://doi.org/10.3168/jds.2017-13268.

[22] Mueller, M.L., & Van Eenennaam, A.L. (2022). Synergistic power of genomic selection, assisted reproductive
technologies, and gene editing to drive genetic improvement of cattle. CABI Agriculture and Bioscience, 3, article
number 13. https://doi.org/10.1186/s43170-022-00080-z.

[23] Muuttoranta K., Tyrisevd A.M., Méntysaari E.A., P6so J., Aamand G.P., Lidauer M.H. Genetic parameters for
female fertility in Nordic Holstein and Red Cattle dairy breeds. (2019). Journal of Dairy Science, 102 (9), 8184-8196.
https://doi.org/10.3168/jds.2018-15858.

[24] Nejad M. R., Kashan, N. E., Rokouei, M., Aminafshar, M., and Faraji-Arough, H. (2021). Study of Longevity in Dairy
Cattle. Iranian Journal of Applied Animal Science, 11(3), 469-475.

[25] Norman H.D., Guinan F.L., Megonigal J.H., and. Diirr J.W. (2020). Reproductive status of cows in Dairy Herd Improvement
programs and bred using artificial inseminat. Retrieved from https://queries.uscdcb.com/publish/dhi/current/reproall.html.

[26] Probo, M., Guadagnini, M., Sala, G., & Amodeo, P.(2022). Calving ease risk factors and subsequent survival, fertility and
milk production in Italian Holstein cows. Animals, 12(6), article number 671. https://doi.org/10.3390/ani12060671.

[27] Procedure 2 of Section 2 of ICAR Guidelines “Computing of accumulated lactation yield”. ICAR: The global standard
for livestock data.

[28] Reshalaitihan, M., & Hanada, M. (2019). Influence of calving difficulty on dry matter intake immediately after calving
of dairy cows. Animal Science Journal, 90(4), 539-546. https://doi.org/10.1111/asj.13188.

[29] Ruban, S., & Danshin, V. (2019). Modern methods of animal breeding. Kyiv: Comprint.

[30] Schaeffer, L.R. (2019). Animal models. Waterloo: Volumes Publishing.

[31] Sigdel, A., Xiao-Lin, Wu, Parker Gaddis, K.L., & Norman, H.D. (2022). Genetic evaluations of stillbirth for five
United States dairy breeds: A data-resource feasibility study. Frontiers in Genetics, 13, article number 819678.
https://doi.org/10.3389/fgene.2022.819678.

[32] Silvestre, A., Martins, A., Santos, V., & Colaco, J. (2019). Genetic parameters of calving ease in dairy cattle using
threshold and linear models. Italian Journal of Animal Science, 18(1), 80-87. https://doi.org/10.1080/182805
1X.2018.1482801.

[33] Stefani, G., Aquaroli, D.B., Costa, ].B.G., & Santana, M.L. (2021). Genetic parameters for dystocia, milk yield and age
at first calving in Brazilian Holstein cows. Journal of Applied Animal Research, 49(1), 1-5. https://doi.org/10.1080/097
12119.2020.1856115.

[34] Tomka, J.(2018). Genetic evaluation of calving difficulty in cattle: A review. Slovak Journal of Animal Science, 51(3), 128-137.

[35] Ukita,H, Yamazaki, T., Yamaguchi, S., Abe, H., Baba, T., Bai, H., Takahashi, M., and Kawahara, M. (2022). Environmental
factors affecting the conception rates of nulliparous and primiparous dairy cattle. Journal Dairy Science, 105, 6947-
6955. https://doi.org/10.3168/jds.2022-21948.

Animal Science and Food Technology. 2022. Vol. 13, No. 4




58

Assessment of the genetic parameters and breeding value...

[36] VanRaden, P.M., Cole, J.B., Neupane, M., Toghiani, S., Gaddis, K.L., & Tempelman, R.]. Net merit as a measure of
lifetime profit: 2021 revision. Retrieved from https://www.ars.usda.gov/ARSUserFiles/80420530/Publications/ARR/
nmcalc-2021_ARR-NMS.pdf.

[37] Weller, J.1., Gershoni, M., & Ezra, E. (2022). Breeding Dairy Cattle for Female Fertility and Production in the Age of
Genomics. Veterinary Science, 9, article number 434. https://doi.org/10.3390/vetsci9080434.

[38] Yamazaki, T., Yamaguchi, S., Takeda, H., Osawa, T., and Hagiya, K. (2020). Genetic parameters for conception rate and
milk production traits within and across Holstein herds with different housing types and feeding systems during the
first 3 lactations. Journal of Dairy Science, 103, 10361-10373. https://doi.org/10.3168/jds.2020-18494.

OnjiHKa reHeTUHYHUX MapaMeTpiB i IeMiHHOT HiHHOCTi OyraiB-MJIiTHUKIB
YKPaTHCHKO1 YOPHO-PsA00T MOIOYHOI MOPOIH 32 OCHOBHUMH O3HAKAMHU

Cepriii IOpiitoBuu PyGan

Kangumar ciibcbKOTOCTIOAAPChKUX HAYK

HaruioHanbHMit yHiBepcuTeT 6GiopecypciB i MpUpomoKOpUCTyBaHHS YKpaiHu
03041, Byin. l'epoiB O60ponu, 15, M. Knis, Vkpaina
https://orcid.org/0000-0001-9012-6835

BikTop Onexcanaposuu [JaHIINH

JJOKTOD CiJIbChKOTOCIIOAAPCHKUX HAYK, ITpodecop

HauioHaynbHMIt yHiBEpcuTEeT 6iopecypciB i MpUpomoKOpUCTyBaHHS YKpaiHu
03041, Byin. l'epoiB O60oponu, 15, M. Knis, Vkpaina
https://orcid.org/0000-0002-8114-3665

AHoranig. Omninka Ta Bim6ip OGyraiB-IUTiZHUKIB 32 €KOHOMIYHO BaXKIMBMMM O3HAKAMMU € TOJIOBHMM iHCTPYMEHTOM
B CYYaCHMX CUCTeMaxX TeHeTMYHOTO IOKpAaIleHHS MOJOYHOi Xxymobu. MeTow mOCTimKeHb OY/lI0 MPOBemeHHS aHai3y
BIUIMBY CePeNOBUIIHUX i reHeTMUHMUX (aKTOPiB Ha O3HAKM MOJIOUHOI MPOSYKTUBHOCTI, BiITBOPEHHSI, IPOLYKTUBHOTO
JIOBTOJITTS i BAXKKOCTi OTeJIeHb Ta 3[iICHUTHU OL[iIHKY TeHeTUUHMX IapaMeTpiB i rieMiHHOI [[iHHOCTi 6yraiB-IuTiZHUKIB
3a UMMM 03HaKaMu. MaTepiaiom goctimKeHb Oy JaHi 10 MOKa3HMUKaX MPOLYKTUBHOCTI, BiZTBOPEHHSI i MPOIYKTUBHOTO
IOBTOMITTS KOpiB YKPaiHCbKOI YOPHO-PSIO0i MOJIOYHOI TOpPOAM CiIbCbKOTOCIIOZAPChKOTO KOOIEepaTuBy «BocTok»
XapkiBcbKoi 06acTi. 151 po3paxyHKy reHeTUYHUX NapameTpiB (Koedil[ieHTH ycr1aJKOBYBaHOCTI i reHeTUYHi KopesisiLii)
i ruieMiHHMX IiHHOCTel OyraiB-IUIIZHMKIB BUKOPMCTOBYBa/lach GaraToMipHa JiHiiHO-TIOpPOroBa MojeNb. BuUsiBIeHO
BiporimHuit (eHOTUITIYHUIT HEeraTMBHUI 3B’I30K MiX BakKKiCTIO OTelieHHS i Hamoem 3a 305 gHiB (r= -0,2244+0,0266,
P>0,999); 36i/mblIIeHHS BaXKKOCTi OTe/IeHHS Ha 1 6a1 mpU3BOAUTH OO0 3HVKEHHS Hamomw 3a 305 mHiB makTanii Ha 1281,0 Kr.
Po3paxoBaHi OI[iHKM T'€HEeTUYHOI KOpeJsIlii CBiIuaTh MPO HASBHICTb AOCUTH BUCOKOTO 3B>SI3Ky MiX HamoeMm 3a 305
IHIiB nakTalii i cepic-mepiogom (6inpiue +0,5), a TAKOK HETATMBHOTO 3B’SI3Ky MiX cepBic-miepiofioM i IpOLyKTUBHUM
noBromiTTaMm (6ins1 -0,37) Ta MO3UTUBHOTO 3B’SI3Ky MiX cepBic-Tiepiofom i BaxkicTio oTeneHHs (6insa +0,26). Li mani
CBiUaTh PO HASIBHICTb F€HETMYHOIO aHTAaroOHi3My MiXX MOJIOUHOIO IIPOAYKTUBHICTIO i piBHEM BiTBOPEHHS] MOJIOYHUX
KOpiB, HETATMBHMII BIUIMB IOLOBXKEHOTO CepBic-Mepiofy Ha TepMiH mepebyBaHHSI KOPiB Y MOJIOYHOMY CTafi i BIUIMB
BaskKKOCTi OTeJIeHHs Ha MOTipIleHHs IIOAI0YOCTI KOpiB. By/M po3paxoBaHi OLiHKY IJIEMiHHOI I[iHHOCTi 6yraiB-IuTigHUKIB
3a HaZ0€M, CepBic-NepiofoM, MPOSYKTUBHUM AOBTOMITTAM i BaXKKiCTIO OoTeneHHs. OTpMMaHi pe3y/abTaTy CBiuaTh PO
JOLibHICTD BK/IIOUEHHSI O3HaK BiATBOPEHHS, MPOAYKTUBHOIO AOBIOJITTS i BaXKOCTi OTe/JIeHHS KODiB B ceneKIiliHui
iHIeKc, 3a SIKUM 3[i/iCHIOETHCS OLIiHKA Ta Bifbip 6yraiB-1utifHUKIB yKpaiHCbKOi YOpHO-Ps160i1 MOMIOYHOI Topoau YKpaiHu

KniouoBi c1oBa: mMojouHa Xymoba, celekllisi, TOporoBa MoJeNb, YCIagKOBYBaHiCTb, FT€HETUYHA KOPEJSIlisl, BasKKiCThb
OTeJIeHHSI
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