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Abstract. The relevance of the study is due to the need to control economically important attributes
of the reproduction of dairy cattle, which have a weak genetic determination and substantially
depend on the management and feeding of cows. The purpose of the study is to determine the
relationship between the duration of the voluntary waiting period, days open, and period of
insemination, assess the impact of the father factor on them. An examination of the influence of
genetic and environmental factors on the voluntary waiting period, days open, and milk productivity
was conducted. A new feature is highlighted — the period of insemination, which was determined as
the difference between the lengthening of the open day period and the voluntary waiting period.
Studies were conducted on Holstein cows (a total of 605 heads), the average yield of which was
8777 kg. As a source of primary information, data from the Uniform Agri programme was used,
which was processed using variance and correlation-regression analysis. The probable influence of
the father factor on milk during 305 days of lactation (11.5%), days open (5.4%), and the period of
insemination (5.2%) was revealed. A positive relationship has been established between milk yield
and days open (0.115, p<0.01), milk yield and period of insemination (0.165, p<0.01), days open
and voluntary waiting period (0.257, p<0.01), days open and period of insemination (0.955, p<0.01).
The dependence of the duration of days open and the voluntary waiting period on such paratypical
factors as the age of cows and the month of their calving was examined. There is a tendency to reduce
the duration of days open and the voluntary waiting period in cows with each subsequent lactation.
It was identified that the duration of the voluntary waiting period was the greatest in cows that
calved in November, March, and May, and the smallest — in August. Cows that calved in March had
a longer duration of days open, and with calving in February - the shortest. Conclusions are drawn
about the possibility of using the value of the period of insemination in selection programmes. The
possibility of using reproduction level attributes in selection programmes is proved
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Relevance

In the practice of breeding improvement of farm
animals, there is a tendency to expand con-
trolled traits for their further use in selection
programmes. On the one hand, this is caused
by the need to control new economically impor-
tant attributes, and on the other - by the possi-
bilities of genomics (Ruban et al., 2019; Fedota
et al., 2018; Cole et al., 2012), when selection
based on genetic markers requires additional
monitoring of changes in the phenotypic mani-
festation (Ruban et al., 2016; Fedota et al., 2016).
Recently, this has led to the emergence of a new
research area called phenomenon (Bilder et al.,
2009; Houle et al., 2010). The term phenomenon
reveals the need for more detailed (more regular
in time) control of breeding traits (Greenwood
etal.,2016;Koltes et al.,2019; Ruban et al., 2019),
and analysis of changes in these attributes re-
veals the features of the genotype-environment
interaction (Ruban, 1999; Ruban, 1987).

Reproduction rates are known to have a
substantial impact on the economy of produc-
tion (Cole et al., 2020), but in breeding, these
traits have a weak genetic determination and
are more dependent on livestock management
and feeding (Ali et al., 2019; Brzdkova et al.,
2019). So the vast majority of successful fertil-
isation of a cow depends on the professionalism
of the artificial insemination technician and the
veterinarian, who monitor the state of recovery
processes in the period after calving. The sys-
tem for monitoring the state of reproduction of
cows additionally includes such a feature as the
waiting period (Mitioglo et al., 2017), which al-
lowed testing the working hypothesis regarding
the possibilities of using this indicator in the
breeding process.

Analysis of recent studies and
papers
A voluntary waiting period or VWP is defined
as the interval from the date of calving to the
date of the first insemination of a cow, made
by a specialist based on an assessment of the
state of the cowss reproductive organs, or other
management decisions (Fleming et al., 2019).
The duration of this period is substantially in-
fluenced by the artificial insemination techni-
cian or veterinarian, based on an assessment
of the general condition and a thorough exam-
ination of the cow>s reproductive organs (Miller
et al., 2007). VWP is influenced by the specific
features of calving planning, the use of sexual
heat synchronisation schemes, and most im-
portantly, the qualification of veterinarians and
artificial insemination technicians, so the value
of this period varies greatly between farms and
animals of the same herd (Fleming et al., 2019).

The most common reasons for changing
the duration of this period were the condition
of cows after calving — 50%, the calving sea-
son — 18%, the productivity level — 18%, the
calving number — 14%, and other reasons — 14%
(Dejarnette et al., 2007)

In the conditions of Dutch farms, the opti-
mal VWP was 6 weeks. The average economic
losses from extending the VWP for more than 6
weeks were 9, 26, and 52 euros for the duration
of the waiting period of 9, 12, and 15 weeks, re-
spectively (Inchaisri et al., 2011). In the practice
of North American dairy farms, VWP within 60
days (8.5 weeks) is considered normal (Miller
et al., 2007; Stangaferro et al., 2018).

In tropical climates, the calving season has
a substantial impact on VWP values (Silva et al.,
2017).
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Relationships were found between VWP
of less than 50 days, the period of days open —
DO with the corresponding probability value
(p<0.05), and fertilisation in the first 200 days
of lactation (p<0.01), compared with the peri-
od of voluntary waiting that was more than 50
days (Fodor et al., 2018)

VWP lasting 45 to 70 days was associated
with a shorter rumination time during estrus
and a lower pregnancy index after the first in-
semination (Yazlik et al., 2018).

According to the data (Ali et al., 2019), the
heritability ratio (h?) of the DO interval in differ-
ent livestock breeds was 0.09+0.121, and a sub-
stantial genetic correlation was also found be-
tween DO and milk yield during lactation (r=0.24;
p<0,01). This means that selection to increase
milk yield affects the increase in DO duration.

In herds of the Swiss breed in the United
States, the genetic correlation between DO and
milk forms, DO and the height of posterior ud-
der attachment was positive — 0.52 and 0.55,
respectively, and between the duration of the
service period and productive life was nega-
tive — -0.60 (Gibson & Dechow, 2018).

Purpose of the study. The purpose of the
study was to determine the influence of the
father factor on the duration of the voluntary
waiting period (VWP), days open (DO), and pe-
riod of insemination (Pol), the task was to deter-
mine the relationship of these periods with each
other, and with milk productivity, assess the im-
pact of paratypical (organised) factors on them.

Materials and Methods

The study was conducted in the conditions of
an agricultural Ltd “Agroko”, Chornobai dis-
trict, Cherkasy region. A sample was formed for
analysis.
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The animals were kept using a tethered
system and milked into a milk pipeline. Cows
were fed a mixed diet, which was balanced in
terms of energy, protein, and vitamin-mineral
components.

Insemination of cows was conducted by
a technique of artificial insemination by rec-
tocervical method. Ultrasound examinations
recorded the presence or absence of problems
of the sexual apparatus (ovarian cyst or hypo-
function, subclinical and clinical endometritis),
after which a decision was made regarding the
possibilities of insemination. A portable ultra-
sound scanner was used to evaluate the results
of fertilisation, and the control was performed
by a veterinarian. The results were entered into
a computer herd management programme -
Uniform Agri, the database of which stores in-
formation about the reproduction of herd an-
imals (dates of calving, insemination, launch,
number of the producer whose sperm was used
for insemination), and signs of productivity
(hopes, etc.).

Mathematical data processing was per-
formed using IBM SPSS Statistics and using
programme modules such as general linear
model, graphical, correlation, and regression
analysis.

The main intervals (attributes) that com-
prehensively characterise the complex process
of cow reproduction and were used for analysis
are shown in Fig. 1. For this purpose, the inter-
national terminology regarding these intervals
is used, which is regulated by the International
Committee for Animal Recording (ICAR). Addi-
tionally, such a feature as the period of insem-
ination is highlighted — Pol. The Pol value was
calculated for each cow as the difference be-
tween the DO and VWP values.
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Figure 1. Attributes that characterise the level of reproduction of a cow

Paternal origin (the father factor) was used
as a fixed genetic factor to calculate the genetic
influence on breeding traits. The sample of cows
was divided into two maximum equal groups, de-
pending on the size of milk yields and consider-
ing the nature of the sample distribution to de-
termine changes in the duration of the estimated
periods (VWP, DO, Pol) from the level of produc-
tivity (Fig. 2). Based on the nature of the distri-
bution, two almost equal groups were formed.
Thus, cows that had a lactation yield of less than
8777 kg were included in the low-productive

group (n=287), and in accordance with the milk
yield of the higher number, a group of highly pro-
ductive cows was formed (n=316).

Results and Discussion

The productivity of controlled cows was in the
range of 4500-14000 kg of milk without the
existing values of asymmetry and excess. The
maximum productivity is recorded at 14 tons
per cow. The sample was presented by originat-
ing from 18 breeding bulls of the Holstein breed
(import of sperm from the USA, Canada).
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Figure 2. Value of the normal distribution of herd cows by milk yield (total 605 heads)

The highest average milk yield over 305 days
of lactation was detected in Armstrong’s daugh-
ters, whose productivity exceeded Audacity’s
offspring by 906 kg of milk and, respectively, by
755 kg compared to the herd average (Table 1).

Armstrong’s daughters were also characterised
by the shortest DO period (98 days) and the long-
est voluntary waiting period (59 days). Cows off-
springs of Audacity, in addition to the lower milk
yield, were characterised by the longest DO value.
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Table 1. Values of productivity indicators and reproduction characteristics
in daughters of different producers

Milk yield for Periods, days
Producer lg?g:;:; 1?.25;31?:, (1)(; VWP Pol DO
M*m M*m MEm Mm

Matrix 24 9326%260.9* 66%3.0 52%14.5 118+14.3
He ET 76 9476%152.7%** 65%3.5 78+8.9 147+16.3
Billtest 39 9254+225.9* 60£3.0 87+14.0 147+17.7
Audacity 26 8626%319.9 74%5.4 53+9.9* 152+22.4
Armstrong 26 9532+238.9%** 59+2.1 38+8.9%*x* 98+9.5%*
Benjamin 68 8928+203.0 75%9.8 71£7.9 150+17.1
Other 316 8169+102.8%** 78+11.0 77+4.5 154+19.2
Total 605 8777%67.8 7248.5 72%3.1 146*17.8

Note: * p<0.05; ** p<0.01; *** p<0.001

There was also a substantial variability be-
tween producers over the period of insemina-
tion — Pol. Thus, the average value of this trait
ranged from 38 days (Armstrong’s daughter) to
87 days (Billtest’s daughter). This trend coin-
cided for the daughters of these producers with
the average duration of the voluntary waiting

period. A longer voluntary waiting period was
characterised by cows from producer Benjamin
(75 days), which is 5% more than the average
value of this indicator for the herd. In this re-
gard, the degree of influence of the father factor
on the main breeding characteristics was eval-
uated (Table 2).

Table 2. Assessment of the influence of the “parent” factor on the evaluated attributes (n=605 heads)

Attribute Degree of influence F Probability
Milk yield of 305 days of lactation 0.115 4.212 0.000%**
VWP 0.027 0.890 0.592
DO 0.054 1.852 0.017%**
Pol 0.052 1.758 0.027%**

Note:***~ p<0.001

It was identified that the influence of the
father factor on the variability of the evaluated
traits ranged from 2.7 to 11.5%. The probable
influence of the genetic factor analysed on VWP
was not confirmed, along with this, a substantial
effect was determined on such signs as milk dur-
ing 305 days of lactation (0.115, p<0.001), Pol in-
terval (0.052, p<0.001) and DO (0.054, p<0.001).
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Analysis of correlation links between milk
yield for 305 days of lactation and the period of
days open was positive +0.257 (p<0.01), which
indicates a deterioration in the reproduction
function with increased milk yield. Signs such
as DO and Pol had a positive substantial corre-
lation with milk yield at 305 days of lactation
(p<0.01) (Table 3).
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Table 3. Correlation coefficients between the main breeding characteristics of cows

Paired attributes

Correlation coefficient

VWP -DO 0.257**

DO - milk yield of 305 days 0.115**
VWP - Milk yield of 305 days -0.141%**
DO - Pol 0.955%*

Pol - Milk yield of 305 days 0.165**

Note:**- p<0.01

With a decrease in VWP values, there is an
increase in milk yield in cows (r=-0.141), which
indicates the best recovery processes in cows in
the post-calving period.

Regression analysis between the duration
of the service period and milk yield during lac-
tation showed that with an increase in milk
yield by +3.38 kg, the duration of the service
period increases by 1 day (Fig. 3).
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Frequency distribution over the period of
insemination (Fig. 4) proves that in the ana-
lysed sample, cows are most often found with a
duration in the range of up to 50 days (terms of
manifestation of two sexual cycles), which indi-
cates a relatively high level of fertilisation and
especially after passing the period of voluntary
waiting, which was characterised by the resto-
ration of sexual functions in cows.

R=+3.38

4000 6000 8000

10000 12000 14000

Milk yield of 305 days of lactation, kg

Figure 3. Distribution and regression relationship between milk yield at 305 days of lactation
and the DO value in cows (r=+3.38)
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Figure 4. Distribution of herd cows by value (Pol)

Some cows were successfully fertilised in
the following time periods, which is primarily
due to the level of productivity and such con-
sequences as a negative balance in live weight,
the degree of fatness. So the data in Table 4

demonstrates that for the group of highly pro-
ductive cows, there is a substantial difference
for all periods included in the analysis (VWP,
DO, Pol) compared to the low-performance

group.

Table 4. Elongation dependence of VWP, DO, and Pol depending on the performance level

Duration, days

Group Heads Milk yield, kg

DO Pol
Low-performance- 287 7391%£59.0 70£1.30 137%4.78 66+4.46
High-performance- 316 10230+53.2 65%0.94 148+4.58 82+4.56
Difference between groups - -2839%** -5, 2% +11.00** +16.00%**

Note: **p<0.01, ***~ p<0.001

(Fig. 5) and the calendar month of calving, or
the period of the year were analysed.

The possible changes in the duration of VWP,
DO, and Pol periods from the cow’s lactation age
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Figure 5. Dependence of DO, VWP, and Pol periods on the cow’s lactation number
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There is a general tendency to reduce the
lengthening of periods that characterise the level
of reproduction with the age of lactation (up to
the sixth lactation), which indicates a better level
of reproduction in full-aged cows than in first-
calved and second-calved cows. The duration
of the voluntary waiting period and the period
of days open varied substantially depending on
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the month of calving of cows in the herd (Fig. 6).
Thus, the longest duration of DO was in cows
that calved in March, which indicates a modify-
ing effect of environmental factors on this trait.
A study by American specialists (Oseni et al.,
2003), which was conducted on Holstein cows
in various farms, noted that cows that calved
in March had the longest period of days open.

VWP
Pol
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Figure 6. Dependence of DO, VWP, and Pol periods on the cow’s calving month

Thus, a group of important traits was iden-
tified and a general scheme was developed for
the correct assessment of the influence of ge-
netic and non-genetic factors on the level of
reproduction.

Detailed research in this area will continue
if more representative samples are formed.

Conclusions and Prospects

1. A substantial influence of the father factor on
such signs as milk yield of 305 days of lactation
(0.115, p<0.001), period of insemination (0.052,
p<0.001), and the period of days open (0.054,

p<0.001) was identified, which allows improv-
ing these traits by breeding.

2. Possible changes towards increasing the
duration of DO and Pol with an increase in the
level of productivity of cows were established.

3. The dynamics of changes in the charac-
teristics of the level of reproduction depending
on the age of cows and the month of calving is
noted, which indicates the need to assess the
influence of these factors when constructing a
general model for assessing genetic value.

4. The substantial variability of the period of
insemination among the daughters of different

Animal Science and Food Technology. 2021. Vol. 12, No. 1
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producers indicates the possibility of using this  genetic and non-genetic factors, provided that
indicator to correctly assess the influence of  more representative samples are formed.
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leHeTnuHa neTepMiHallisi O3HAK PiBHSA BiITBOpEeHHsA
B MOJIOYHOMY CKOTapCTBi

Cepriit IOpiitoBuu Py6an, Muxaitino AHapiiioBuu MaTBeeB

HarrionanpHMit yHiBepcuTeT 6iopecypciB i MpupomoKopucTyBaHHS YKpainm
03041, Byn. TepoiB O6oponnu, 15, M. Kuis, Ykpaina

AHoTanist. AKTyaJIbHICTh JOCTiIKEHHS OOYMOBJIEHAa HEOOXiJHICTI0O KOHTPOJIO0 E€KOHOMiuHO
BasKJIMBMX O3HAK BiITBOPEHHS MOJIOUHOI XymoOu, SIKi MalOTh CTa6Ky TeHEeTUYHY JeTepMiHaIliio
Ta CYTTEBO 3aJIeXXaTh Bii MeHeIKMeHTY i rofiBii KopiB. MeTa moCTigKeHb — BUSHAUUTHU 3B’SI30K
Mik TPMBAJIICTIO LOOPOBIBHOIO TMepiofy o4yiKyBaHHS, BiIKpUTUX OHIB Ta mepiony ociMeHiHb, a
TaKOX OIIHUTU BIUIMB Ha HUX (akTopy «6aTbko». [IpOBeAeHO JOCTiIKEHHS BIUTUBY T€HETUYHUX
Ta (GaKTOPiB 30BHINTHHOTO CEPeMOBMUIA HA AOOPOBIIbHMIT Mepiof OUiKyBaHHS, BiIKpUTI OHI Ta
MOJIOUHY TPOAYKTUBHICTb. BUIiseHO HOBY O3HaKy — Ilepiof, OCiMeHiHb, sika BM3HAuaaach SIK
Pi3HMIIST MiK TOTOBKEHICTIO mepiofy BiAKpPUTUX OHIB Ta AOGPOBINIBHOTO Mepiofy OUiKyBaHHSI.
TocnigkeHHS MPOBOAWINCH HA KOPOBaX TOMIITMHCHKOI TTopoay (Bchoro 605 rom), cepenHiit Hafii
SIKUX CKiaaB 8777 Kr. SIK mxkepeno mepBuHHOI iHbopmariii 6yiu BUKOPUCTaHHI JaHi mporpamu
Uniform Agri, 06po6Ka SIKMX 3[1i/iCHIOBaIach 3 BUKOPUCTAHHIM AVCIIEPCIAHOTO Ta KOPEeISIiiiHO-
perpeciifHoro aHamisy. BusiBieHo Biporiguuii BIMB ¢akTopy «6aTbKo» Ha Hafiit 3a 305 mHiB
nakranii (11,5 %), Bigkputi gui (5,4 %), nepion ocimeHinb (5,2 %). BcTaHOB/IEHO TO3UTUBHUI
3B’I30K MiX HajmoeM i Bigkputumu gusmvu (0,115, p<0,01), Hagoem Ta nepiogom ocimeHinb (0,165,
p<0,01), MiXX BiZKpuUTUMM THSIMU i HOOPOBiTbHUM Tepiogom ouikyBaHHs (0,257, p<0,01) Ta Mik
BiIKpUTUMU IHSIMU i mepiogom ocimeHiHb (0,955, p<0,01). JocmikeHO 3a/I€XKHICTh TPUBAIOCTI
BiIKPUTUX IHIB i JOOGPOBINLHOTO Tepioy OWiKyBaHHS BiJl TakKMX MapaTUIOBUX (HakTopiB, sSIK BiK
KOpiB Ta Micsi1b iX OTe/MeHHs. BimMiueHa TeHAeHIIisI 3MeHIIIeHHS TPUBAJIOCTi BiIKpUTUX OHIB Ta
IOOpPOBIILHOTO Tepiofy OYiKyBaHHSI Y KOpiB 3 KOXXHOIO HACTYITHOIO JIaKTalli€lo. BcTraHOB/IEHO,
IO TPUBATICTb JOGPOBITBHOTO TIEPioAy OUiKyBaHHs Gy/ia HAMOIMBIIOI0 Y KOPIB, AKi OTEMVMINCS Y
nucronazi, 6epesHi, TpaBHi, a HaliMeHIol0 — y ceprHi. KopoBu, siki otenmnnch B 6epesHi Manu
6i/TbIITy TPUBAJTICTh BiIKPUTUX AHIB, @ 3 OTeJIEHHSIM B JIIOTOMY — HaliKopoTily. 3po6ieHi BUCHOBKU
PO MOKJIMBOCTI BMKOPMCTAHHSI 3HAUEHHS Iepiofy ociMeHiHb B Mporpamax Bimb6opy. loBemeHa
MOX/IMBICTh BUKOPUCTAHHS O3HAK PiBHS BiITBOPEHHS B Mporpamax Bifm6opy

KniouoBi 10Ba: piBeHb BiATBOpeHHSs, TIiepiof, OCiMeHiHb, MOJIOYHA MPOAYKTUBHICTbD,
MOGPOBiTbHMIT TTepiof OUiKyBaHHS, BIIKPUTI THi, TOMIITHMHCHKA TOPOA

Animal Science and Food Technology. 2021. Vol. 12, No. 1




