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Abstract. The main characteristics of the milk productivity of Holstein dairy cattle differ in different countries due
to differences in terrain, management and breeding objectives. At the same time, the manifestation of non-genetic (that
is, environmental) factors during milk production, as a rule, mask the real breeding value of animals. The main goal
of this study was to analyze the influence of lactation number, year and season of calving on the milk productivity
of 238 Holstein cows during a 4-year period (2014-2017). The study was conducted using primary data on the
dairy productivity of livestock in the conditions of PJSC Plemzavod Stepnoi of the Kamian-Dnipro district of the
Zaporizhia region.The following characteristics were evaluated for each animal: duration of lactation, hope for
305 days of lactation, hope for the entire lactation, fat content and protein content in milk. P. Wood's model was
used to approximate lactation curves within each subgroup. All signs of milk productivity were analyzed based on the
algorithm of one- or two-factor analysis of variance with fixed factors using the statistical package STATISTICA v. 6.0
(Statsoft Inc.).Lactation number was found to have a significant effect on all milk yield traits that were examined
(in all cases: p<0.001). Hope for 305 days of lactation increased with the growth of lactation number. The highest
values of this characteristic were noted during the 2" and 3™ lactations. The lowest estimate of milk yield for
305 days of lactation of dairy cows of this farm was obtained in 2014, and the highest in 2016. The calving
season probably influenced the indicators of milk productivity (primarily, the content of fat and protein in milk)
of firstborns. In addition, the milk yield score at 305 days of lactation was lower among winter- or spring-calved
gilts compared to fall-calved animals. No influence of the calving season was noted among adult cows. Lactation
number and year of calving probably influenced the estimates of the coefficients and parameters of P. Wood's
model. The shape of the lactation curves of firstborns was flatter compared to mature cows. Estimates of peak milk
yield were lower, but the index of constancy of the lactation curve was higher during the 1<t lactation. Thus, we
found that obtaining real (unbiased) estimates of milk productivity traits of Holstein cattle requires preliminary
adjustment of data regarding the influence of lactation number, year and season of calving
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INTRODUCTION
Improving the productivity of dairy cattle requires an
understanding of the factors that affect this productiv-
ity. Among the factors of the external environment, it
is possible to distinguish factors that can be measured
(animal age, year, season of the year, milking frequency,
etc.) and factors with an unmeasured influence (infec-
tious diseases, parasitic infestations, etc.). Accordingly,
the first of them can be identified and used in dairy
farm management. Housing and feeding conditions,
lactation number (or age of the animal), year and sea-
son of calving are the leading environmental factors
affecting the efficiency of lactation performance of cattle.
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In addition, breed affiliation, stage of lactation and
frequency of milking also affect the level of milk pro-
ductivity [1].

On the other hand, the use of the test-day model
makes it possible to increase the assessment of the
genetic value of breeding stock by 4...8%, and the pre-
diction of milk yield of dairy cows based on the char-
acteristics of their lactation curves is considered an im-
portant management tool in dairy farming [2].

The peculiarity of the lactation curve is that milk pro-
duction per unit of time is peaked and shifted to the
right. The variety of mathematical formulas presented in
the literature that can be used to model the lactation
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curve is due to the fact that each of them fits certain sets
of empirical data better than others. In order to provide
significant adequacy to the original data, the shape of
the fitted curve must be sufficiently flexible. One of the
most widely used formulas for describing the lactation
curve is the incomplete gamma function proposed by
P.Wood [3]. In addition, P. Wood’s model can adequately
approximate the dynamics of fat content in milk during
lactation, which was recently demonstrated for Holstein
cows in China [4].

A more important characteristic of the lactation
curve is its persistence, which reflects how quickly the
daily milk yield decreases after reaching the peak level
of productivity. It has higher values in animals that have
lower milk yields and reach peak milk productivity later.
The analysis of the relationship between the constancy of
the lactation curve of cows and other functional char-
acteristics of their milk productivity in [5] showed that
genetic improvement of this indicator is possible and
favorable.

In addition, the age of insemination of heifers
is an important factor affecting the assessment of the
stability of the lactation curve. Thus, in work [6] it was
shown that the shape of the lactation curve of heifers
that calved at a younger age tended to be lower and
flatter than for heifers that calved at an older age; the
latter are characterized by a sharper rise in the lactation
curve and its subsequent faster decline after reaching
the peak of productivity.

It was established [7] that the estimates of the
heritability coefficient (h2) of the parameter of constancy
of the lactation curve of Holstein cows during the first
three lactations had a tendency to decrease, mainly due
to the increase in the value of the residual variance,and
were 0.17,0.16 and 0. 14, respectively. The estimation of
genetic correlation coefficients between the parameter
of constancy of the lactation curve for different lacta-
tions was 0.26 (between the 1t and 2"), 0.32 (between
the 2" and 3 and 0.23 (between the 1%t and 3" lac-
tations).

During the study of paratypical factors that in-
fluenced the variability of the lactation curves of Hol-
stein and Jersey cows, the likely influence of the lacta-
tion number and the calving season on the coefficients
of P. Wood's model, as well as on the indicator of the
constancy of the lactation curve, was established. At
the same time, a probable combined effect of “lacta-
tion number x calving season” on the accuracy of ap-
proximation of actual data by this model was found
(estimation of the coefficient of determination R?). On
the other hand, the probable influence of the “year of
calving” factor on the estimates of P.Wood’s coefficients
was noted only among cows of the Jersey breed, but not
among Holstein cows [8].

As indicated in the paper [9], the influence of the
lactation number on the estimates of the coefficients
and indicators of P. Wood’s model can be explained by
the fact that the older the animal, the higher its lacta-
tion begins with higher milk yields, but since at a certain
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stage of the lactation activity there is an inhibitory ef-
fect of body size (regardless of the level of productiv-
ity), the rate of decline in milk productivity is higher
in more mature cows. That is, body weight has a more
significant inhibitory effect on the productivity of adult
animals due to their higher productivity [9]. At the same
time, the influence of lactation number was more no-
ticeable for breeds bred in tropical regions than among
European and American breeds of cattle [10].

Another explanation for the influence of the lac-
tation number on the shape of the lactation curve may
be the presence of a difference in the rate of depletion
of the body; adult cows use their reserve much faster
in the earlier stages of lactation, which leads to higher
values of the coefficient “b”and, conversely, to lower val-
ues of the coefficient “c” of P.Wood’s model, than among
first-born cows [9]. Accordingly, the later period of peak
milk yield among first-borns compared to adult cows
can be explained by differences in rates of depletion of
body reserves between adult cows and heifers. Higher
rates of exhaustion in the early stages of lactation in
adult cows lead to an early peak of productivity [8; 9].
Climatic factors also significantly affect the estimates
of the coefficients and parameters of P. Wood’s model.
At the same time, the estimates of total and peak hope
are the lowest among cows that calved in the summer
due to a limited feeding ration and the effect of heat
stress [11].

Since most studies of the influence of the year
and season of calving on the level of milk productivity
of Holstein cows, as cited above, were conducted in arid
and hot climates [1; 8; 10; 11], the results of a similar
analysis in the conditions of the temperate climate of
Ukraine deserve special attention .

The purpose of this study was to analyze the in-
fluence of lactation number, year and season of calving
both on the total milk productivity of cows and on the
peculiarities of the formation of their lactation curves.

MATERIALS AND METHODS

Primary data on the milk productivity of Holstein cat-
tle in the conditions of PJSC Plemplant Stepnoi of the
Kamian-Dnipro district of the Zaporizhzhya region
(n=238 heads) served as the material for the work. Data
for the first three lactations of animals that calved
during 2014-2017 were included in the analysis.

The following traits were evaluated for each
animal: duration of lactation (DIM), 305 day lactation
(MY305), total lactation (TMY), milk fat content (FP) and
milk protein content (PP). In addition, the daily expec-
tation of animals was determined for 10 control days
(TD1-TD10), corresponding to the 30%, 60%, 90%, etc.
days of lactation If data for a certain control day were
missing for the corresponding animal, the daily intake
estimate was calculated by linear interpolation for the
two days before and after the control date, respectively.

For each feature, the arithmetic mean value and
its error (Mean%SE) were calculated. Testing of the hy-
pothesis regarding the lack of influence of lactation



number, year of calving and season of calving on the
characteristics of milk productivity was carried out based
on the algorithm of one- or two-factor analysis of vari-
ance (ANOVA) with fixed factors.

The seasons of the year were defined as follows:
winter (December - February), spring (March — May), sum-
mer (June - August) and autumn (September - November).

P.Wood’s model [3] was used to approximate the
lactation curve based on data for 10 control days:

Yt=ab'et9 1)
where Yt is daily hope (in kg) at time t (control days from
TD1 to TD10); a - initial hope; b - the rate of growth of
hope until reaching the peak; c is the rate of decrease
of the load after reaching the peak.

The estimate of peak yield (in kg) was calculated
according to the formula:
b b
Ymax = a (E) e 2)

Kramarenko et al.

and the moment of reaching peak fertility (in days) ac-
cording to the formula:

Tmax = g (3)
Persistence of the lactation curve (persistence) in
P.Wood's model was calculated according to the formula:

St=c®*D (4)
The quality of the approximation of the initial
data by P. Wood's model was evaluated on the basis of
the coefficient of determination (R?).
All statistical calculations were carried out using
the algorithms described in the manual [12] using the
software STATISTICA v. 6 (StatSoft Inc.).

RESULTS AND DISCUSSION

Effect of lactation number. It was established that the
number of lactation probably influenced all the investi-
gated signs of milk productivity of cows (Table 1).

Table 1. Indicators of variability (Mean*SE) of signs of milk productivity of cows depending
on the lactation number

Lactation ] DIM, days TMY, kg MY 305, kg FP, % PP, %
I-a 238 337.9%4.8 10224.0+#153.5 9374.8+84.5 4.260.01 3.28+0.01
II-a 238 377.8%7.9 12277.0£2419  10711.6%127.7 4.30+0.01 3.30+0.01
-5 107 357.7%9.7 11567.8+342.6  10631.4+247.8 4.30+0.01 3.30+0.01

F(2;579) - 452.50 16.04 34.81 26.53 23.03

p - <0.001 <0.001 <0.001 <0.001 <0.001

The average duration of lactation significantly ex-
ceeded 305 days and varied from 337.9 (for first-borns) to
377.8 days (during the second lactation).A similar pattern
was noted in relation to the total milk yield - it ranged
on average from 10,224.0 (for first-borns) to 12,277.0 kg
(during the second lactation). The first-borns were also
characterized by the lowest estimate of milk yield for
305 days of lactation (9374.8 kg), which was significantly
inferior to the corresponding estimates obtained for ani-
mals of the experimental herd during the |l and Il lactations.

Qualitative characteristics of milk productivity
also showed age variability - both the protein content

and the fat content in milk increased in full-aged cows
compared to first-born cows (see Table 1).

As might be expected, age-related differences
in the level of milk production were closely related to
the shape of the lactation curve of the animals. In gen-
eral, firstborns were characterized by relatively low
and more or less stable milk yields at different stages
of lactation, and during the Il and Il lactations, the
shape of the lactation curves acquired a typical shape
with a rapid increase at the beginning and a gradual
decrease in daily milk yields after reaching the peak
value ( Fig. 1).
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Figure 1. Lactation curves of cows depending on lactation number (L1-L3)
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In general, probable differences between the
daily milk yields of animals depending on the lactation
number were noted on control days TD1-TD6 (one-way
analysis of variance: in all cases p<0.001) and for TD10
(p=0.023). The obtained lactation curves were quite
well approximated by P. Wood’s model - the coefficient
of determination (R?) estimates for animals of different
groups ranged from 97.66 to 99.42% (Table 2).

The first-borns were characterized by the lowest
estimates of the coefficients “a”and ‘c” of P.Wood’s model

and, accordingly, the minimum amount of peak lacta-
tion (Ymax), but at the same time, their lactation curve
had the highest assessment of indicators of constancy
(St) and the moment of reaching peak lactation (Tmax).
While during the 2" and 3™ lactations, the animals of
the experimental herd had the highest estimates of the
coefficients “a” and “c” of the Wood model, as well as a
high value of the peak yield when it was reached ear-
lier, but a lower constancy of the lactation curve (see
Table 2).

Table 2. Coefficients and indicators of P. Wood’s model of the lactation curve
of cows depending on the lactation number

Lactation ] b c
I 32.83%0.24 0.149+0.014  0.049+0.004
Il 44.87+0.47 0.157+¥0.022  0.089+0.006
I 45.57+0.49 0.270+0.022  0.123*0.006

A plausible effect of lactation number on milk
yield traits has previously been demonstrated for Hol-
stein cattle kept on a large commercial farm in Mexico.
Thus, the yield of first-borns for 305 days of lactation
was 7607+145 kg of milk, while among adult animals
(6th lactation and above) it reached 9548£181 kg of
milk. The total weight gain per lactation of firstborns
was about 4500 kg less than the similar indicator of
adult cows, which was 13544£5491 kg with an average
duration of lactation of 454+154 days [13].

Similar results were obtained for Holstein cows
in the conditions of Arizona (USA). The average yield
of milk among firstborns was 6656+193 kg, and during
the 11, 11l and IV lactations - 7335%193, 7769£193 and
7894%194 kg, respectively. The maximum manifestation
of hope was reached during the 5™ lactation and in older
cows [14].

For animals of the same breed under the condi-
tions of Turkey, it was established that the firstborns were
significantly inferior in terms of the level of milk yield
for 305 days of lactation (5885+48 kg) to the estimates
obtained during the II lactation (6096%55 kg), but in the
future, a tendency to a gradual decrease was observed
decrease in milk yield during the fifth lactation [15].

R?%, % St Tmax, days Ymax, kg
97.66 32.0 92.7 334
99.25 16.5 53.8 419
99.42 14.3 67.0 43.0

For Holstein cows in the arid conditions of North
Africa (Tunisia), it was also established that firstborns
were characterized by a low level of milk productivity
(5412%52 kg), and during the Il and Il lactations it in-
creased significantly (5721£55 and 5614%47 kg, respec-
tively). Although in the future, the amount of milk ob-
tained gradually decreased until the 5th lactation [1].

Thus, the reviewed studies demonstrated that milk
production increases with increasing lactation number
and is maximized during IV or V lactation. This may be
associated with an increase in the size of the udder and
an increase in the number of secretory cells in adult
animals [16]. At the same time, the influence of lactation
number on the level of milk productivity may vary de-
pending on the year of its initiation [17].

Effect of year of calving. As for the influence of
the year of calving, the highest estimate of the average
duration of lactation was noted for cows of the Il lacta-
tion that calved in 2016 (405.7 days). Accordingly, these
animals also had the highest estimate of the total yield
(13.155.0 kg). On the other hand, the highest estimate
of milk yield for 305 days of lactation (11.210.2 kg) was
noted for cows of the 3™ lactation, which also calved in
2016 (Table 3).

Table 3. Indicators of variability (Mean*SE) of signs of milk productivity of cows depending

Year of calving

on the year of calving and lactation number

DIM. days

|-st lactation

MY305. kg

2014 353.1%11.6 10396.8+329.7 9215.9+117.8 4.14+0.02 3.21%0.01

2015 335.6%6.3 9997.6+222.5 9212.5%130.1 4.30%0.01 3.30+0.01

2016 330.3%8.1 10555.0£261.0 9843.4+170.2 4.30£0.01 3.30+0.01
F(2;232) 1.75 1.32 5.94 162.33 170.11
p ns ns 0.003 <0.001 <0.001

II-nd lactation
2015 381.1#19.1 12340.2+#503.2  10589.2+¥201.5 4.29+0.01 3.29%0.01
2016 405.7+12.7 13155.0¢392.9  10980.7¢¥177.1 4.30+0.01 3.30£0.01
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Table 3, Continued

Year of calving DIM. days MY305. kg
2017 72 337.7%7.2 11082.6%¥316.3  10488.0£284.0 4.31+0.01 3.31+0.01
F(2; 232) 4.89 5.02 1.31 6.20 5.11
p 0.003 0.002 ns 0.001 0.001
I11-rd lactation
2016 49 394.4%£17.0 12883.5+514.7  11210.2%#330.3 4.30+0.01 3.30+0.01
2017 56 327.1%#9.5 10429.4#421.3  10112.3%#363.8 4.32+0.01 3.30+0.01
F(1;103) 12.80 13.86 4.89 8.14 3.30
p 0.001 <0.001 0.029 0.005 ns

Note: ns - p>0.05

In general, no effect of year of calving was noted
only for duration of lactation and total milk yield among
first-borns, milk yield for 305 days of lactation during
the 2" lactation and protein content in milk during the
3 lactation. Thus, in most cases, the year of calving
probably influenced the quantitative and qualitative
characteristics of milk productivity of cows of the ex-
perimental herd.

In general, the animals that calved in 2016 (tak-
ing into account the influence of the lactation number)
were characterized by the highest estimates of milk
productivity in comparison with 2014, 2015 and 2017
(see Table 3).

A combined effect of lactation number and year
of calving was noted only for milk fat and protein con-
tent (two-way analysis of variance with fixed factors: p
< 0.001 in both cases). This may be due to the fact that
both the protein content and the fat content of the milk

were significantly lower for the firstborns that calved in
2014 than in the other groups (see Table 3).

Probable differences between daily milk yields de-
pending on the year of calving were noted for first-borns
on all control days (in all cases p<0.05), except for the
first two (TD1-TD2). During the 2™ lactation, on the con-
trary, the daily milk yield for separate control days did not
differ among animals that calved in different years; only
milks for TD2,TD3 and TD8 were excluded (in all cases
p<0.05). Finally, during the third lactation, a significant ef-
fect of year of calving was noted for daily milk yield in the
second half of lactation (TD6-TD8) (in all cases p<0.05).

Approximation of lactation curves by P. Wood’s
model for experimental animals of different calving
years and lactation numbers was also quite high - the
coefficient of determination (R?) estimates in most cases
amounted to 95...98%, with the exception of firstborns
that calved in 2014 (Table 4).

Table 4. Coefficients and indicators of the P. Wood model of the lactation curve of cows depending
on the year of calving and lactation number

Year of calving

|-st lactation

Tmax. days

Ymax. kg

2014 33.49+1.46 0.085+0.075  0.043+0.015 91.43 30.3 60.2 32.6

2015 32.83%0.21 0.106+0.012  0.042+0.003 98.30 33.5 773 32.6

2016 32.86%0.36 0.206%0.021  0.056+0.005 94.90 32.2 111.8 349
I1-nd lactation

2015 43.34%0.58 0.089+0.028  0.067+0.007 98.40 19.1 40.8 40.7

2016 45.35%0.68 0.132+0.031  0.080+0.008 98.29 174 50.1 424

2017 45.77%0.86 0.261+¥0.040  0.124+0.011 98.33 13.8 63.9 42.8
[Il-rd lactation

2016 46.09+0.68 0.261+0.031  0.115*0.008 98.74 15.3 69.4 44.0

2017 45.28+1.11 0.292+0.052  0.135%0.014 97.42 13.2 65.8 423

It was established that both the year of calving
and the lactation number had a significant effect on
the estimations of lactation stability (St) obtained for
different groups of animals (two-way analysis of vari-
ance with fixed factors: in both cases p<0.05). As for the
peak yield, only a probable effect of lactation number
(p=0.007) was established, while the moment of peak
yield (Tmax) for different groups of animals showed

completely random variability and did not depend on the
factors used in the analysis (see table 4).

The effect of year of calving was established for
Holstein cows under the conditions of Turkey. The lowest
level of milk productivity for 305 days of lactation was
noted in 1995 (4391+109 kq), but further its gradual
increase was observed, reaching a maximum in 2004
(7280%81 kg). The reasons for this increase may be the

Ukrainian Black Sea Region Agrarian Science, 26(2), 43-52
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use of bulls with high genetic ability, effective breeding
for milk yield, high intensity of culling of animals from
the herd, and improvement of conditions for keeping
and feeding dairy cows [15].

For Holstein cows inthe arid conditions of Tunisia,
a probable influence of the year of calving on the level
of milk productivity was also proven. At the same time,
the lowest estimate of yield in 305 days (4879+118 kg)
was noted in 1998, and the highest (6251+186 kg) in
2003. It has been established that such fluctuations can
be associated with changes in herd size, age of animals

and improvement of dairy herd management practices
implemented from year to year [1].

Influence of calving season. A certain influence of
the calving season on the characteristics of milk pro-
ductivity was established only among firstborns (Ta-
ble 5). At the same time, an almost probable trend to
interseasonal differences was established for fat in 305
days (p=0.057), primarily due to significant differences
between the estimates of animals that calved in the
winter period (8957.1 kg) and animals that calved in the
summer or in autumn (9552.3...9606.9 kg).

Table 5. Indicators of variability (Mean=SE) of signs of milk productivity of firstborns depending
on the calving season

Calving season n DIM. days TMY. kg MY305. kg FP. % PP. %
Winter 41 358.8+16.4 10429.2+536.8 8957.1+241.2 4.30£0.01 3.30+0.01
Spring 73 340.4%6.6 10182.7#238.1 9284.8+143.6 4.260.01 3.28+0.01

Summer 85 328.5%6.4 10130.9+212.1 9552.3+138.2 4.23+0.01 3.26+0.01
Autumn 38 331.5%8.1 10290.5%¥399.3 9606.9+181.1 4.31+0.01 3.30%0.01
F(3; 232) 1.74 0.16 2.54 8.79 6.82

p ns 0.057 <0.001 <0.001

For qualitative signs of milk production, the in-
fluence of the season of calving was highly probable
(in both cases p<0.001) and was accompanied by higher
estimates of fat and protein content in first-borns that
calved in the cold seasons of the year (autumn-winter)
and low - in the warm seasons of the year ( spring-sum-
mer) (see table 5).

Probable differences between daily milk yields of
firstborns depending on the calving season were noted
for all control days (in all cases p<0.05), with the excep-
tion of the very last one (TD10). During the 2" lactation,
on the contrary, the daily milk yields for individual con-
trol days were likely to differ only during the first part
of lactation (TD2-TD4) (in all cases p<0.05), that is,when

the level of milk productivity is the highest. Finally, during
the third lactation, a probable effect of calving season was
noted for daily milk yield only at the beginning of lacta-
tion (TD1-TD2) (in all cases p<0.05).

Approximation of lactation curves by P. Wood’s
model for experimental animals of different lacta-
tion number and calving season was again high - the
coefficient of determination (R?) in most cases was
90...98%, with the exception of first-borns that calved
in winter (Table 6). For first-borns (regardless of calv-
ing season), the lactation curves differed significantly
from the typical shape, while during the Il and Il lac-
tations, the shape of these curves was very close to
the typical shape (Fig. 2)

Table 6. Coefficients and indicators of the P. Wood model of the lactation curve of cows depending
on the calving season and lactation number

Calving season

Tmax. days Ymax. kg

|-st lactation

Winter 31.90+1.12 0.109+0.069  0.043%0.017 65.11 33.1 78.2 31.7
Spring 31.56*0.31 0.097+0.019  0.031£0.005 90.17 45.3 95.9 32.0
Summer 33.64+0.52 0.201£0.030  0.058*0.007 91.67 30.3 105.0 35.3
Autumn 35.18+0.36 0.219+0.025 0.077%0.006 97.52 22.7 86.6 35.5
[I-nd lactation
Winter 46.89+0.89 0.183+0.041  0.107%0.011 98.21 141 521 431
Spring 43.96%0.87 0.101%0.042 0.073%0.011 96.99 17.8 42.2 411
Summer 43.32+0.54 0.172+0.026  0.089+0.007 98.85 171 59.1 40.9
Autumn 47.38+0.41 0.167%0.018 0.091£0.005 99.48 16.4 55.9 444
I1l-rd lactation
Winter 49.32+1.07 0.132£0.047 0.093%0.012 97.47 14.7 43.2 45.3
Spring 42.30+1.60 0.306%0.081 0.139£0.021 94.41 13.2 67.3 39.7
Summer 42.41%0.53 0.340+£0.026 ~ 0.133*0.007 99.19 14.9 779 415
Autumn 50.07£0.71 0.215+0.030  0.112%0.008 98.98 14.2 58.3 46.4
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Figure 2. Lactation curves of cows depending on the calving season of firstborns (A), animals of the Il lactation (B)
and Il lactation (C): W — winter; Sp - spring; S - summer; A - autumn

It was established that the calving season probably
did not affect the estimates of lactation stability (St),
peak milk yield (Ymax) and the moment of its achieve-
ment (Tmax) obtained for animals of different groups,
while a probable influence was proved only in relation
to the lactation number (two-factor variance analysis
with fixed factors: in all cases p<0.01).

In work [13] it was shown that the milk produc-
tivity of Holstein cows during 305 days of lactation was
lower in animals that calved in spring (8804£153 kq)
and summer (8724£163 kq), in contrast to individu-
als that calved in autumn (9079+151 kg) or in winter
(9085%143 kg).

In the conditions of Arizona (USA), the highest
yield for 305 days of lactation was obtained from Hol-
stein cows that calved in spring (7690£195 kg) and in
winter (7765%193 kqg), which significantly exceeded the

corresponding estimates of animals calving in summer
(7387%193 kg) or in autumn (7543+193 kqg). A similar
regularity was also noted in relation to the influence
of the calving season on the total hope for the entire
lactation [14].

It was also noted that these cows had a simultane-
ous influence on the level of milk productivity of both
the lactation number and the calving season - first-
borns that calved in the spring were characterized by
a lower amount of milk in 305 days of lactation than
animals with winter calvings (6625 and 6783 kg, re-
spectively). At the same time, older animals did not
show significant differences depending on the calving
season. Moreover, for almost all groups of adult cows,
the 305-day survival was much higher in animals that
calved in the fall compared to females of the same age
with summer calvings [14].
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Thus, under the influence of heat stress, firstborns
gave priority to growth and maintenance of their own
viability due to milk synthesis. And cows that calved in
spring and summer were obviously more sensitive to
heat stress at the beginning of lactation, when their en-
ergy needs were the highest [14].

For Turkish Holsteins, the highest level of milk yield
for 305 days of lactation was noted for cows with win-
ter calvings (5890%64 kg), and the lowest — with summer
calvings (5506%68 kg). For winter-calving cows, this was
likely due to adequate feeding levels in the early months
of lactation and the addition of alfalfa to the diet when
milk yields began to decline. On the other hand, cows
that calved in the summer had low milk yields due to
the fact that they were exposed to high environmental
temperatures in the first 3-4 months of lactation [15].

It was previously established that the season of
calving affected the weight in 305 days and for Simmen-
tal cows - the highest weight (4819£82 kg) was also
noted in animals with winter calvings, and the lowest
estimate of this trait in cows that calved in summer
(4477%81 kg) [18].

A highly probable effect (p<0.001) of the calving
season on the 305-day lactation yield was also found for
Tunisian Holstein cows - the highest scores (582769 kg)
were given to animals calving in winter, while cows calv-
ing in summer yielded almost 614 kg of milk [1].

The effects of heat stress (on the basis of the
THI coefficient) were studied on Holstein-Friesian cows
in the conditions of Turkey [17]. It was proved that the
milk yield of cows started to decrease slowly starting
from April, and decreased sharply in May, when the
value of the THI coefficient exceeded 65...70. During
the summer months, when this value exceeded 70, the
hope continued to decrease. However, milk yield started
to increase again at the end of August and, finally, in
October reached May values.

In general, P.Wood’s model adequately described
the initial data. Only for firstborns that calved in win-
ter, the coefficient of determination was low (65.11%)
and, accordingly, the shape of their lactation curve was
atypical. It was previously established that in 15...42%
of Holstein cows in the conditions of Tunisia, individual
lactation curves may have an atypical shape [11]. And
in work [19] it was shown that 26.3% of 1278 analyzed
full lactation curves of Turkish Holstein cows in the
conditions of Turkey had an atypical shape.

In work [10] it was noted the likely influence of
the number of lactation on the constancy of the lac-
tation curve; the lactation curves of firstborns of the
Friesian x Bunaji cross had a flatter shape and a lower
level of daily milk yield than adult animals. These au-
thors also indicated that the milk productivity of first-
borns is determined to a greater extent by environmen-
tal factors than the lactation activity of more mature
cows [10].
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Similar regularities in the formation of lactation
curves of Holstein cows in the conditions of Tunisia are
also indicated in the paper [11]; lactation curves of first-
borns were characterized by lower daily milk yields than
mature cows, but at the same time had higher estimates
of the stability index. On the other hand, adult cows
reached peak milk yield earlier (within 5-6 weeks of lacta-
tion) than first-born cows (within 7-10 weeks of lactation).
And the value of the peak milk yield was higher in adult
cows (23...34 kg) than in first-born cows (17...20 kg) [11].

CONCLUSIONS

It was established that the number of lactation had a sig-
nificant effect on all the examined signs of milk produc-
tivity of cows (in all cases: p<0.001). Age differences in the
level of milk productivity were closely related to the shape
of the lactation curve of animals; first-borns were charac-
terized by relatively low and stable daily milk yields at all
stages of lactation, and after the ll-th and Ill-th calvings,
the shape of the lactation curves acquired a typical shape
with a rapid increase at the beginning and a gradual de-
crease in daily milk yields after reaching the peak value.

In most cases, the calendar year of calving prob-
ably influenced the quantitative and qualitative charac-
teristics of the milk productivity of the cows of the exper-
imental herd. In general, the animals that calved in 2016
(taking into account the influence of the lactation num-
ber) were characterized by the highest estimates of milk
productivity in comparison with 2014, 2015 and 2017.

Some trend towards the effect of calving season
on milk yield traits was found only among firstborns
(p=0.057), primarily due to significant differences between
the scores of animals that calved in winter and animals
that calved in summer or autumn. For the qualitative signs
of milk productivity, the influence of the calving season
was highly probable and was accompanied by higher esti-
mates of fat and protein content in firstborns calved in the
cold seasons of the year (autumn-winter) and low in the
warm seasons of the year (spring-summer).

Thus, the obtained results will make it possible
to develop breeding programs that will take into ac-
count the influence of important paratypic factors on
the manifestation of milk productivity of cows of a dairy
herd, as well as to increase the accuracy of obtaining
estimates of the breeding value of breeders in the con-
ditions of a given farm.

ACKNOWLEDGMENTS

The work was carried out within the framework of fund-
ing under the state budget of the Ministry of Education
and Science of Ukraine (state registration number -
0121U109492). We express our gratitude to the man-
agement and specialists of PJSC PlemplantStepnoi of
the Kamian-Dnipro district of the Zaporizhia region for
the opportunity to work with a highly productive herd
of cows.



[1]

[2]

[3]

[4]

[5]
[6]

[7]
[8]
[9]
[10]
[11]
[12]

[13]

[14]

[15]
[16]
[17]

[18]

[19]

Kramarenko et al.

REFERENCES
M’hamdi, N., Bouallegue, M., Frouja, S., Ressaissi, Y., Brar, S.K., & Hamouda, M.B. (2012). Effects of environmental
factors on milk yield, lactation length and dry period in Tunisian Holstein cows. In Milk production - An up-
to-date overview of animal nutrition, management and health. doi: 10.5772/50803.
Bakri, N.E., Pieramati, C., Sarti, F.M., Giovanini, S., & Djemali, M.N. (2022). Estimates of genetic parameters
and genetic trend for Wood’s lactation curve traits of Tunisian Holstein—Friesian cows. Tropical Animal Health
and Production, 54(4), 1-9. doi: 10.1007/s11250-022-03219-2.
Wood, P.D.P. (1967). Algebraic model of the lactation curve in cattle. Nature, 216(5111), 164-165.
doi: 10.1038/216164a0.
Zhou, F., Liang, Y., Arbab, A.A.l,, Li, M., Yang, Z., Karrow, N. A., & Mao, Y. (2022). Analysis of non-genetic
factors affecting wood’s model of daily milk fat percentage of Holstein Cattle. Veterinary Sciences, 9(4), article
number 188. doi: 10.3390/vetsci9040188.
Torshizi, M.E., Mashhadi, M.H., & Farhangfar, H. (2019). Different aspects of lactation persistency in dairy
cows. Indian Journal of Animal Sciences, 89(6), 607-614.
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(1).
doi: 10.1371/journal.pone.0244825.
Rekaya, R.,Weigel,K.A., & Gianola, D.(2001). Hierarchical nonlinear model for persistency of milk yield in the first
three lactations of Holsteins. Livestock Production Science, 68(2-3),181-187.doi: 10.1016/50301-6226(00)00239-6.
Collins-Lusweti, E. (1991). Lactation curves of Holstein-Friesian and Jersey cows in Zimbabwe. South African
Journal of Animal Science, 21(1), 11-15.
Wood, P.D.P. (1968). Factors affecting persistency of lactation in cattle. Nature, 218(5144), 894-894.
doi: 10.1038/218894a0.
Abubakar, B.Y., & Buvanendran, V. (1981). Lactation curves of Friesian-Bunaji crosses in Nigeria. Livestock
Production Science, 8(1), 11-19. doi: 10.1016/0301-6226(81)90027-0.
Rekik, B., Gara, A.B., Hamouda, M.B., & Hammami, H. (2003). Fitting lactation curves of dairy cattle in different
types of herds in Tunisia. Livestock Production Science, 83(2-3), 309-315. doi: 10.1016/50301-6226(03)00028-9.
Kramarenko, S.S., Lugovyi, S.I., Lykhach, A V., & Kramarenko, O.S. (2019). Analysis of biometric data in breeding
and selection of animals. Mykolayiv: MNAU.
Mellado, M., Antonio-Chirino, E., Meza-Herrera, C., Veliz, F.G., Arevalo, J.R., Mellado, J., & De Santiago, A. (2011).
Effect of lactation number, year, and season of initiation of lactation on milk yield of cows hormonally
induced into lactation and treated with recombinant bovine somatotropin. Journal of Dairy Science, 94(9),
4524-4530.doi: 10.3168/jds.2011-4152.
Ray, D.E., Halbach, TJ., & Armstrong, D.V. (1992). Season and lactation number effects on milk
production and reproduction of dairy cattle in Arizona. Journal of Dairy Science, 75(11), 2976-2983.
doi: 10.3168/jds.S0022-0302(92)78061-8.
Gilek, S. (2009). Milk yield traits of Holstein cows raised at Polatli state farm in Turkey. Journal of Animal and
Veterinary Advances, 8(1), 6-10.
Davis, S.R., & Hughson, G.A. (1988). Measurement of functional udder capacity in lactating Jersey cows.
Australian Journal of Agricultural Research, 39(6), 1163-1168. doi: 10.1071/AR9881163.
Duru, S. (2018). Determination of starting level of heat stress on daily milk yield in Holstein cows in Bursa
city of Turkey. Ankara Universitesi Veteriner Fakiiltesi Dergisi, 65(2), 193-198.
Gilek, S., & Tekin, M.E. (2005). Environmental factors affecting milk yield and fertility traits of Simmental
cows raised at the Kazova State Farm and phenotypic correlations between these traits. Turkish Journal
of Veterinary and Animal Sciences, 29(4), 987-993.
Tekerli, M., Akinci, Z., Dogan, I., & Akcan, A. (2000). Factors affecting the shape of lactation curves
of Holstein cows from the Balikesir province of Turkey. Journal of Dairy Science, 83(6), 1381-1386.
doi: 10.3168/jds.S0022-0302(00)75006-5.

Ukrainian Black Sea Region Agrarian Science, 26(2), 43-52

51



52

Influence of lactation number, year and season of calving on milk productivity of cows

BnnnB HoMepy NaKTauii, POKY Ta Ce30HY OTeNeHHS
Ha MONOYHY NPOAYKTUBHICTb KOpiB

Onekcanpp CepririoBuu KpamapeHko, Cepriii Cepriiouu KpamapeHko

MuKONAiBCbKMIA HALiOHANbHWIA arpapHUiA YHiBEpCUTET
54008, syn. leopris loHraase, 9, M. Mukonais, YkpaiHa

AHoTauis. OCHOBHI 03HaKX MOMIOYHOI NPOAYKTUBHOCTI FO/LLTUHCBKOI MOMIOYHOI XyA06M BiApPi3HATLCS B Pi3HUX KpaiHax
yepes BiAMIHHOCTI B MiCLEBOCTi, MEHEKMEHTI Ta cenekuinHmux Linax. Npu Lbomy, NposB He-reHeTUUYHKUX (ToBTo,
€KOMoriyHnx) hakTopiB Mig 4ac BUPOOHULITBA MOJIOKA, SIK MPABWUI0, MAaCKYIOTb peanbHy MIEeMiHHY LiHHICTb TBapMH.
[0NIOBHOK METOK AAHOr0 JOCNiAXeHHs OyB aHani3 BNIMBY HOMePY NakTallii, POKY Ta CE30HY OTE/IeHHS Ha MOMOYHY
NPOAYKTUBHICTb 238 KOPIiB roNLUTUHCbKOI MOPOAM NpoTarom 4-piuHoro nepiogy (2014-2017 pp.). LocniokeHHs 6yno
NpoBeAeHO 3 BUKOPUCTAHHSAM NEPBUHHUX AAHUX WOA0 MONOYHOT NPOAYKTMBHOCTI Xyao06u B ymoBax [pAT «[nem3asop
«CrenHom» KaMaHcbko-[HINpOBCbKOro paloHy 3anopi3bkoi 06nacTi. [ns KOXHOi TBAapuHM OyNnu OuiHEHi HACTyMHi
O3HAKW: TPUBANICTb NakTaLii, Haaiv 3a 305 aHIB nakTauii, Hafil 33 BCIO NaKTaL,ito, BMICT KMpY Ta BMICT Binka B MOnoL.
[lns anpokcyMMauii nakTauimHMX KpUBMX B MeXax KOXHOI cybrpynu 6yno BukopuctaHo mogens M.Byaa. Bci o3Hakm
MOJIOYHOT NPOAYKTUBHOCTI ByN10 NpOaHani3oBaHO Ha NiACTaBi anropuTMy O4HO- Yu ABOGAKTOPHOro AMCNEepCiMHOro
aHanisy i3 dikcoBaHnMum daktopamm 3a ponomoroto cratuctuuHoro nakety STATISTICA v. 6.0 (Statsoft Inc.).
byno BcTaHoOBNEHO, WO HOMEp NaKTauii BiporiLHO BMAMBAB HA BCi O3HAaKWM MOJIOYHOI MPOAYKTMBHOCTI, WO 6yno
pocnipkeHo (y Bcix Bunagkax: p<0,001). Hagin 3a 305 aHiB nakTauii nigBMLLYBaBCS 3i 3pOCTaHHAM HOMepY NaKTauii.
HariBuwi 3HaueHHs wiei 03Haku b6yno BiaMiveHo npoTaroM Il-iTa Il1-T nakTauii. HaiHuxk4y ouinky Hagoto 3a 305 gHis
NakTauii KopiB AiMHOro cTtaga gaHoro rocnofapcrea 6yno otpumano y 2014 poui, a Hareuwy -y 2016 poui. Ce3oH
OTeNeHHs BiporifHO BNAMBAaB Ha NOKa3HWKM MOIOYHOT NPOAYKTUBHOCTI (Hacamnepen, BMICT Xupy Ta 6inka B Monou,)
neps.icTok. Kpim Toro, ouiHka Hagoto 3a 305 gHiB nakTauii 6yna HUXKYOK cepen, NepBicToK, AKi OTENUANCE B3UMKY abo
HaBeCHI y NOPIBHSAHHI i3 TBAapMHaMW, aKi oTennnucb BoceHW. Cepen NOBHOBIKOBUX KOPIB BMJIMBY CE30HY OTENEHHS
He BiAMiYeHO. HoMep nakTauii Ta pik oTeNeHHs BiporiAHO BNAMBANAM HA OLiIHKM KoedilieHTiB Ta napamMeTpis Moaeni
M. Byna. ®opMa nakTauiMHUX KpUBMX NEPBICTOK Oyna Bifibll Niacka y NOPIiBHSAHHI 3 MOBHOBIKOBUMM KOpoBaMu. OLiHKM
MiKOBOr0 HaZoK BYNM HMXYI, ane NoKasHMK CTANOCTi IAKTALiMHOT KpuBoi ByB BMLLe Nig Yac I-i nakTauii. Omke, Hamu
6yN0 BCTAHOBMIEHO, LLO OTPUMAHHS peanbHUX (HE3MilLeHMX) OLiHOK 03HaK MOJIOYHOI NPOOYKTUBHOCTI FOAWTUHCHKOI
Xynobu notpebye nonepenHbOro KOperyBaHHs JaHWUX WOAO BNAMBY HOMEPY NaKTallii, POKY Ta CE30HY OTeNeHHS

KntouoBi cnoBa: MonoyHa NpoAyKTUBHICTb, HOMEP IAKTaLii, Pik Ta Ce30H oTeNieHHs1, Moaens 1. Byaa, MonoyHa xypnoba
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