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of Determining the Stand Basal Area
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Article’s History: Abstract. When conducting angle-count sampling in the forests of Ukraine,
Received: 30.09.2021 the most common is the use of factor gauge with a relascopic coefficient
Revised: 01.11.2021 of 1. According to the standards, the recommended value of this coefficient
Accepted: 05.12.2021 depends on the approximate stocking and mean diameter of the stand

and can be 0.5, 1, 2, 3, and 4. Proceeding from the fact that in Ukraine
Suggested Citation: there are no tools for relascopic measurations that would allow making
Siruk, Yu., Siruk, I., & Rubanova, 0.  measurements using the 5 values of the relascopic coefficient provided for
(2021).Influence of the value of relas-  in the standards, the authors of this paper developed and tested an original

copic coefficients on the accuracy of ~ model of the factor gauge “Crab”. The purpose of this paper is to investigate
determining the stand basal area.  the accuracy of determining the stand basal area of stands using relascopic
Scientific Horizons, 24(12), 9-16. coefficients of various values depending on the mean diameter and stand
density. By comparing the data on fixed-area plots with a radius of 17.85 m
with the data of angle-count sampling, it was discovered that no systematic
errors were found that underestimated or overestimated the results of
angle-count sampling. It is determined that deviations of the stand basal
area from the true values slightly depend on the value of the relascopic
coefficient, as well as on the stocking and mean diameter of the stand.
According to the authors, the accuracy of the results of determining the
stand basal area during angle-count sampling directly depends on the
representation of the tree selection zone within the circular sample. This is
completely random when using any relascopic coefficient. It is established
that in mixed forest plantations, the greatest accuracy in determining the
sum of cross-sectional areas of individual forest elements is provided by
small coefficients (1,0.5,and 2). In pure stands, it is advisable to use larger
relascopic coefficients (2-4). This implies a corresponding increase in the
number of measurements that can better cover stands and increase the accuracy
of the results obtained

Keywords: angle-count sampling, fixed-area plots, factor gauge, mean diameter,

stocking
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Influence of the value of relascopic coefficients on the accuracy...

INTRODUCTION

Angle-count sampling is crucial in the system of selec-
tive forest inventory. This method, according to many
scientists, is one of the greatest achievements of forest
measurations [1; 2]. The main task in conducting angle-
count sampling was primarily to determine the stand
basal area of trees per unit area using protractor tools [3].
However, later, at the beginning of the second half of
the 20t century, the possibility of using the method of
relascopic samples to determine other tax indicators of
the tree stand was proved [4]. At the same time, the
basic principles of forming a sample depending on the
biometric indicators of trees were described. This even-
tually led to the establishment of so-called relascopic
coefficients (BAF), which directly depended on the di-
ameter of the accounting trees. Based on the results of
these studies in Ukraine, as in many countries, the cor-
responding standards were formed. The standards in-
dicate the values of relascopic coefficients depending
not only on the mean diameter, but also on the stand
density [5; 6].

Like any sampling method, angle-count sampling
gives a certain error in the results of measuring the stand
basal area (SBA). In the publication of Finnish scientists [7]
on combined plots with a maximum radius of 9 m, the
use of angle-count sampling with BAF 1 was evaluated
as a promising method for evaluating tax indicators.
Technological methods of angle-count sampling, when
adapted to the selection of appropriate laser scanning
signals, are considered acceptable according to the conclu-
sions of German scientists [8]. Comparison of the results
of determining the sum of cross-sectional areas and
density by Spanish scientists [9] did not reveal consid-
erable differences in accuracy between inventory sys-
tems (relascopic and with a fixed value of the circular
sample radius) for most of the stands and forest types
under study. Indonesian scientists reached similar con-
clusions [10]. However, Brazilian scientists concluded
that upon determining the SBA and wood stock per 1 ha,
it is more expedient to use the angle-count sampling
methods [11]. B. Zeide and J.K. Troxell [12] noted that
small BAFs lead to a systematic underestimation of SBA.
This is usually conditioned upon the presence of dense
undergrowth, poor lighting conditions, hidden trees, and
incorrect counting at high density [13]. Some Ukrainian
scientists have investigated that upon using BAF 1,which
is most frequently applied in Ukraine, there is also a
systematic underestimation of SBA [14; 15]. However,
another study of these scientists notes that the rela-
scopic method with the same value of the relascopic
coefficient makes provision for the highest accuracy in
predicting tax indicators of forest stands based on the
k-NN method [16].

Another controversial issue is the use of the value of
relascopic coefficients in inventory. It is quite common to
use large BAF values in countries outside Ukraine [17].
In the Scandinavian countries, measurements are made

Scientific Horizons, 2021, Vol. 24, No. 12

with a relascopic coefficient from 1.5 to 4 [18]. This is
explained by the fact that upon measuring in stands with
high density, the use of a larger relascopic coefficient
avoids cases of overlapping trees. These trees are located
further to the centre of the angle-count sample plot.
Therewith, it is also possible to reduce the probability of
questionable trees getting into the sample [19; 20]. As
early as 1955, it was determined that the mean SBA values
increase with increasing BAF [21]. According to other
scientists [22], large BAFs are effective in sampling, en-
suring proper accuracy. Carlton Scott [23] noted that the
use of lower BAF values implies lower standard error
values and is appropriate in mixed plantations. But the
advantage of using large relascopic coefficients is the
speed of accounting, which is advisable in low-quality
stands. Studies by other American scientists [24] also
demonstrated an increase in coefficients of variation with
an increase in BAF.

Regulatory reference books in Ukraine recommend
using the BAF value depending on the mean diameter and
stand density [4]. The forest Tax Reference Book [6],as well
as the standards developed under the USSR [5] note
that the use of large values of the relascopic coefficient
to ensure the necessary accuracy causes a multiple in-
crease (for BAF 0.5 decrease) in the number of mea-
surements compared to BAF 1. However, the “All-Union
standards” [3] indicate that due to the low dependence
of the efficiency of angle-count sampling on the value
of the relascopic coefficient, it is advisable to use optical
squares with higher BAF values.To confirm or refute the
recommended data on the feasibility of using the relascopic
coefficient in stands of varying density and diameter, as
well as data on the probable systematic underestimation
of SBA in BAF 1, appropriate studies were conducted.

MATERIALS AND METHODS

This study was conducted in three stages. At the prepa-
ratory stage, a relascopic template “Crab”was developed
and tested for the possibility of performing measure-
ments using 5 BAF values: 0.5,1, 2, 3, 4. At the stage of
field work, SBA measurements were carried out on cir-
cular and angle-count sample plots using coefficients
0.5, 1, 2, 3, 4. During desk processing of the data, the
accuracy of determining SBA in relascopic areas was an-
alysed, depending on the mean diameter, density, com-
position, and uniformity of tree placement.

The primary task was to develop a relascopic tem-
plate with the ability to perform measurements using
BAF 0.5,1, 2, 3,and 4. The main criteria for developing
the relascopic template model were the versatility of
measurements, ease of use, and the possibility of long-
term operation. For the possibility of using the 5 BAF
values provided for in the regulatory recommendations:
0.5, 1, 2, 3, 4 the width of the dioptres was calculated
accordingly. For the convenience of using the relascopic
template, options for fixing the tool using only one hand




were provided. The estimated distance of the dioptre from
the observer’s eye was 50 cm. The accuracy of the scope
width for each BAF was checked indoors using sheets of
white paper on a dark background. For this, a sheet of
paper was attached to a height of 1.3-1.6 m on a vertical
dark surface at a distance of 10 m from eye level (the
length was determined using a LDM-100 CEM laser
tape measure) and sighting was performed through a
sighting slot of the appropriate size. When calibrating
BAF 0.5, a sheet with a width of 14.1 cm was used, BAF 1 -
20.0 cm, BAF 2 - 28.2 cm, BAF 3 - 34.6 cm, and BAF 4 -
40.0 cm. Upon applying the appropriate value of the
relascopic coefficient, Sheets of the specified width had
to fit exactly into the dioptre.

Field studies were conducted during the autumn-
winter period of 2020-2021 on specially laid fixed-area
plots (FAP) with a radius of 17.85 m, which corresponds
to an area of 1,000 m2.The size of the FAP is conditioned
upon the purpose of conducting angle-count sampling
using BAF 0.5 at the same sites, which involves sam-
pling trees that are more distant from the centre of the
sample (the diameter of the boundary trees is 25 cm).In
total, 14 FAP were laid in the plantations of Levkivskyi
and Tryhirskyi forest districts of the State Enterprise
“Zhytomyr Forestry”. Plots were selected in such a way
that there was no under storey and large young growth.
The age of plantations ranges from 20 to 120 years.The
density of land plots according to forest management
materials ranges from 0.5 to 0.9. According to the com-
position of stands, the experimental plots differed as
follows: 10 FAP in pure stands (8 pine stands, 2 birch
stands) and 4 FAP in mixed stands (2 pine stands, 1 birch
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stand, 1 oak stand). Mixed stands were selected to inves-
tigate the correctness of determining the composition
of plantations using a factor gauge. Before carrying out
angle-count sampling using a template with the condi-
tional name of the model “Crab”, a centre was fixed at
each FAP and the territory was divided into four sectors
using measuring tapes. This was done for the conve-
nience of conducting a list of tree diameters, as well as
for further determining the uniformity of their place-
ment. Each tree was measured using a measuring fork
with millimetre accuracy. The belonging of the extreme
trees to the FAP was determined using a LDM-100 CEM
laser rangefinder. The sum of cross-sectional areas was
determined using Excel tools under desk conditions.
The results of measurements at the CTA served as a
control. From the centre of the FAP, each element of the
forest was measured using the “Crab”template in 5 variants
with the corresponding accuracy for each BAF (from 0.25 m?
at BAF 0.5,0.5 m? at BAF 1,1 m2 at BAF 2,1.5 m? at BAF 3,
and 2 m? at BAF 4). At FAP No. 5,9, and 12, where the
mean tree diameter was relatively small (8-12 cm),angle-
count sampling was performed at three equidistant points
in circular samples to ensure the adequacy of samples
with BAF values of 2-4.

RESULTS AND DISCUSSION

Proceeding from the results of a continuous list of trees
at the FAP, accurate indicators of SBA, relative density and
mean diameter were determined. The uniformity of tree
placement in FAP can generally be considered uniform, as
evidenced by the variability of SBA in sample sectors. Only
FAP 7 contained an uneven arrangement of trees (Table 1).

Table 1. Results of SBA measurements at experimental sites

No. sample tshBeAFir;’ SBA on the angle-count sample plots, m?/ha Mean Stand Va;;aslg,lity
plot (control),  piros  BAF1 BAF 2 BAF 3 BAF 4 dla?n:ter’ stocking in FAP

m?/ha sectors, %
1 334 39.5 32.0 34.0 39.0 36.0 23.8 1.14 14.3
2 53.7 50.5 57.0 58.0 60.0 60.0 30.1 1.10 16.5
3 14.7 18.0 19.0 16.0 15.0 16.0 17.2 0.52 171
4 27.8 315 30.0 22.0 25.5 28.0 30.0 0.86 134
5 173 20.3 20.8 21.6 19.5 18.8 79 0.55 17.8
6 50.6 41.5 52.0 58.0 66.0 64.0 33.8 1.00 8.5
7 29.0 24.5 340 31.0 375 36.0 30.0 0.67 33.7
8 35.5 35.5 39.5 43.0 45.0 36.0 30.5 0.75 14.7
9 19.3 20.8 18.8 19.0 20.3 22.0 12.3 0.63 13.6
10 38.8 39.0 35.0 40.0 39.0 34.0 35.9 0.79 18.9
11 35.1 30.0 29.5 26.0 25.5 26.0 28.9 0.96 7.7
12 14.8 19.0 18.0 18.0 19.5 22.0 8.9 0.63 116
13 23.6 27.5 22.0 24.0 24.0 20.0 17.8 0.88 16.4
14 39.0 41.0 47.0 39.0 39.0 30.0 24.2 0.82 134
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In fact, in terms of density, 4 plots (sample plots 3,
5,9, 12) were represented by low-density stands, as well
as 4 plots (sample plots 7, 8, 10, 14) were medium-density
and, respectively, 6 plots (sample plots 1, 2, 4, 6, 11, 13)
were high-density stands. According to the recommenda-
tions [4], considering the density and mean diameter of
stands in all experimental low-density stands, it would be
necessary to perform measurements using BAF 0.5 and 1.
BAF 2 and 3 are recommended in medium-density stands,

while BAF 3 and 4 are recommended for high-density
stands. However, as the calculations proved, the recom-
mended relascopic coefficient in only one experimental
site (No. 13) yielded the SBA value close to the control
one.

Comparison of measurements of the sums of cross-
sectional areas per 1 ha according to relascopic and list
taxation data indicated corresponding discrepancies
between the values both up and down (Table 2).

Table 2. Differences in the results of SBA measurements on the angle-count sample plot compared to the control (FAP)

BAF,
No. Mean diameter, Stand stocking SBA_. - SBA_. . .mY/ha
sample plot cm 9
0.5 1 2 3 4
1 238 1.14 6.1 -1.4 0.6 5.6 2.6
2 30.1 1.10 -3.2 3.3 4.3 6.3 6.3
3 17.2 0.52 3.3 43 13 0.3 1.3
4 30.0 0.86 3.7 2.2 -5.8 -2.3 0.2
5 79 0.55 3 3.5 4.3 2.2 1.5
6 33.8 1.00 -9.1 1.4 74 15.4 13.4
7 30.0 0.67 -4.5 5.0 2 8.5 7.0
8 30.5 0.75 0.0 4.0 75 9.5 0.5
9 12.3 0.63 1.5 -0.5 -0.3 1.0 2.7
10 35.9 0.79 0.2 -3.8 1.2 0.2 -4.8
11 28.9 0.96 -5.1 -5.6 -9.1 -9.6 -9.1
12 8.9 0.63 4.2 3.2 3.2 4.7 7.2
13 17.8 0.88 3.9 -1.6 0.4 0.4 -3.6
14 24.2 0.82 2.0 8.0 0.0 0.0 -9.0

Analysis of the difference in SBA indicators during
angle-count sampling and control generally indicated
that the results of angle-count sampling measurements
mostly overestimate the true (control) values upon using
all BAF values. Based on the sum of the differences, it
was determined that in general, the maximum overes-
timation of SBA values occurred when using BAF 3, the
minimum - when using BAF 2. Underestimating SBA

angle-coun

values is mainly observed in high-density plantations,

mainly upon using individual BAF values. These results
refute the claims of some scientists regarding the sys-
tematic underestimation of the SBA values obtained during
angle-count sampling [12-14], as well as the hypothesis
of the previous studies of the authors of this paper upon
using BAF 1 [15]. To compare the accuracy of determining
SBA at relascopic sites using different BAF values, the
relative deviation for each variant compared to the control
was identified (Table 3).

Table 3. Results of SBA measurements at experimental sites

No. Mean diameter, o stocking BAF

sample plot cm 0.5 1 2 3 4
1 23.8 1.14 18.3 4.2 1.8 16.8 7.8
2 30.1 1.10 6.0 6.1 8.0 11.7 11.7
3 17.2 0.52 224 29.3 8.8 2.0 8.8
4 30.0 0.86 133 79 20.9 8.3 0.7
5 79 0.55 171 19.9 24.9 12.7 8.7
6 33.8 1.00 18.0 2.8 14.6 30.4 26.5
7 30.0 0.67 15.5 17.2 6.9 29.3 24.1
8 30.5 0.75 0.0 11.3 21.1 26.8 14
9 12.3 0.63 7.5 2.6 1.6 4.9 14.0
10 35.9 0.79 0.5 9.8 3.1 0.5 124
11 28.9 0.96 14.5 16.0 25.9 274 25.9
12 8.9 0.63 284 21.6 21.6 31.8 48.6
13 17.8 0.88 16.5 6.8 1.7 1.7 15.3
14 24.2 0.82 5.1 20.5 0.0 0.0 23.1
Mean deviation 13.1 12.6 11.5 14.6 16.4
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Notably, the average values of relative deviations
in angle-count sampling using 5 BAF values are quite
close and do not give grounds to draw any reasonable
conclusions. However, the data in Table 3 demonstrates
that even with similar values of density and mean diameter,
deviations within each BAF value can vary greatly.

Siruk et al.

Analysis of the dependence of the relative devi-
ation of the SBA on the mean diameter revealed a sig-
nificant relationship only upon measuring with BAF 0.5-
r=0.53 (Fig. 1). When performing SBA measurements using
the BAF 1 value, the dependence of the relative deviation
from the mean diameter is moderate - r=0.38 (Fig. 2).
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Figure 1. Dependence of the relative deviation of the SBA on the mean diameter for measurements with BAF 0.5
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Figure 2. Dependence of the relative deviation of the SBA on the mean diameter for measurements with BAF 1

At higher coefficients (BAF 2-4),no such relationship
was detected. For a more thorough analysis, it was decided
to group the data of experimental sites depending on
their mean diameters and density, similar to the form of
recommendations [5]. The first group included four test
areas with the smallest mean tree diameter (Table 4).

What is common for these sections is low density, which
allows using the relascopic coefficient of 0.5 and 1 according
to the recommendations. According to the data of relative
deviations in these sections, it is noted that the BAF values
of 3 and 2 yield slightly higher accuracy.

Table 4. Deviation of SBA from the angle-count sample plot control with the recommended BAFs 0.5-1, (%)

AF
sam:lz.plot dianT;ael:, cm Stand stocking 0.5 1 Bz 3 4
3 17.2 0.52 224 29.3 8.8 2.0 8.8
5 79 0.55 17.1 19.9 24.9 12.7 8.7
9 12.3 0.63 7.5 2.6 1.6 4.9 14.0
12 8.9 0.63 284 21.6 21.6 31.8 48.6
Mean deviation 18.8 18.4 14.2 12.9 20.0
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The second group included test areas with me-
dium-density stands (Table 5). Notably, the accuracy of
angle-count sampling at the experimental sites of this

group turned out to be better for all BAFs universally.
However, the smallest deviations in the determination of
SBA were noted for measurements using BAFs 0.5 and 2.

Table 5. SBA deviation from angle-count sample plot control with recommended BAFs 2-3, (%)

No. Mean . BAF
. Stand stocking
sample plot  diameter,cm 0.5 1 2 3 4

7 30.0 0.67 15.5 17.2 6.9 29.3 24.1
8 30.5 0.75 0.0 11.3 211 26.8 1.4
10 35.9 0.79 0.5 9.8 3.1 0.5 124
14 24.2 0.82 5.1 20.5 0.0 0.0 23.1
Mean deviation 5.3 14.7 7.8 14.1 15.2

The third group included test areas laid in high-
density stands, wherein, depending on the mean diameter,

it is recommended to measure relascopic areas using
BAFs 3 and 4 (Table 6).

Table 6. SBA deviation from angle-count sample plot control with recommended BAFs 3-4, (%)

No. Mean . BAF
. Stand stocking
sample plot diameter, cm 0.5 1 2 3 4

1 23.8 1.14 18.3 4.2 1.8 16.8 7.8
2 30.1 1.10 6.0 6.1 8.0 11.7 11.7
4 30.0 0.86 13.3 79 209 8.3 0.7
6 33.8 1.00 18.0 2.8 14.6 30.4 26.5
11 289 0.96 14.5 16.0 259 274 259
13 17.8 0.88 16.5 6.8 1.7 1.7 15.3
Mean deviation 14.4 7.3 12.2 16.0 14.6

According to the results of the values of average
deviations, the most accurate accounting was found in
high-density stands using the BAF 1 coefficient. The re-
maining BAF values indicate generally similar deviation
rates.

Before fieldwork, the working hypothesis was that
the accuracy of angle-count sampling at FAP with a ra-
dius of 17.85 m using various BAFs would primarily de-
pend on the mean diameter of the trees on the sample.
The selection area at BAF 0.5 and 1 is the largest, and

at diameters greater than 20 cm will approach the FAP.
Therefore, higher accuracy seemed most probable upon
using these values of relascopic coefficients. However,
behavioural analysis indicated that there was no rela-
tionship between the accuracy of different BAF levels
and the mean diameter. Only upon conducting studies
in four mixed plantations was some connection found.
The greatest accuracy in determining SBA in the context
of forest elements is provided by small BAFs 1,0.5,and
2 (Table 7).

Table 7. Results of SBA measurements at experimental sites in mixed stands, m’/ha

No. Stand SBA on the FAP BAF, SBA on the angle-count sample plots, m?/ha

sample plot composition  (control) m?*/ha 0.5 1 2 3 4
5Cb 15.4 22.5 15 12 12 16

1 4Qr 15.1 17 14 20 24 20
1Ap 3.5 1.5 3 2 3 0

8Ps 14.6 16 15.25 17 13.5 12
° 2Bp 2.8 4.25 5.5 4.6 6 6.8
7Ps 129 12.75 11.25 125 13.5 14

’ 3Bp 6.4 8 7.5 6.5 6.75 8
7Bp 9.9 13.25 13.5 14 15 16

12 2Ps 3.4 2.5 1.75 2 1.5 2
1Pt 1.5 3.25 2.75 2 3 4

Notes: Cb is the Common hornbeam (Carpinus betulus L.), Qr is the Common oak (Quercus robur L.), Ap is the Norway
maple (Acer platanoides L.), Ps is the Scots pine (Pinus sylvestris L.), Bp is the Silver birch (Betula pendula Roth.), Pt is the

Common aspen (Populus tremula L.)
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However, it is very probable that a corresponding
increase in measurements using relascopic coefficients
BAF 3 and 4 can also yield sufficient accuracy. In general,
the results of the conducted studies confirm the data
of foreign scientists regarding the feasibility of using
large values of relascopic coefficients [17-20]. The use
of small relascopic coefficients is justified only in mixed
plantations, which is consistent with the data of Carlton
Scott [23]. Along with this, the authors of this paper can
refute the statement regarding an increase in SBA values
with an increase in the BAF value [21].

CONCLUSIONS

The specially developed model of the factor gauge “Crab”
has proven itself quite wellupon determining the SBAusing
5 normatively prescribed BAF values. In comparison with
the results of SBA measurements at the FAP, which served
as a control, no systematic errors were detected during
relascopic pattern measurements that would unilaterally
distort the results of angle-count sampling. Data on possi-
ble systematic underestimation of SBAvalues in relascopic
sites both at the value of BAF 1 and at other relascopic co-
efficients based on the results of the study can be refuted.

Siruk et al.

When conducting angle-count sampling in mixed
stands, it turned out that the greatest accuracy in deter-
mining SBA in the context of forest elements is provided
by the use of small BAFs 1,0.5,and 2. Upon determining
the total SBA in low-density young stands, the smallest
deviations from the control were noted at BAF 2 and 3,
in older medium-density middle-aged stands — at BAF 0.5
and 2, in high-density maturing and mature stands - at
BAF 1.

There is reason to assert that deviations from the
true values of the SBA slightly depend on the value of
the relascopic coefficient, as well as on the density and
mean diameter of the stand. Most essentially, according
to the authors of this paper, the accuracy of the results
of determining SBA in angle-count sampling depends
on how well the trees in the selection zone of a certain BAF
value represent the entire selection area of FAP,which is
completelyrandom in nature.Since larger BAF 2-4 values
make provision for a corresponding increase in the number
of measurements that can better cover plantings, there
are prerequisites to recommend these relascopic coeffi-
cients, also considering the ease of accounting.

REFERENCES

[1] Burkhart, H.E. (2008). Remembering Walter Bitterlich. Journal of Forestry, 106(2), 61.
[2] Goutal, N. (2007). Hommage au Pr Dr Walter Bitterlich. Revue Forestiére Francaise, 59(6), 659-660.

doi: 10.4267/2042/16785.

[3] Bitterlich, W. (1984). The relascope idea: Relative measurements in forestry. Slough: Commonwealth Agricultural

Bureau.

[4] Myroniuk,VV., Svynchuk,V.A., Bilous,A.M., & Vasylyshyn,R.D. (2019). Forest measurations. Kyiv: National University

of Life and Environmental Sciences of Ukraine.

[5] Zagreev,VV.(Ed.). (1992). All-Union standards for forest inventory. Moscow: Kolos.
[6] Bilous,A.M, Kashpor, S.M., & Myroniuk, V.V. (2020). Forest mensuration handbook. Dnipro: Lira.

[71 Tomppo, E., Kuusinen, N., Mdkisara, K., Katila, M., & McRoberts, R.E. (2017). Effects of field plot configurations
on the uncertainties of ALS-assisted forest resource estimates. Scandinavian Journal of Forest Research, 32(6),
488-500. doi: 10.1080/02827581.2016.1259425.

[8] Kirchhoefer, M., Schumacher, J., Adler, P, & Kandler, G. (2017). Considerations towards a novel approach for
integrating angle-count sampling data in remote sensing based forest inventories. Forests, 8(7), article number 239.
doi: 10.3390/f8070239.

[9] Piqué, M., Obon, B., Condés, S., & Saura, S. (2011). Comparison of relascope and fixed-radius plots for the
estimation of forest stand variables in northeast Spain: An inventory simulation approach. European Journal of
Forest Research, 130, 851-859. doi: 10.1007/5s10342-010-0477-x.

[10] Mulyana, B.,Rohman,R., & Purwanto, R.H. (2018). Application of point sampling method in estimation of stand
basal area in community. Journal of Sylva Indonesiana, 1(1), 45-54. doi: 10.32734/jsi.v1i1.426.

[11] Druszcz, J.P,, Nakajima, N.Y., Netto, S.P., Machado, S. Do A., de Mello, A.A., & Campos, A.P.G. (2012). Forest
inventory efficiency with Bitterlich point sampling and in-line cluster in a Pinus taeda plantation. Floresta,
42(3),527-538.doi: 10.5380/rf.v42i3.25453.

[12] Zeide,B., & Troxell,J.K.(1979).Selection of the proper metric basal area factor for Appalachian mixed hardwoods.
In W.E. Frayer (Ed.), Forest resource inventory (pp. 261-269). Fort Collins: Colorado State University.

[13] Brooks,J.R., & McGill, D.W. (2004). Evaluation of multiple fixed area plot sizes and bafs in even-aged hardwood
stands. In 14% central hardwood forest conference (pp.94-100). Newtown Square: U.S. Department of Agriculture,
Forest Service, Northeastern Research Station.

[14] Myroniuk, V., Bilous,A., Diachuk, P., & Fedyna, K. (2018). Accuracy of sample-based forest inventory obtained from
different plot configurations. Biological Resources and Nature Managment, 10(5-6), 145-155. doi: 10.31548/bi02018.05.018.

Scientific Horizons, 2021, Vol. 24, No. 12

15



16

Influence of the value of relascopic coefficients on the accuracy...

[15] Siruk,Yu., & Zinkevich, R. (2020). Express method of determination of the sanitary conditions by the “RELASCOPE+”
program. Scientific Horizons, 05(90), 73-81. doi: 10.33249/2663-2144-2020-90-5-73-81.

[16] Myroniuk, V., Bilous,A., & Diachuk, P.(2019). Predicting forest stand parameters using the k-NN approach. Ukrainian
Journal of Forest and Wood Science, 10(2), 51-63. doi: 10.31548/forest2019.02.051.

[17] Gove,J.H., Gregoire, T.G., Ducey, MJ., & Lynch, T.B. (2020). A note on the estimation of variance for big BAF sampling.
Forest Ecosystems, 7(62), article number 62. doi: 10.1186/5s40663-020-00272-x.

[18] Tomppo, E., Gschwantner, Th., Lawrence, M., Ronald, E., & McRoberts, R.E. (2010). National forest inventories:
Pathways for common reporting. Heideberg: Springer.

[19] Kinnunen, J., Maltamo, M., & Paivinen, R. (2007). Standing volume estimates of forests in Russia: How accurate is
the published data? Forestry: An International Journal of Forest Research, 80(1), 53-64. doi: 10.1093/forestry/cpl042.

[20] Tomppo, E., Heikkinen, J., Henttonen, H.M., lhalainen, A., Katila, M., Makela, H., & Vainikainen, N. (2011).
Designing and conducting a forest inventory - case: 9 national forest inventory of Finland. Dordrecht: Springer.
doi: 10.1007/978-94-007-1652-0.

[21] Husch, B. (1955). Results of an investigation of the variable plot. method of cruising. Journal of Forestry, 53,
570-574.

[22] Dai, X., Ducey, MJ., Kershaw, J.AJr., & Wang, H. (2021). Sector subsampling for basal area ratio estimation: An
alternative to big BAF sampling. Canadian Journal of Forest Research,51(8),1131-1139. doi: 10.1139/cjfr-2020-0496.

[23] Carlton, S. (2020). Basal area factor in variable radius sampling effects on stand level measurements. Retrieved
from https://digitalcommons.library.umaine.edu/honors/626.

[24] Becker, P, & Nichols, T. (2011). Effects of basal area factor and plot size on precision and accuracy of forest
inventory estimates. Northern Journal of Applied Forestry, 28(3), 152-156. doi: 10.1093/njaf/28.3.152.

Bnnue BeNMUYMHM penackoniuyHux KoedilieHTIiB Ha TOYHICTb BUSHAYeHHS
CYyMM nnoLy nornepeyHnx nepeTmHis

tOpii1 Bikroposuu Cipyk, IpuHa MukonaieHa Cipyk, OneHa OnerisHa Py6aHoBa

NonicbKMii HaLWioOHaNbHWIA YHiBEpCUTET
10008, 6-p Crapui, 7, M. Xutomup, YkpaiHa

AHoTauis. [Mpy npoBeaeHHi penackoniyHoi Takcalii B nicax YKpaiHWM HaibinbLL NOWMPEHUM € BUKOPUCTAHHSM KYTOBMX
LWabnoHiB i3 BeNIMYMHOK penackonivyHoro koediuieHTa 1. PekoMeHa0BaHA BENMYMHA LAHOTO KOediLliEHTa BIANOBIAHO
[l0 HOPMaTUBIB 3aNIEXMUTb Bil, OPIEHTOBHOI MOBHOTY Ta CEPEAHbOIO AiaMeTpy AepeBoCTaHy i Moxe ctaHoBut 0,5,1,2,3 i
4. Buxopauu 3 Toro, Wwo B YKpaiHi BigcyTHi 3acobum Ans penackonivyHoi Takcauii, ki 6 gaBanu 3Mory npoBoAMUTH 3aMipu
3 BUKOPUCTAHHAM 5-X nepenbayveHnx y HOpMaTUBaX 3HAUYEHb penackoniyHoro koedilieHTa, 6yno po3pobneHo BnacHy
MoAenb penackonivyHoro wabnoHy «Kpab» Ta npoBeaeHo 1Moro anpobadito. MeTor AaHoi poboTH € LOCNIAKEHHS TOYHOCTI
BM3HAYEHHS CYM NJIOL, NONEePeYHNX NEPETUHIB HACAMKEHb NMPU BUKOPUCTAHHI penackoniyHmx KoedilieHTiB pi3HOi
BE/IMYMHM 3aNIEXKHO Bif CEpeAHbOro AiaMeTpy Ta NOBHOTU AepeBOCTaHiB. LLUNgXoM NOpiBHAHHA AaHWX HA KPYroBmx
nNpobHMX nnowax pagiycom 17,85 M i3 faHMMM penackonivyHoi TakcaLii BCTAaHOBNEHO, WO CUCTEMATUYHUX NMOMUIIOK,
Ki 6 3aHWMXKYBANM UM 3aBULLYBANMN Pe3yNbTaTU PeNackoniyHoi Takcalii BUSBNEHO He Byno. Bu3HaueHo, Lo BiaXMIEeHHS
CYMU NNOLL NOoNepeyYHmnX NePETUHIB Bif iICTUHHMX 3HAYEHb HE3HAYHOK MiPOIO 3aN1eXaTb Big BENUYMHU PENACKOMIYHOro
KoedilieHTa, @ TaKOX Bif, NOBHOTM i CepefHbOro AiaMeTpy AepeBocTaHy. Ha AyMKy aBTOpiB, TOYHICTb pe3ynbTaTiB
BM3HAYEHHS CYMM NNOLL MONEePEeYHUX NEPETUHIB NPU PENACKONIYHIM TaKCaLiT 3anexuTb HanpsaMmy Bifg penpeseHTauii
30HM BiOOPY fepeB B Mexax KpyroBoi npobu. Lle Mae LinkoM BUNaAKOBUIA XapaKTep Npu BUKOPUCTaHHI Byab-aKoro
penackoniyHoro koedivieHTa. BCTaHOBNEHO, LLO Y MilIAHMX HACAAXKEHHAX HAMBINbLLIY TOYHICTb BU3HAYEHHS CYMM MOLL
nonepeyHnX NepeTuHiB OKPEMMX eNeMEHTIB Nicy 3abe3neyye came BUKOPUCTaHHS HeBenmKmnx KoediuieHTis (1,0,5 i 2). Y
YMCTUX HACATKEHHAX JOLINbHUM € 3aCTOCYBaHHA BinblU BEIMKMUX penackoniyHmx koediuieHTiB (2—4). Lle nepenbayae
BiAMNOBIAHE 30iNbLUEHHS KiNIbKOCTi 3aMipiB, AKi MOXYTb KpaLLe OXONMUTU HACAIKEHHS | 30iNbWMTU TOUHICTb OTPUMAHMX
pe3ynbTaTiB

KntouoBi cnoBa: penackoniyHa Takcauiq, Kpyrosi npobHi nnowi, penackonivyHuii wabnoH, cepefHin fiaMeTp, NOBHOTA
HacamkKeHHs
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INTRODUCTION

The nutritional value of food products is determined
by the content of proteins, fats, carbohydrates, vitamins,
minerals, as well as biologically active compounds. Pro-
tein is the most valuable component of food, involved
in the most important functions of the body. Their main
importance lies in their indispensability with other food
substances. The need to determine the amount of demand
for animal protein,as the most complete and best absorbed,
is not in doubt [1; 2].

The usefulness of food products is characterised
by nutritional, energy, biological, physiological and or-
ganoleptic value, as well as biological efficiency, digest-
ibility and safety. Nutritional value characterises the
fullness of the useful properties of the product and its
taste preferences, which are conditioned upon the nu-
trients contained in it. Depending on the energy value,
animal meat can be divided into three groups: high-,
medium- and low-calorie [3; 4].

The energy value is determined by the proportion
of energy that is released from the product during bio-
logical oxidation and provides physiological functions
of the body and is measured in kCal or kl. According
to modern concepts, the concept of “nutritional value”
reflects the full significance of the useful properties of
a product, including such more precise definitions as
“biological value” (protein quality), “energy value” (the
amount of energy released in the body from a food
product) [5].

The value of the nutritional value of meat can be
defined as the percentage of provision of each of the most
important nutrients, the average values of human needs
for nutrients and energy [6]. In addition, the nutritional
value of a product depends on important factors: the
use of individual food substances (biotransformation),
the degree of grinding, heat treatment, storage condi-
tions, and other technological factors for processing raw
materials [7].

Meat of agricultural and exotic animals and poultry
is @ combination of muscle, connective, bone, and adipose
tissues in their natural ratio. These tissues have different
nutritional value, and therefore their ratio affects the
nutritional properties of meat. The specific weight of
tissues depends on the type, breed of animals, gender,
age, fatness and part of the carcass [1; 8]. Notably, meat
productivity and the qualitative composition of meat of
farm animals and poultry have been studied by many
scientists, but the study of these indicators of snail meat
in the scientific literature is not sufficiently covered. Most
publications in foreign literature in the field of productive
snail farming, as a branch of Agriculture, relate to the
issues of proper cultivation of shellfish and the useful
properties of their meat [2; 6].

Among the traditional types of meat available
on the Ukrainian market, such as pork, beef, poultry meat,
non-traditional ones also appear. Non-traditional types
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of meat include snail meat.Snail meat gained popularity
abroad at the end of the last century, as one of the prod-
ucts of delicatessen food. Now farms are being created
to grow snails as a source of protein substances. Snail
meat is considered only muscle, connective and adipose
tissue. The edible part of the snail is its “leg” with which
it moves. It is the most important and valuable muscle
tissue and is used to make various dishes [9].

Based on the results of the analysis of literature
sources, it was found that there are no publications on
the nutritional value of snail meat. In particular, there
is no information on the chemical composition of food
snail meat in terms of moisture, dry matter and energy
value, and these indicators after its cooking. Since in
the modern world the use of snails in the restaurant
industry is mostly gaining momentum, and there are no
data on the chemical composition of frozen and boiled
meat of these shellfish, the need to determine these
indicators is not in doubt.

Purpose of the study it consists in determining the
chemical composition: moisture, dry matter and energy
value of raw and boiled meat of food snails Helix aspersa
maxima, Helix aspersa muller, Helix pomatia, comparative
analysis of them among themselves and with other types
of meat.

MATERIALS AND METHODS

At the beginning of the experiment, average samples
of snail meat of each species were formed, which were
selected in early summer - 100 shellfish. To prevent
the meat from spoiling, it was frozen for delivery to the
laboratory in proper condition. At the second stage of
research, an average sample of snail meat of each spe-
cies was formed - 200 shellfish (based on the boiling
coefficient). It was boiled for 90 minutes. Snails were
selected during their active use (in mid-summer). At the
third stage, an average sample of snail meat of each
species was taken, which was taken at the end of the
season of their use (in autumn) - 100 shellfish. The re-
search was conducted based on a testing laboratory ac-
credited according to the international standard during
2017-2018.

Before forming an average sample of snail meat,
attention was paid primarily to their condition: behaviour,
reaction to external stimuli, mobility, that is, only live
ones were selected. For research, snails were taken that
moved in a calm state, and in a stressful state they hid
in a shell. Snails were removed from the shell using a
spiral-shaped dental probe (Fig. 1) and only the “leg” of
the snail was selected. At the same time, the snail was
held in the left hand, and the snail’s leg was hooked
on the right side of the mouth with the right hand. The
shell was placed at an angle of 90 degrees and with a sharp
movement of the right hand, the snail was completely
removed. Further, only the “leg” of the snail was separated.
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Figure 1. Spiral-shaped dental probe

The chemical composition of meat was studied by
the moisture content according to DSTU ISO 1442:2005
“Meat and meat products. Method for determining the
moisture content”[10],fat—accordingto DSTU ISO 1443:
2005 “Meat and meat products. Method for determin-
ing the total fat content” [11]. The mass fraction of dry
matter, protein, ash, and caloric content of meat was
determined by the methods described by PV. Zhitenko

and others [12]. Snails of the species Helix pomatia col-
lected after rain or early in the morning, Helix aspersa
maxima and Helix aspersa muller they were obtained from
the farm “snail 2016” (Ukraine). To calculate the caloric
content of meat, you need to know the quantitative content
of fats, proteins and carbohydrates in it. The authors of
the article used the coefficients of energy value of food
substances, which are provided in Table 1.

Table 1. Coefficients of energy value of food substances

Food substances

Coefficient, kcal/g

Proteins 4.0
Fats 9.0
Carbohydrates “by difference” 4.0

To determine carbohydrates “by difference”, the
amount of moisture, protein, fat and ash is subtracted
from 100% of the product. The energy value (X, kcal) is
equal to the sum of these components, i.e.:

X=4.0xB+4.0xC+9xD

where 4.0; 4.0; 9.0 are the coefficients of energy value,
respectively: proteins, carbohydrates and fats, kcal/g;
Bis the amount of protein, g, C is the amount of fat, g,
D is the amount of carbohydrates, g.

To determine the energy value in kilojoules, the
resulting number of kilocalories is multiplied by 4.184.
Determination of fat in meat was carried out by extraction,
according to the method described in DSTU ISO 1443:2005
“meat and meat products. Method for determining the
total fat content” [11]. The mass fraction of fat (X) was
determined as a percentage by the formula (1):

(m, —my) x 100

X, = 1)
m

where m - mass of the sample taken for analysis, g;
m, - weight of the extraction flask with pieces of por-
celain, g; m, - mass of the extraction flask with pieces
of porcelain with fat after drying, g.

Calculations were performed with errors of £0.1%.
The final test result was taken as the arithmetic mean
value of the results of two parallel definitions, the per-
missible difference between which should not exceed
0.5% when performing analyses in the same laboratory.

The study of moisture content was carried out
by drying according to DSTU 1SO 1442:2005 “Meat and
meat products. Method for determining the moisture
content” [10]. The mass fraction of moisture (X) as a
percentage was determined by the formula (2):

(m; —m,) x 100

= 2
X m; X mg @

where m, - weight of bux with sand and stick, g; m, -
weight of bux with sand, stick and suspension, g; m, -
weight of bux with sand, stick and suspension after drying, g.
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The final result was taken as the arithmetic mean
of two parallel definitions. The difference between the

results of parallel definitions should not exceed 0.5%.

The final result was calculated with an error of up to 0.1%.

RESULTS AND DISCUSSION
Chemical composition of frozen and boiled meat of various
types of snails
At the first stage, it was frozen meat of snails that were
selected in early summer was studied. The results of the

chemical composition of frozen meat of various snail
species are presented in Table 2. The results of Table 2
show that the average sample of frozen snail meat
H. pomatia icontains a higher amount of dry matter,
namely protein, fat and carbohydrates, and is more ener-
getically valuable compared to the other two samples.

At the second stage of research, after cooking meat
and forming an average sample of each snail species
from it, the chemical composition of snail meat was de-
termined, which is shown in Table 3.

Table 2. Chemical composition of frozen meat of different types of snails

Indicator Samples Mzm
1 (H. pomatia) 2 (H. aspersa maxima) 3 (H. aspersa muller)
1. Moisture, % 78.2 79.7 80.1 79.33+0.58
2.Dry substance, % of which: 21.8 20.3 19.9 20.67%0.58
— protein 13.3 12.7 123 12.77+0.29
- fat 0.2 0.1 0.1 0.13+0.03
— carbohydrates 6.3 5.6 5.2 5.7%0.32
—ash 2.0 1.9 2.3 2.07%0.12
S e e 80.2 741 70.9 75.07%2.73
kl/100 g 335.3 309.7 296.3 313.77+11.44
Table 3. Chemical composition of boiled meat of different types of snails
Indicator Samples Mzm
1 (H. pomatia) 2 (H. aspersa maxima) 3 (H. aspersa muller)

1. Moisture, % 71.5 721 72.5 72.03%0.29
o o which: 285 279 275 27.9740.29
— protein 234 22.7 224 22.83%0.3
- fat 0.3 0.2 0.2 0.23+0.03
— carbohydrates 1.9 2.4 1.9 2.07£0.17
—ash 2.9 2.6 3.0 2.83%0.12
E Y 103.9 102.2 99.0 101.7+1.44

kl/100 g 4343 4272 413.8 425.1+6.01

Analysis of the results obtained in Table 3 showed
that the chemical composition, namely: moisture con-
tent, protein, fat, carbohydrates, ash and energy value
(in kcal/100 g) in snail meat of three species - Helix
aspersa maxima, Helix aspersa muller, Helix pomatia don’t
differ significantly from each other. If we take into account
the indicator of energy value in kJ/100 g, then the most
nutritious was the meat of grape snails and amounted
to 434.3 ki/100 g, and the least — the meat of snails of
the species Helix aspersa muller - 413.8 kJ/100 g.

Comparing the data of frozen and boiled meat of
different types of snails, which are shown in Tables 2 and 3,
it can be seen that after heat treatment, the amount of dry
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matter increased by 1.35%, protein - 1.79%, fat - 1.77%,
ash - 1.37% and energy value - by 1.35%.

Comparative characteristics of the nutritional value of frozen
snail meat

Snail meat differs in its nutritional value not only among
different animal species, but also during the periods
of their vital activity. Therefore, it became necessary to
conduct a study to determine the nutritional value of
snail meat during the period of their most active life, when
products are obtained from them. For the first sample,
snails were taken in early summer, and the second - at
the end. The research results are presented in Table 4.
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Table 4. Comparative characteristics of the nutritional value of frozen snail meat during their possible consumption

Type of snails

Indicator H. pomatia H. aspersa maxima H. aspersa muller
1 sample 2 sample 1 sample 2 sample 1 sample 2 sample
1. Moisture, % 78.2 78.0 79.7 77.8 80.1 77.8
fngl%mgtt/egf which: 218 220 203 222 19.9 222
— protein 13.3 9.6 12.7 9.4 123 9.2
- fat 0.2 0.7 0.1 0.6 0.1 0.6
— carbohydrates 2.0 10.7 1.9 11.0 2.3 11.3
—ash 6.3 1.0 5.6 1.2 5.2 1.1
5 ig:[f’lyo"gg‘e’ in: 80.2 875 741 87.0 709 87.4
kl/100 g 335.3 366.3 309.7 364.2 296.3 365.8

The data shown in Table 4 indicate that the nutri-
tional value of snail meat in early and late summer is
different. Thus, the indicators of dry matter, fat, carbo-
hydrates and energy value increased, while moisture,
protein and ash - on the contrary - decreased. The increase
in the content of carbohydrates and fats is obviously
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conditioned upon the preparation of snails for the win-
ter period and the use of these substances in metabolic
processes in an anabiotic state. Data on the composition
of snail meat at different periods of their possible con-
sumption are shown in diagrams (Fig. 2, 3,and 4).
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Figure 2. Composition of snail meat H. pomatia in different periods of life activity
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Figure 3. Composition of snail meat H. aspersa maxima in different periods of life activity
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Figure 4. Composition of snail meat H. aspersa muller in different periods of life activity

Protein is the most valuable component of meat,
which makes up 95% of all nitrogenous substances in
the body. In terms of amino acid composition, they are
closest to the “ideal” animal proteins, since they contain
all essential amino acids in optimal amounts and ratios.
After heat treatment of snail meat, it was found that
out of 27.97% of dry matter, 81.6% is protein, 0.8% (on
average) [13].

When determining the nutritional and biological
value of snails, it is necessary to consider the conditions
of their cultivation. Artificially grown snails have a lower
biological value than naturally grown snails, and the
differences are explained by the strength of their shells,
meat yield, and chemical composition. In the meat of
snails of the natural population Helix pomatia contains
3.0% more protein than snails Helix aspersa maxima
and 4.27% more than snails Helix aspersa muller. That is,
if necessary, snails of the natural population can be used
as a source of protein nutrition [14].

Comparative studies of snail meat with meat of other animal
species
The nutritional properties of any meat are conditioned
upon the presence of proteins and fats in it. Comparative
studies of snail meat with meat of other animal species
showed that in terms of nutritional and energy value,
they can be compared with pork, beef, lamb, horse meat,
rabbit meat. These types of meat contain from 40% to
75% moisture, from 14% to 23% protein, from 2% to
22% fat. At that time, snail meat contains from 77.8%
to 80.1% moisture, from 9.2% to 13.3% protein, from
0.1% to 0.7% fat. The difference in meat composition
depends primarily on the type of snails and the period of
their consumption [15-17].When comparing the data on
the chemical composition and caloric content of snail meat
with other types of meat of farm animals and poultry, it
turned out that it is closest to chicken meat. Chicken meat
contains 20.4% protein and 2.3% fat, while snail meat
contains 22.8% protein and 0.2% fat [1].

The nutritional value and caloric content of farm
animal meat depends on the type of meat, breed, age
and fatness of the animals. Young animals have a lower
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caloric content of meat compared to adults, because
their meat contains more moisture and protein, and less
fat. Animal proteins are absorbed better by humans than
vegetable proteins. And to meet the needs of the body
with meat proteins and the need for them is less than
vegetable. If we are talking about snail meat, then the
nutritional value and caloric content, according to the
authors, depends again on the period of their consumption
and the type of snails.

A number of scientists have studied that the meat
of farm animals contains from 1.1% to 40% fat. Pork has
the highest fat content - 37%, beef - 23%, Lamb - 26%.
Less fat-rich rabbit meat - 11%, etc. The digestibility of
fats depends on their melting point. The most refractory is
lamb fat, which is digested by 85%, then beef fat, which
is digested by 94% and pork fat - by 97%. These prop-
erties of meat fats are associated with the presence of
saturated and unsaturated fatty acids in the composition.
Lamb fat contains more saturated fatty acids than pork
or beef fat, so it is more refractory. Fat improves the taste
of meat, increases its nutritional value. During our research,
it was found that snail meat contains almost no fat and
is only 0.7%. This indicates that this type of meat can
be classified as dietary, as it contains traces of fat. The
caloric content of snail meat is up to 87.5 kcal/100 g -
these data also indicate that the meat of all three types
of snails is dietary [8; 18; 19].

If you compare the protein indicators in the meat
of different animal species, then snail meat can be com-
pared with beef. In snails, its indicator reaches 13.3%,
and in beef 14.3% [15]. The chemical composition of
snail meat is determined by the quality of the environ-
ment in which they stay for the entire period of life. It
is not constant, but is subject to minor fluctuations that
depend on the time of year, environmental conditions,
their physiological state, etc.

The use of mussel meat is also very similar in
terms of promising direction of increasing the volume of
non-traditional meat and in terms of nutritional indica-
tors.Mussel meat contains: moisture - 80-81%, protein -
10-11%, fat - 1.3-1.5%, carbohydrates - 3.5-4%, while
snail meat contains: moisture - 79.3%, protein - 12.8%,




fat - 0.1% and carbohydrates - 5.7% (average data for
three types of snails). Thus, snail meat and mussel meat
differ significantly only in terms of fat and carbohydrates.
Snail meat contains less fat and more protein, compared
to mussel meat - this indicates a high nutritional value
of snail meat [19; 20].

In terms of their environmental friendliness, snails
are considered environmentally friendly animals com-
pared to agricultural ones.Artificial snails are kept in the
field from April to October, and snails of the natural pop-
ulation are generally kept in natural living conditions
every year. This suggests that snails do not consume
hormones and antibiotics, and are not kept in cramped
stalls or farms, unlike farm animals.

When justifying the general conclusion about the
nutritional value of snail meat and comparing the results
obtained during the experiment with the data of other
scientists who studied the nutritional properties of farm
animal meat, it was found that the moisture content of
snail meat is close to mussel meat, and the protein con-
tent is close to beef. And in terms of fat content, it is
not similar to any type of meat. The content of carbohy-
drates and ash in meat, today, remains a little-studied
issue. If you analyse non-traditional types of meat, snail
meat is similar to mussel meat, but differs in terms of fat
and carbohydrates.

CONCLUSIONS

The composition of boiled meat of snail species is de-
termined: Helix aspersa maxima, Helix aspersa muller, Helix
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pomatia, namely, the following indicators: moisture, dry
matter (protein, fat, carbohydrates and ash), as well as
its energy value. The highest rates were found in the
meat of snails in the natural population - Helix pomatia,
except for moisture, carbohydrates, and ash. The meat
of the same snail species is rich in protein and reaches
82.1% of the dry matter. All three experimental snail
species have the lowest fat content of all the indicators
studied, and on average this indicator was 0.23+0.03%.

So, on average, boiled meat of the above — men-
tioned snail species contains moisture - 72.03%0.29%,
and dry matter - 27.97%0.29%. Of the dry matter indicators,
protein accounts for an average of 22.83%0.3% for all
three snail species, and the snail is the most enriched
with this nutrient Helix pomatia and it is 23.4%. When
studying the chemical composition of raw and boiled
snail meat, we found that boiled meat is 14.2% more
energetically valuable than raw meat, both in kcal/100 g
and in kJ/100 g.

We consider it necessary to make histological stud-
ies of snails in different periods as a promising area of
further research: hibernation, after hibernation and during
the active period of their vital activity.
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Bu3Ha4YeHHS MNO)XXUBHUX B1acTUBOCTEN M'Aca paBnMKiB
Ta noro nOpiBHﬂﬂbHMﬁ aHani3 3 iHWwnMn BUAamMmn TBapUH

IpuHa CepriieHa JaHinosa?!, TeraHa IsaHiBHa DoTiHa?,
TeraHa MukonaieHa [aHinosa’

1[lep)kaBHa OOCNiAHA CTaHLis NTaxiBHMUTBA
63421, Byn. LUeHTtpanbHa, 20, c. bipku, XapkiBcbka obnactb, YkpaiHa

2CyMCbKMIA HaLiOHaNbHWI arpapHuKii yHiBepcuTeT
40000, Byn. lepacuma KoHgpaTtbeBa, 160, M. Cymu, YkpaiHa

*[lep>kaBHMI BIOTEXHONOTIYHUI YHIBEPCUTET
62341, Byn. AkageMiyHa, 1, cMT Mana JaHuniBka, XapkiBcbka 061acTb, YKpaiHa

AHoTtauis. B YkpaiHi, B yMOBaxX CbOroAeHHs, NiABULLEHUI iHTEPEC BUKIMKAKOTb PABAMKMU, O LUMPOKO BUKOPUCTOBYHOTHCS
B XXy B psfli EBpONencbkux KpaiH. [NpoTarom Kifbkox 0CTaHHIX POKiB BiAOYBAETbCS iIHTEHCMBHA 3aroTiBAS LbOro BUAY
MOJIIOCKIB 3 METOK MOoro nepepobku Ta ekCcnopTy 3a KopAoH. [TpoTe AaHMX WoA0 MOXMBHUX BNACTMBOCTEM MAca
paB/MKiB He Tak 6arato, a B YKpaiHi TakMX BigOMOCTEN NPaKTUYHO HEMAE. MeTa LLbOro LOC/iIKEHHS NMONArAE Y BUHAYEHHI
XiMiYHOro cknaay (Bonora, cyxa peyoBMHa Ta eHepreTMYHa LiHHICTb) CMPOro Ta BApeHOoro Mca Xap4oBuX paB/nKiB
Helix aspersa maxima, Helix aspersa muller, Helix pomatia Ta npoBeAeHHi iX NOPIBHANLHOIO aHanisy Mix coboto 3
iHWKMMKM B1AAMK Maca. [oKa3HWMKM NOXMBHUX BNACTMBOCTEN BM3HAYaAM 3rigHO 3 MeToAnKamu. BMicT Bonoru Ta xupy
BM3Havanm 3a ACTY ISO 1442:2005; ACTY ISO 1443:2005 BianosiaHo. MacoBy 4acTKy Cyxoi pe4yoBUHMU, Binky, 301u
Ta KaNOPiNHICTb M'ACa BM3HAYaNM 32 MeToaMKaMu, Wwo onucaHi M.B. XXuteHko Ta iHwi. [TopiBHANbHUIA aHani3 Maca
paB/MKIB 3 iHWMMM BUAAMM TBAPUH NPOBOAMAM HA OCHOBI NiTepaTypHuUX mxepen. Mpu focnigkeHHi asTopamu byno
BCTAHOB/EHO, LLLO B CEpefHbOMY Y paBAuKiB BUAIB Helix aspersa maxima, Helix aspersa muller, Helix pomatia MictuTbCS
Boniorn — 72,03%0,29 % Ta cyxoi pevoBuHu — 27,97+0,29 %, 3 gkoi: 6inky - 22,83+0,3 %, xupy - 0,23%0,03 %,
Byrnesofie - 2,07+0,17 %. Bu3HayeHo, W0 NOKA3HMKM BOSOTW, CYyXOi peYOBUHM, BiNKy, XMpY, BYrNEBOLIB, 3011 Ta
€HepreTUYHOI LiHHOCTI y paBAMKiB BCiX TPbOX BUAIB, LLO OYyNM B3ATI y A0CNIA, MiX CODOIO CYTTEBO HE Bifpi3HAAMCS.
BonHouac npoba BapeHoro msca pasnukiB Helix pomatia Ma€e BWLLI MOKA3HMKM XiMIYHOMO CKJlagy MOPiBHSHO 3
iHWMMKW ABOMA BMOAMM PAB/MKIB, @ Came: Cyxoi peqoBuHU (28,5 %), Binky (23,4 %), xupy (0,3 %) Ta eHepreTM4HO
uiHHiwe (103,9 kKan/100r). MopiBHIOWYM OTPUMAHI AaHI WOLO BMBYEHHS XiMIYHOrO CK/1afly CMpOro Ta BapeHOoro
M'Ca LUMX Xe BUIIB paBauKiB, Oyno 39COBaHO, WO BapeHe MAco Ha 14,2 % eHepreTMYHO LiHHiWe 3a cupe, K Y
kKan/100 r, Tak i B kx/100 r. MepcnekTMBHUM HanpsMOM NOAabLIMX LOCIAKEHb BBAXKAEMO BU3HAUYEHHS 3MiH
OpraHiB Ha KNiTMHHOMY piBHi, TOBTO NPOBEAEHHS TiCTONONYHMX AOC/IAKEHb, BDAXOBYHOUM Pi3Hi Nepioam: cnagyka,
NiCNs CNASYKU Ta B aKTUBHWUIA NEPiog, iX XUTTELRISNbHOCTI

KniouoBi cnoBa: xiMiuHui cknag, paBnuk Helix aspersa maxima, pasnuk Helix aspersa muller, pasnuk Helix pomatia,
TepMiyHa 06po0bKa, KanopinHicTb
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technology. Scientific Horizons, Orzhitsa 237 MB (VVSN 13-15,VVSN 16-18,VVSN 59) against the background
24(12),25-31. of mineral nutrition - N, P, K, . It has been established that on gray forest
surface-gley soils of the Western Forest-Steppe zone, a high grain yield of the
mid-early corn hybrid (FAO 200-299) of the Orzhitsa 237 MV ripeness group
was provided both by favorable weather conditions and by the influence of
the Oracle multicomplex. Foliar application of the Oracle multicomplex
microfertilizer in the phase BBCH 13-15 (3-5 leaves) increased the yield increase
versus control (without micronutrient fertilization) by 0.82 t/ha, by meeting
the needs of plants of this period in available forms of phosphorus, nitrogen,
zinc, when panicle axes were laid on the tops of the shoots, and lateral apical
meristems (future cobs) formed in the leaf axils. The highest yield by 1.19 t/ha
was obtained with foliar application of micronutrient fertilizer in the phase
of 6-8 leaves (VVSN 16-18). In this phase, panicle flowers, pollen grains in
the stamens, the number of ears and grains in a row were laid, therefore, the
content of S, Ca, Mg, Mn, Zn in the fertilizer positively influenced the formation
of the reproductive organs of maize plants.Under the influence of micronutrient
fertility introduced into the phase of full panic appearance (VVSN 59),blooming
and pollution of maize effectively taken place, which ensured an increase in
grainyield - 1.27 t/ha. The difference in this indicator between the VVSN 16-18
and VVSN 59 phases was unreliable (0.09 t/ha). Balanced nutrition of plants
with macroelements (N, P, K., with a gradual introduction of nitrogen) and
micro — Mn, Cu, Zn, Fe, Co, S, Mo contributed to the formation of a 55-59 g
higher weight of 1000 grains. The total yield of the coarse and medium grain
fractions was 91.5-92.1%, the fine one decreased by 30.6%
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INTRODUCTION

The modern strategy for the development of the agro-in-
dustrial complex of Ukraine is characterised by high
knowledge intensity, in which the stabilisation of grain
production, while improving the agrotechnological process
of cultivation, is of great importance [1; 2]. Intensive
cultivation technologies are based on the widespread
use of mineral fertilizers and pesticides, but their un-
controlled use is economically unjustified and environ-
mentally dangerous. Therefore, the search for alterna-
tive means of influencing the development of yield and
product quality has been gaining more and more attention
of researchers in recent years. Promising in this direction
may be the introduction of microfertilizers into production,
which in low doses can increase the potential of biological
productivity of plants within the normal range of the
genotype response, enhance their adaptive ability to
environmental stress factors [3; 4].

Conditioned upon dynamic changes in environmen-
tal and technological situations and to reduce the pres-
sure of environmental stressors on plant agrocenoses,
including with great opportunities to use the achieve-
ments of domestic breeding, the need for systematic
changes in cultivated hybrids in the direction of their
greater adaptation to local conditions, ensuring a higher
level of yield (10-15 t/ha) and stability over the years,
preserving material resources, reducing the use of plant
protection products and their impact on the environment
and increasing the share of use of natural sources, in
particular weather factors and soil nutrients [5-7].

Weather conditions in the Western forest-steppe
zone have changed in the direction of warming in recent
years. A higher sum of effective temperatures and sufficient
moisture supply contribute to the cultivation of niche crops,
in particular hybrids of early-maturing corn (FAO 150-199)
and medium-early (FAO 200-299) ripeness groups, but low
natural soil fertility does not always allow you to get a
programmed crop. It is important to observe effective
agricultural measures in the cultivation technology, of which
the plant nutrition system accounts for up to 50% [8-10].

The basis of such technologies is optimisation of
the level of nitrogen nutrition due to differential applica-
tion by stages of organogenesis against the background
of sufficient supply of phosphorus and potassium in com-
bination with microfertilizers, growth stimulants, and re-
tardant protection. Of particular importance is the use of
microfertilizers in cases where the cultivation technolo-
gy does not correspond to the genetic capabilities of the
hybrid to ensure a sufficient degree of reliability and pro-
tection of the genotype from the adverse effects of biotic
and abiotic environmental factors, which does not allow
us to fully realise the potential capabilities of plants.
The role of microfertilizers is to activate physiological
processes in the plant, which is positively manifested in
ensuring the maximum biological yield [11; 12].

Effect of trace elements on growth the develop-
ment, quantitative and qualitative productivity of crops
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depends on the presence in the soil, which in turn is ex-
plained by factors of soil formation and determine the
processes of solubility and precipitation of substances,
migration, accumulation and redistribution in the soil
profile. The most important are six trace elements-B,
Mn, Cu, Zn, Co, Mo, which make up 0.01-0.001% per dry
substance. However, plants absorb a small amount of
them from the soil and only those that are in a mobile,
easily accessible form, and inaccessible gross reserves
can only be available after undergoing complex micro-
biological processes involving humic acids and root secre-
tions. Therefore, the gross content of soil trace elements
does not reflect the real picture of plant availability, and
in the form of inorganic salts, they are available in very
small quantities and mainly on acidic soils, only Molybde-
num is absorbed by plants on slightly alkaline soils [13-15].

Today, production is offered a number of microfer-
tilizers that stimulate seed germination, regulate growth
processes, increase resistance to diseases, reduce crop
losses, but the effectiveness of their action is different
and this requires scientific justification and practical
recommendations [16-18]. The natural soil fertility of
the Western forest — steppe is estimated at 38 points,
while the average for Ukraine is 55, that is, low, which
provides 1.5-1.8 t/ha of grain products. Therefore, op-
timisation of corn plant nutrition elements at the ex-
pense of basic and additional nutrition is an extremely
urgent issue that requires appropriate justification for
the conditions of the region.

Research purpose it consisted in establishing the
effectiveness of the use of microfertilizer Oracle multi-
complex, introduced foliar in different phases of devel-
opment on the productivity of corn in the soil and cli-
matic conditions of the Western forest-steppe of Ukraine.

MATERIALS AND METHODS

The experiments were laid down in the crop rotation of
the Department of seed production and seed studies of
the Institute of Agriculture of the Carpathian region of
the National Academy of Sciences. The object of research
was a medium - early hybrid of corn - Orzhitsa 237 MV
(originator-state institution Institute of grain crops of
the National Academy of Sciences, Dnipro) and complex
universal microfertilizer - Oracle multicomplex (manu-
facturer - “Dolyna”). The application rate is 1.5 l/ha. The
composition of microfertilizers includes the main ele-
ments of nutrition (NPK) and trace elements: Mn, Cu, Zn,
Fe, Co, S, Mo, B, which are in chelated form. As a chelat-
ing agent, ethidronic acid (HEDP) is used, which is able
to form highly resistant chelates with metals, and when
it decomposes, compounds that are easily digestible by
plants are formed. The total area of the sown area is 60 m2,
accounting - 50 m2 The repetition is threefold, and the
placement of options is systematic.

Agrotechnics of growing corn included its prede-
cessor — winter rapeseed, the sowing period is optimal




(I decade of May), the seeding rate is 70 thousand similar
to s./ha. Mineral nutrition background - N, P, K . Fun-
gicidal mordant-Avicenna (0.5 l/t, d.r. - tebuconazole,
50 g/l + prochlorase, 250 g/l + cresoxime-methyl, 50 g/l).
Herbicide-Adengo (0.5 I/ha, d.r. - isokzaflutol, 225 g/l +
thiencarbazone-methyl, 90 g/l + ciprosulfamide, 150 g/l).
Insecticide: salvo (1.2 l/ha, d.r. - chlorpyrifos, 500 g/l +
cypermethrin, 50 g/l).

With the help of biometric and morphological
diagnostics and phenological observations, changes in
plant growth and development associated with the for-
mation of organs - leaves, stems, cob (method of State
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Variety testing of agricultural crops, 2001) were estab-
lished [19]. Crop accounting was carried out by direct
combining of experimental sites, followed by weighing
and recalculating the obtained data for standard grain
humidity. Statistical data processing - by the method
of variance analysis (Excel, Statistica 6.0) according to
B.O. Dospekhov [20].

RESULTS AND DISCUSSION

Complex universal microfertilizer, when applied foliar,
had a positive effect on the growth and development of
corn, as can be seen from Figure 1.

Figure 1. General view of corn sowing for the introduction of microfertilizers Oracle multicomplex

Sources: photo provided by the authors of the article

Investigating the level of directed regulation of
physiological processes in the plant body under the in-
fluence of the proposed nutrition system, which included
microfertilizer Oracle multicomplex at a rate of 1.5 I/ha

and the level of mineral nutrition N . P, K, with the
gradual introduction of nitrogen in the phases of VVSN
13-15; 16-18; 59, the authors established reliable increases

inthe grainyield of the orzhitsa hybrid of 237 MV (Fig.2).
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Figure 2. Corn grain yield depending on foliar application of microfertilizer Oracle multicomplex (2019-2021), t/ha

Note: 1 - without micronutrient fertilization (control), 2 -

BBCH 13-15 (3-5 leaves), 3 - BBCH 16-18 (6-8 leaves),

4 - BBCH 59 (full appearance of the panicle). Hybrid corn - Orzhitsa 237 MV, mineral nutrition background - N__ P, K

It was found that the level of grain yield of the hybrid
significantly varied over the years of research. The highest
grain yield was obtained in favorable weather condi-
tions in 2019. In the control (without microfertilizers),

150" 90" "90

this indicator was 7.66 t/ha and increased to 9.06 t/ha
during the VVSN 59 application phase (complete panicle
appearance). The lowest yield was recorded in 2020 -
7.24-8.43 t/ha. The average yield in the control (without
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microfertilizers) was 7.44 t/ha when applied to the
VVSN 13-15 phase (3-5 leaves) significantly increased
by 0.82 t/ha (Nir,,.=0.17-0.30). It was in this phase
that the formation of vegetative parts of the stem was
completed, panicle axes were laid at the top of the
shoot, and lateral apical meristems (future heads) were
formed in the leaf axils. Microfertilizer, providing the
need for available forms of phosphorus, nitrogen, and
zinc during this period, had a positive effect on plant
productivity.

Large increases in control were obtained with
foliar application of Oracle multicomplex in the phase
of VVSN 16-18 (6-8 leaves) - 1.19 t/ha. This phase co-
incides with differentiation of panicle flowers, the for-
mation of pollen grains in stamens, cobs and grains in a
row, so providing an optimal level of mineral nutrition
and trace elements: S, Ca, Mg, Mn, Zn was extremely
effective. Later, foliar application of microfertilizers in
the VVSN 59 phase (complete appearance of panicles),
when the growth of staminate filaments in the panicle,
ovary columns of the ear, the formation of germ sacs

took place, weather factors and microelements were
greatly influenced, which affected photosynthetic pro-
ductivity (Mg, Mn), water consumption (Zn), fertility (B).
Under their influence, corn was effectively blooming and
pollinated, so the increase in grain yield was 1.27 t/ha. The
difference in this indicator between the VVSN 16-18 and
VVSN 59 phases was unreliable (0.09 t/ha).

A balanced level of nutrition of corn plants with
macro- and microelements contributed to the formation
of a high mass of 1000 grains (Fig. 3). This indicator is
genetically determined, but it can change under the influence
of weather conditions, research years and microfertilizer
application phases.In the experiments conducted by the
authors, the mass of 1000 grains in 2019 was in the range
of 356 g (control - without microfertilizers) - 421 g for
introduction into the VVSN 59 phase (complete ap-
pearance of panicles). Compared to the control variant,
significant gains were: 39-65 g (2019), 35-55 g (2020)
and 41-58 g (2021) for NIR ,=16, 10, 11 g. The average
mass index ranged from 346 to 405 g, with a difference
between 39-59 g.
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Figure 3. Weight of 1000 corn grains depending on foliar application
of microfertilizer Oracle multicomplex (2019-2021), g
Note: 1 - without micronutrient fertilization (control), 2 - BBCH 13-15 (3-5 leaves), 3 - BBCH 16-18 (6-8 leaves),

4 - BBCH 59 (full appearance of the panicle). Hybrid corn - Orzhitsa 237 MV, mineral nutrition background

When determining the yield of grain fractions:
large (9-10 mm), medium (7-8 mm), and small (5-6 mm),
it was found that in the control, the average for years of

-N, P, K

150" 90" "90

research, the yield of small fractions was 38.5%, medium -
44.1%, large - 17.4% (Table 1).

Table 1. Fractional composition of corn grain depending on foliar application
of microfertilizer Oracle multicomplex (2019-2021), mm

Year
Average
2019 2020 2021

s ) — s ) — s ) — s ) _
Microfertilizer application phases 8. = 0 3. = N 3| = 0 3. = 0
L) o < ) o < ) o < 3 o <
o -4 = o 2 = o 2 = o 2 =
S § £ 2 § £ ©2 § £ ©2 § &
a Z v a Z v 4 Z v 3 Z w
Without microfertilizer (control) 181 36.6 453 171 425 404 162 454 384 174 441 385
VVSN 13-15 (3-5 sheets) 315 482 203 298 447 255 263 501 236 292 477 231
VVSN 16-18 (6-8 sheets) 390 561 49 343 555 10.2 320 593 8.7 351 570 7.9
VVSN 59 (full appearance of panicles) 36.8 554 7.8 335 574 91 318 596 86 340 575 8.5

Note: hybrid corn - Orzhitsa 237 MV, mineral nutrition background - N, P, K.,

Scientific Horizons, 2021, Vol. 24, No. 12




Foliar application of Oracle multicomplex micro-
fertilizer in the VVSN 13-15 phase (3-5 maize leaves)
affected the redistribution of these fractions in the di-
rection of increasing large (29.2%) and medium (47.7%)
and decreasing small (23.1%). The highest total yield
of large and medium grain fractions (92.1%) and the
smallest small (7.9%) was obtained from the introduction
of microfertilizers in the VVSN 16-18 phase (6-8 leaves),
for the introduction of VVSN 59 phase (complete ap-
pearance of panicles), respectively - 91.5 and 8.5%.

The data obtained by US confirm the scientific
publications of a number of scientists around the world
that depending on the need of corn plants for certain
elements of nutrition that are insufficient in soil types,
with different systems of basic mineral nutrition and
the direction of corn use, the increase in grain yield and
quality is significant [21; 22]. Thus, Polish researchers
have determined that when higher potassium standards
areappliedto corn,the content of zinc (Zn) in the soil,and
especially nickel (Ni), increases, and when nitrogen is
applied, the content of manganese (Mn), chromium (Cr),
nickel (Ni) and cadmium (Cd) increases, and lead (Pb)
decreases [23]. In the soil and climatic conditions of
Belarus, the best fertilizer system for growing corn for
silage is organomineral with foliar use of zinc-containing
microfertilizers [24]. According to studies conducted in
the southern agricultural zone of the Amur region in the
experimental field of the Far Eastern State agrarian uni-
versity, it was found that foliar application of microfer-
tilizers has a more effective effect on the accumulation
of dry matter in corn than seed treatment. The greatest
effect was shown by the variant with the use of cobalt
in seed treatment and spraying of plants [25]. In southern
Bulgaria, foliar application of Microfertilizer Amalgerol
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in the 4-6-leaf phase against the background of mineral
nutrition of plants (200 kg/ha DW) contributed to an
increase in corn grain yield by 31% [26].

Our research on the high efficiency of foliar feeding
with micronutrients in easily accessible form, in particular
with the balanced microfertilizer Oracle multicomplex,
confirms the scientific developments of the Ternopil State
Agricultural Experimental Station of Institute of Feed
Research and Agriculture of Podillya [27].

CONCLUSIONS

Based on the obtained three-year data, it can be stated
that in the conditions of the Western forest-steppe, on
Gray forest surface-ogled soils, for a combination of the
main mineral nutrition of plants in the norm of N, P, K.,
with the gradual introduction of nitrogen and additional
foliar top dressing of plants with microfertilizer Oracle
multicomplex at a rate of 1.5 l/ha in the phase of VVSN
16-18 and VVSN 59, the realization of the genetic po-
tential of the medium - early hybrid Orzhitsa 237 MV was
the highest - 8.63-8.72 t/ha.

The highest grain yield was obtained in favorable
weather conditions in 2019 - 7.66-9.06 t/ha, and the
lowest in 2020 - 7.24-8.43 t/ha.The average yield in the
control (excluding microfertilizers) was 7.44 and was
significantly higher by 0.82-1.28 t/ha when applying
microfertilizers. Providing the need of plants for available
forms of nutrients by development phases, microfertilizer
had a positive effect on the formation of generative organs.

When microfertilizers were applied in the VVSN 16-
18 and VVSN 59 phases, the mass of 1000 grains increased
by 55-59 G, the total yield of large and medium grain
fractions was 91.5-92.1%, and small ones decreased by
30.6%.
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EdeKTUBHICTb Mikpoao6puBa opaKy/ MylIbTUKOMIMNEKC
B TeXHOJIOrii BUPOLLYyBaHHS KYKYpPyA3u

Mupocnae OnekcaHaposuu lNMawak, OnekcaHapa MNetpisHa Bonowyk,
Irop CrenaHoBuy Bonolyk, BanentuHa BiktopiBHa [uBa

IHCTUTYT cinbcbkoro rocnogapcrea Kapnartcokoro periony HAAH
81115, Byn. [pywescbkoro, 5, c. O6powunHe, JlbBiBCbKa 061., YKpaiHa

AHoTaujifl. 33 OCTaHHi pOKM 06CArM 3aCTOCYBAHHSA BCiX BUAIB AOOPMB Pi3KO 3MEHLIMAMCA, LLO HEFAaTUBHO NMO3HAYMIOCA
Ha CTaHi arpoekocucTeMu Ti CTIMKOCTI | CTaNOCTi, TOMY Ha[i3BMYANHO BAXIMBUM € NOMOBHEHHS €IEMEHTIB XMBIEHHS,
30KpeMa MikpoeneMeHTiB Ans 36epexeHHs cTabinbHOCTi ypoxaiB. Bce Binbluoi yBarn HaykoBLiB i BUPOOHWYHMKIB
3aCNYroBYE MUTAHHS 3aCTOCYBaHHS MIKPOAOOPMB Y CUCTEMI XMBJIEHHS POCAMH, SIK BaXK/IMBUI €NeMEHT TeXHONOrii
BMPOLLYBaHHS KynbTyp. OcoB11BO BaXK/IMBUM € BUBYEHHS Pi3HUX (DOPM, BUAIB | CTPOKIB iX BHECEHHS.Y CTaTTi HaBeAEeHO
pe3ynbTatv gocnigxkerb 3a 2019-2021 pp. 3 BnMBY Mikponobprea opakyn mynstrukomnnekc (1,5 n/ra), BHeceHoro
no3akopeHeBo Yy Ga3n po3BUTKY POCIUH CepefHbopaHHboro ribpuay Opxumus 237 MB (BBCH 13-15, BBCH 16-18,
BBCH 59) Ha doHi MiHepanbHoro sxuenenHs — N, Po K, BCTaHOBNEHO, WO Ha CipuX ICOBMX MOBEPXHEBO-OMEEHNUX
rpyHTax 30HM 3axigHoro Jlicocteny, BUCOKMI ypoXKal 3epHOBOI NPOAYKTUBHOCTI Fibpuay KyKypya3u cepelHbOpaHHbOI
(PAO 200-299) rpynu cturnocti Opxuus 237 MB, 6yB 3abe3neyeHnii gk CNpUSTAMBUMU NOTOAHMMM YMOBaMU B
pPOKM [0CNigKeHb, TaK | ePeKTUBHICTIO NUCTKOBOI 06pobKM MOCiBiB MiKpOLOOPUMBOM OpaKyl My/bTUKOMMAEKC.
Mo3akopeHeBe BHeceHHs Mikpopobpuea Opakyn Mynbtukomnnekc y dpasy BBCH 13-15 (3-5 nuctkm) 36inbluyBano
NPpUPICT ypoXKanHOCTI [0 KOHTposto (6e3 Mikponobpuea) 0,82 1/ra, 3a paxyHok 3abe3neyeHHs NoTpebu pocanH Lboro
nepiogy B AoCTynHux Gopmax docdhopy, a3oTy, UMHKY, KOAM HA BepXiBKax NaroHiB 3aknafanucs oci BOMOTI, a B
nasyxax JIMCTKiB YTBOPOBaNUCh GiYHi anikanbHi MepuctemMu (ManbyTHI KavaHw). Buiy ypoxkaiiHictb Ha 1,19 1/ra 6yno
OTPMMAHO 32 NO33aKOPEHEBOI0 BHECEHHS MikpoaobpwmBa B a3y 6-8 nuctkis (BBCH 16-18).Y uin dasi 3aknaganucs
KBITKM BOMOTI, MUIKOBI 3epHa B TUMMHKAX, KiNIbKiCTb Ka4aHIB i 3epeH B paay, TOMy BMicT y 8obpumsi S, Ca, Mg, Mn, Zn
MO3WTUBHO BMNAMBaB Ha GOPMYBAHHS PenpoAyKTUBHWUX OPraHiB pociauH Kykypya3su. ig BNAvMBoM MikpoaobpuBsa,
BHeceHoro y ¢asy noBHoi nossu BonoTi (BBCH 59), edpekTnBHO Npoxoamno UBITIHHA Ta 3anuMAeHHs KYKYpYA3u, Wo
3abe3neymnno npupict ypoxanHocTi 3epHa - 1,27 1/ra. HegoctosipHoto (0,09 1/ra) 6yna pisHuUS 33 AaHUM MOKA3HUKOM
Mix ¢paszamm BBCH 16-18 i BBCH 59. 36anaHcoBaHe xuBneHHa pocimH Makpoenementamu (N, P, Ko 3 noetanHum
BHECEHHAM a30Ty) i Mikpo- — Mn, Cu, Zn, Fe, Co, S, Mo cnpuano dopmyBaHH0 BUWOi Ha 55-59 r macu 1000 3epeH.
CyMapHuii BUXif KpYMHOI | cepeaHboi dpakuiit 3epHa cknagae 91,5-92,1 %, npibHoi 3mMeHwyBaBcs Ha 30,6 %

Kntouosi cnoga: riopua, ®AO, rpyna cTurnocTi, ypoxarHictb, Maca 1000 3epeH, ppakuiiHui cknag,
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32-38. use of desiccants reduced the pre-harvest moisture content of corn grain in
all variants of the experiment. Weather conditions had a considerable impact
on the decrease in grain humidity. Thus, in 2018 and 2019, the desiccation
decreased the pre-harvest moisture content of grain by 6.4-8.0%,and in 2020 -
by 4.0-5.3% with the treatment of corn plants in the black dot phase with
Roundup Max at a rate of 3.2 |/ha. The use of Reglon Super in the phase of
the appearance of a black dot resulted in a decrease in humidity by 5.2-7.8%,
depending on the rate of consumption of the drug and the year of study. The
treatment with Roundup Max 10 days after the black dot appeared decreased
the humidity by 4.0-7.5%, depending on the consumption rate and the year
of study. The use of Reglon Super reduced pre-harvest humidity by 4.0-6.5%,
depending on the rate of the drug and the year of the study. Treatment of plants
in the 40% grain moisture phase was the most effective, which contributed
to the formation of 20.1% humidity when using Roundup Max at a rate of
3.2 l/ha. Desiccant treatment of corn crops did not affect the yield in any of
the variants of the experiment. According to the results of the study, corn
desiccation is an effective technological technique that reduces the pre-harvest
moisture content of grain by 4.0-8.0%, depending on the drug, its rate, and
weather conditions. The lowest harvesting humidity - 20.1% was obtained
in the variant of treating corn with a grain humidity of 40% with Roundup
Max at a rate of 3.2 [/ha. The economic assessment showed that the highest
net profit was obtained in the Roundup Max 2.4 |/ha treatment option in the
black dot phase - UAH 47,491 /ha, the profitability level is 165%
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INTRODUCTION

Corn ranks second in terms of gross grain harvest and
structure of sown areas. This is a highly productive crop
with a wide range of applications, which conditions its
demand. During 1990-2020, there had been a tendency
in Ukraine to increase the sown area of corn and, ac-
cordingly, the gross harvest,according to which Ukraine
ranks 6™ in the world [1]. Corn cultivation has an es-
sential economic role, as Ukraine ranks third/fourth in the
world in terms of supply volumes [2].

An important element of corn cultivation tech-
nology is harvesting. It is conducted at a grain humidity
of no more than 25-30%. The high moisture content of
the grain increases the risk of injury and the level of loss.
According to SV.Krasnienkov et al [3; 4] with the shift of
harvesting dates from early to late, the number of dead
plants increased from 0.1 to 9.1% and drooping - by
6.8-67.1%, depending on the hybrid. The delay in har-
vesting dates led to an increase in disease damage by
9.3-23.8%, in particular Fusarium wilt - by 7.9-14.5%,
Aspergillosis - 9.0-13.5%, etc. The humidity of corn grain
was the lowest when harvesting at optimal times (14.5-
19.3%), compared to the early ones (14.4-23.3%), and
the delay in harvesting times contributed to an increase
in grain moisture (16.3-20.8%).

Injured seeds have reduced germination, viability,
they are worse stored, and prone to pathogens. Corn is
most susceptible to injury among cereals. Therefore, it is
optimal to harvest it at a grain humidity of 12-22% [5-7].
The pre-harvest humidity of corn is considerably influenced
by the ripeness group, weather conditions, and indi-
vidual characteristics of the hybrid such as the type of
grain, the thickness and consistency of the rod, and the
density of seed laying, the number of wrappers, their
thickness and density, the slope of the cobs after phys-
iological ripeness. According to V. Palamarchuk and
O.Kovalenko [8] foliar fertilisation increased pre-harvest
moisture of corn by 0.47-5.47% compared to the con-
trol. The lowest possible pre-harvest humidity of grain
would reduce the cost of drying the grain at which the
reduction of 1% moisture consumes 1.6-3.4 kg of fuel,
which is especially true with today’s increase in fuel
prices [9].

It was established that the average daily moisture
transfer rate is 0.8-1.2% at a grain humidity of 35-40%,
0.5-0.7% at 30-35%, and 0.3-0.4% at a grain humidity of
25-30% under favourable weather conditions. Cool, humid
weather considerably hinders the moisture transfer of
grain [10-12]. The use of desiccants can ensure uniform
ripening of grain and the ability to harvest in a short time,
which prepares the field for subsequent crops. An addi-
tional advantage of desiccation is weed control and re-
duced grain drying costs.This technological technique is
widely used on such crops as soy, rapeseed, sunflower [13-15].

For desiccation, preparations based on diquat, gly-
phosate,and glufosinate ammonium are mainly used, which
have different mechanisms of action. It is important to
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choose the right desiccation time. The use of desiccants
before the onset of the physiological ripeness of grain
can negatively affect the yield. In hybrids of corn of the
early-maturing and medium-maturing groups, an indicator
of the onset of physiological ripeness is the development
of a “black dot” at the place of attachment of the seed,
which indicates that the accumulation of plastic substances
is completed. In hybrids of the mid-late group, the signal
for desiccation is the drying of 2-3 upper leaves.

Very few studies have been conducted on the use
of desiccants on corn.In China, the use of diquat reduced
the moisture content of corn grains by 2.01-2.44% [16].
In the conditions of the Russian Federation, the use of
desiccants 2 weeks before harvesting decreased the mois-
ture content of corn grain by 3.1-5.6%. Desiccation did
not affect the level of corn yield [17; 18]. According to the
study by E. Ivanova [19], desiccation at a grain humidity
of 40% contributed to a decrease in pre-harvest humidity
by 4-5%.According to US researchers, the use of sodium
chlorate accelerated the possibility of harvesting corn
for 1-3 weeks [20].

However, the conducted studies do not consider
the group of ripeness of the hybrid, the terms and rates
of the drug use. Climatic conditions also considerably
affect the pre-harvest humidity of corn, so it is important
to examine the effectiveness of using desiccants in the
conditions of the western forest-steppe of Ukraine. Desicca-
tion of corn crops can be an effective measure to reduce
the pre-harvest moisture content of grain and have eco-
nomic feasibility, especially in modern economic condi-
tions,when the cost of drying grain is a major part of the
total cost of growing technology; thus, this issue requires
detailed investigation.

The purpose of the study is to determine the effec-
tiveness of using desiccants to reduce the pre-harvest
humidity of LG 3258 hybrid corn in the conditions of the
Western Forest-Steppe.

MATERIALS AND METHODS

Field research was conducted in the Research and Pro-
duction Centre “Podillia” of Podilskyi State Agrarian Tech-
nical University during 2018-2020. The soil of the ex-
perimental site is typical chernozem, characterised by
the following agrochemical indicators: humus content -
3.27%, easily hydrolysed nitrogen (according to Kornfield) -
116 mg/kg of soil, mobile phosphorus compounds (accord-
ing to Chirikov) = 95 mg/kg of soil, potassium - 87 mg/kg
of soil, pH - 6.5.

The cultivation technology is typical for the region.
Its predecessor is winter cereals. After collecting the pre-
decessor, disking was performed at 10-12 cm. Plowing
was conducted at 26-28 cm in November. Mineral fer-
tilisers were applied under fallow plowing according to
the variants of the experiment. Potassium chloride (po-
tassium content - 60%) was used from potash fertilisers,
and ammophos (phosphorus content - 52%) was used
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from phosphorous fertilisers. Nitrogen fertilisers were
applied in the spring. The fertiliser rate is N, P, K, In
the spring, moisture was closed, pre-sowing cultivation
and nitrogen fertilisers were applied, of which 50% of
the rate was urea (46% nitrogen) and 50% ammonium
nitrate (34.4% nitrogen).

Hybrid LG 3258 (FAO 250), mid-early, originator
company - Limagrain. The total area of the experimental
plot is 40 m?, and the accounting area is 32 m% Sowing
took place in the third decade of April with a Monosem
NG Plus 8 seeder, focusing on temperature indicators.
Row spacing is 70 cm wide and seed embedding depth
is 6 cm. The seeding rate is 90 thousand seed/ha. The
stocking density was 80,000 plants/ha. Hybrid LG 3258
(FAO 250), medium-early, originator — Limagrain Europe.
Seeds of category F1 comply with DSTU 2240-93 [21]
and are treated by the manufacturer with the following
active ingredients: clothianidin + thiram + fludioxonil +
metalaxyl M.

Weed protection included the application of herbi-
cides Primextra TZ Gold SC (S-Metolachlor - 312.5 g/L +
Terbuthylazine - 187.5 g/l) - 4.0 I/ha before germination

and Maister (foramsulfuron 300 g/kg + lodosulfuron 20 g/kg +
Isoxadifen-ethyl 300 g/kg) - 0.15 kg/ha in the phase of
5 leaves. Pest protection — Rimon Fast (novaluron, 50 g/l +
bifenthrin, 50 g/l) - 0.5 I/ha in the ejection phase.

Spraying of plants was conducted when a “black
dot” appeared - a dark layer at the seed attachment point,
and 10 days after the black dot using a satchel sprayer.
Roundup Max (450 g/l of glyphosate in acid equivalent)
was used to treat plants at a rate of 2.4 [/ha and 3.2 l/ha,
Reglon Super (150 g/l of diquat ion) at a rate of 2.0 and
3.0 l/ha. Harvesting, crop accounting, and humidity de-
termination were conducted using a Haldrup -85 com-
bine. The economic efficiency of the cultivation tech-
nology was established using the calculation method.

Climatic conditions during 2018-2020 differed from
the long-term average values (Table 1). The average annual
temperature in 2018 was higher by 2.3°C,and in 2019 and
2020 - by 2.9°C from the long-term average tempera-
ture. Precipitation was also higher than the long-term
average. Notably, the nature of precipitation distribu-
tion was uneven - dry periods were replaced by heavy
downpours.

Table 1. Distribution of precipitation and air temperature over the years under study

Months Amount

Year for the
| I 1] 1\ \' A Vil vill IX X X Xi year

Precipitation distribution, mm
LA 27 27 27 48 66 84 85 68 50 40 38 32 592
2018 23 34 62 16 31 113 118 23 21 31 33 59 564
2019 43 23 19 49 139 198 47 26 11 14 21 28 617
2020 14 36 27 20 70 155 39 31 120 62 10 36 620
Average monthly temperatures, °C

LA -5.3 -3.8 1.1 7.8 14.4 17.2 19.2 18.5 14.2 8.7 2.2 -2.5 7.6
2018 -1.2 -2.8 -0.2 139 17.8 19.7 20.3 21.6 16.1 11.0 2.2 -1.6 9.7
2019 -34 1.7 5.5 10.1 15.1 21.8 19.8 211 16.0 10.1 6.8 1.7 10.5
2020 -0.3 2.3 5.5 9.3 12.7 20.0 20.0 214 17.0 12.7 4.3 1.4 10.5

Note: * - long-term averages

RESULTS AND DISCUSSION

The harvesting moisture content of corn grain depended
on the climatic conditions of the studied year. September
2020 was characterised by an excess of the long-term
average precipitation rate, which affected the humidity
of corn grain,which was 29.2%. On average, over the years
under study on the control variant, the pre-harvest
moisture content of corn grain was 27.7% (Table 2). The
introduction of desiccants at a grain humidity of 40%
contributed to the greatest decrease in the harvesting
humidity of corn. When using Roundup Max at a rate
of 2.4 I/ha, the humidity was 20.6%, which is 7.1% less
than the control. When the drug rate was increased to
3.2 l/ha, the humidity decreased to 20.1%, which is 7.6%
less than the control. The use of Reglon Super at a rate
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of 2.0 I/ha reduced the moisture content of corn grain
to 20.8%, which is 6.9 less than the control. When 3.2 l/ha
of Reglon Super was applied, the moisture content was
20.4%, which is 7.3% less than the control. Spraying plants
in the black dot phase and 10 days after the black dot was
slightly less effective. Treatment of corn with Roundup
Max 2.4 I/ha reduced the humidity of corn grain to 21.2%,
and with an increase in the rate to 3.2 l/ha - 20.9%.
When Reglon was applied at the rate of 2.0 l/ha in the
black dot phase, the grain moisture was 21.3%,and when
applying 3.0 l/ha - 21.0%, which is 6.4 and 6.7% less
than the control. The smallest decrease in grain moisture
was obtained in the option of applying desiccants 10 days
after the black dot.
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Table 2. Harvesting humidity of corn depending on the use of desiccants, %

Application % to
period Drug 2018 2019 2020 Average control, %
1. Control 264 275 29.2 277 -
2.Roundup Max 2.4 l/ha 19.1 19.5 232 206 71
40% grain | 3-Roundup Max 3.2 /ha 183 19.0 23.1 20.1 76
moisture | 4 Reglon 2.0 l/ha 19.1 19.8 234 20.8 6.9
5.Reglon 3.0 /ha 18.8 19.1 232 20.4 73
6. Roundup Max 2.4 l/ha 19.2 200 24.4 212 -6.5
7.Roundup Max 3.2 /ha 19.2 19.5 23.9 209 -6.8
Black dot
8.Reglon 2.0 /ha 19.3 205 242 213 64
9.Reglon 3.0 /ha 18.6 20.2 24.0 21.0 -6.7
10. Roundup Max 2.4 /ha 19.5 209 252 21.9 -5.8
10 days after | L1-Roundup Max 3.2 Vha 18.9 207 25.0 215 -6.2
the black dot | 15 Reglon 2.0 /ha 20.0 211 25.2 221 -5.6
13.Reglon 3.0 /ha 19.9 203 25.0 217 -6.0

Thus, when using Roundup Max 2.4 l/ha, humidity
was 21.9%, and when applying 3.0 l/ha - 21.5%, which
is 5.8 and 6.2% less than the control. The introduction
of Reglon Super at a rate of 2.0 I/ha reduced the moisture
contentto 22.1%,and at a rate of 3.0 l/ha - 21.7%, which
is less than the control by 5.6 and 6.0%. The use of des-
iccants in the cultivation of corn dries the vegetative
mass of the plant, which promotes faster physical evap-
oration of moisture in the grain, which is more intense
at higher temperatures. Similar data are observed in a
number of studies by Chinese and Russian researchers,
in which the decrease in moisture content in corn grain
was 2.01-5.6% [17-20].

According to the results of the study, the effect of
desiccation depends to a greater extent on the timing
of application of the drug (Table 3). In the variants of

using desiccants at a corn grain humidity of 40%, grain
losses in the amount of 0.17-0.35 t/ha of grain were
observed, depending on the drug, rate, and year of the
study. When using Roundup Max at a grain humidity of
40%, the average yield was 10.67 t/ha, which is 0.22 t/ha
less than the control option - 10.89 t/ha.An increase in
the rate of the drug to 3.2 |/ha contributed to an increase
in losses by 0.25 t/ha, the yield was 10.63 t/ha (Fig. 1).
Corn treatment with Reglon at a rate of 2.0 l/ha reduced
the yield to 10.61 t/ha, which is 0.28 t/ha less than the
control, and the use of 3.0 l/ha decreased the yield to
10.58 t/ha, which is 0.30 t/ha less than the control. Desic-
cation at a grain moisture content of 40% reduces the
grain yield of corn by stopping photosynthesis, synthesis,
and metabolism, artificially accelerating the end of the
growing season.

Table 3. Corn yield depending on the use of desiccants, t/ha

tto
Application Drug 2018 2019 2020 Average control
period
t/ha %
1. Control 1055 11.33 1078 10.89 - -
2. Roundup Max 2.4 Uha 1027 11.16 1058 10.67 022 20
40% grain 3. Roundup Max 3.2 Uha 10.24 1112 10.54 10.63 -0.25 23
moisture 4 Reglon 2.0 [/ha 10.22 11.08 1052 10.61 -0.28 26
5. Reglon 3.0 Uha 10.20 11.05 1050 10.58 -0.30 2.8
6. Roundup Max 2.4 [/ha 10.54 1132 10.77 10.88 -0.01 0.1
Slack gop | _-RouNdUp Max 3.2 Uha 10.54 11.32 1076 10.87 -0.01 0.1
8.Reglon 2.0 Uha 1053 1131 1076 10.87 -0.02 02
9.Reglon 3.0 Lha 10.53 1132 1076 10.87 -0.02 .02
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Table 3, Continued

tto
Application Drug 2018 2019 2020 Average control
period

t/ha %
10.Roundup Max 2.4 l/ha  10.55 11.32 10.79 10.89 0.00 0.0
10 days after _11.Roundup Max3.2 Vha  10.54 11.34 10.79 10.89 0.00 0.0
the black dot 1) Reglon 2.0 l/ha 10.54 11.33 10.77 10.88 -0.01 -0.1
13.Reglon 3.0 I/ha 10.56 11.32 10.78 10.89 0.00 0.0

2018 A=0.10;B=0.11;AB=0.11
HIP, t/ha 2019 A=0.15;B=0.12;AB=0.12
2020 A=0.12;B=0.10;AB=0.10

Spraying plants in the black dot phase and 10 days
after the black dot had little effect on yield (Fig. 1) since
the development of a dark layer at the site of seed attach-
ment means that by this time the process of accumulation

of assimilates is completed. The desiccation during this
period decreased yield by 0-0.02 t/ha of corn grain, which
is not statistically proven.

30

25

20

15

1 2 3 4 5 6

=0 Moisture, %

Experiment variant number

7 8 9 10 11 12 13

=o—Yicld, t/ha

Figure 1. Dynamics of moisture and yield of corn under the use of desiccants

Data on the impact of desiccation on the yield level
vary.According to studies by E.Alcantara and D. Wyse [22],
the use of glyphosate did not affect yields and had little
effect on reducing humidity in high humidity conditions.
Other studies also indicate a slight effect on yield. Accord-
ing to A.Volkov, L. Prokhorova and M. Sivandaey, desiccation
in the phase of full ripeness of corn reduced the yield
by 0.05-0.09 t/ha, depending on the drug and the year

under study [23].L.Zhao et al.[24] report that the effect
of glyphosate on yield depends on the hybrid. The study
established that the treatment of corn with glyphosate
slightly reduces the yield and does not affect the quality
indicators.

For a comprehensive assessment of the studied
elements of corn cultivation technology, economic effi-
ciency indicators were calculated (Table 4).

Table 4. Economic efficiency of using desiccants in corn cultivation, 2018-2020

Cost of products Expenses per

Prime cost of Conditionally net

Option Vield,t/ha ik 1ha,UAH  1ha,UAH  1tonne,UAH profit from 1 ha,UAH Frofitability level, %
1. Control 10.89 76230 31571 2899 44659 141
2. Roundup Max
v iy 10.67 74690 28340 2656 46350 164
2
‘S 3. Roundup Max
: o 10.63 74410 28215 2654 46195 164
£ | 4ReglonSuper 444y 74270 28404 2677 45866 161
S 2.0 /ha
Q 5.Reglon Super
¥ | 5-Reg P 10.58 74060 28403 2685 45657 161
3.0 I/ha
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Table 4, Continued

Option Yield, t/ha

Cost of products Expenses per

Prime cost of Conditionally net

Profitability level, %

with 1 ha, UAH 1 ha, UAH 1 tonne, UAH profit from 1 ha, UAH
6. Roundup Max
24 /ha 10.89 76160 28739 2639 47491 165
g | MRoundup Max 1088 76090 28727 2640 47433 165
o 2 l/ha
o
& | 8.Reglon Super
= 20 Uha 10.87 76090 28765 2646 47325 165
9.Reglon Super
3.0 Uha 10.87 76090 28822 2651 47269 164
_ | 10-Roundup Max 5 gq 76230 29121 2674 47109 162
5 24 |/ha
e
+ | 11. Roundup Max
& 3.2 Uha 10.89 76160 29057 2668 47173 162
2. | 12.Reglon Super
g 20 Uha 10.88 76160 29203 2684 46957 161
i
13.Reglon Super 4 gg 76160 29206 2684 46954 161
3.0 l/ha

Additional spraying and desiccation are cost-ef-
fective compared to control. According to Table 4, pro-
duction costs per 1 ha decreased by 2365-3356 UAH,
respectively, the prime cost of 1 t/ha decreased by 214-
259 UAH due to the reduction of grain drying costs.
Desiccation allows getting 998-2832 UAH/ha more of
conditionally net profit.

The smallest increase in net profit was in the op-
tions of applying desiccants at 40% humidity of corn grain
due to a decrease in yield. The greatest increase in con-
ditional net profit was obtained with the use of desiccants
in the black dot phase, where treatments have little effect
on yield and reduce humidity by 6.5-6.8%, and the eco-
nomic efficiency is almost the same regardless of the drug
and the rate of its application.

CONCLUSIONS

Roundup Max and Reglon Super both affected the pre-har-
vest moisture content of corn grains.Weather conditions of
the year had a considerable impact on the pre-harvest hu-
midity of grain, compared to the drug and its consumption

rate. Desiccation had a positive effect on the pre-harvest
moisture content of corn in all variants of the experiment.
Desiccant treatments were most effective at a grain mois-
ture content of 40%, the least effective was the treatment
10 days after the onset of the black dot. The lowest grain
moisture of 20.1% of corn was obtained when applying
Roundup Max at the rate of 3.2 |/ha in the variant of plant
treatment at a humidity of 40%. This allows harvesting
and preparing the field for subsequent crops in optimal
time and reducing the cost of drying grain.

The timing of treatments is found to be important
when using chemical dehumidifiers. Desiccation at a corn
grain humidity of 40% reduced the yield by 0.17-0.35 t/ha,
depending on the drug, its rate, and the year of the
study. Spraying in the black dot phase and 10 days after
the black dot had little effect on yield - 0-0.02 t/ha less
than the control variant. The use of desiccants in corn
cultivation technology is cost-effective. The largest net
profit was obtained with the Roundup Max 2.4 l/ha
treatment option in the black dot phase - UAH 47,491/ha,
the profitability level is 165%.
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BnsiMB 3acTOCyBaHHS AE€CUKAHTIB Ha Nepea36upanbHy BONOricTb KyKypyA3u
cepeaHbopaHHboro ripuay LG 3258 B ymoBax 3axigHoro Jlicocteny

Jlinia MukonaieHa LLiuHkapyk?, Bonogumup Bonogmummuposuu Jinxousop?

HCTUTYT cinbcbkoro rocnogapctea Kapnatcbkoro perioHy
81115, Byn. Ipywecbkoro, 5, M. 06powmHe, JlbBiBCbKa 06/1., YKpaiHa
2J1bBiBCbKMIM HALLiOHANbHWIA arpapHuiA yHiBepcUTeT
80381, syn. Bonognmmpa Benukoro, 1, c. lybnsaHu, YkpaiHa

AHoTauis. Bucoka nepensbupanbHa BONOTiCTb 3€pHa KYKYPYA3M NPU3BOAUTb A0 TPAaBMATMU3aLLii HACiHHS Ta 3HAYHO
30iNblIY€E BUTPATU Y TEXHOMOFII BMPOLLYBAHHS. MeTol focnigkeHb 6yno BCTAHOBUTU e(EKTUBHICTb 3aCTOCYBaHHS
[EeCUKAHTIB ANS 3HMXKEHHS nepen3bupanbHOi BOMOrOCTi 3epHA Ta BUM3HAYMTM UM BMAMBAE NPOBEAEHHS AecuKauii
NOCiBiB KYKYpPYA3¥ Ha BPOXKaMHICTb. [1ng LOCArHEHHS MeTM BYNu BUKOPUCTAHI TaKi METOAM: NOMbOBUI — A1 BUSHAUYEHHS
BM/IMBY MPOBEAEHHSA AeCUKALT HA BPOXKAMHICTb KYKYypyA3u, 1abopaTopHUiA — A1 BUSHAYEHHS BMICTY BOJIOTU Y 3€PHi,
CTaTUCTUYHUIA — AN MaTeMaTuyHoi 06pobku pesynbTatiB gocniay. [lpoBeaeHo NonboBWMIA JoCAid, Y KoMy Bynu
BMBYEHI CTPOKM NPOBEAEHHS AeCuKaLii Ta HOPMM 3aCTOCYBaHHS AECUKAHTIB, 3 BUKOPUCTAHHAM npenapaTis PayHaan
Makc i Pernon Cynep. li6pua kykypynzu — /1 3258, ®AO 250, cepenHbOpaHHii. 3a pe3ynstatamu AOCNIIKeHb BCTAHOBEHO,
LLLO 3aCTOCYBAHHS AECMKAHTIB 3HMXYBaNo nepensbmpanbHy BOMONICTb 3epHA KYKYPYA3M B YCiX BapiaHTax gocniay.
Ha 3HMXeHHS BONOrocTi 3epHa BaromMmin BNaMB Manu norogHi ymosu. Tak, y 2018 ta 2019 pp. 3a nonomoroto gecukauii
nepen3bupasnbHa BONOricTb 3epHa 3HM3mnacs Ha 6,4-8,0 %,ay 2020 p.— Ha 4,0-5,3 % npu 06pobLLi POC/IMH KYKYpYA3K Y
dasiyopHoiToukun npenapaTtom PayHaan Makc y HopMi 3,2 n/ra.lpu 3actocyBaHHi PernoHy Cynep y dasi nosisu YopHoi
TOYKM CMOCTEPirany 3HMKEHHS BONOrOCTi Ha 5,2-7,8 % 3anexHo Big HOPMM BUTPATU NpenapaTy Ta poky AOCNioXKeHb. Y
BapiaHTax 06pobkm yepes 10 gHiB micnsg YOpHOI TOUKKM NpenapatoM PayHaan Makc Bonorictb 3HM3mnnacsa Ha 4,0-7,5 %
3aN1€XHO Bif, HOPMM BUTPATM Ta POKY AoChigkeHb. BukopucrtanHa PernoHy Cynep 3HWXyBano nepensdbupanbHy
Bosiorictb Ha 4,0-6,5 % B 3aneXHOCTI B, HOPMM Npenapary Ta poKy gocnigkeHb. 06pobka pocamH y dasi 40 % sonorocTi
3epHa 6yna HaviedeKTMBHILLOM, Lo cripusano dopmyBaHHio BonorocTi 20,1 % npu 3acTocyBaHHi PayHoan Makc y Hopwi
3,2 n/ra.llpoBeneHHs 06pobKM AeCMKaHTaMM NOCiBIB KYKypyA3u He Masio BMNIMBY HA BPOXKAMHICTb Y )KOAHOMY 3 BapiaHTiB
pocnify. 3a OTpMMaHMMK pesybTaTaMu LOCNIIKEHHS Oyn0 BCTaHOB/EHO, WO NPOBEAEHHS AecuKalii KyKypyA3u €
ePeKTUBHMM TEXHOJIOTIYHUM NMPUMOMOM, LLLO A03BONSE 3HU3UTM Nepea3dupanbHy BOOTiCTb 3epHa Ha 4,0-8,0 % 3anexHo
Bif, Mpenapary, Moro HOpMuM Ta NOrogHMX YMoB. HariHmxuy 36upanbHy Bonoricte — 20,1 % oTpuManu y BapiaHTi 06po6ku
KYKypya3u npu Bonorocti 3epHa 40 % npenapaTtoM PayHaan Makc B HopMi 3,2 n/ra. EKOHOMIYHa OLiHKa nokasana,
L0 HAMBINbLIKMIA YNCTUIA NPUBYTOK OTPUMANK Yy BapiaHTi 06pobku npenapaTom PayHaan Makc 2,4 n/ra y dasi YopHoi
Toukn — 47491 rpH/ra, piBeHb peHTabenbHOCTi CTaHOBUTbL 165 %

KnrouoBi cnoBa: Kykypya3a, 36upanbHa BOJIOTICTb, AeCUKALLiS, NepeaXHMUBHE MNiACYLIYBaHHS, BPOXKaMHICTb
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Total water consumption and evaporation of winter wheat in the...

INTRODUCTION

The most important element in shaping the irrigation
regime of crops is the total water consumption or the
amount of water needed by plants during the growing
season to obtain the planned yield in specific natural
conditions with all technological processes optimised.
Total water consumption by crops is an indicator of plant
needs for the entire growing season, while total evapo-
ration relates to some of its segments. They consist of
water consumption for plant transpiration, evaporation
from the soil surface, and the development of biological
mass. Different plant requirements for the amount of water
needed for optimal growth and production processes and
high yields are the result of their evolutionary development
under the influence of varying climatic conditions.

Numerous studies have shown that the strongest
regulatory factors of total water consumption are climatic
conditions of the growing zone, weather during the grow-
ing season, biological characteristics of crop varieties
and, above all, the duration of the growing season, plant
moisture provision, etc.[1-3]. The loss of soil moisture for
the transpiration of plants and evaporation from the
soil surface during certain periods of the growing season
is called total evaporation in reclamation terminology [3].
The rate of the crop total evaporation is not a constant
value and varies during the growing season depending
on the rate of growth and plant development, weather
conditions, soil water regime, and other factors [4; 5].As
arule,at the beginning of the growing season, the crops
consume a small amount of moisture, which is mainly
conditioned by evaporation from the soil surface.

In the steppe zone, the water consumption of plants
depends largely on weather conditions. On non-irrigated
lands, there is a constant dependence of the total water
consumption reduction on wet or dry years, which is
conditioned by different temperatures and precipitation
during the growing season. According to scientific institu-
tions in the Southern regions, the water consumption of
rain-fed winter wheat, which is necessary for the develop-
ment of a high yield,averages 70% of the optimal values,
and in dryyears it is 50-60% [6]. Some studies on the water
consumption by irrigated winter wheat also show that it
is proportionally dependent on cool and dry years [7; 8].
According to researchers, in a particular agro-climatic
region where the crop grows in the optimal water regime
with high agro-technical techniques, the total water con-
sumption depends primarily on the radiation balance of
the ground air and the soil surface. In very dry years, the
total water consumption under irrigation is much higher
than under moderate weather conditions [9].

The purpose of the study is to establish rates of
water consumption by winter wheat plants depending
on the conditions of natural and artificial irrigation.

Scientific Horizons, 2021, Vol. 24, No. 12

MATERIALS AND METHODS

The experimental part of the study was performed on
irrigated lands of the Institute of Irrigated Farming
NAAS (IIF NAAS), located on the right bank of the Dnipro,
the Dnipro district of Kherson, in the Ingulets irrigation
system area. The soil of the plots under study is dark
chestnut, medium loamy, slightly saline based on car-
bonate aeolian soil, which is typical for the irrigated zone
of southern Ukraine. To determine the content of relevant
elements of natural soil fertility in the spring from a layer
of 0-60 cm using the envelope method, samples were
taken every 10 cm and sent to the agrochemical labora-
tory where the following parameters were determined
by the current state standards of Ukraine. The content of
humus in the arable layer is 2.2%, that of total nitrogen
is 0.17%, mobile phosphorus and exchangeable potas-
sium - 30 and 300 mg/kg of soil, respectively [10-12].
Experimental studies were conducted during 2009-
2015 using generally accepted research methods for
irrigation conditions in Southern Ukraine. In particular,
general research methods (analysis, synthesis, observation,
comparison, measurement, etc.), special (field, laboratory-
field, laboratory, certified generally accepted scientific
methods,and DSTU), mathematical-statistical and com-
putational-comparative. To determine the indicators of
total and daily water consumption, soil samples were taken
every 10 cm to a depth of 2 m at the beginning and end
of the growing season and during the main phases of
growth and development to establish soil moisture [13; 14].
In a metre-long soil layer, the lowest moisture con-
tent (LMC) is 21.3%, wilting moisture (WM) is 9.5% of dry
soil weight, texture density is 1.41 t/m>, pH of the aqueous
extract of the arable soil layer is 6.8-7.2. Groundwater lies
at a depth of 15-17 m and has virtually no effect on the
water-air regime of the active moisture exchange zone.
The materials of the Kherson agrometeorological
station located on the territory of the experimental field
were used to characterise the weather conditions in the
years under study. Agricultural techniques in the ex-
periments corresponded to the technology of growing
winter wheat in the South of Ukraine, the requirements
for research methods and guidelines for potatoes culti-
vation; mathematical processing of experimental data was
conducted according to generally accepted methods [13-15].

RESULTS AND DISCUSSION

According to the long-term studies of the characteristics
of water consumption of irrigated winter wheat under
different weather conditions, the following results were
obtained (Table 1).
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Table 1. Total water consumption by winter wheat during the spring-summer vegetation period depending
on weather conditions, m>/ha

Soil layers
Years by weather conditions and their number

0-50 0-100 0-150 0-200
Wet (12 years) 3.543 3.847 3.941 3.993
Average (4 years) 3.764 4.088 4.178 4.263
Dry (6 years) 2916 3.445 3.567 3.685
On average for 22 years 3.396 3.782 3.882 3.958
LSD,., m*/ ha 150 167 168 188

05?

The highest values of total water consumption
were observed under the average weather conditions
and amounted to 4,263 m?/ha in a 2-metre soil layer in
wet years characterised by moderate temperatures, high
humidity, and a considerable number of days with rainfall.
The average water consumption from this soil layer was
3,993 m3/ha. In dry years which were characterised by
hot weather, low humidity, and low rainfall, the total
water consumption was the lowest and amounted to
3685 m3/ha. These data were obtained from the option
in which vegetative waterings were prescribed at the op-
timum humidity for average loamy dark chestnut soil -
70% LMC.

Admittedly, different years with varying weather
conditions (12, 4, and 6) may cause some errors in deter-
mining the total water consumption but it can not affect
the results. The reason for the decrease in the total water
consumption of winter wheat in dry years with optimal
irrigation is a considerable shortening in the duration of
spring-summer vegetation period.

It was noted that the period of spring and summer
vegetation and winter wheat ripening was shortened
by 8-14 days, compared to the average. The shortening
of the growing season occurred in late June-early July
during which there are high air temperatures and low
humidity, which is the main reason for the decrease in
total water consumption by irrigated winter wheat. These

experimental data allow analysing the processes of mois-
ture consumption from different soil layers in years that
differ substantially in weather conditions. In all years, the
main process of moisture consumption takes place in the
15t metre of the soil layer. Moisture from the 2" metre is
used more intensively (240 m3/ha) in dry years.

Upon analysing the results of the long-term study
on winter wheat irrigation in different regions of the
Ukrainian steppe, it can be concluded that the total
water consumption is influenced by moisture provision,
mineral nutrition, certain agronomic techniques, and
weather conditions. Therewith, attention is focused on
the proportional dependence of the wheat total water
consumption on the irrigation regime, which is one of
the strongest regulatory factors in providing plants with
moisture.

There are two major periods in winter wheat de-
velopment and moisture consumption: the first one is
from sprouting to vegetation stoppage in connection with
the onset of winter; the second one is from the spring
vegetation renewal to the grain ripening. The study es-
tablished that the total evaporation of winter wheat,
depending on the soil layer, is: 533-608 m® per hectare
in the period from sprouting to vegetation stoppage,
566-874 from vegetation stoppage to spring revival,
3,605-4,111 m? per hectare from spring revival to full
ripeness (Table 2).

Table 2. Water consumption by the winter wheat in the interphase growing periods with optimal irrigation,
m?/ha (average for 12 years)

Period
Soil layer,cm Sprouting-vegetation Vegetation Spring revival-grain Total moisture LSD,,
stoppage stoppage-spring revival ripeness consumption
0-50 608 874 3.605 5.087 122
0-100 561 779 3.931 5.271 121
0-150 533 672 4.046 5.251 125
0-200 554 566 4.111 5.231 116

Accordingly, the following pattern is observed: in
the autumn and winter periods the highest water consump-
tion takes place in the soil layers of 0-50 centimetres.
This is conditioned by the fact that during these periods
part of the water from the upper layers replenishes its
reserves in the deeper layers.

The average amount of precipitation by periods
during the studied years: sprouting-vegetation stop-
page - 674 m3/ha, vegetation stoppage-spring revival -
988 m3/ha, spring revival-full grain ripeness - 1,852 m3/ha,
that is, from sprouting to full grain ripeness - mm
3,524 m3/ha (Table 3).
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Table 3. Water consumption by the winter wheat in the interphase growing periods with optimal irrigation,
m?ha (average for 2009-2020)

Interphase period and values
. Sprouting-vegetation Vegetation Spring revival-full grain . .
Soil layer,cm stoppage stoppage-spring revival ripeness Total for vegetation period
Rainfall Evaporation Rainfall Evaporation Rainfall Evaporation Rainfall Evaporation
0-50 608 874 3.605 5.087
50-100 -47 -95 326 184
| 674 998 1.852 3.524 .
100-150 -28 -107 115 -20
150-200 21 -106 65 -20

Analysis of data on moisture consumption from
different soil layers shows that in the autumn vegetation
period and during plant wintering water reserves in deep
layers are replenished. The above can be observed from
the total water consumption values which decrease
from the soil layer of 0-50 cm to the layer of 0-200 cm.
During the spring-summer vegetation, on the contrary,
the total water consumption values in these layers in-
crease. Such data indicate that in spring and summer
the plants use water mainly from the soil layer of one
metre. Therefore, all calculations concerning the total
plant evaporation should be made considering the values
relating to the soil layer of 0-100 cm.

A comparison of the total water consumption by
a winter wheat field and the amount of precipitation
during the period from sprouting to full grain ripeness
allows establishing the moisture deficit, which must be
compensated by irrigation. According to data on moisture
consumption from a metre layer of soil, it is 1,747 m3/ha.
On average over the years under study, the irrigation rate
was 1,380 m?/ha.

The materials given in the table allow determining
the specific weight of moisture consumed in the given
periods. They show that during the wintering period the
winter wheat field lost about 566 m®/ha of water (accord-
ing to the values from the soil layer of 0-200 cm), and
the amount of precipitation during the same period av-
eraged 998 m3/ha over 12 years. Thus, during the win-
ter period, the winter wheat field accumulates about
430 m3/ha of soil moisture. During the period of spring

and summer growth, the disparity between water con-
sumption (used mainly for the development of the crop)
and the amount of precipitation is considerable and
amounts, on average, to 1,753-2,259 m3/ha, and in most
years the shortage of available moisture should be elimi-
nated by vegetative watering.

In general, during the winter wheat vegetation
period (considering the winter period), the irrigated field
of this crop consumes an average of about 5.2 thousand m?
of water over 12 years, which necessitates a careful ap-
proach to irrigation in the Southern Steppe.

A similar analysis is made for the 22-year period
(1999-2020). The data obtained show that during the
period from sprouting to spring vegetation revival, the
field of winter wheat consumes, on average, 1,175 m3/ha
of water from the 2-metre soil layer, and the total water
consumption during the spring-summer vegetation period
is 3,734 m3/ha.Thus, on the average, a field of winter wheat
in the south of Ukraine at the optimal irrigation regime
requires about 4,900 m3/ha of water for a high yield
(6.0-6.5 t/ha and more), a great part of it is supplied by
moisture-storing and vegetative watering.

Monitoring of the average daily evaporation of
winter wheat plants at natural and artificial watering
shows that it has the form of a parabola, its maximum
value coincides with the interphase period of earing -
the beginning of milky ripeness and averages 59.3 m®/ha
over 12 years under the optimal irrigation regime and
35.2 m3/ha without irrigation (Table 4).

Table 4. Average daily evaporation of irrigated winter wheat during the spring-summer growing season,
m?/ha (average for 12 years)

Average daily evaporation

Interphase period

No watering Optimal irrigation regime
Spring growth renewal - stem elongation 203 235
Stem elongation - earing 30.9 42.4
Earing - grain milky ripeness start 35.2 59.3
Grain milky ripeness start - grain full 131 305

ripeness
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Immediately after plant revival and before the
phase of stem elongation and from milky and to full ripe-
ness, the average daily evaporation is minor and averages
23.5-30.5 m3/ha under irrigation conditions and 20.3-
13.1 m3/ha with no irrigation, respectively. Based on long-
term observations of the dynamics of moisture consumption

Pysarenko et al.

by winter wheat plants from a metre-long soil layer un-
der the optimal irrigation regime, the total and average
daily evaporation of winter wheat over the decades of
spring-summer vegetation was calculated. These data were
systematised in accordance with different weather conditions
and specific evaporation rates were determined (Table 5).

Table 5. Total (E) and average daily (E) evaporation of winter wheat under different weather conditions, m*ha

Wet (6 years of monitoring)

Average (5 years of monitoring)  Wet (4 years of monitoring)

Month 10-day period _ _ _
E E E E E E
March 2 - - 180 18.0 200 20.0
3 227 20.6 239 21.7 263 239
1 230 23.0 214 214 315 31.5
April 2 312 31.2 276 27.6 276 27.6
3 370 37.0 328 32.8 351 35.1
1 363 36.3 340 34.0 445 44.5
May 2 365 36.5 352 35.2 51.2 51.2
3 484 44.0 549 49.9 495 45.0
1 510 51.0 560 56.0 420 420
June 2 390 39.0 344 34.4 322 32.2
3 335 33.5 236 23.6 335 33.5
1 276 276 241 24.1 327 32.7
luly 2 316 31.6 257 25.7 - -

These data allow tracing the dynamics of moisture
absorption by winter wheat under optimal moisture
conditions during the spring-summer growing season,
considering weather differences. The data show that in
dry years the maximum water consumption by winter
wheat plants is observed in the second ten-day period
of May, and in wet and medium years it shifts to the first
ten-day period of June. In addition, these data help to
establish the beginning and the end of the winter wheat
growing season, depending on the weather conditions

of the spring and summer vegetation period. Most im-
portantly, these data can be used for setting the timing and
rates of vegetative irrigation.

One of the urgent problems of irrigated farming is
that groundwaters can lie on different levels, sometimes
exceeding 3 m.They have a considerable impact not only on
soil-forming processes but also affect plant water regimes.
In this regard, a series of field experiments to establish the
average daily evaporation of crops in areas with close levels
of low-mineralised groundwater were conducted (Fig. 1).

60.0

April ‘

March ‘
—&— Groundwater level, m >3.0

= I - Groundwater level, m2.0-2.5

July ‘
—A- Groundwater level, m 1.0-1.5

May ‘ June ‘

Figure 1. Average daily evaporation of winter wheat depending on the groundwater level, m%ha
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It has been established that the average daily val-
ues of crop evaporation at a groundwater level of more
than 3 m and not more than 2 m are almost the same from
the second decade of March to the second decade of May
and range from 18.0 to 36.3 m3/ha. From the 3™ ten-day
period of May to the 2" ten-day period of June, the av-
erage daily evaporation of winter wheat at a level deeper
than 3 metres increases considerably compared to other
levels and reaches its maximum (49.9-56.0 m*/ha), in the
3 ten-day period of May - 1 ten-day period of June at
the level of 2-2.5 m, the average daily evaporation of
plants does not exceed 37.5-40.4 m3/ha. The average
daily evaporation of plants at groundwater levels not
deeper than 1.5-1 m is completely different. Due to the
use of moisture directly from the water level, it decreases
substantially and reaches its maximum in the 2" ten-day
period of May - 32.7 m?/ha, which is almost 2 times lower
compared to the groundwater occurrence deeper than 3 m.

The results obtained correlate with the materials
obtained by researchers in different natural and climatic
zones; thus, according to research at the Kansas Research
Station (USA), over 3 years of observations, the average daily
evaporation of winter wheat was: autumn (after sowing,
October) - 17.5 m*/ha, winter (November - February) -
7.5 m*/ha, to tillering (March - April) - 22.4, from tiller-
ing to tubing (May 1-15) - 40.0, from tubing to flower-
ing (May 15-28) - 62.2,from flowering to milky ripeness
(May 28 - June 6) - 87.0, from milky to waxy ripeness
(June 6-13) - 75.0 and from wax to full maturity (June
13-28) - 37.4 m3/ha [16].

Similar results were obtained at the Volga Research
Institute of Irrigated Agriculture. According to studies under
the optimal irrigation regime (water-charging irrigation
and vegetation at a soil moisture content of 80% HB), the
total and average daily evaporation for the interphase
periods was: seedlings — the beginning of steady cool-
ing - 606 and 16.9 m*/ha, the beginning of spring regrowth

tubing - 620 and 21 m?/ha, tubing — earing - 1063 and
52.9 m?/ha, earing - milky ripeness of grain - 1605 and
65.2 m*/ha, dairy - full ripeness of grain - 798 and 35.9 m*/ha,
respectively [17].

On average, for 5 years under study at the Rostov
Regional Research and Reclamation Station, the total and
average daily evaporation during the growing season was:
sowing - the beginning of tillering - 390 and 17.0 m3/ha,
autumn tillering - 560 and 20.0 m*/ha, spring tillering -
805 and 35.0 m3/ha, tube output - 1350 and 45.0 m%/ha,
earing - grain development 585 and 45.0 m3/ha, milky
ripeness - 760 and 40.0 m3/ha, wax ripeness - 350 and
23.0 m*/ha [18].

CONCLUSIONS

In general, the field of winter wheat during irrigation
consumes an average of about 5.2 thousand m?® of water
for vegetation, considering the winter period. Analysis
of data on the use of moisture from different soil layers
indicates that during the autumn growing season and
during the wintering of plants water reserves in the deep
layers are replenished. During the spring and summer
vegetation, on the contrary, the total water consumption
in these layers increases. Such data indicate that in spring
and summer the plants use water mainly from a metre
layer of soil. Therefore, in all calculations, it is better to
consider the indicators in the soil layer of 0-100 cm for
the total evaporation of plants.

A comparison of the total water consumption of
the winter wheat field and the amount of precipitation
for the period from germination to full ripeness of the grain
indicates the moisture deficit, which must be compensated
by vegetative irrigation. According to data on moisture
consumption from a metre layer of soil, it is 1,747 m3/ha.
On average over the years under study, the irrigation rate
was 1,380 m*/ha.
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CyMapHe BOAOCMNOXXUBaHHA Ta BUNAapOBYBaHHS O3UMOI NMeHuUUi
B 30Hi 3poLUeHHSA NiBAHSA YKpPaiHn

Masno Bonogumuposuu MNucapexko?, liogmuna MukonaieHa lpaHoBcbKal,
AHacracia CepriisHa Mansapuyk?, Cepriii [epBacboBuy Boxkeros2, AHaToniit BaneHTMHOBMY TOMHULIbKMIA®

YHcTuTyT 3powyBaHoro 3emMnepobctea HAAH
73483, c. HapoHinpsHcbKe, M. XepCoH, YkpaiHa

2[lHcTuTyT prcy HAAH
75705, Byn. CryaeHTCbKa, 11, c. AHTOHIBKa, XepCOHCbKa 061acTb, YKpaiHa

AHoTauis. HalBaxnueiluMM enemMeHToM Npu GOpMyBaHHI peXXMMY 3pOLLIEHHS CifIbCbKOTOCNOAAPCbKUX KYbTYp € CyMapHe
BOLOCMOXMBAHHSA abo/Ta KiNbKicTb BOAM, IKa HEOOXiAHa pOC/IMHAM MPOTAroM BereTaliiHOro nepiofy AN OTPUMAaHHS
3anJ1aHOBAHOMO BPOXato B KOHKPETHUX MPUPOAHMX YMOBAX MPU ONTUMI3aLii BCIX TEXHONOTIYHMX npoLecis. MeToto
LOCNiAKeHb € BU3HAaYeHHS 0cobAMBOCTEN CyMapHOro BOAOCMOXMBAHHS Ta CEpefHb0L000BOr0 BUNApoBYBaHHS POC/IMH
MeHUL 03UMOI 3a1eXHO Big NPMPOAHBLOI BONOro3abesneyeHoCTi pokiB BUPOLLYBAHHS, PEXUMIB 3POLLEHHS Ta PiBHS
I'PYHTOBMX BOZ, Y 30Hi 3pOLUEHHS NiBAHA YKpaiHW. Y XOL4i LOCNIAKEHHS BUKOPUCTOBYBANNCS 3arasibHOMPUAHATI METOAM:
CUCTEMHOTO MiAX0AY Ta CUCTEMHOTO aHani3y, MOHOrpadiYHMi, aHani3y i CMHTe3y, abCTPaKTHO-NOMYHUMA, ICTOPUYHUN,
MeToAM NONbOBUX AOCHIAXKEHD, CTATUCTUYHI Ta EKOHOMIKO-MaTEMATUYHI METOAM TOLLO. HaMBULLL MOKA3HMKKM CYyMapHOro
BOAOCMNOXMBAHHS CNOCTEPIranncs y CepeaHi 3a NorogHMMM yMOBaMu POKU | CTAHOBUAW Y 2-METPOBOMY LUAPI FPYHTY
4263 m*/ra, y BONOr poKM, SIKi XapaKTepusyBanmucs NoMipHUMK TeMrepaTypamu, BUCOKOK BOJOFICTIO MOBITPS i 3HAYHOO
KiNbKIiCTIO AHIB 3 OMaAaMu, CepesiHii NOKa3HUK BOJOCMOXMBAHHS 3 LibOrO LUApY FPYHTY LOpiBHIOBaB 3993 mM3/ra.Y nocywnuei
POKM, 9IKi BiAPI3HAANCS CNEKOTIMBOK NOrOA0H 3 HU3bKOK BOJIOTICTHO MOBITPS | HEBENMKOL KiNbKiCTO 0Magis, CyMapHe
BOAOCMOXMBAHHS 6yN0 HaMeHLMM | cknano 3685 mM3/ra. CkopoueHHs BereTauiiHoro nepiofy BifA6yBa€eTbCS HANPUKIHL
YepBHS — Ha NOYATKY JIMMHA, KONW CNOCTEPiralnTbCs BUCOKI TeMMepaTypu NOBITPS i HU3bKa MOro BONOTICTb, WO i €
OCHOBHOI NPUYMHOK 3MEHLLEHHS NOKA3HMKIB CYyMapHOro BOAOCMOXMBAHHS 3pOLIYBAHOI MWEHULi 03UMMOi. AHani3
[aHUX BUKOPUCTAHHSA BOOTM 3 Pi3HMUX LLAPIB FPYHTY CBIAYMTb NPO Te, WO B OCiHHIM NepioA BereTaLii,a Takox nif vac
3UMIBNI POC/IMH, MPOXOAMTb MONOBHEHHS 3aMaciB BOAM Y MUBOKMX LWapax. 3aranoMm 3a BereTawito NweHuLi 03uMmoi,
BPaxOBYHUM i 3MMOBMI Nepioa, Mone Li€i KynbTypyu Npu 3pOLLIEHHI BUTpaYa€E B cepeaHboMy 3a 12 pokis 6amn3bko
5,2 T1cau kybiuHuX mMeTpiB Boau. CnocTepexxeHHs 33 NOKa3HMKaMK cepefHboA000BOro BUNAapoOBYBaHHS POCMH
MweHULi 03MMOi B YyMOBaX MPUPOAHOro Ta LUTYYHOrO 3BOSIOXEHHS CBiAYMTbL NPO Te, WO BOHO MaE GopMy napabonu,
MaKCMMasbHa MO3HAYKa SKOi NPUNAAAE Ha MiXda3HUIA Nepiof KONOCIHHS — MOYaTOK MOIOYHOT CTUINOCTI 3epHa

Kntouosi cnoea: nonveHa Boaa, cepefHb0A060BE BUNAPOBYBaHHS, PiBEHb MiAFPYHTOBMUX BOL, PEXMM 3POLUEHHS
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INRODUCTION

Soil temperature and its thermal properties are important
conditions that determine the nature and intensity of
soil processes, including synthesis, destruction of sub-
stances, biodynamic of soil [1; 2]. C.A. Aliev noted that
the increase in soil temperature leads to the accelerated
of rock decay, increases the intensity of chemical and
biological processes occurring in the soil cover [3]. Later
this was the development of work of O.H. Chuian and
L.N. Karaulova, which emphasized the determining in-
fluence of general climatic conditions of the territory
on formation of physical and chemical properties of
zonal soils and their oxidation-recovery, living and other
modes [4].

Since the beginning of the XXI century, much of
the attention of scientists is directed at studying the
manifestations of so-called “global warming” or global
climate change. In this context, research of hydrothermal
regime of soils has gained new relevance and new faces,
in particular - a separate section has become the study
of processes of transformation of organic substance and
associated emission of greenhouse gases [5]. According
to this, in studying the role of the temperature factor in
the soil processes it is possible to allocate a classical
period, under which the general regularities of the course
of soil processes were substantiated depending on tem-
perature conditions and degree of soil moisture [6-8]
and the modern period, the main tasks of which were the
study of the extent and speed of changes in the general
agro-climatic conditions of territories [9], as well as the
reaction of field crops to these changes. The latter aspect
was studied in a rather deep way in the world scientific
community, so Carlos Garcia described in detail not only
the important role of soil in the carbon cycle, but also
its reaction to the change of CO, in the atmosphere [10],
similar conclusions follow from R. Chauhan [11] and
D.Uprety in their work [12] noted the importance of taking
into account the actual agro-climatic parameters of the
territory when planning technological approaches to field
crops cultivation, as the latter are sharply reacting to
climate changes.

Asignificant number of researches are carried out
concerning formation of temperature regime of soils of
the boreal forest with limited thermal resources, in which
dried peat [13-15] and mulch podzolized soils [16-18]
are researched. The above articles are informative for
understanding of the orientation of the ground processes
and general regularities of the soil reaction on climatic
changes, but not presented for the forest-steppe soils. So
N. Koronatova in her work [15] highlighted the modern
hydrothermal regime of boggy soil, and S. Veremeenko
based on general methodological approaches to soil
management of Polesia under different conditions of their
thermal supply. Preliminary studies have found that the soils
are sufficiently dynamic to react to the increase of warm-
ing, and thus changes not only the speed of the biochem-
ical processes, but also, in some cases, their direction [17].

Veremeenko et al.

Some works focus on the study of the black soil
area [4], but they can also be applied to the forest-steppe
zone only partially because of significant differences in
the structure and composition of soils, in particular - in
times smaller content of organic substances. Thus, at
the present stage of the law-making and peculiarities of
the formation of thermal, water regimes of the dark-gray
podzolized soil of the forest-steppe of Ukraine are not
studied enough. The issues of changing elements of their
hydrothermal regime in the context of climate change,
which have been evident over the past 10-15 years, are
particularly urgent.

The purpose of the study was to study dynamics of
the annual course of temperature and humidity of air and
dark gray podzolized light loamy soil to determine the
peculiarities of formation of its hydrothermal regime.The
expected result is the determination of actual parame-
ters of heat and moisture supply of the territory, which
was investigated as the basis for planning further mea-
sures on rational use of available soil resources.

MATERIALS AND METHODS

The study of temperature conditions of dark-gray podzolized
soil in 2008-2019 was carried out on the territory of Rivne
region (Western Forest Steppe of Ukraine) on the research
field of the Department of agricultural chemistry, soil
science and arable farming of the National University of
Water Economy and Nature Management. Location of the
site: 50°35'59.9"N 26°19'33.1"E. Before placing the ex-
perimental site, three main soil sections and a number
of brackets were laid for the determination of general
genetic peculiarities of the soil and its local differences.
According to the results of the research it was found that
the available soil type is dark gray podzolized light loamy,
zonal for the Western forest-steppe of Ukraine. The content
of humus 1.4-1.45%, the power of humus-eluvial horizon
up to 30 cm, the reaction of soil solution is subacid.

All field observations on the research site were
performed in accordance with the current standards
and methods of agrometeorological and soil observations
(DSTU ISO 11464-2007 [19],DSTU I1SO 11465-2001 [20])
and in accordance with [21]. In the warm season the soil
temperature was measured with the help of mercury
thermometers, which were installed at the depth 5, 10,
20, 30, 40, 50, 80, 100 cm, measuring accuracy 0.1°C.
For monitoring of temperature on small (5, 10, 20 cm)
depths were used the Savinov elbow thermometer, for
other depth - soil thermometers. During the winter period
the observations lasted until the beginning of soil freezing,
in some years it was possible to carry out twelve-month
studies.

Soil moisture was determined by a thermostatic-
weight method every decade; samples were taken in the
field for the eighth day of the decade after 10 cm to the
meter depth (DSTU B. 2.1-17:2009 [22]). Drying of se-
lected samples was carried out to a constant mass at
a temperature of 105 degrees. After 6 hours of drying,
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the cooling in the desiccator and the first weighing was
performed, after which the drying time was repeated
for 1.5 hours. In case of significant differences between
the indicators, carried out further drying for an hour.

The precipitation was measured with the help
of the field pluviometer M-99 at a height of 250 cm above
the ground level, accounting was carried out with accuracy up
to 1 mm.The depth of seasonal freezing and defrosting -
the field cryopedometer (DSTU B.V. 2.1-25:2009 [23]).
Since during the past 15 years the temperatures of the
winter period in some years of soil freezing were not
significantly increased. Laboratory researches were carried
out on the basis of department of agricultural chemistry,
soil studies and arable farming with the use of certified
and tested in the established order equipment. The site
where the accounting devices were laid is open, flat. Plant
of grass, natural for forest-steppe zone.

Also, as source materials were used logs of archive
data of multi-year meteorological observations of Rivne
Regional Center of Hydrometeorology. The partial data
are present for the period from 1945, the full list of
indicators is available for the period from 1987.The data

digitization for the further statistical processing full rows of
observation data were used, without the use of a sample.
Statistical processing of data obtained from field and
laboratory observations was carried out with the use of
commonly accepted methods, with the help of Microsoft
Excel, Statgraphics Centurion, Statistica.

RESULTS AND DISCUSSION

Atmospherical temperature and rainfall amount
According to the Ukrainian Hydrometeorological Center
of climatic norms, the average annual air temperature
in the Rivne region should be 7.0°C, the temperature
amplitude is small, typical for a moderate continental
climate. The average temperature of the coldest month
(January) is set at -5.4°C, July - 17.8°C. The transition
through zero mark and fast warm air begins in the mid-
dle of March, from September there is a cooling, reverse
transition to sub-zero temperature in November. However,
according to the observations on the temperature of the
ground air layer during the entire investigated period for
1945-2019, the growth of the average annual temperature
is noted (Fig. 1).
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Figure 1. Average annual temperature of air (T) and amount of rainfall (R) on the meteorological station
of Rivne (according to the Rivne Center of Hydrometeorology)

The trend growth of the indicator for the period
1986-2019 is about 1.8°C and is formed mainly due to
the warm period of the year (period of effective tem-
peratures).

At the same time, the sharp rise in temperatures
after 2005, which was also noted by other authors [24].
However, the figures are much higher than the average
on the planet, and according to the National Oceanic
and Atmospheric Research Administration of the United
States (NOAA), the region to which Ukraine belongs, has
one of the highest rates of temperature growth in the
world, which is approximately 3.5 times higher than in the
average on the planet [25].

The five-year average shows that effective tem-
peratures above 10°Cvary in the range of 800-1200 degrees.
At the same time, throughout the period the trend toward
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the increase of this indicator is clearly highlighted (Fig. 2).
Most of the annual amount is formed during June-August.
The maximum number of effective temperatures is recorded
annually in July; an excess increase is formed mainly during
July-August. In 2012, the record value of 1428°C was
reached, subsequently exceeded 1500°C and continues
to grow. With the increase in the threshold, the percentage
increase in annual amounts increases, so if the sum of
temperatures is higher than 5°Crecently than the average
multi-year figure by 16%, the same amounts above 10,
15°C exceed the average values by 23 and 39% respec-
tively. This indicates that the rise in the average tem-
perature of the warm air, which was discussed above,
is due to the rise in high temperatures in the warmest
months (July-August). The duration of the warm season
in autumn is also increased.
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Figure 2. Sum of effective temperatures, 1986-2019

Analysis of the number of precipitations according
to the observations, during 1945-2019 shows a significant
variation in both the number and distribution of pre-
cipitations during the year. On average, for the whole
period of observation there were 577 mm of precipitation
per year, but during the year their distribution did not
always correspond to the standard dynamics. In the winter
and spring months of precipitation was less normal, in
the summer-autumn period there was a reversal trend.
The annual rainfall dynamics has been growing (Fig. 1).
To similar conclusions came in their researches M. Barabash
and O.Tatarchuk [26]. In this case, from the point of view
of influence on the soil cover of increase of heat supply

has a more significant influence, than a mineral growth
of precipitations. Moreover, preliminary studies of the
effect of warming on evaporation of moisture from soil [9]
have shown that the increase in soil moisture loss can
occur at a higher rate in relation to the increase in humidity
as a result of rising precipitation.

Moisture and soil temperature

The above mentioned regularity is confirmed by the de-
posits of moisture data during the warm period in layer
0-20 and 0-50 cm. In the spring there will be a clear
increase in the deposits of moisture in both explored
soil horizons (Fig. 3).
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Figure 3. Comparison of deposits of moisture in layers 0-20 and 0-50 cm for periods 1986-2012 and 2013-2017,mm

Despite the higher deposits of moisture at the
beginning of vegetation, in May the average amount of
available moisture is less than the many years’ norm,
which can be explained by more intensive water evap-
oration due to better heat supply. During the summer
period, the trend is only increasing. The data received

generally correlate with data received in other regions [24;
26].Thus,the trend toward changes in the general agro-
climatic conditions is similar for the regions of the country,
but their intensity is very varied. Based on the average
data, the graph of availability of dark gray soil by moisture
is presented in Figure 4.
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Figure 4. Water availability of dark gray podzolized soil, averaged data

Monitoring of air temperature and precipitation
during 2008-2019 showed that the average annual
temperature during all years significantly exceeded the
long-term norm, while the main increase was formed
due to the warm period of the year (May-September). The
study of dependence between the temperature of the
ground air layer and dark gray soil in conditions of Rivne
region confirmed that correlation of these indicators is
linear.

The annual cycle of soil temperature completely
repeats the cycle of air temperature. The rise in soil tem-
perature is observed in March, reaching the maximum
in July month, in August begins to cool down the top
soil, annual minimum in late January - the first half of
February. In order to determine the general trends of
the long-term course of the dark gray soil temperature,
processing of the database of the Rivne Center of Hydro-
meteorology for 1986-2019 was carried out the data of
decades’ temperature of dark gray soil on the depths of
5,10, 15 and 20 cm. The average increase in the tem-
perature of the top soil during the warm period is 2.1°C,
which is much more than the similar indicator for the
air temperature. This regularity confirms that the rise
in surface soil temperatures occurs at a much higher
rate relative to the established rates of so-called global
warming, the determining benchmark for which is the
temperature of the surface air.

The analysis of the annual cycle of soil temperature
showed that the temperature is above +10°C in the top
soil in the second-third decade of April. The isotherme
of 10°C falls annually below 100 cm already in early
May. Temperature +15°C at a depth of 20 cm comes in
the second decade. In the years with delays in heat in
the spring, the soil can be heated for 10-15 days later.
In May, hot surfaces continue and heat migration is inten-
sified down the soil profile, at a depth of 50 cm reach
temperatures above 15°C,at a meter depth - up to 13°C.
June is marked by the continued warming of deep soils
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and stabilization of surface horizon temperatures at
20-22°C.July is considered the warmest month, on the
surface of temperature can pass a threshold of 30°C, on
the depth of the horizon fixed average monthly tem-
perature of 22.8°C, the soil is warmed up to 20 degrees
below 50 cm, to 17.7°C at a depth of 100 cm. In August,
heat is extended to the depth, while the surface layers
begin to cool. The reverse transition through a 10°C
threshold in the top soil occurs in mid-October, deeper
effective temperatures are stored until the end of the
month. During the active heating, the temperature differ-
ence in the depths of 5 and 20 cm is 3.5-4.0°C, in the
summer period 2.0-3.0°C, and gradually decreases with
the beginning of cooling. The oscillation of temperature
maximums at that is shown even more strongly than on
the surface. The delay of spring heating in comparison
with the surface is 18-20 days, as against 5 cm depth -
12-15 days. The ground is heated above 10°C from May
to October. The depth of penetration of temperatures
above 15°C is from 100 to 150 cm and more depending
on the conditions of the year. The temperature of the
top soil in the summer does not exceed 22...24°C. Iso-
pleth +18°C, reaches the maximum mark of 90...100 cm
in early August, +20°C - in July passes at a depth of
30 cm. Thus, during the vegetation period in the soil
profile prevail temperatures of 10...22°C. Temperatures
above 22°C can be observed only in the layer 0...10 cm.
The cooling takes place in September-October, the tem-
perature in the top soil quickly decreases and in the second
decade of October falls below +10°C, and by the middle
of November does not exceed 3...4°C. The cooling dy-
namic follows the dynamics of the surface horizon with a
slight delay. The annual temperature stroke at a depth of
50 cm has a number of features. Spring heating is more
generalized and less dependent on short-term weather
conditions of a given year, but penetration of high ampli-
tude allows to better detect years with atypical strong spring
and summer heating (2010, 2012), and the suspension




of temperature maximums is well shown tendency to
delay autumn cooling. The dynamics of the annual tem-
perature circle at a depth of 100 cm is illustrated by the
delay in heat at a depth,at a time when the surface layers ac-
tively give it. The years with early spring heating (2008)
are clearly shown, the trend is better to extend the period of
active tempgratures in autumn. The long period of research
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shows that vegetation is stopped in the first-second decade
of November. During the monitoring period, there is a no-
ticeable tendency to decrease the depth of freezing, so if
according to the average data of the hydrometeorological
center in 1985-1989 the maximum depth was 68.2 cm,
the average - 39 cm, then over the last five years these
indicators have fallen to 18.4 and 8 cm respectively (Fig. 5).
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Figure 5. Thermoisoplethes of dark gray podzolized soil, averaged data

The general circle of soil temperature is fully in
line with the classical substantiation [6], but the presence
of a number of obvious differences, which is probably
the result of the development of climate changes of the
XXI century. In particular, the absolute values of tempera-
tures in the soil profile are increased, the penetration depth
of thermal insulation is greater, the period of maintenance
of high temperatures in the top soil and at the depth is
prolonged, which creates conditions for prolongation of
vegetation period of winter crops in autumn, and possibly
requires correction of the terms of their dropping. Such
a tendency with high probability can be scaled on adjacent
agro-climatic zones, taking into account the same direction
of the climatic factors [24; 27].

Changes in soil heating
Analyzing the dynamics of temperature indicators, it is

necessary to note a significant increase in temperature
maximums, due to which growth of average values of
annual temperatures is observed. Soil heating is an integral
process, which depends not only on global factors, but
also on many factors and conditions of local character -
meso- and micro-relief, nature of the underlaying layer,
type and method of soil use, etc. That is why the soil warm-
ing index, proposed V.Dimo [6],is an important indicator in
the assessment of the heat supply of soils. It represents
the ratio of the sum of effective soil temperatures above
10 degrees at a depth of 20 cm to the equivalent sum of
effective air temperatures. The details of this indicator
according to ten years showed that during 2008-2017
the soils were heated much more strongly than in the
average for the whole period of meteorological obser-
vations (Table 1).

Table 1. Calculation of soil warming index

The sum of The sum of The sum of effective The sum of
Year effective soil effective air Soil'warming soil temperatures effective air Soil'warming
temperatures>10°C temperatures index >15°Cat adepth of temperatures index
at a depth of 20 cm, °C >10°C, °C 20 cm, °C >15°C, °C
2008 2993 2656 1.13 2377 1868 1.27
2009 2780 2735 1.02 2231 1978 1.13
2010 3322 2804 1.18 3107 1771 1.75
2011 3193 2718 1.17 2845 2254 1.26
2012 3859 3128 1.23 3635 2179 1.67
2013 3387 2890 1.17 2964 2063 1.43
2014 3754 3074 1.22 3369 2276 1.48
2015 3865 2995 1.29 3487 2468 1.41
2016 3491 2896 1.20 3006 2312 1.30
2017 3652 3167 1.15 3291 2443 1.35
Average 3429.6 2906.3 1.176 3031.2 2161.2 1.405
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First of all, it should be noted that the value of
the indicator of the soil warming index during all years
above the unit, that is, even at the depth of the top
soil of the investigated soil is characterized by higher
temperatures than air. The absolute values of the soil
warming index vary from 1.02 to 1.29, reaching the maxi-
mum values in 2012 and 2015. At the same time, if you
compare the dynamics of the index with the dynamics of
the initial parameters, it is easy to notice that the soil

warming index reproduces the dynamics of the course of
the soil temperatures, while the air temperature does not
make a serious impact.

The results of statistical analysis showed that the
total correlation between the soil warming index and the
initial parameters is 99.21% at standard and absolute
accuracy, respectively,0.0179 and 0.019. The regression
equation of the water absorbing capacity dependence
on the initial parameters (1) can be defined as:

Soil warming index = 1.14932 + 0.000776816 x Tn-0.000901762 x T (1)

where Tn and Tg are the sum of soil temperatures more
than 10°C (at a depth of 20 cm) and air.

Similar to its nature is also the indicator of soil
warming index proposed by S.I. Veremeenko [15]. It rep-
resents the ratio of soil temperatures to air temperatures,
but the threshold value is higher and is 15°C, which
allows to estimate the change in the temperature re-
gime of the soil in the area of high temperatures. This
is especially relevant in conditions of sharp increase of
summer temperature maximums. During 2008-2017, the
Veremeenko index ranged from 1.13 to 1.75. Note that
the maximum values were observed in 2012 and 2010
and were caused by abnormally strong warming of the
soil cover, while the sum of air temperatures were close
to the norm.In 2010, the amount of soil temperature for
the first time recorded is higher than 3000°C, the year was
considered extremely hot. However, already in 2012 the
indicator exceeded 3500°C, at high, but far not record,
the sum of air temperatures 2179 degrees (Table 1). It
is worth noting that relative deviations of the sum of
effective soil temperatures (-21.4 ... +28,0%) is much
higher than similar fluctuations of air temperatures
(-11.9...+12.1%). In addition, if you compare the variation
of the sum of temperatures above 10 and above 15°C,
then immediately noticeable increase of fluctuations with
the increase of the threshold value. This regularity clearly

indicates that the existing changes in the temperature
regime of dark gray soil are particularly acute in a period
of high temperatures, which can significantly affect the
growth of many traditional crops, especially against a
background of lack of precipitations in the same period.

In recent years, average decades’ air temperatures
have exceeded 30°C, and in some days were fixed tem-
peratures above 35°C. And if at a depth of 20 cm the
soil, according to the calculations, is heated by 50-87%
stronger,then on the surface of temperature could reach
critical for the development of plants, causing drought,
accelerated mineral erosion of organic substance, evap-
oration and general soil degradation. According to the
proposed S.I.Veremeenko (1997) classification, investigated
soils belong to seasonal-intermediate type, moderately
warm sub-type and type with average heat supply (an-
nual amount of soil temperatures within 2400-3000°C),
but change of agro-climatic conditions of the territory was
reflected on their taxonomic position. According to the
archive data of the first jumps in the amount of annual
soil temperatures to the area with good heat supply ob-
served in 1995 and in the period 1999-2002, and since
2005 a complete transition has taken place. A significant
deviation can be considered only 2009 years, when the
sum of temperatures was 2780 degrees. At that 3859°Cin
2012 get already in zone of sufficient heat supply (Fig. 6).
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Figure 6. Change of the annual sum of soil temperatures above 10°C
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In subsequent years, the sum of temperatures is
stable in the zone of sufficient heat supply, the average for
the period of 2013-2017 indicator is 3629.8 degrees. From
the point of view of the typification of hydrothermal regime
for S.I.Veremeyenko [9], a classic dark gray podzolized soil
belongs to the optimal group with medium heat supply
against the background of periodically flushing regime.

CONCLUSIONS

Climatic changes in the territory of the Western forest-
steppe led to increase of air temperatures throughout
the year, and during the warm period in particular. At the
same time, annual amounts of effective air temperatures
above +5, +10 and +15°C. A characteristic increase in
relative temperature rise with a threshold increase from
+5 to +15 degrees. The changes have also affected the
moisture regime, in particular, the annual amount of pre-
cipitations has a slight increase, which in other equal
conditions would lead to better maintenance of moisture.
However, it is necessary to take into account the parallel
increase in heat supply of the territory, which inevitably
leads to an increase in evaporation of moisture. At the
same time, the uneven distribution of precipitation has
increased significantly during the year - long periods of
heavy rainfall and periods of heavy rainfall have appeared,
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which creates additional risks for agriculture.

The observations made by the authors also showed
that despite the growth of spring deposits of moisture,
in the summer period soil often moves to critical values
and in general there is a tendency to decrease the supply of
plants by moisture at this time, which is critical for grow-
ing. In the complex with the above mentioned changes
of heat supply there is a potential danger of shift of
hydrothermal regime of investigated soil from group
optimal in group satisfactory, with sufficient supply of
thermal resources and insufficient moisture supply and,
as a result, strengthening processes of transformation
of mineral part and organic substance of soil.

It was found that on the territory, which was re-
searched, changes in the main climate-forming indica-
tors — average annual air temperature, sum of effective
air temperatures, amount of precipitations are actively
shown. In addition to quantitative changes, changes in
heat and moisture distribution are also shown throughout
the year. In the complex this led to changes in the soil
thermal maintenance - increase of the available heat
resource, increase of maximum temperature values, decrease
of freezing depth and height of snow cover, and, as a
result, - change of classification position of the territory
according to the indicator of hydrothermal regime.
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BnauvB KNiMaTUYHUX 3MiH Ha rigpoTepMidHUIN PeXUM
TeMHo-ciporo onigsoneHoro rpyHTty 3axigHoro Jlicocteny

Cepriit IBaHoBMY BepemeeHko!, Oner AHatonilioBuuy MypmaHeupb?, Jlapuca OnekcaHapiBHa CeMeHKo?,
Hina MukonaisHa bukina?, Bapum Onekciiosuu bo6kos?

'HauioHanbHWiA yHiBEpCUTET BOAHOMO roCNoapcTBa Ta NPUPOLOKOPUCTYBAHHS
33027, Byn. CobopHa, 11, M. PiHe, YkpaiHa

2HauioHanbHUit yHiBEpCUTET BiopecypciB Ta NPUPOLOKOPUCTYBAHHS
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SHauioHanbHUM yHiBepcuteT «OCTPO3bKa akaaeMmis»
35800, Byn. CeMiHapcbka, 2, M. OcTpor, YkpaiHa

AHoTauif. Tennosi BNACTUBOCTI FPYHTY € BAXXNIUBUMMU YMOBAMMU, LLLO BU3HAYAKOTb XapaKTep i iIHTEHCUMBHICTb IPYHTOBMX
NpOLLECiB, 0LHAK 3aKOHOMIPHOCTi Ta 0C0BIMBOCTI (POPMYBAHHS TEMIOBOIO, BOAHOMO PEXMMIB TEMHO-CipOro OniJ30/1eHOr0
rpyHTy Jlicocteny YKpaiHu BUBYEHi HEA0CTaTHLO. METO NpefCcTaBNeHUX MaTepianis € BUCBITIEHHS AMHAMIKM PIYHOTO
XOAy TemMnepaTtypw i BONOroCTi NOBITPS Ta TEMHO-CIPOro OMif30/1€HOr0 NErkKoCYrTIMHKOBOIO IPYHTY A5 BUSHAYEHHS
ocobnmBocTeit GOpMYBAHHA MO0 MiAPOTEPMIYHOIO PEXMMY B Cy4aCHUX arpokaiMaTUYHMX YMOBAx 30HM JlicocTeny.
BuBUeHHs TeMnepaTypHoro pexxumy rpyHTy nposoamnocs nporsrom 2008-2019 pp. Ha Teputopii PiBHeHCbKoi 0bnacTi
i3 BUKOPUCTAHHSIM 3arafbHONPUNHATUX cTaHaapTie i Metoamk (OCTY I1SO 11464-2007, ACTY ISO 11465-2001,
OCTY b B.2.1-17:2009, ACTY b B.2.1-25:2009). laHi cnocTtepexeHb 3a TeMMNepaTypor NpU3EMHOro LWapy noBiTps
NpOTSroM yCbOro AOCNIAXKYBAHOMO Nepiofy BKa3ykTb HA 3pOCTaHHS CepeaHbOi piYHOT TeMMNepaTypu, TaKoX ycepeaHeHi
no MATUPIYYAM AaHi MOKA3YHTb, WO CyMU edeKTUBHMX TeMnepaTyp noBiTps Bulle 10°C MatoTb TeHAEHL0 [0 30iNbLUeHHS.
AHani3 kinbkocTi onaais nporarom 1945-2019 pp. BKa3ye, o baratopiyHa AMHAMiKa piuHOi CyMM ONALIB MAE 3pOCTaroymii
TpeHa. [locniokeHHS 3anexHOCTi MiXK TeMNepaTypoo MPU3EMHOTO LWApy MOBITPS | TEMHO-CipOro FPyHTY B YMOBax
PiBHeHCbKOI 0bnacTi niaTBEpAMNO, WO KOPENsL,is LMX MOKa3HMKIB MA€E NiHIHUIA XxapakTep. AHanisyun guHaMiky
TeMMNepPaTypHUX MOKA3HUKIB, CNif, 3a3HAYUTK ICTOTHE MIABULLEHHS MAaKCUMManbHWX TeMMepaTyp FPYHTY, 38 PaxyHOK
SKMX | CNOCTEPIraeTbCs 3POCTAHHA CepefHiX 3HaUYeHb piuHMX TemnepaTyp. [leTanizauis NoKasHUKIB NPOrpiBaHHA IPyHTY
33 4aHUMM JecsTV poKiB nokaszana, wo npotarom 2008 -2017 pp.rpyHTv NPOrpiBanmcs 3HaYHO CUIbHILLE, HIXK Y cCepeaHboMy
3a BeCb nNepiof, METEOPOOriYHMX CNOCTEPEXEHb. 3TiAHO i3 NPUAHATO KnacudikaLi€lo 4OCNIIKYBaHI I'PYHTU HaNeXaTb 40
CEe30HHOMpPOMEeP3aky4oro TUMNY, NOMIPHO TEMIOrO NIATUMY | poay 3 cepelHiM Tenno 3abe3neveHHaM. OTpUMaHi npu
BMKOHAHHI JOCNIAXKEHHS pe3y/bTaT L03BONAKOTb OOrPYHTYBATU 3MiHU MAPOTEPMiIYHMX YMOB TEMHO-CipOro OniJ30/1eHOr0
IPYHTY Ta BU3HAYUTN HEOOXIAHICTb 3aNpOBaLKEHHS KOPUTYHOUM 33aC06iB Y POC/IMHHULTBI AN NIATPUMAHHS CTanMX BPOXaiB
i 3a6e3neyeHHs po3LWMPEHOro BiATBOPEHHS POAKYOCTI

KniouoBi cnoBa: rnobanbHe noTeniHHS, TeMnepatypa NoBITPs, TeMnepaTypa FPyHTY, iHAEKC NpOrpiBaHHS TPYHTIB,
Cyma Temneparyp, Bosioro 3abesneueHHs, emicia CO,
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INTRODUCTION

The downturn in the global economy caused by the spread
of the COVID-19 pandemic has led to significant changes
in all spheres of life and economic activity, including the
agricultural sector. Compared to the previous global crisis,
inthe situation of the spread of the COVID-19 pandemic,
countries are responding relatively quickly, trying to limit
the negative consequences for the usual consumer stan-
dards of living and working, and slow down the economic
downturn. Since in agriculture the economic process of
reproduction of production is closely intertwined with
natural (biological) processes, the restrictive measures
introduced by central or local authorities in response to
the spread of the COVID-19 pandemic, especially adversely
affect the productive employment of peasants, the budgets
of rural households, the functioning of the social sphere
of rural territories, etc. This pressure is significantly in-
creased conditioned upon a variety of objective and sub-
jective factors, the imperfection of the institutional en-
vironment and the uniqueness of the rural way of life.

The impact of the crisis on the economy will depend
on the duration of the emergency, the rigidity of restrictive
measures and control over their compliance, the stability
of the economy, social orders and other characteristics
of the country, as well as on the effectiveness of com-
pensation measures for all segments of the population,
enterprises, institutions and organizations [1].

The agricultural sector of Ukraine has been affected
by restrictions related to the spread of the COVID-19
pandemic and the introduction of quarantine measures,
both at the global and national levels. In particular, ex-
ternal shocks include the following: restrictions on trade
transactions between states, restrictive measures on the
movement of goods, the closure of certain global agri-food
markets, and so on. Internal factors of influence are: re-
strictive measures for the sale of seasonal products, the
movement of goods, the closure of local retail and whole-
sale food markets, the removal from work of infected
workers or workers who have been in contact with in-
fected people, changes in consumer sentiment and the
structure of the consumer basket,a decrease in effective
demand, especially socially vulnerable segments of the
population, a reduction in production volumes from sup-
pliers of resources for agriculture, an increase in prices for
means of production and raw materials, a depreciation
of the national currency, and so on.

So, for example, in Ukraine, quarantine restrictions
caused by coronavirus disease did not affect large ag-
ricultural holding companies and did not actually affect
the level of their capitalization. At the same time, a signif-
icant number of small and medium-sized farms suffered
significant losses. The closure of food markets in March-
May 2020 deprived small agricultural producers of the
opportunity to sell their grown products. To a large extent,
this problem is explained by the fact that about 85%
of early vegetables, herbs and berries are sold through
local agri-food markets. One of the restrictive measures
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in the framework of the lockdown imposed by the govern-
ment was their complete closure, which lasted for several
months and provoked a problem with the sale of grown
products. Many farmers suffered huge losses as a result of
such actions. In addition, in some regions of the country,
especially in rural areas, there was a restriction of public
access to food resources and a decrease in the range
of available goods, which affected food security. At the
same time, large retail chains, taking advantage of the
situation, which was accompanied by temporary panic
and partial uncertainty, resorted to raising food prices.
As aresult,there was a permanent decrease in consumer
demand from the population, which affected the change
in the structure of agricultural production and its sale.
To a large extent, this was the reason that the growth
rate of prices for agri-food products in Ukraine during
April-May 2020 exceeded the same growth rate in the
EU countries by 20-30% [2].

Researchers [2] note that the situation that de-
veloped as a result of quarantine restrictions was accom-
panied by a deterioration in the level of food security
of the population, the destruction of agri-food chains,
the aggravation of social tension in society, the mass
curtailment of small and micro businesses, the growth
of shadowing of agri-food markets, which negatively
affected the provision of anti-epidemic control in this area,
provoked a galloping increase in food prices in retail chains
and an uncontrolled increase in their imports.

Assessing the impact of the spread of COVID-19
and restrictive quarantine measures on the development
of the agricultural sector of Ukraine requires balanced
and reasonable methodological approaches to its study.
As noted by V.V. Nechyporenko [3], the research method-
ology is a system of concepts of basic principles, methods,
means of studying the object and implementing a creative
idea in the form of a program (algorithm), ways to know
the truth and achieve the goal. Its effectiveness is man-
ifested by confirming or refuting the hypothesis put
forward and solving a scientific and practical problem.
Ukrainian and foreign scientists are currently conducting
active research on the development, systematisation, test-
ing and improvement of the entire set of methods and
techniques for studying this problem.

Notably, in the practice of management and eco-
nomic analysis, quite often methods, approaches, algorithms,
evaluation models, etc. differ too much from each other.
The variety of existing methods for assessing the impact
of the spread of COVID-19 and restrictive quarantine mea-
sures on the development of the agricultural sector and
their differences in methods, approaches and indicators
are explained by the following: the variety of assessment
goals that require relevant approaches; the compliance
of individual methods only with certain stages or research
tasks; the use of both statistical and expert indicators
in the evaluation process; the use of the expert assess-
ment method to determine the weight coefficients of




partial indicators in integrated assessment systems; prob-
lems associated with the lack of necessary statistical data
for a long period of time; difficulties in evaluating pro-
cesses conditioned upon the overload of the indicator
system; the complexity of choosing the object of research
for comparison, and so on.

In general, determining the most appropriate meth-
odology is now often recognised as one of the most dif-
ficult problems in assessing phenomena and processes
in socio-economic systems. An additional difficulty lies
in the fact that the evaluation method must be universal,
positioning, informative and accessible to use.

Purpose of the article there is a generalisation of
methodological bases for assessing the impact of re-
strictive quarantine measures 2020-2021 related to the
spread of the COVID-19 pandemic for the agricultural
sector of the Ukrainian economy, justification of meth-
odological approaches to determining criteria and indi-
cators of impact and implementation of their empirical
measurement. The purpose of the study provides for the
implementation of such tasks:

— to summarise the methodological foundations for
studying the impact of the spread of the COVID-19 pan-
demic and restrictive quarantine measures on the develop-
ment of the agricultural sector;

— to develop methodological approaches to assessing
the impact of quarantine measures and the spread of
COVID-19 on the development and functioning of the
agricultural sector of Ukraine with the definition of the
most informative indicators and indicators;

—to assess the impact of COVID-19 quarantine mea-
sures on the functioning of the agricultural sector of
Ukraine.

LITERATURE REVIEW

Despite the fact that the COVID-19 pandemic is a fairly
new phenomenon, however, its research has become a
priority for many scientists, both foreign and Ukrainian.
There are quite a lot of approaches to research here.
Thus, according to Fan, Jamison and Summers [4], the
COVID-19 pandemic causes direct and indirect losses of
added value. Barua [5], using a standard macroeconomic
model, demonstrated that the COVID-19 outbreak can
seriously damage global supply chains, as well as cause
a significant negative economic impact.

H.M.M.Taqi and colleagues [6] based on the analysis
of literature sources and their own observations high-
light the following results of the spread of the COVID-19
pandemic and quarantine measures to the economy: can-
cellation of orders from brands and retailers; reduction
of production and non-fulfillment of orders; slow ship-
ments and inconsistent delivery, inflated delivery costs;
excessive inventory; job cuts; disruption of international
logistics, slowing down financial calculations.

The authors of the study “Commodity Market Pros-
pects: the impact of COVID-19”[7] draw attention to the
impact of quarantine measures on the price situation
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in the agricultural market. The deep global economic
shocks caused by COVID-19 affect producers’ cash flows
and financial liquidity conditioned upon limited produc-
tion capacity, limited market access, loss of remittances,
lack of employment, and unexpected medical expenses [8].

In particular, it is noted that in Africa, the greatest
negative impact was felt by farms. Thus, the restriction
of the movement of people explained by the spread of
the COVID-19 pandemic led to a shortage of labor in farms;
the decrease in crop yields was the result of a violation of
access to agricultural resources (seeds, fertilizers, veteri-
nary materials, feed). Disruptions in logistics, processing
and market access have negatively affected the value
creation of agricultural products. Labour shortages be-
cause of stay-at-home policies have affected food pro-
duction and processing, especially in labour-intensive
meat processing plants. Restrictions on public transport
stopped most of the campaigns, and the rest of them were
forced to reduce their activity, and organisations had to
adapt to physical distancing. The slowdown in overall
logistics has negatively affected food safety and quality.
The closure of many informal markets in urban and subur-
ban areas to avoid crowding has disrupted food supply
systems, especially for fresh produce such as meat, eggs
and milk. This affected the structure of consumer demand.
For livestock breeders, there is a loss of income from the
sale of livestock and products (milk, butter, eggs), which
led to a general decrease in the purchasing power of
households [9].

As an important aspect of the methodology for
assessing the impact of the spread of COVID-19 and re-
strictive quarantine measures on the development of the
agricultural sector, the lack of unified analysis indicators
should be noted.However,scientists are working fruitfully to
determine them. Specialists of the Economic Development
Agency PPV Knowledge Networks regarding approaches
to assessment at the sector level identified the follow-
ing key indicators: production, shortage of raw materials
for production; supply and demand for products, price
conditions, sales volumes of manufactured products, excess
of finished products in stock, waiting times and payment
terms for goods and services, availability of frozen contracts;
liquidity - availability of financial resources to repay debts
to suppliers, to pay wages, taxes, rent, loan repayment,
accounts receivable, staff employment, etc [10]. The ex-
pediency of including in the system of indicators those
that characterize food security (prices, demand, production,
sales, consumption, availability of food products, food
habits (types of diet, daily consumption of certain products,
number of meals per day, etc.) is justified by A.E. Obayelu,
O.A. Obayelu, K.K. Bolarinwa, and R.A. Oyeyinka [11].

Specialists of the public organization “Center for
Applied Research”in cooperation with “Economic truth”,
as indicators suggested using indicators of revenue, the
number of contracts and clients, the volume of services
provided [12]. The main purpose of the search was to ob-
tain information from the owners and top management
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of Ukrainian companies on the transformation of operating
activities, expected risks due to the re-introduction of
lockdown by conducting structured in-depth interviews.

Assessment of the impact of the pandemic and
restrictive measures on the agricultural market by D.Varshne,
D.Roy, and J. Meenakshi is suggested by determining dif-
ferences (DilD-in-difference) and differential results be-
tween high and low load points. At the same time, data
on the daily dynamics of wholesale prices for agri-food
products and their supply on the market were analysed [13].

G. Gregorioa and R.Ancog argue that the restric-
tions caused by COVID-19 have affected the supply of
labour, which in turn has affected overall agricultural
production and sector performance. Therefore, in their
study to assess the impact of the spread of the corona-
virus pandemic and restrictive quarantine measures on
agricultural development, they calculated the relative
change in agricultural production and the share of in-
dustry GDP in the country’s economy. In particular, the
data collected and used in the analysis included (a) em-
ployment in agriculture, (B) the volume of production
of the basic sectors of the agricultural sector, (C) the
share of agriculture, forestry and fisheries in GDP (in US
dollars) [14].

Another important aspect of the methodology
for studying the impact of the spread of COVID-19 and
restrictive quarantine measures on the state and devel-
opment of Agriculture is the identification of related
objects of analysis. UN analysts have paid considerable
attention to this segment of analytical work in their re-
search [15].In particular, they identified three levels of
analysis: macro, meso, and micro. The assessment was
aimed at studying the direct and indirect impact of the
pandemic on micro, small and medium-sized enterprises,
employment levels, living conditions, means for normal
life, and autonomy in decision-making for women and
men. At the same time, considering the type of settle-
ment (urban, rural), age, gender, in all regions of Ukraine
with an emphasis on identifying gender adaptation op-
portunities for each topic/sector. The researchers studied
the impact of restrictive measures on international trade,
production volumes, the labour market and employment
in certain sectors of the economy, inflation, the exchange
rate, GDP, unemployment, current account, public debt and
foreign exchange reserves of the country [15].

Despite the existence of a number of scientific
papers covering the diverse aspects of the impact of the
COVID-19 pandemic caused by the Sars-CoV-2 coronavirus
and the restrictive measures it causes, new, unprecedented
problems are now emerging to ensure the stable func-
tioning and development of the Ukrainian agricultural
sector. More thorough research is needed to identify the
degree of impact of quarantine restrictive measures on
economic and foreign economic activity in the agricul-
tural sector. This is necessary to develop in the future
a targeted, effective and targeted state policy aimed at
increasing the competitiveness of the agricultural sector,
ensuring a stable position of Ukraine in the world market
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of agri-food products, ensuring the socio-economic de-
velopment of the country in the context of a pandemic,
transforming development problems into competitive
advantages.

MATERIALS AND METHODS

The theoretical provisions of the study are based on the
works of Ukrainian and foreign scientists who justify
the impact of the COVID-19 pandemic on the agricul-
tural sector. The methodological basis of the study is a
systematic approach to the study of the studied phe-
nomena and processes and a dialectical method of cog-
nition, which allowed us to comprehensively consider
the processes associated with the impact of the spread
of the COVID-19 pandemic and quarantine measures
on the agricultural sector of Ukraine. The methods of
abstract-logical method, analysis and synthesis, induction
and deduction, analogy and comparison are used to gener-
alise the theoretical and empirical aspects of the study.

The study uses a mixed approach, which includes
institutional norms for the introduction of quarantine
measures by the state on the territory of Ukraine during
the COVID-19 pandemic, including indicators for de-
termining complex (general) and partial (personalised)
indicators of the state of the problem under study with
structuring partial indicators into a wider range of indica-
tors available in the system of statistical observations
in the period being evaluated. From the standpoint of
an integrated approach, all indicators that are a measure
of the impact of the spread of COVID-19 and restrictive
quarantine measures on the development of the agricul-
tural sector of Ukraine were considered in accordance with
the target segments for assessing changes at the macro
and micro levels. In particular, such as: macroeconomic
trends in business efficiency; entrepreneurial activity;
foreign economic activity; social and labour relations;
finance and investment, state support, etc.

The collection of statistical information and the
formation of the database cover: the GDP of Agriculture
of Ukraine and its share in the total GDP of the country,
capital investment in the agricultural sector and the share
of the industry in the total volumes of capital investment,
the volume of production of agricultural products, includ-
ing livestock and crop production, labor productivity, con-
sumer price indices, sales price indices of agricultural
products, the total index of expenditures on agricultural
products, export and import of agri-food products, Foreign
Trade Balance, foreign direct investment in agriculture
of Ukraine, the exchange rate, the number of employed
rural population,employment level and unemployment
rate of rural population, the number of people employed
in agriculture of Ukraine,wages in the agricultural sector,
total expenses on average per month per household in
rural areas, the share of expenses for food, utilities, health-
care, the number of enterprises that carried out agricul-
tural activities, including farmers, financial results of
management, the level of profitability and other macro-
economic indicators.




To diagnose the dynamics of economic indicators,
analytical research uses economic and statistical meth-
ods (comparative analysis, average and relative values,
grouping,trend analysis,graphical method, index, coef-
ficient analysis, and others). Calculation of absolute and
relative indicators is necessary to determine the current
state of affairs in the industry, the dynamics of changes,
and establish certain relationships, such as identity, simi-
larity, or difference between the characteristics of the
processes and phenomena under study. The graphical
method was used to summarise statistical data, analyze
them, and study complex relationships between socio-
economic phenomena and processes in the movement
of dynamics indicators. A number of techniques of abstract-
logical tools made it possible to formulate intermediate
and final conclusions and proposals. The reliability of the
obtained results and conclusions is confirmed by calcu-
lations using statistical observations and testing.

The information base of the study is: data from the
State Statistics Service of Ukraine, the State Employment
Service, the National Bank of Ukraine, legislative and
regulatory legal acts for their implementation; scientific
publications. The study period covers 2019-2021.

RESULTS AND DISCUSSION

Methodological bases for studying the impact of the spread
of COVID-19 and restrictive quarantine measures on the
development of the agricultural sector of Ukraine

Assessment of the impact of the spread of COVID-19
and restrictive quarantine measures on the state and
development of the agricultural sector should be based
on the following principles: legality, complexity, consis-
tency, compliance with national interests, prevention of
unfair competition, parity of development of economic
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entities, promotion of innovation, sustainable rural de-
velopment, balance of interests of stakeholders, social
responsibility and control, improving the standard of
living of the population, etc. These principles determine
the interaction and relationships of subjects (households,
agricultural enterprises, personal farms, individual en-
trepreneurs, state institutions and organizations, non-state
institutions), directions and measures for implementing
these assessment results.

From all the objects worked out during the study,
it becomes clear that in economics and practice today
there is no single approach to measuring the impact of
the spread of COVID-19 and restrictive quarantine mea-
sures on the state and development of the agricultural
sector.There is also no single standpoint in the scientific
community on the list of indicators that should be used
to conduct such an assessment. And whether it is worth
calculating a certain complex aggregated Index, whether
it is enough to use a set of individual indicators in certain
areas of intelligence.

Establishing work on assessing the impact of quar-
antine measures and the spread of COVID-19 on the de-
velopment and functioning of the agricultural sector of
Ukraine requires first of all justification of methodolog-
ical approaches and development of tools for conduct-
ing such an assessment. When assessing the impact of
quarantine measures and the spread of COVID-19 on
the development and functioning of the agricultural
sector, we suggest the following algorithm (Fig. 1). This
algorithm is universal in nature, it is advisable to use it to
assess the impact of quarantine measures and the spread
of COVID-19 on the development and functioning of var-
ious sectors of the economy and make decisions to sup-
port the development of the agricultural sector of Ukraine.
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Figure 1. Structural and logical scheme for assessing the impact of the spread of COVID-19 and restrictive quarantine
measures on the development of the agricultural sector
Source: compiled by the authors
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Considering that assessing the impact of quarantine
measures is a complex multi-factor task, which boils down
to identifying and interpreting a set of indicators that
characterize various aspects of the industry under study,
the issue of forming a relevant system for measuring risks
and ways to eliminate them or mitigate destructive con-
sequences is updated. The accuracy and reliability of the
selected indicators ensure the adequacy of the entire pro-
posed algorithm in general. Hence, only a rationally se-
lected assessment method, a well-formed system of in-
dicators and a rational organisation of the process can
provide an objective analysis and identification of true
changes associated with force majeure circumstances.

According to the authors of the article, it is most
justified, from the standpoint of an integrated approach,
to consider indicators that are a measure of the impact
of the spread of COVID-19 and restrictive quarantine

measures on the development of the agricultural sector
in two planes: at the macro-and micro-levels. Method-
ological approaches to determining criteria (indicators)
and indicators for assessing the impact of the spread of
COVID-19 and restrictive quarantine measures on the
development of the agricultural sector are summarised
in Figure 2. The methodological design of the study of
the impact of the spread of COVID-19 and restrictive
quarantine measures on the development of the agri-
cultural sector of Ukraine is built in accordance with the
target segments of assessment of changes, in particular:
macroeconomic trends in business efficiency; entrepre-
neurial activity; foreign economic activity; social and
labour relations; finance and investment, state support,
etc. The system of suggested indicators allows us to com-
prehensively characterise the state of each of the subsys-
tems of the agricultural sector.

quarantine measures on the development of the agricultural sector

( Criteria and indicators of the impact of the spread of COVID-19 and restrictive ]
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Figure 2. Criteria and indicators for assessing the impact of the spread of COVID-19 and restrictive quarantine
measures on the development of the agricultural sector

Source: compiled by the authors
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Empirical assessment of the impact of COVID-19 and
quarantine restrictive measures on the agricultural sector
of Ukraine

Macroeconomic trends in economic efficiency. The devel-
opment of the industry is expressed by the level and dy-
namics of its share in the country’s GDP. This is a complex
indicator that reflects the processes of social reproduc-
tion occurring in a particular industry and technological-
ly related activities. At the same time, the impact of the
state’s economic policy on the development of the in-
dustry and expected and unexpected risks for commodity
producers is also important. The value of this indicator
is considered by investors when making decisions about
starting a business and investing in a particular industry,

Patyka et al.

which also characterizes the level of its attractiveness
in terms of payback periods, future risks, product sales
markets and competitiveness. It is positively evaluated
with dynamic growth. In 2020 compared to 2019, Ukraine’s
agricultural GDP, expressed in actual prices, increased by
8.9%. However, if we analyse the value of the industry’s GDP,
expressed in constant prices in 2016, the opposite trend
can be traced - there was a decrease of 11.5% (Table 1).
At the same time, the share of agriculture in the GDP of
the country’s economy as a whole decreased by 0.8% points,
if we consider quarterly dynamics (Fig. 3). This decrease is
caused by violations in the work of logistics infrastructure,
in particular transport, including the organization of export
of agricultural products.
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Figure 3. GDP of Agriculture, Forestry and Fisheries of Ukraine, 2019-2021 (in constant prices in 2016)
Source: formed by the authors according to the state statistics service of Ukraine [16]

Ensuring the effective functioning and development
of the agricultural sector of Ukraine requires significant
investments, both in infrastructure and production itself.
Capital investments are funds allocated for the reproduc-
tion of fixed assets, expansion, reconstruction and mod-
ernisation of enterprises, implementation of technical
and technological progress in the industry, construction
of social and cultural facilities, design work, etc. Capital
investment serves as a basic parameter of the reproduction

process, which determines the possibilities of structural
reforms and sustainable long-term economic and social
development of the industry. They are positively evalu-
ated when growing in dynamics. However, according to
the analysis, the total volume of capital investment in
agriculture in Ukraine has steadily declined. Thus, for
the period 2019-2020, the volume of capital investments
decreased by 34.5%, and similar trends continue in 2021
(Table 1, Fig. 4).

Table 1. Key macroeconomic, socio-economic and financial indicators of Agriculture in Ukraine, 2019-2021

Years, periods
Indicator Units o1 0p1 o1 2020 to o tzo021
J 2 o 2019
2019 2019 j020 2020 55y 012019

Agricultural GDP billion UAH 244 356.6 24.0 388.4 28.3 108.9% 116.0%
Share of industry GDP in the o . )
country’s total GDP % 3.0 9.0 2.8 9.3 2.8 0.3 p.p. 0.2 p.p
Agricultural GDP (in constant prices 10 yAH 194 2981 191 2639 182  885%  93.8%
in 2016)
Capital investment billion UAH 11 55 7 36 9 65.5% 81.82%
Share of the industry in total o )
capital investments % 10.1 9.5 9.2 8.7 11.2 0.8 p.p. 1.1p.p.
Production of agricultural products billion UAH _ 681 -~ 612 _ 8999% _

(in constant prices in 2016)

Scientific Horizons, 2021, Vol. 24, No. 12

61



62 Ukraine’s agrarian sector in the conditions of COVID-19 distribution and...

Table 1, Continued

Years, periods
Indicator Units 01 opl 01 2020to s 1:20021
J 2 2 2019
2019 291% 200 2020 5024 Q12019

Including crop production billion UAH - 539 - 473 - 87.8% -
Animal husbandry billion UAH - 142 = 139 - 97.9% -
Production of gross output per
1 employed in agriculture (labor thousand UAH - 929 - 857 - 92.2% -
productivity)
Consumer price indices (by the
corresponding period of the previous % 108.9 107.9 102.6 102.7 107.4 -5.2 p.p. -1.5pp
year)
Agricultural sales price indices
(by the corresponding period of the % 101.3 924 92.7 119.2 165.1 268 p.p. 63.8p.p
previous year)
Aggregate index of agricultural
production costs (by the o
corresponding period of the previous % 105.5 93.4 92.7 118.5 1304  251p.p. 249pp
year)
Export of agri-food products million US dollars 5,343 22,144 5,643 22,179 4,997 100.2% 93.5%
Export of agri-food products million US dollars 1,434 5,736 1,686 6,498 1,724 113.3% 120.2%
Foreign trade balance million US dollars 3,909 16,408 3,955 15,681 3,276 95.6% 83.8%
Foreign investment million US dollars  -36.5 587.2 -9.8 4449 -7.7 75.8% 21.1%
Exchange rate UAH/USD 27.30 25.84 25.04 26.96 27.97 104.3% 102.5%
Rural employment thousand people 5,0274 5,205.7 5,141.7 4968.3 4,8109 95.4% 95.7%
Rural employment rate % 47.2 48.9 48.8 47.1 46.1 -1.8 p.p. -11pp
Rural unemployment rate % 104 8.6 9.4 10.3 11.5 1.7 p.p. 1.1p.p.
Number of people employed in thousand people - 3,010 - 2,721 - 90.4% -
agriculture
Average salary in agriculture UAH 7,782 8,738 8,947 9,734  1,0058 111.4% 129.2%
The ratio of the average wage in
agriculture to the average in the % 76.0 83.2 78.2 84.0 73.4 0.8 p.p. -2.6 p.p
economy
Total expenses on average per UAH 73794 - 74649 - 87057 - 118.0%
month per household in rural areas
Share of spe.ndmg on food and % 391 B 420 B 384 B 0.7 pp
non-alcoholic beverages
Share of utility costs % 19.3 - 16.8 - 19.5 - 0.2 p.p.
Share of health care costs % 5.4 - 5.4 - 5.7 - 0.3 p.p.
Number of enterprises engaged in units - 48504 - 47523 - 98.0% -
agricultural activities
including farms units - 32,452 - 31,851 - 98.1% -
Financial results before tax billion UAH - 93.6 - 81.6 - 87.2% -
Net profit billion UAH - 929 - 81.0 = 87.2% -
Lev.el. gf profitability of operating % _ 198 _ 19.0 _ 08 p.p _
activities
Level of profitability of all % _ 16.6 _ 139 _ 27pp _

activities
Note: * p. p. - percentage points
Source: calculated by the authors according to the state statistics service of Ukraine [16]

Arepresentative indicator for analysing trends in  and the structure of gross agricultural output. These indica-
the development of the agricultural sector during the period  tors indicate the stability of production, the ability of pro-
of quarantine measures is the dynamics of growth rates  ducers to use comparative and competitive advantages,
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including “scale effect”, the ability to adequately respond
to price volatility and the variability of the agri-food
market. They characterise labor productivity per 1 em-
ployee and the land intensity of production of the main

Patyka et al.

crops.According to statistics, in 2020 in Ukraine there was a
significant decrease in agricultural production - by 9.1%,
including in crop production - by 12.2, animal husbandry -
by 2.1%, while labor productivity decreased by 7.8% (Table 1).
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Figure 4. Capital investments in agriculture of Ukraine, 2019-2021
Source: formed by the authors according to the state statistics service of Ukraine [16]

This resulted in the spread of the COVID-19 pandemic
and quarantine measures on the foreign economic activity
of the agricultural sector of Ukraine. The agricultural sector
of Ukraine is largely a raw material and export industry,
so its effectiveness significantly depends on the foreign
economic situation on world markets.As it is known, with
the spread of the COVID-19 pandemic and the introduction
of quarantine measures at the global level, it has undergone
significant changes. In particular, conditioned upon the
rupture of logistics chains between individual compa-
nies, non-fulfillment of contracts, restrictions on trade
transactions between states, restrictive measures on the
movement of goods, the closure of agri-food markets,
and so on. Uncertainty in agri-food markets and the general
economic downturn have put foreign trade revenues at risk.

As can be seen from Table 1, the volume of exports
of agri-food products in 2020 compared to 2019 remained
virtually unchanged-an increase of only 0.2% or 35 million
dollars. While in 2015-2019, the average annual export
growth rate was 11.2%, and in 2019 - 19.0% [16]. The
opposite trend was observed in the import sector. In 2020,
the volume of imports of agri-food products increased
by 13.3% compared to the previous 2019. And this is
at a time when in the previous 2015-2019 the average
annual growth rate of imports was 8.0%, and in 2019 it
decreased by 7.6%.An increase in imports and a slowdown
in exports led to a significant deterioration in the foreign
trade balance of agri-food products - for the first time
in the last decade, the foreign trade balance decreased,
although it remained positive (Table 1, Fig. 5).
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Figure 5. Foreign trade in agri-food products of Ukraine, 2019-2021
Source: formed by the authors according to the state statistics service of Ukraine [16]
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In the future, such trends will have a negative
impact, namely, a decrease in the competitiveness of
Ukrainian companies’ products, their loss of market share,
which, in turn, will lead to even worse long - term con-
sequences, such as a decrease in production and sales
volumes, a drop in income, a shortage of working capital
for current needs and resources for innovative expanded
reproduction, mass dismissal of employees, and so on.

The recovery of the global economyin late 2020 -
early 2021, the revival of international trade and sectoral
factors led to an increase in prices in the world’s commodity
markets. Thus, according to the Food and Agriculture
Organization of the United Nations (FAO), the average
value of the FAO Food Price Index (FFPI) in September 2021

was 130.0 points, which is 1.5 points (1.2%) higher than in
August and 32.1 points (32.8%) higher than in the same
period last year. The increase in the value is mainly con-
ditioned upon the increase in prices for most cereals
(the average value of the FAO grain Price Index in Sep-
tember 2021 was 132.5 points, which is 2.6 points (2%)
higher than in August and 28.5 points (27.3%) higher
than in September 2020) and for vegetable oils (the
average value of the FAO Vegetable Oil Price Index in
September was 168.6 points, which is 2.9 points (1.7%)
higher than in the previous month and almost 60% higher
for the same period last year). Prices for dairy products
and sugar also increased, while the meat price index
remained almost at the same level (Fig. 6).
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Figure 6. Nominal food price index, 2020-2021

Source: formed by the authors according to FAO data [17]

This is a favorable factor for Ukrainian agricultural
exports. High prices essentially remained the main driver
of export revenue growth. Wheat prices rose due to ad-
verse weather conditions and low yields in exporting

countries, corn-due to the high demand of livestock and
bioethanol production, sunflower oil — explained by a
decrease in stocks (Fig. 7).
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Figure 7. Absolute annual change in prices and export volumes for certain agri-food products, 2021, USD billion
Source: formed by the authors according to the state statistics service of Ukraine [16]
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One of the most effective tools for the develop-
ment of the agricultural sector is foreign investment.
The volume of Foreign Direct Investment (FDI) in the indus-
try is a sign of its attractiveness, as it indicates absolute
and comparative advantages that investors cannot get
in other countries. Foreign investment contributes to
modernisation, provides access to modern technologies
not only in production, but also in management, which
serves as an important factor in the development of mar-
ket forms of management and the introduction of mod-
ern methods of conducting agricultural business; sales
of products and their promotion to new foreign markets;
meet the need for means of production, equipment for
in-depth processing of raw materials and its marketing.
Foreign investment, if used effectively, can provide the
necessary scale and pace of structural adjustment of
Agriculture, which will make it possible to join the global
value chains and take its rightful place in the interna-
tional system of division of labour. The current situation
in the context of the growing new wave of the coronavirus
pandemic does not contribute to this. For the period 2019-
2021,the volume of FDI to agriculture in Ukraine was in-
significant. Their share in total FDI volumes in Ukraine
was only 1.1-1.7%. Moreover, during the analysed period,
their amount decreased by almost 24.2%, which indi-
cates a significant outflow of foreign capital from the
industry (Table 1).

The forecast of experts that in the context of the
coronavirus pandemic, the volume of FDI in the agri-
cultural sector will grow conditoned upon the fact that
this sector is the most stable and less vulnerable to this
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type of shock compared to other industries (tourism,
transportation, hotel and restaurant business, mass event
industry, etc.) - did not come true. Therefore, it is advis-
able to conclude that the main reason for the lack of
strategic foreign investment is the unfavorable invest-
ment climate in Ukraine, frequent changes in legislation
and under-reformed judicial reform. In particular, because
of this, there is still uncertainty about further coopera-
tion on the part of investors who have already invested
their funds in agriculture in Ukraine. According to Table 1,
150.0 USD million was withdrawn from the industry in
the period 2019-2021. Therefore, experts’ forecasts that
the opening of market turnover of rights to agricultural
land plots will give a green light to investment, in the
short term, turned out to be somewhat exaggerated.
Impact of the spread of the COVID-19 pandemic and
quarantine measures on the labour market, employment
and income level of the rural population of Ukraine. The
data in Table 1 show that in the first quarters of three con-
secutive years (2019-2021), the number of employed
rural population decreased, which in 2021 amounted to
4810.9 thousand people, or 216.5 thousand less com-
pared to 2019, and compared to the previous year - by
330.8 thousand people. The least popular in the rural
labour market were people aged 15-29 years - the
reduction in this category of employees amounted to
159.7 thousand people, or 73.8% of the total number of
dismissed employees. As you know, the risk group for the
possibility of COVID-19 was people aged 60 years and
older, so the number of employees in this age category
decreased by almost 28 thousand, which is 13% (Fig. 8).
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Figure 8. Employment of the rural population of Ukraine by age group in January-March 2019-2021, thousand people
Source: formed by the authors according to the state statistics service of Ukraine [16].

The release of employees from enterprises, institu-
tions and organisations in the agricultural sector, includ-
ing due to COVID-19, led to a significant increase in unem-
ployment in 2020-2021. In particular, the unemployment
rate of the rural population increased by 2.9% points
from 8.6% in 2019 to 11.5% in the first quarter of 2021.

An important marker of the impact of quarantine
restrictions on rural residents is their income and the

extent of poverty.As of March 2021, the average monthly
salary in agriculture of Ukraine in the equivalent of full
employment was UAH 10,058.0, which is on average
UAH 3,554.0 less than the average salary in the Ukrainian
economy, and UAH 4,063 less than in industry for the
specified period.As of March 2021, wages in agriculture
were only 73.9% and 67.1% of their level in the country’s
economy and Industry, respectively (Fig. 9).
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Figure 9. Dynamics of wages in agriculture of Ukraine, per full-time employee, 2019-2021
Source: formed by the authors according to the state statistics service of Ukraine [16]

According to the state statistics service of Ukraine,
the share of the population whose average per capita
equivalent total income per month is lower than the
average level of total income in the first half of 2020 com-
pared to the previous year increased by 0.3% points and
amounted to 58.4% [16]. Similar trends are observed in
relation to the intersection of the so-called “red lines” -
the legally established and actual subsistence minimum,
they also increased by 0.6 and 1.7% points, respectively.
Total expenditures of the rural population for the analysed
period 2019-2021 increased by 18.0%. In the total ex-
penditures of rural households,food and non - alcoholic
beverages account for 38.4%, utilities - 19.5%, and
healthcare - 5.7% (Table 1).

Trends in the development of entrepreneurial activity in
agriculture in Ukraine. It is worth noting that the spread of
COVID-19 has affected the activities of the agricultural

business, namely - on the activity and efficiency of en-
terprises. In accordance with the dynamics of statistical
estimates of the number of economic formations, we
note their decrease in 2020 compared to 2019, while in
previous years there was an increase. In particular, ac-
cording to the results of 2020, the number of enterprises
engaged in agricultural activities decreased by 981 units
or by 2%. Of these, the number of farms decreased by
601 units (Table 1).

The analysis showed that the state of agriculture
in Ukraine in 2020 conditioned upon quarantine restric-
tions showed a deterioration in structural, economic and
financial indicators. In particular, net profit for 2020 de-
creased by 12.8% compared to 2019. The level of profit-
ability of operating activities decreased by 0.8% points to
19.0%, and the profitability of all activities of agricultural
enterprises — by 2.7% points to 13.9% (Table 1, Fig. 10).

UAH billion
100.0 -
90.0 A
80.0 A
70.0
60.0 -
50.0 A
40.0 1
30.0 A
20.0 1
10.0 1
0.0 -

2018

B Net profit, UAH billion
=& - Overall profitability, % (right scale)

92.9 r 25

2019
Years

%

20

15

10

2020

== (Operational profitability, % (right scale)

Figure 10. Results of agricultural enterprises’ activities in Ukraine, 2018-2020
Source: formed by the authors according to the state statistics service of Ukraine [16]
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In 2020, under the influence of quarantine restric-
tions, the resulting resource usage indicators significantly
worsened compared to the previous year 2019.We believe
that the largest losses, both financial and image, were
suffered by micro- small and medium-sized agricultural
assets of farmers who are focused on the production of
niche products. Experience shows that almost half of
the products (45.6% in 2019 and 46.1% in 2020) are
produced by private farms (OSG) and small producers
(44.1% and 44.9% of crop production, 51.0% and 50.2%
of livestock production, respectively). However, these
products are mainly aimed at the domestic consumer,
whom they generally satisfy in terms of “price - quality”
items and are sold at local food markets, public catering
establishments (restaurants, cafes). Spring and summer
2020,spring 2021 conditioned upon the introduction of
restrictive measures in response to the spread of COVID-19
retail and wholesale markets, public catering establish-
ments that are the main sales channels, especially fruit
and vegetable, early berries, greens and meat and dairy
products by these categories of producers, were closed
in almost all regions of Ukraine. Since this happened
during the period of harvesting early vegetables and
herbs, in fact, the products of Ukrainian producers were
forced out of the domestic market by import supplies.
Ukrainian farmers suffered significant losses,and the state
did not offer them appropriate compensation.

The Cabinet of Ministers of Ukraine tried to ease
external pressure on businesses and households by pro-
viding some benefits and discounts,as well as minimum
wage compensation for employers. In particular, the Law
of Ukraine “On Amendments to the Tax Code of Ukraine
and Other Laws of Ukraine Regarding Taxpayer Support
for the Period of Implementation of Measures Aimed at
Preventing the Occurrence and Spread of Coronavirus
Disease (COVID-19)” No. 533-IX of March 17,2020 [18],
provided for the exemption of agricultural producers
from paying for land in the period from March 1 to
April 30,2020 (land tax and rent for land plots of state
and municipal ownership) for land plots that are owned
or used, including on the terms of lease, individuals or
legal entities and are used by them in economic activi-
ties.According to the Law of Ukraine [18] for the periods
from March 1 to March 31 and from April 1 to April 30,
2020, members of farms were temporarily exempt from
calculating,calculating and paying a single contribution
to mandatory state social insurance, if they do not be-
long to persons subject to insurance on other grounds.
This saved money in the amount of UAH 2,078.12 for
each member of the farm.

The volume of tax preferences from the applica-
tion of agricultural enterprises that pay a single tax of
group 4 in 2020 almost tripled the corresponding indi-
cator in 2019. In particular, in 2020, the volume of tax
preferences for this category of enterprises amounted
to UAH 23.04 billion against UAH 8.23 billion in 2019,
while direct budget support remained almost at the same
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level: UAH 4.3 and 4.0 billion, respectively [19]. The pre-
dominant amount of benefits was received by producers
of crop products. Thus, explained by the opportunity to pay
a single tax of Group 4,agricultural enterprises received
tax “savings” in the amount of more than UAH 17.5 bil-
lion only for three crops - wheat, corn and sunflower,
which are the most common in cultivation (18.2%, 20.3
and 19.1% of crop production, respectively) [16]. These
opportunities were mainly used by medium and large
companies. Measures to support the vital activity of small
and medium-sized agricultural businesses in the context
of the coronavirus pandemic were insufficient.

CONCLUSIONS

Based on the results of the study it is advisable to draw
the following conclusions:

1. In economics and practice, there is currently no sci-
entifically based and methodologically verified approach
to measuring the impact of the spread of COVID-19 and re-
strictive quarantine measures on the development of the
agricultural sector. It is proved that the methodological
basis of the study can be an approach that includes in-
stitutional norms for the introduction of quarantine mea-
sures by the state on the territory of Ukraine during the
COVID-19 pandemic, as well as indicators for determining
complex (general) and partial (personalised) indicators.

2.1t is proved that from the standpoint of an inte-
grated approach, all indicators that are a measure of
the impact of the spread of COVID-19 and restrictive
quarantine measures on the development of the agri-
cultural sector should be considered in two planes: at
the macro and micro levels. The methodological design
of the study of the impact of the spread of COVID-19
and restrictive quarantine measures on the development
of the agricultural sector of Ukraine in the study is built
in accordance with the target segments of the assessment
of changes, in particular: macroeconomic trends in business
efficiency; entrepreneurial activity; foreign economic ac-
tivity; social and labour relations; finance and investment,
state support, etc.

3.The analysis showed that the progressive devel-
opment of Agriculture in Ukraine during 2020 explained
by quarantine restrictions demonstrated the structural,
economic and financial effects of the descending plan.
In particular, agricultural GDP, expressed in constant
prices in 2016, decreased in 2020 p.by 11.5% compared
to 2019. There was a significant decrease in agricultural
production - by 9.1%, labour productivity decreased
by 7.8%. The volume of imports of final consumption
goods increased by 13.3%. Total capital investment in
agriculture for the period 2019-2020 decreased by 34.5%,
foreign direct investment decreased by 24.2%.

As a result of the introduction of two All-Ukrainian
lockdowns in 2020-2021, the number of employed rural
population decreased by 7%. The unemployment rate for
this period also increased by 1.7% points, or to 11.5%.
The number of people employed directly in agriculture
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in Ukraine decreased by 9.6%. for the period 2019-2020.
There is a significant differentiation of incomes between
rural and non-rural population, increasing poverty and
social insecurity of self-employed. As a result, the general
well-being of rural households has deteriorated, poverty
has increased, and the problem of food affordability has
worsened for some groups of population.

4.1t should be noted, however,that there is no reason
to claim that such a deterioration in the performance of
the agricultural sector is due solely to the spread of the
COVID-19 pandemic and related restrictive measures.
After all, 2020 turned out to be a difficult year for agri-
cultural producers. The crisis situation coincided in time
and space with unfavorable weather: a low-snow winter,

cold and rainless spring, which slowed down the growing
season of plants, the need to re-sow; the transfer of the
harvest period to later periods; the drought, which led
to a decrease in yield and even to a complete loss of crops
in the southern regions of Ukraine.
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ArpapHuu cektop YKpaiHu B yMoBaXx nowmpeHHa COVID-19 Ta o6MeXxXyBanbHUX
KapaHTUMHHUX 3aXOAiB: MeTOAO0NOriYHiI 3acaau eMnipUYHOro ouiHIOBaHHS

Hataniga IBaniBHa MaTtuka, Onbra BacunisHa Xopakiscbka,
Onekciit MukonaioBuy MorunbHuii, Mukona IeaHosuu lyravos

HauioHanbHMI HayKoBMIA LEHTP «IHCTUTYT arpapHOi eKOHOMIKMU»
03127, Byn. lepois O6opoHu, 10, M. Kunis, YkpaiHa

AHoTauiga. BHacnigok HeraTMBHOro BNAMBY NaHAEMIYHUX 0OMEXeHb Yepes NoLMPeHHs 3axBoptoBaHHs COVID-19
BiAOYBAETLCS CMaf CBITOBOI EKOHOMIKM, LLLO CPUYMHMUIO HASIBHICTb PEANbHUX PU3KMKIB | 3arpO3 PO3BUTKY YKPATHCbKOTO
arpapHoro cektopy. BusHaueHHs UMX PU3KKIB | 3arpo3, OLIHIOBAHHS BMAMBY YMHHWMKIB MOLUMPEHHS MaHAeMil
COVID-19 Ta 3anpoBamKeHUX Yy BiANOBiAb KAPAHTUHHMX 3aXOLiB Ha arpapHuit CEKTOp € BaX/IMBOK npobnemoto
arpapHoi NoNiTMKMK, WO NoTpebye CNpsMyBaHHS MAaKCMMYMY 3YCUJIb HA CBOE BMPiLLEHHS. MeTo CTaTTi € y3araibHUTU
MeTOL0/0r4YHi OCHOBM OLLiHIOBAHHS BM/IMBY 0OMeXyBanbHUX KapaHTUHHMX 3axoais 2020-2021 pp., noBa3aHuXx 3
nowupeHHam naHaemii COVID-19, nna arpapHoro cekTopy eKoOHOMiku YKpaiHu, 06I'pyHTYBaTM 3aCafm BU3HAUYEHHS
KpUTepiiB Ta iHOAMKATOPIB BNAMBY Ta 34INCHUTKU TX eMMNipuyHe BUMIiptoBaHHS. [pn y3aranbHEHHI TEOpEeTUYHUX i
METOAMYHUX aCNeKTiB AOCNIIKEHHS BUKOPUCTAHO aHaNi3 i CUHTE3, iIHAYKLI0 M AeAyKLito, aHANOri0 Ta NOPiBHSAHHS.
3 MeTol AiarHOCTUKM OMHAMIKM €KOHOMIYHUX MOKA3HMKIB B aHANITUYHUX AOCAIAXKEHHAX 3aCTOCOBAHO €KOHOMIKO-
CTaTUCTUYHI MeToan. Hu3ka npuiioMiB abCTpakTHO-N10MYHOMO IHCTPYMEHTaPito A03BOANAN CHOPMYOBATH NMPOMIXHI I
NPUKiHLEBI BUCHOBKW. YLOCKOHANEHO METOAONOrYHI 3aCaM, HAYKOBO-METOAMYHI Ta NPAKTUYHI NiAX0AM A0 OLLIHIOBAHHS
BM/IMBY 0OMeEXYBaNbHUX KapaHTUHHMX 3axoaiB 2020-2021 pp., noB'3aHux 3 nowmnpeHHaM navgemii COVID-19, ans
arpapHoOro CekTopy eKOHOMIKM YKpaiHU LWAAXOM OBrpYHTYBaHHA ONTMMANbHOMO IHCTPYMEHTAPIit0 AOCHIAXKEHHS,
BMOKPEMJIEHHS HAMiHPOPMATUBHILLMX MOKA3HWKIB Ta iHAMKaTOpiB. O6rpyHTOBAHO, LU0 3 MO3MLLIM KOMNIEKCHOO MiaXoay BCi
NOKa3HWKM,Ki € Mipunom Bnaney nolumnpeHHs COVID-19 Ta 06MexyBanbHUX KAPAHTUHHMX 3aX0LLiB HA PO3BMTOK arpapHOro
CexTopy, AOLiNIbHO PO3MSAaTh Y BiANOBIAHOCTI A0 LiSIbOBUX CEFMEHTIB OLIHKM 3MiH Ha Makpo- i MiKpOpiBHAX. 30KpeMa:
MaKpOEeKOHOMIiYHi TeHAeHLiT eeKTUBHOCTI rocnofaproBaHHS; NiANPUEMHMLBKA aKTUBHICTb; 30BHILIHbOEKOHOMIYHA
LiaNbHICTb; COLianbHO-TPYAOBI BiAHOCMHM; GiHAHCK Ta iHBECTULIT, AepXKaBHa NiATpuMMKa Towo. [poBeaeHni aHanis
MOKa3as., WO NOCTYNaNbHUM PO3BUTOK CiNIbCbKOrO rocnoaapcTsa Ykpainu npotaroM 2020 p.y 383Ky 3 KAPaHTUHHUMMU
0OMEXeHHIMU AEeMOHCTPYBAB CTPYKTYPHI, EKOHOMIYHI 1M diHaHCOBI edekTu (pe3ynbTaTh) HU3XIAHOMO XapaKTepy.
MepcneKTMBHUMU HAMPsSIMaMM MOAANbLUMX HAYKOBUX PO3BiLOK Y LibOMY HanpsMi Cnif, BKa3aTi po3pobKy KoMnaekcy
CTpaTeriYHMX 3aX0A4iB LWOAO0 MiHIMI3aLiT pu3uKiB Ans arpapHOro cekTopy YkpaiHu Mif vac Ta nicns 3aBepLieHHs NaHaeMil
COVID-19

Kniouogi cnoBa: arpapHuii cektop, naHaemis COVID-19, kapaHTUHHI 06MexyBasbHi 3aX0AM, 30BHILLHI LLOKM, BHYTPILLHI
YMHHWKM BMAWBY, METOA, OLLIHKOBAHHSA
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INTRODUCTION

The problems that have been accumulating in Ukraine in
the environmental sphere for a long time have a nation-
wide scale and require fundamental official recognition,
serious attention, and further solution from society. The
seriousness and importance of this issue are evidenced
by the fact that it is one of the priorities of the President
of Ukraine, who by Decree of March 23,2021,No.111/2021
put into effect the decision of the National Security and
Defense Council of Ukraine “On Challenges and Threats
to the National Security of Ukraine in the Environmental
Sphere and Priority Measures to Neutralise Them” [1],
which encouraged researchers and civil servants to join
the discussion and strengthen the investigation of this
area. The head of the All-Ukrainian Ecological League
T. Tymochko notes that “environmental security is rec-
ognised as an important component of national security
of Ukraine™ [2].

Therewith, the problems in the field of environ-
mental protection (EP) that humanity is currently facing
constantly generate new challenges and necessitate new
scientific approaches to ensure interaction between eco-
systems, on the one hand, and the population, on the
other. In the current market conditions, the question of
revising or even developing a new approach to evaluating
the interaction mentioned above arises. The formulation
of such a problem and its solution are highly relevant
for modern Ukraine, which is explained by a number of
circumstances: historical indifference to environmental
issues, environmentally outdated technologies, inade-
quately low environmental taxes, chronic budget deficit,
and, as a result, the financial inability to provide envi-
ronmental programmes, including relevant studies, lack
of political will to fundamentally resolutely change the
situation in this area. This problem is becoming even more
relevant, considering the decentralisation transformations
in Ukraine. In the Constitution of Ukraine [3]: Articles 142
and 143; in the Civil Code of Ukraine [4]:Art. 319 (p. 1, 5),
Art. 324 (p. 1, 2, 3); in the Law of Ukraine “On Local
Self-Government in Ukraine”[5]: Art. 26 (p. 24, 35, 36, 37),
Art. 27 (p. 2,5), Art. 28,Art. 33 (a): p. 1, 2, 3),Art. 60 (p. 1) -
local communities have the right to own property be-
longing to them. In particular, Article 142 of the Consti-
tution of Ukraine stipulates: “The material and financial
basis of local self-government is movable and immovable
property, revenues of local budgets, other funds, land,
natural resources owned by territorial communities of
villages, towns, cities, districts in cities,and objects of their
common property managed by district and regional
councils” [3]. According to the provisions of the Consti-
tution of Ukraine [3], The Civil Code of Ukraine [4], the law
of Ukraine “On Local Self-Government in Ukraine” [5], it
is established that the owner possesses, uses, disposes
of their property at their own discretion.

Consequently, natural resources are the property of
territorial communities, and their owner has the right to
dispose of them considering their (the owner’s) economic
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and other interests. To have such an opportunity (to dispose
of their own property to obtain a certain economic bene-
fit), the owner must evaluate it, that is, make a value as-
sessment of the property (assets) belonging to them. In
assessing the value of the owner’s assets, their potential
ability to be useful to the owner - to provide the owner
with acceptable living conditions should be considered.
This utility of ecosystem assets is conditioned by the fact
that they generate ecosystem services, including the as-
similation potential of such assets. However,as summarised
in the official report of the international company for the
promotion of environmental and socially responsible
development ECODIT LLC (Virginia, USA) [6, p. 15], no
serious systematic assessments of ecosystem services
have been conducted in Ukraine, so such a gap in infor-
mation on the cost of ecosystem services necessitates
developments in this area.

Ecosystem services, including assimilation and
oxygen production services, often cannot be evaluated
using the most common monetary method. Such valuation
methods have existed for a long time [7-9],and they are
used to determine the value of natural resources that are
valued as a commodity (admittedly, this is how everything
thatis valuable should be valued in a market economy).
The assimilation potential of ecosystems is quite differ-
ent, and the classical market approach is not quite ap-
propriate in this case.Nevertheless,the current methods
of evaluating it do not consider this, and, consequently,
the current methods cannot adequately assess it. The
main disadvantage of this approach is that its practical
use does not allow comprehensively assessing the eco-
system: these methods [10-13] do not cover all aspects
of the interaction between the ecosystem and consumers
of ecosystem services - territorial communities of villages,
towns, cities, districts in cities, etc.

For that reason, a need appeared to find a funda-
mentally new approach along with the task to develop
and implement new methods that would be aimed at
assessing ecosystems (and their assimilation potential)
as objects that ensure the life of people from a compre-
hensive standpoint of environmental safety. From this
position, it is necessary to find the assessment method-
ology that should be used to assess ecosystem assets
from the standpoint of environmental safety, as an ob-
ject that provides a range of ecosystem services to the
population. Thus, the value of these ecosystem assets is
determined by the value of the entire complex of assimi-
lation and oxygen-producing services provided by them
for their entire life cycle.

In the modern world, which is currently global-
ising, the issue of developing common approaches and
rules, considering the assimilation potential of ecosys-
tems, becomes more acute. This challenge is also very
relevant for Ukraine, which focuses on civilised European
standards and implements the latest approaches in nature
management to ensure the interests of the population
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of territorial communities. Therefore, it is advisable to
perform a cost assessment of the assimilation potential
of ecosystems as an asset of territorial communities, in-
cluding united ones, and other ecosystem services that
contribute to improving EP to preserve local ecosystems
in the context of decentralisation of power.

The purpose of the study is to develop the author’s
method for assessing ecosystem assets that provide as-
similation and oxygen-producing services to territorial
communities based on the analysis of methods of valu-
ation of natural resources and structuring of their sub-
stantive features.

LITERATURE REVIEW

A review of the specialised literature shows that there
are successful examples of economic assessment of eco-
system services within the framework of international and
national economic mechanisms for solving environmental
issues. “Identification and evaluation of ecosystem ser-
vices, and consequently the development of economic
and institutional mechanisms for paying for these services,
are extremely important in this context. The concept of
ecosystem services has been recognised in national en-
vironmental policies and legislation in many countries.
Activities are being intensified on a wide range of issues
related to ecosystem services, including their assessment,
identification of potential sellers and buyers and com-
pensation mechanisms, and the development of markets
for these services” [8, p. 3].

For a long time, researchers have been attempting
to develop an economic assessment of ecosystems, their
components, and services from various positions. Thus,
V.M. Zakharov and D.M. Clark conducted an integrated
assessment of the health of ecosystems and their indi-
vidual species [14]; T.I. Makeeva and G.N. Nikonova as-
sessed the anthropogenic load on the territory according
to the indicators of plant development stability [15];
O.A. Neverova performed a bioecological assessment
of air pollution by the condition of woody plants [16].
Some researchers study bioresources as components
of ecosystems. In particular, M.A. Magomedova and
K.A. Kasimova examined the properties of poplars and
their use in monitoring EP [17]; K.M.Kinzerskaya and
N.V. Vyvodtsev investigated the ecological and biological
characteristics of Populus suaveolens in conditions of en-
vironmental pollution [18]. However, while in Ukraine these
issues are just beginning to receive state and professional
attention, for example, “in the US, urban plantations are
assessed in terms of their potential for air purification,
flood protection,and increasing the value of nearby real
estate” [10]. Serious attention from the governments of
the United States, Germany, Australia, Japan, Spain, The
Netherlands, Switzerland, Norway, Finland, Sweden, Den-
mark, and the United Kingdom to projects in the field of
efficient use of ecosystem assets and increasing funding,
in particular, forestry, is noted in [8, p. 94-95].
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From the standpoint of ensuring environmentally
sound human behaviour, on the example of fisheries,
C.E.Hunter and M. Lauer [19] explore the value of eco-
system services, emphasising the importance in natural
fisheries of mastering and developing unique ecosystem
services for the supply of goods (fish resources) that people
receive from nature (ocean). In [20],Japanese researchers
prove the feasibility of involving municipalities in eco-
system management and propose appropriate official
state measures.The need for systematic development of
national parks in China and the role of local communities
in this, the reform of environmental policy and practice
based on these principles, are discussed in [21]. En-
vironmental initiatives in the field of managing local
ecosystem services in the format of public activities of
the Brazilian population are presented in [22].1t is proposed
to conduct seminar cycles in rural areas of Costa Rica to
introduce the latest mechanisms (as the authors of the
alternative methodology for interaction with ecosystem
services discuss) on the interest of local communities in
solving territorial ecosystem issues and overall improve-
ment of environmental protection activities at the local
level [23]. The importance of examining ecosystem services
in the modern world is also evidenced by the holding
of official events in the format of conferences, webinars,
etc. under the auspices of international organisations [24].
Similar studies are conducted in Russia [25].

Therefore, in the modern world, increased attention
is drawn to the mechanisms for developing socio-economic
relations in the sphere of consumption of ecosystem ser-
vices by local communities, which, as mentioned above,
is also relevant for Ukrainian society. In general, the assess-
ment of ecosystem assets should take place considering
the fact that they are the object of a specific market [26]:
“the mechanism for forming ecosystem services markets
is one of the modern innovative scientific and method-
ological approaches, the essence of which is to create
new markets that would redistribute financial flows in
favour of organisations and enterprises that preserve
ecosystems and biodiversity”.

MATERIALS AND METHODS

Both general scientific methods of economic studies and
specific ones were used to conduct the study. The research
materials were the best practices of researchers in the
field of assessing the value of natural resources as eco-
system assets. A content analysis of researchers’ scientific
positions on the definition of these categories was ap-
plied to examine the essence of ecosystem assets and
their value assessment, which allowed formulating a
new vision of their essence and substantive features as
objects of the study. The theoretical investigation of the
essence of the value of ecosystem assets was based on
the concept of the predominance of essence over form,
which allowed determining the need to apply the price
concept of consumer utility. The concept of consumer utility




in relation to ecosystem assets means evaluating them
in terms of their benefits to consumers, which are territorial
communities.

Four methods of valuation of ecosystem services
are used: the method of direct market valuation; methods
of indirect market valuation; the method of conditional
valuation; the method of group valuation.The direct market
valuation is currently more well-known and familiar to
modern pricing, as it is primarily focused on modern market
conditions. From the standpoint of direct market valua-
tion, natural resources are a commodity that can be sold
or leased, etc., but it does not consider a great number
of aspects that are not directly related to the market en-
vironment. All methods of cost assessment are aimed at
achieving one goal - determining the value of the object,
but their economic essence differs in that each of them
is based on its individual methodological approach and
diverse financial and economic tools.

Financial and economic tools, which are somewhat
specific in a particular valuation method, should be used
to perform the valuation of an object. For example, if the
cost method is considered, then these tools are expenses;
as for the method of discounting cash flows, they are the
discount rate, net cash flow, and the term of discount-
ing; in the method of futures contracts - other tools. Fi-
nancial and economic tools can also be the initial data
for calculation. The actual process of discounting cash
flows can be an economic tool, and the initial data is
the discount rate, cash flow, and the period of its dis-
counting. To compare these methods, classical methods
of analysis and synthesis, logical comprehension, and
segmentation by their substantive features were used.

In the course of the study, systematic and integrated
approaches are used, which is conditioned by the systemic
and diverse nature of both ecosystem assets and the
composition of the ecosystem services that generate these
assets. In contrast to the current estimates of the value
of such assets, the use of systematic and integrated ap-
proaches allows considering the entire range of eco-
system services that ecosystem assets provide to terri-
torial communities, including assimilation and oxygen
production.

The development of a valuation of ecosystem as-
sets involves the use of analytical and calculation meth-
ods and the use of appropriate formalised procedures.
The long period of functioning in the useful state of the
studied ecosystem assets has necessitated calculations
with discounting of the cost of ecosystem services that
are remote and somewhat ‘extended” in time. Forecast
calculations of the value of ecosystem assets should
consider the probabilistic nature of the impact of objective
and subjective factors that individually or in combina-
tion affect the studied cost indicators. Therefore, they
are evaluated using classical methods of financial risk
management theory, in particular probability theory and
the pragmatic risk method (Hurwitz method). The scientific
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and logical substantiation was applied to develop propos-
als for changing environmental taxation in the context of
accounting for the value of ecosystem assets in tax norms.

RESULTS AND DISCUSSION

Methodological approaches to identifying and evaluating
ecosystem assets of territorial communities

In the context of Ukraine’s strategic progress in the EU,
appropriate innovations are being introduced to pre-
serve ecosystems and ensure the competitiveness of
Ukrainian enterprises. In Ukraine, theoretical, method-
ological, and methodological approaches to the valuation
of easily vulnerable ecosystems, ecosystem assets of
territorial communities, ecosystem services, ecosystem
capital that provides ecosystem (including assimilation
and oxygen production) services to the population have
begun to be developed at the academic level, which is a
considerable shift, albeit belated compared to econom-
ically developed countries. Today, the valuation of eco-
system assets can become an effective tool for making
informed management decisions for their rational use and
preservation of ecosystems.

The object of valuation is an ecosystem asset (cap-
ital) that provides assimilation and oxygen-producing
services to territorial communities. Based on the price
theory of utility, it is necessary to determine the essence
of ecosystem services to assess ecosystem assets: ‘eco-
system services should be defined as economic benefits
that economic entities receive from the use of existing
ecosystem functions, and those developed as a result of
generation, restoration, support, regulation of ecosystem
processes” [8, p. 12]. Therefore, the economic (cost) as-
sessment of ecosystem capital should be conducted by
determining the cost of ecosystem services that it is ca-
pable of providing to society (territorial communities)
during its life cycle.

The proposed methodology is based on the cost
of ecosystem services, with an ecosystem asset having
value as long as it provides environmental services to
the population. Therefore, the essence and substantive
features of the method are as follows: an object (ecosys-
tem asset) is evaluated through the cost of ecosystem
services, as long as it has the ability to provide them. It
is advisable to specifically consider a simple example: if
the forest absorbs CO, and emits O,, it provides ecosystem
services (assimilation and oxygen production), that is, as
an ecosystem asset, performs certain functions.

Notably, an ecosystem asset (capital) is also capa-
ble of assimilating harmful substances and improving
EP. Therefore, it is necessary not only to assess the as-
similation potential of ecosystems but also to consider
it comprehensively, that is, for example, to assess the
release of oxygen by plants, which should also be in-
cluded in the ecosystem services of these ecosystem
assets. This corresponds to the principle of complexity
because, from the standpoint of environmental safety,
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ecosystems should be evaluated as an object that ensures
the life of the population by providing the latter with a set
of ecosystem services.

Based on this, the following, relatively more capa-
cious, definition of the object to be assessed (ie which
is the object of valuation) is formulated: ecosystem as-
set (capital), which provides assimilation and oxygen
production services to the population is a set of natural
resources, which, in close cooperation with each other,
are capable of providing ecosystem services to the pop-
ulation (including local communities): capturing and
absorbing harmful emissions, enterprise and household
emissions, digesting waste (ie assimilation services),
emitting oxygen into the atmosphere, etc. The assimilation
potential of ecosystems is a component of an ecosystem
asset (capital) that provides ecosystem services to the
population. Ecosystem capital can include the sea, forest,
and other ecosystems. For a brief explanation, some good
examples can be provided: a tree simultaneously absorbs
greenhouse gases (CO, and others) and at the same time
releases oxygen; sewage is dumped into the sea, and it
digests them.

The following substantive features of methods and
parameters for assessing ecosystem assets of territorial
communities are determined (systematised list) based
on these positions:

1) the property-legal feature, i.e., ecosystem assets
and assimilation potential of ecosystems is the property
of territorial communities, which should be assessed; that
is, the feature is a property right;

2) a feature according to the “polluter pays” principle:
methods for assessing ecosystem assets and the assimi-
lation potential of ecosystems should be based on the
“polluter pays” principle (that is, considering the fact that,

for example, someone would pollute the lake, etc.);

3) a feature in accordance with the principle of pre-
serving ecosystems and their assimilation potential for
future generations (especially today, this applies to forests
that are mercilessly cut down in Ukraine, so the assessment
of forest ecosystems should be based on this feature);

4) assessment of all components of ecosystems, in-
cluding bioresources that are living organisms;

5) a substantive feature of the efficiency of using
ecosystems, that is, in market conditions, it is advisable
to determine how effectively ecosystems are exploited
by territorial communities.

Analysis of methods for assessing ecosystem assets of
territorial communities and determining their substantive
features

To analyse the methods and their substantive features,
their classification is conducted, their essence is inves-
tigated, and the possibilities of practical use are deter-
mined (Table 1). A comprehensive analysis of methods for
assessing both ecosystem services and the assimilation
potential of ecosystems was conducted in the following
areas: the economic essence and target orientation of
methods for assessing ecosystem assets; the substantive
features of existing methods for estimating ecosystem
assets of territorial communities and the assimilation po-
tential of ecosystems; the fundamental methodology and
tools (financial and economic tools); the disadvantages
of these methods of assessment and the possibility of
their elimination to improve the accuracy of calculations;
the level of acceptability of assessment methods for their
application in Ukraine; the differences of methods from
each other and their adaptation to market conditions of
application.

Table 1. Substantive features of methods and parameters of assessment of natural resources and determination
of possibilities of their use for valuation of ecosystem asset (capital), which provides ecosystem services
to territorial communities

Method for evaluating
natural resources

Substantive features of the method (methodology and
financial and economic tools)

Possibility of use

1. Market (marketing) methods (economic), in which the methodology is to estimate the expected income

1.1. Market price method

Income, market prices, prices for goods and services on
domestic and global markets (tools)

1.2 Shadow price method

Revenue, shadow prices — market prices adjusted for transfers,
market failures, and policies (tools)

Rent method (rent
estimation method or
cash flow discounting
method)

13

Income, rent (tools). Economic rent - the price or rent paid for
the use of natural goods, the number of which is limited

It is possible, but not in all cases
because the term of use of soil
or aquatic ecosystems can be
1000 years or even endless

Income, cadastres (tools);
1.4 Cadastral method

methodology: a regulatory assessment of their value based

on the possibility of generating income from the use of these

resources

Method of production

L5 functions

Revenue, production functions (tools);
methodology - modelling changes in economic results -

depending on the contribution of resources and functions
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Table 1, Continued

Method for evaluating

No.
natural resources

Substantive features of the method (methodology and
financial and economic tools)

Possibility of use

2. Cost methods (economic), in which the methodology is to determine the amount of costs for the maintenance of goods rather
than the evaluation of the goods themselves, in the absence of markets for goods, services, and benefits

Replacement cost

21 method

in the ecosystem

Replacement costs (tools). The replacement cost method
determines the cost of artificially replacing goods and services +

2.2 Recovery cost method Reproduction costs (tools)

Relocation costs (tools);
2.3 Relocation cost method
objects

the relocation cost method determines the cost of relocating -

Preventive costs (tools);
2.4 Preventive cost method

methodology: identification of the costs of damage prevention,
degradation of environmental services

(Partially) possible (to assess
potential damage, but not
to assess the usefulness of
environmental services)

2.5 Averted damage method Damage prevention costs (tools)

Possible (the same as 2.4)

3. Comparative methods (economic), in which the methodology is the use of one or more methods based on the comparison of this
natural resource with similar already estimated

3.1 Method of analogies Analogies (tools)

Replacement of products (tools);
methodology: information about the relationship between
a product that does not have a market and a product that has

Product replacement

3.2. method

a market is used

4. Methods of conditional assessment (sociological), in which the methodology lies in conducting various types of sociological surveys,
among which one of the main is the concept of willingness to pay and the method of transport and travel costs

Subjective preference Subjective preferences (tools);

4.1 method (willingness to

pay) preferences

methodology: the subjective value estimation method involves
constructing a hypothetical market to identify consumer

Travel expenses (tools);

The method of transport

methodology: the willingness to pay for environmental

4.2 and travel costs benefits located in a particular place is evaluated based on -
information about the time and money spent on visiting that
place
e Hedonistic pricing (tools); It is impossible to apply it to
4.3 Hedonistic pricing methodology: assessment of environmental goods at real avoid inefficient management

method estate or labour market prices

decisions in modern conditions

Source: developed according to [10-13]

A) Table 1 shows that the most optimal methods
for assessing the ecosystem assets of territorial commu-
nities in modern conditions are cost methods: replacement
cost method and recovery cost method. The essential fea-
tures of the cost method are a determination of the cost
of cleaning atmospheric air, water, and soil; the cost of
protecting public health; the cost of restoring disturbed
territories if the ecosystem is vulnerable, depleted, and
ceases to self-clean and provide waste assimilation ser-
vices, etc.

The assessment of ecosystem assets of territorial
communities should be conducted using other methods
than the assessment of natural resources, because they
are not a commaodity that can be sold or bought, donated,
leased, etc., so if the use of more effective methods is not
possible, the method of preventive costs or the method
of averted damage should be applied. It should be noted
that the consideration of only possible losses from any
negative changes in the environment substantially limits

the value of ecosystem assets because in this case the
positive (useful) influence of the latter on the territorial
community is not considered at all (which violates the
principle of systematic consideration of the ecosystem
that provides ecosystem services).

B) Market methods cannot be used for such an as-
sessment. The market price method has market prices as
substantive features, that is, it considers only monetary
indicators set by the market and ignores an important
component of ecosystem services, which is assimilation
potential.

However, in some cases, the method of discounting
cash flows can be used, but it is advisable to carefully
determine the term of use of soil or aquatic ecosystems
because such a period can be 1000 years or even endless.
Since this method is quite widely used for assessing
natural resources, an analysis was conducted, and sub-
stantive features of the cash flow discounting method (rent
valuation method) were determined. Thus, the economic
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essence of the cash flow discounting method is to bring
future receipts (net cash flows without taxes and fees)
to the present point of time (at the valuation date, i.e., to
date) by discounting.

The calculation for determining the value of ecosys-
tem assets of territorial communities using the method
of discounting cash flows can be the most accurate and
most acceptable if this refers to a natural resource as
a commodity, but it cannot be applied to assess the as-
similation potential of ecosystems, because the essen-
tial features (tools) of this method are annual net cash
flow, discount rate, and discount period. To apply this
method, it is necessary to determine the term of use of
ecosystems or their services, or ecosystem capital that
provides environmental services to the population, or the
assimilation potential of ecosystems. There is a specific
period for the extraction of minerals or the use of forest
resources, for example, a license for the use of mineral
resources is granted for 20 years. When using forest re-
sources, it is advisable to know the time when the crowns
close, etc. In other words, it is known on a planned ba-
sis for what period it is worth discounting cash flows.
However, it is not possible to estimate the absorption of
carbon dioxide (CO,) and oxygen release.

The cash flow capitalisation method is not suitable
for making such estimates.

C) Comparative methods: evaluation should not be
used in this case.

D) Conditional evaluation methods cannot be used
either. For example, hedonistic pricing method (price ad-
vantages) has a different set of tools. Its substantive
features are that environmental benefits are evaluated
at the prices of the real estate market or the labour
market [12, p. 92]. In other words, the ecosystem assets
of territorial communities can be evaluated using this
assessment method. However, in the current economic
conditions of Ukraine, the use of the hedonistic method
can lead to an insufficiently accurate assessment of eco-
systems and the adoption of inefficient management
decisions. With regard to assessing the assimilation po-
tential of ecosystems using this method, it is worth noting
that there are no relevant specific opportunities or examples.

Essential features of the method of transport and
travel costs are transportation costs, vacation expenses,
etc.; therefore, applying this approach is also quite prob-
lematic. There is also a conditional survey method and
others, but they would not allow for an accurate assessment
of the assimilation potential of ecosystems. Therewith,
Ukraine has been using existing methods for estimating
land, forests and other isolated natural resources for many
years,but it is incorrect or even impossible to estimate
the value of ecosystems or ecosystem services on these
grounds because they are designed to assess a natural
resource as a commodity, not as an object that ensures
the Life of people from the standpoint of environmental
safety, which digests harmful emissions (and releases
oxygen), discharges into reservoirs, waste.
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The above refers to the practical use of mainly
market-basedorcost-basedpricingmethods,despitethe
fact that,as noted above, this is not an adequate approach
to evaluating ecosystem assets that generate and pro-
vide ecosystem services to consumers. Ecosystems meet
the needs of the population, that is, they ensure the life
of people from the standpoint of environmental safety,
hence the methodology should be different. Collectively,
land, water, forests form ecosystems, but the value of
the system of objects can not become the value of the
ecosystem,and it is advisable to develop fundamentally
new methodological approaches to assessing the eco-
system as an object that ensures human life, using new
financial and economic instruments [27].

However, there are still attempts to use valuation
methods from classical economic theory to evaluate eco-
systems or their services exclusively as goods that can be
sold, bought, rented, exchanged, bequeathed, etc. [10-13].
However, it is impossible to adapt such methods to as-
sess the assimilation potential of ecosystems or other
ecosystem services, because it is necessary to evaluate
an ecosystem asset (capital) as an object that provides
environmental services: absorption, neutralisation, diges-
tion, etc. It should be emphasised that completely dif-
ferent methods of assessing the ecosystem are needed
(in relation to which the author’s attempt was made)
because an ecosystem is a set of living organisms that
have adapted to living together in a certain habitat, form-
ing a single whole with it. It is substantiated that the
practical implementation of the valuation of such assets
should be based on the theory of utility. However, such
a value estimate cannot be complete in relation to an
ecosystem as an object that provides environmental ser-
vices. As noted above, plants not only absorb and retain
CO,, but they also release oxygen. Therefore, it is necessary
to determine the cost of working with the assimilation
potential of ecosystems and the cost of oxygen production
by the ecosystem. The cost of oxygen can be estimated,
for example, as the cost of its production using oxygen
separation plants or other methods.

Substantiation of the author’s methodology for estimating
the value of ecosystem assets

The analysis of existing methods of estimating the value
of ecosystem assets allowed assessing their feasibility
in practice and substantiating the scientific basis for chang-
ing the prevailing price concept in science in estimating
the value of these assets. This refers to the fact that in
economics two classical price theories coexist: cost and
marginal utility (value). Upon comparing the views of
modern supporters of “‘cost” and “value” approaches to
price formation, O0.0. Orlov and Ye.H. Riasnykh note that
modern authors are clearly divided into two camps - some
assert that prices should be formed based on costs, and
others that the basis of pricing should be “value”, but
emphasise that the ‘cost” is predominant in practice [28,
p. 35]. Other researchers also cover this [29, p. 255].




[. Homyn wrote about the dualism of pricing and the
possibility of comparing the exchange value of goods
and its usefulness [30, p. 44]:

Pu=C 1)

where Pu - physical utility of goods; C — exchange value
of goods.

The inadequacy of market methods for valuing
ecosystem assets is compared to “market failures”, and
the inaccuracy of conventional methods of valuing eco
resources is that they are mainly based on consumer
prices of these resources, the cost of their use, for which
it is necessary to know their market price. Evidently, this
approach considers only a small part of the real value
of natural goods, since the market does not know how
to adequately assess them. In this regard, the concept
of common economic value is widely used in the world,
which allows approaching the assessment of biological
resources more comprehensively, considering not only
direct resource but also assimilation functions, natural
services, and the “cost of consumption”[31, p. 120-121].

In this sense, it is worth noting that an ecosys-
tem asset should be considered from the standpoint of
eco-safety, so the methods of its assessment should be
based on the theory of consumer utility. An ecosystem
asset is not an ordinary market commodity, but it has
consumer utility, so the utility theory is suitable for its
assessment, which is what further study is based on.The
utility of an ecosystem asset lies in the fact that it nat-
urally generates ecosystem services for consumers (the
population).

Thus, the essential feature of such a method would
be that the ecosystem asset (capital) is valued for the
entire period of its existence through the value of eco-
system services it provides (as opposed to the assessment
of natural resources as a commodity). Given that the as-
sessment must take place over the entire period when
an ecosystem asset provides its services to consumers (and
such a period can be measured in tens of years), the
methodology of this assessment requires the use of the
discounting method mentioned above. This would allow
evaluating future ecosystem services at the time of valuing
the ecosystem asset.

For a fairly long period of time, during which the
ecosystem asset is assessed, in addition to discounting
the value of ecosystem services, it is also necessary to
consider the risks and any negative deviations in the pro-
cesses of consumption of ecosystem services. Notably, the
above refers to objective and subjective factors influenc-
ing the ability of ecosystem assets to generate ecosystem
services for consumers. The natural, climatic, and weather
conditions of the functioning of these assets are considered
to be objective influencing factors, while the decisions
and actions of state institutions, regulatory authorities,
including even consumers of such services, to be subjective.
The subjectivity of such influence is conditioned by the
fact that these entities may have their own interests and
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goals, which do not always coincide with the conditions
for ensuring the rational use of the potential of ecosystem
assets.

Therefore, it is necessary to consider the risk of
consumers not receiving the desired ecosystem services,
which makes it necessary to appropriately adjust the ap-
proach to assessing ecosystem services and apply a certain
risk factor. Methodically, this is ensured by using the theory
of risk management and predicting the level of short-
fall in ecosystem services over a certain period of time.
The importance of the risk factor is enhanced both by
the relatively long period of study of ecosystem assets
and the existing objective uncertainty of their functioning.

Development of the author’s methodology for evaluating
assimilation and oxygen-producing services of forest eco-
systems

The above scientific basis for assessing ecosystem assets
is implemented in this study using the example of forest
assets. The evaluation procedure is developed on the
above-mentioned scientific and theoretical provisions:
application of the price concept of consumer utility; con-
sideration of the life cycle period of an ecosystem asset;
assessment of the fair value of ecosystem services as a
result of the functioning of an ecosystem asset; discounting
of the specified cost of ecosystem services, considering
a fairly considerable period of functioning of an ecosys-
tem asset. |.K. Bystryakov and D.V. Klynovyi also wrote
about the need for discounting within the ecosystem
capital assessment procedure [32], but their formulas have
gross errors from an economic standpoint, so it is impos-
sible to focus on their methodology; forecasting and
appropriate calculation of emergencies (that is, the risk
of not receiving ecosystem services for of both objective
and subjective reasons); consideration of the specific as-
similation properties of particular ecosystems.

The cost of an ecosystem forest asset from an
ecological and economic standpoint consists of the cost
of assimilation and oxygen-producing services of forest
ecosystems. The following substantive features of the
assessment method are considered to perform a cost
assessment of ecosystem capital (in this case, forests) that
provides ecosystem services to the population:

— years required for forest growth;

—the annual ability of trees to absorb CO, (to calculate
this indicator, it is advisable to multiply the number of
years required for forest growth by the amount of CO,
absorption per year and the cost of quotas for greenhouse
gas emissions into the atmosphere);

— the tree simultaneously absorbs co, and releases
oxygen;

— bushes absorb less CO, compared to trees, they emit
less oxygen, so differentiation in calculations is necessary;

— the cost of oxygen production is determined based
on data on the operation of converter oxygen separation
plants, etc.; and other methods can be used to determine
the cost of oxygen production.
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It is necessary to calculate the costs associated
with the absorption of CO, and the costs associated with
oxygen production; that way the methodology for es-
timating the ecosystem capital that provides environ-
mental services to the population considers the cost of
greenhouse gas absorption (CO, and others) plus the cost
of releasing oxygen. Consequently, properly selected meth-
ods of cost assessment of the assimilation potential of
ecosystems would allow for an adequate cost assessment
and contribute to maintaining a balance between the
man-made load and the recovery potential of ecosystems.

The author’s method of determining the value of
forest ecosystem assets (plants) of territorial communities
that provide assimilation services to society is based on
the price concept of utility; and their value is determined
by the cost of ecosystem services that he (ecosystem as-
set) provides to society throughout its life cycle. One of
the author’s methodological approaches to valuing the
assimilation potential (AP) of ecosystems as an asset
of local communities is to determine the “work” of AP
forest ecosystems or plants, which can be indicated in
the form of formula (2):

C 1
Crsre = D ige Mo (Ceoe e (€ Cor )
1

where C, . - the cost of assimilation services (work of
assimilation potential) of forest ecosystems for the en-
tire period of functioning of the forest ecosystem, UAH.;
(Mco,), - mass of carbon dioxide emissions (CO,), which
is absorbed by plants per year t, t/ha/year; (Cco,), — cost
of carbon dioxide (CO,) per year t,determined based on
the price of quotas for carbon dioxide emissions, UAH/
tonne; S, - area of the forest ecosystem, ha; i, - discount
index for the year t; t — year of the life cycle of plants
in the forest ecosystem (trees, undergrowth, grass tier),
years; (Cp)t - coefficient of emergencies (risk of shortfall
in ecosystem services) in the year t of the life cycle of
plants of the forest ecosystem (trees, undergrowth, grass
tier), determined by the expert method of predicting the
influence of objective and subjective factors on the effi-
ciency of the functioning of the forest ecosystem; C, - co-
efficient that characterises the assimilation properties
of natural areas where ecosystems are located, such as
forest-steppe, mixed forests, etc.

The author’s method of determining the value of
forest (plant) ecosystem assets of territorial communities
that provide oxygen-producing services to the popula-
tion is based on the cost of these services. In turn, the
cost of oxygen-producing services of forest ecosystems
(plants) can be determined by the formula (3):

o1
Cosre = Ty (Mo (CoeSpe G

where Cosee = the cost of oxygen-producing services of the
forest ecosystem for the entire period of its operation,
UAH; (Mo,), - oxygen volume (0O,), which is released per
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year t from 1 ha of plantings surface, t/ha/year; (Co,), -
the cost of oxygen (O,) per year t, is determined: ei-
ther 1) based on the price of quotas for carbon dioxide
emissions; 2) according to data on the implementation
of natural photosynthesis — planting and conservation
of forests; 3) according to the passport data of the op-
eration of an air separation plant in metallurgical pro-
duction, in coke chemistry, medicine; or 4) according to
the passport data of the operation of an installation for
artificial photosynthesis), UAH/tonne. On this basis, the
total cost estimate of the forest ecosystem C, equals (4):

1

Cre = Casfe + Cosfe = 2?(1+—it)t *(Mco,)e - (Cco, )t -
1 (4)

: Sfe : (Cp)t ' Cpr + Zrllm : (MOZ)t : (COZ)t :

’ Sfe ’ (Cp)t

Practice and prospects of introduction of the author’s
methodological approach to the assessment of the ecosystem
asset of territorial communities

Testing of the developed methodology was conducted
on the example of poplar alley, which is part of Taras
Shevchenko Boulevard, located in Kyiv. The properties
of poplars and other plants are analysed to perform a
correct cost assessment of the assimilation potential of
green spaces. Green spaces use their functions to purify,
moisten, and enrich the soil and air, change the tempera-
ture and radiation regime, and reduce noise and wind
strength.

It is advisable to pay special attention to various
types of poplar (for example, Populus suaveolens) because
they are leading in the purification of air among trees.
Due to their cleaning properties, poplar plantings restrain
toxic fumes and gases, preventing them from spreading.
These trees are able to neutralise and absorb harmful
compounds from the soil and air. The essential role of this
tree is evidenced by the following statements of experts:
due to the active photosynthetic apparatus, poplars process
a huge amount of carbon dioxide and emit a lot of oxy-
gen [18],and one poplar produces as much oxygen per
season as one person needs per year [33]. Such properties
of poplars determined the field of assessing the assimila-
tion potential for these trees.

For the development of this method of assessing
ecosystem capital that provides environmental services,
a cost assessment of the assimilation potential (capital)
of an individual ecosystem was conducted using the
example of the poplar alley on Kyiv’s Taras Shevchenko
Boulevard.

If in rural areas in most of the territory of Ukraine
there are green spaces that provide relatively clean air,in
cities and mining regions the number of forest and park
ecosystems is insufficient, so the air there is polluted. In
Kyiv, from Khreschatyk Street to Victory Square in the
middle of Taras Shevchenko Boulevard, there is the poplar
alley with a length of 1.8 km and an area of 3.0 ha.




550 poplars grow on Taras Shevchenko Boulevard in
Kyiv. Poplar alley is a park ecosystem and an ecosystem
asset of the territorial community of the Shevchenko
district of the city, which is confirmed by the memorial
sign installed by the state - “State nature monument of
local importance”.

The boulevard was built as a city street in the
1830s. Simultaneously with the construction of the build-
ing of the University of Kyiv on the neighbouring Volo-
dymyrska Street, an alley was planted in the middle of the
street - first chestnuts, then, from the 1840s, poplars.
By the decision of the Executive Committee of the City
Council of March 20, 1972, No. 363 Taras Shevchenko
Boulevard was included in the list of territories and objects
of the nature reserve fund of Ukraine as a botanical
monument of nature of local importance. The length of
the poplar alley on the boulevard is about 1.5 km.

The following data and assumptions were used
to calculate the cost of assimilation services of the poplar
alley of Taras Shevchenko Boulevard:

— mass of carbon dioxide emissions absorbed by
poplars of the poplar alley of Taras Shevchenko Boulevard
in Kyiv, 40.0 t/ha/year;

— the cost of quotas for carbon dioxide emissions,
UAH/tonne — 30 EUR [34];

— the area of poplar plantations in the poplar alley
of Taras Shevchenko Boulevard in Kyiv - 3.0 hectares;

—the life cycle of poplars is more than 40 years (poplars
can live for an average of 60 years, but in the city — much
less; in Kyiv, poplars are often cut down and new ones are
planted immediately);

—the discount rate (or, synonymously, capitalisation)
“should be set, considering the existing experience of
assessing natural resources, primarily the World Bank,
in relation to the social rate of return on investment
(SRRI = Social Rate of Return on Investment). According
to the recommendations of this institution, the capital-
isation ratio for developed countries is at least 4%, for
developing countries, — a maximum of 7-9% [32, p. 51].
The value of this coefficient is substantiated by the level
of the inflation index, which, according to the forecast
of economic and social development of Ukraine for 2022-
2024 [35], respectively by years, is: 2022 - 7.2%, 2023 -
6.0%, 2024 year — 5.2%, average - 6.13%; the average
coefficient of 0.0613 (this value, apparently, meets the
modern requirements of the World Bank) is taken in this
paper for further calculations. Notably, similar studies of
the economic assessment of forest ecosystems in reg-
ulating the composition of atmospheric air (using the
discounting method) have been conducted before: for
example, [36], but the authors of this study chose bank
percentage, which cannot be considered scientifically
correct in relation to assessing the value of ecosystems
or their services because it is not an investment project,
the effectiveness of which must be compared with an
alternative option for bank depositing funds or some
other. The use of ecosystem potential and the provision
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of services to consumers by ecosystems has prevailing
environmental and social effects, not purely economic
ones. This gives grounds to assert that the discount rate
for ongoing study does not require the inclusion of al-
ternative profitable components in its composition;

— the coefficient that characterises the assimilation
properties of an ecosystem (forest-steppe), according to
various sources, differs slightly in its value. Thus, accord-
ing to Appendix A DBN B. 2.2-12:2019 [37, p. 127], the
northern (and most) part of Kyiv is located in the zone
of mixed forests (polissia) (1), and the southern (smaller)
part of the city is located in the forest-steppe zone (ll1).
According to some geographical maps, the northern part
of Kyiv belongs to the zone of mixed forests. The entire
city of Kyiv is located in the forest-steppe zone. Since
the city has much less greenery than the outside of the
city, the coefficient was used for the city of Kyiv as for
the forest steppe. Based on this, this coefficient is cal-
culated by O.M. Sukhina by determining the correlation
coefficients for considering the assimilation properties
of ecosystems (as a component of the author’s econo-
mised classification of assimilation services of ecosystems
of Ukraine) [38; 39] and is equal to K =1.060;

—the risk factor for non-receipt of ecosystem services,
as noted, is established by an expert method of predicting
the impact of factors on the efficiency of the forest eco-
system. The Hurwitz risk assessment method is used to
determine it,which allows establishing a balance between
cases of extreme optimism and cases of extreme pessi-
mism regarding the development of the studied events
in the future, involving the optimism coefficient. This
coefficient takes values from zero to one and shows the
degree of the propensity of the decision-making expert
to optimism or pessimism; it is recommended not to be
guided by extreme optimism or extreme pessimism, but
to take some average result [40, p. 41]. Given that there
are certain hopes for an optimistic development of events
in connection with the increased attention to the problems
under study on the part of officials, researchers, and the
international community, it is worth assuming and possibly
accepting this coefficient at the level of 0.8.

In addition to assimilation services, forest ecosys-
tems also provide oxygen-producing services. A similar
method is used to determine the cost of oxygen-produc-
ing services of the poplar alley of Taras Shevchenko Bou-
levard in Kyiy, for which the following data were used:
oxygen volume (O,),which is released per 1 year from 1 ha
of poplar plantings surface, (Mo,) =33.6 t/ha/year; cost of
oxygen (Co,)=1 362,9 UAH/tonne.

In the study [41], the cost of oxygen was determined
by various methods of its production: using an installation
for artificial photosynthesis, based on the price (sales) of
quotas for CO, emissions, using natural photosynthesis -
planting and conservation of forests and using an air
separation plant in metallurgical production, in coke
chemistry, medicine.

This study focuses on a method based on the
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implementation of CO, emission quotas. Thus, the Russian
power engineer V. Boldyrev [42] noted back in 2001: “If
industrialised countries are willing to pay 10 USD for
one ‘over-limit” tonne of CO,, and 0.727 tonnes of oxy-
gen are formed when this tonne is decomposed, these
countries are willing to pay 13.8 USD (10/0.727) for the
production of a tonne of atmospheric oxygen by ‘green
lungs”.

Then, if the cost of carbon dioxide (CO,) quotas
is 30 EUR/t in the EU, 1 tonne of atmospheric oxygen is
41.3 EUR (30/0.727). As of November 7, 2021, the euro
exchange rate is UAH 30.2, then 1 tonne of atmospheric
oxygen would be UAH 1,247.26. However, to assess the
value of the assimilation potential of ecosystems in the
summer of 2021, the euro exchange rate against the
hryvnia was used - 33 UAH, so this figure will be focused
on in these calculations. Then the cost of 1 tonne of
oxygen would be 1,362.9 UAH. That is, the determination

1 1
Cre = rllm (MCOZ)t : (CCOZ)t 'Sfe : (Cp)t : Cpr + Z?m (MOZ)t : (COZ)t : Sfe : (Cp)t =

of the cost of assimilation services of ecosystem as-
sets of territorial communities and the cost of their
oxygen-producing services is conducted based on the
price of quotas for CO, emissions, that is, using a single
method.

For comparison, it is advisable to substantiate
the determination of the cost of oxygen based on deter-
mining the cost of forest planting. In addition, the value
of the discount coefficient is taken in calculations for
the entire period (for all years) of the functioning of
the forest ecosystem, that is: i, = and = 0.0613; and
environmental services for this period (in any year) are
equal to those defined above the average annual, i.e.:
M,)=M,,and (M )=M,. The averaging of the vol-
ume of environmental services for a fairly long period
determines the use of annuity discounting their value.
Formula 4 can then be changed to consider the current
annuity value factor as follows:

(5)

1,
=(1-—=)/i *Sfe - €y - (Mco, - Ceo, * Cpr + Mo, " Co,)

a+m

The results of calculations of the alley’s oxygen
production services are:

1
Cre = (1 — —————-)/0.0613-3.0- 0.8 (40.0 - 990.0 - 1.060 + 33.6 - 1362.9) = 3128103 UAH, or
re = ( 1+ 0.0613)40)/ ( )

3128.1 thousand UAH

The cost of services of the herbaceous tier of
poplar alley of Taras Shevchenko Boulevard in Kyiv was
estimated in a similar way, for which the following data
were used:

—mass of carbon dioxide emissions absorbed by the
herbaceous tier, 0.6 t/ha/year [43, p. 13];

— the cost of quotas for carbon dioxide emissions,
UAH/t - 30 EUR [34],i.e.,990.0 UAH/t;

(Cfe)he =1 (

Thus, the total cost estimate of assimilation and
oxygen production services of poplar alley (together with
its herbaceous tier) of Taras Shevchenko Boulevard in
Kyiv is 3153.7 thousand UAH (3128.1 thousand UAH +
+ 25.6 thousand UAH).

The valuation of an ecosystem asset (capital) that
provides environmental services would contribute to a
sound reform of environmental tax legislation, since the
environmental payment or environmental tax act as com-
pensation for the ecosystem services used. The Tax Code
of Ukraine on Environmental Tax states the following pro-
visions of Article 242 “Object and Base of Taxation” [44]:

242.1.The object and base of taxation is:

242.1.1.volumes and types of pollutants released into
the atmospheric air by stationary sources;

242.1.2.volumes and types of pollutants discharged
directly into water bodies;
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— the area of the herbaceous tier of poplar alley
Taras Shevchenko Boulevard in Kyiv is 3.0 hectares;
— the life cycle of a herbaceous tier can be 30 years
or more;
— the coefficient that characterises the assimilation
properties of an ecosystem (forest-steppe) is 1.060.
Under these conditions, the cost of assimilation
services of the herbaceous tier of poplar alley is (Cf?)he:

1
T 71 —nneiay3o/ Y 0.6 .0-3.0-1. = 2557 . d UAH
1=0.0613)3° /0.0613-0.6-990.0-3.0-1.060 5576 UAH, or 25.6 thousan

242.1.3.volumes and types (classes) of disposed waste,
except for volumes and types (classes) of waste as sec-
ondary raw materials placed on the territories (objects)
of business entities.

As noted above, unfortunately, in Ukraine there
is no connection between the amount of environmental
tax and the cost of ecosystem services (which is assert-
ed with confident responsibility), and the rates of this
tax are introduced without any economic substantiation,
which is absolutely unacceptable. Therefore, it is necessary
to reform environmental taxation in Ukraine,which should
be based on establishing a correlation (relationship) be-
tween the cost of ecosystem services and the amount of
environmental tax, since there are much more effective
and efficient environmental payments or taxes in the
world and the government itself decides: who and how
to pay for the use of environmental services — to the




state or territorial communities. In addition, it is advis-
able to pay more attention to the conservation of eco-
systems in the mining regions [45] and areas of military
operations.

CONCLUSIONS

The object of valuation is an ecosystem asset that pro-
vides environmental services to the population, and its
component is the assimilation potential of ecosystems.
It is advisable to establish the cost of such an object by
determining the cost of its services. The paper evaluates
all currently known approaches to assessing the value of
ecosystem assets, which were divided into four groups:
marketing methods, in which the methodology is the
assessment of expected income; cost methods, based on
determining the size of costs to support goods, rather
than on evaluating the goods themselves in the absence
of markets for goods, services, and benefits; comparative
methods, which provide for comparing a natural resource
with similar ones already estimated; methods of condi-
tional assessment (sociological), the basis of which is to
conduct various kinds of sociological surveys, for example,
the concept of willingness to pay and the method of
transport and travel costs.

The analysis conducted in this paper determines
the advantages and disadvantages of these methods,
and the possibilities of their practical application. The most
correct available methods are cost-effective, but their
adequacy is not absolute. Profitable valuation methods
narrow the interpretation of natural resources to a com-
modity, comparative, and sociological ones, they are not
correct and practically unsuitable for performing a cost
assessment of the object under study. Other methods
are even more unsuitable for determining the sought
value because they fundamentally ignore the very es-
sence of the object of valuation. Whereas the essence
is that the value of an asset should be determined by
the cost (equal to the cost) of ecosystem services that
it provides to society during its life cycle; only the costs
associated with the provision of environmental services
should be considered.

Ulytskyi et al.

The proposed method of estimating the value of
ecosystem assets is based on: the application of the price
concept of consumer utility; consideration of the period
of the life cycle of the ecosystem asset; estimation of
the fair value of ecosystem services as a result of the
functioning of the ecosystem asset; discounting of the
specified value of ecosystem services, given the rather
considerable period of operation of the ecosystem asset;
forecasting and calculation of emergencies (ie the risk
of not receiving ecosystem services for objective and
subjective reasons); consideration of the specific assimi-
lation properties of specific ecosystems.

The method was tested on the example of a separate
ecosystem — the poplar alley of Kyiv's Taras Shevchenko
Boulevard, the assimilation potential of which was mea-
sured along with oxygen-producing services of this eco-
system. The assessment was conducted for trees and
the herbaceous tier of poplar alley. The total cost of this
ecosystem is set at UAH 3.15 million.

In the future, it is advisable to create a systematic
list of methods for assessing ecosystems and ecosystem
services, including the assimilation potential of ecosystems,
which should indicate the methods that are closest to
the economic realities of Ukraine. Rationally selected meth-
ods of valuing ecosystem capital should be applied to all
territorial communities of districts, oblasts, etc., which
would help improve the ownership structure and maintain
the balance between man-made load and regenerative
potential of ecosystems in terms of ecological and eco-
nomic development of local communities.

The valuation of an ecosystem asset is performed
to determine the economically sound amount of future
environmental rent payments, to ensure consistency
between the value of ecosystem services and the size
of the environmental tax that currently compensates
ecosystem services used, and to determine payments for
ecosystem services. In other words, the assessment of
ecosystem assets should become the basis for substan-
tiating environmental tax rates and the amount of en-
vironmental rent payments based on determining the
amount of environmental rent.
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MeToaun BapTicHOro ouiHIOBaHHA €KOCUMCTEMHUX aKTUBIB
Ta iXx acMMinauinHux nocnyr

Oner AHapiiioBuu Ynuubkuit', OneHa MukonaisHa CyxiHa?, BaneHTMHa MukonaiBHa AHTOHEHKO?,
Hartania OnekcanapiBHa PuxxeHko?, lapa €BreHiBHa XXaBpupaal

1 [lep>xaBHa eKo/oriyHa akaaeMis nNicnaamMnioMHOI OCBITH Ta YNpaBniHHA
03035, Byn. Mutpononuta Bacuns Jinnkiscbkoro, 35, M. KuiB, YkpaiHa

2[HCTUTYT EKOHOMIKM MPUPOLOKOPUCTYBAHHS
Ta CTanoro po3BMTKY HauioHanbHOI akageMmii Hayk YKpaiHu
01032, 6-p Tapaca LLeB4eHka, 60, M. Ku1iB, YkpaiHa

3[lOHEeLbKMIA HaLiOHaNbHWIA TEXHIYHWIA YHIBEPCUTET
85300, nn. LLnbaHkoB.a, 2, M. MokpoBCbK, YkpaiHa

AHoTauif. AKTyanbHo NpobaeMoto Cy4acHOro CBIiTy € Aerpanalis eKocucTeM, Wo noTpebye KapauHanbHO HOBOTO
niaxoAay A0 OLiHIOBaHHS i 3abe3neyYeHHs NoAaNnbLioro, eKOHOMIYHO ePeKTUBHOIO, BUKOPUCTAHHS ix noTeHuiany. OngHak
Hapasi Lie He 34iMCHI0BAaNOCh BAPTICHOIO OLiHIOBAHHS €KOCUCTEMHUX aKTMBIB (KaniTany), Ki HaaaTb aCUMINALIMHI
Ta iHLWi, 30KpeMa, KUCHeNpPOAYKy4i, NOCNyrM TeputopianbHum rpomagam. OBrpyHTOBAHO, WO 33 YMOBU BU3HAHHSA
€KOCUCTEMHMX aKTUBIB BNACHICTIO TEPUTOPiaNibHUX TPOMaf, | AN HAJAHHS OCTAHHIM MpaBa po3nopaaXaTncs CBOIM
MaliHOM (EKOCUCTEMHUMM aKTMBaMM) MpobaemMa BapTiCHOO OLiHKOBAaHHS TaKMX aKTUBIB CTAE NepLLOYEPrOBOID 33a4€EN0.
MeToto CTaTTi € NOPIBHANBHWMIM aHaNi3 HayKOBUX MiAXOAIB LLOAO BAapTICHOrO OLLiHIOBAHHA €KOCUCTEMHUX aKTUBIB
i po3pobka MeTofy iX OLiHKM i3 ypaxXyBaHHSIM EKOCUCTEMHUX MOCAYT, IKi BOHM HAfAKTb MPOTATOM CBOMO XWUTTEBOTO
LMKy TEpUTOPiaNbHMUM rpoMaaaM. [Ing HayKoBOi po3pobKM BUKOPUCTAHI SIK 3arafbHOHAyKOBi METOAM EKOHOMIYHMX
[ocnioXeHb, Tak i cneundivHi. BU3HaueHo CyTHICHI 03HaKu METOAIB OLiHKM NPUPOAHO-PECYPCHOro 06EKTY, AIKUMU €
METOL0/10rist OLiHKM Ta PiHAHCOBO-EKOHOMIYHI iHCTPYMEHTY, LLLO 3aCTOCOBYHOTLCS A1 MPAKTUYHOI ii peanizadii. Ha 6a3i
LbOro 34iMCHEHO aHani3 i BU3HAYEeHO 3MiCTOBHI 03HAKW METOAY AMCKOHTYBAHHS rPOLIOBUX NMOTOKIB (METOAY PEHTHOI
OLiHKM), BUTPATHOIO, PUHKOBMX LiiH, reA0HICTUYHOMO LiHOYTBOPEHHS (LiHOBMX NepeBar), TPaHCMNOPTHO-LWASXOBKUX
BWUTPAT, YMOBHO-OMMUTYBANIbHUI MeTof Ta iHWi. [loBeneHo, WO Ha3BaHi METOAM He BiAMNOBiAadTb BUMOraM BapTiCHO-
PUHKOBOrO OLHIOBAHHSA i He A03BONSAKTb 34IMCHUTU afeKBaTHY OLIHKY aCMMINALIMHOIO NoTeHLiany ekoCcUcTeMm.
EKOCMCTEMHMIA aKTUB MOBMHEH PO3MNSAATUCS 3 TOUKM 30pY €KOOTiYHOT 6e3MneKkn, TOMY i METOAM OLLIHFOBAHHS MOBUHHI
6yTU iHLWMMU. 3 ypaxyBaHHSAM LibOro 3anponoHOBAHO HaMbiNbL ONTUMaNbHUI METOL: BAPTiCTb EKOCUCTEMHUX aKTUBIB
BM3HAYAETLCS BAPTICTIO BCbOr0 KOMMAEKCY HAaAAHUX HUMU AaCUMINALIMHUX Ta KUCHENPOAYKYHUMX MOCAYT 33 BECb iX
YKUTTEBMM LMK, ABTOPCbKA METOAMKA anpoboBaHa Ha NpuKaai anei Tonosb, gka € CKafoBoto bynbeapy Tapaca LLleByeHka,
po3TawoBaHoi B MicTi Knesi

KntouoBi cnoBa: MeToam ouiHKM, BapTiCTb, OOEKT OLiHIOBAHHS, TEPUTOPianbHi rpOMagm, TOMoJi, ACUMINAUINHI Ta
KMCHENpPOAYKYHUi Nociyrm
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INTRODUCTION

Globalisation trends in the world economy determine
the innovation processes taking to a whole new level.
Globalisation covers all stages of the innovation pro-
cess - from basic research to the commercialisation of
innovation. Close interaction of national innovation poten-
tials, joint research by scientific communities of different
countries, implementation of international innovation
programs allow to achieve more significant results of
innovation activities and open new opportunities in
R&D (research and development) field.

The current policy of the European Union economic
development, taking into account these trends, provides
for the countries unification into an innovation union
in which the stimulation of innovation development
processes gets to the supranational level. However, the
strengthening of integration processes, including in the
field of scientific and technical cooperation, often gives
rise to the so-called dissociation paradox. The paradox
of dissociation is a manifestation of two opposite ten-
dencies coexistence: to the economic space unification,
on the one hand, and to its heterogenisation, on the
other [1; 2]. The reason for this process is that countries
that are close in some parametres tend to unite with
each other. However, further expansion of integration
associations such as the EU (European Union), the in-
clusion of national economies with a significant gap in
levels of economic development, the state of national
innovation systems, the dominance of different techno-
logical systems in the economy lead to increased het-
erogeneity and disintegration. Uneven development of
the EU countries in the field of innovation is primarily
associated with different amounts of R&D expendi-
tures and the difference in goals and directions of their
application.

In order to converge parameters and reduce dis-
parities in the innovation development of the EU mem-
ber states in 2002, the Council of Europe announced a
course to create a single European research area, taking
into account the EU enlargement, increasing the share
of R&D expenditures in the EU to 3% of GDP (Gross
Domestic Product); increasing the financing rate of in-
novation activities at the expense of private sector; in-
creasing the level of vertical and horizontal coordination
of innovation policy [3]. In this context, it is important to
study the asymmetry of certain aspects of innovation
development of the European Union countries and identify
trends in its dynamics (convergent or divergent).

Problems of innovation development of the EU are
a topic to study by many scientists. A study of innovation
effect on the economic dynamics of European coun-
tries, conducted by V. Medeiros, C. Marques, A.R. Galvao,
and V. Braga [4] show that gross domestic expenditure
on R&D per capita is positively related to economic de-
velopment indicators. At the same time, the countries
of Northern Europe (Finland, the Netherlands, Norway,
and Sweden) show better results in terms of innovation
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and entrepreneurship than the countries of Southern
Europe (Spain, Greece, Italy and Portugal). The study of
the existence and effectiveness of regional innovation
systems in European countries by A. Rodriguez-Poz and
R. Crescenzi [5] is aimed at analysing the relationship
between investment in research and development, patents,
and economic growth. Scientists have obtained results
on the existence of intercountry disparities in the creation
of new knowledge which affects the rate of economic
growth in some regions.

The purpose of the study is an empirical study of the
inequality and asymmetry of innovation expenditures in
the EU countries and analysis of convergent-divergent
trends in this area.

LITERATURE REVIEW

Internal convergence of the European Union in the field
of policy to support research, development and innovation
is one of the strategic goals of the association. This ques-
tion has been of concern to scientists for a long time.
Moreover, the results of comparing the EU countries in
terms of innovation due to external and internal factors
are various in different periods of the study. The study
of the processes of innovation convergence in European
countries by analysing the relative changes in the inno-
vation situation at the beginning of the 21 century [6]
showed that there were no significant changes in the
process of convergence in the innovation sector. This
was due to progress in a number of countries with a
high level of innovation while countries with relatively
worse starting positions did not improve significantly.
In particular, these are the countries that joined the Eu-
ropean Union as a result of its enlargement. Further re-
search [7] points to the convergence of the innovation
potential of the EU member states in 2004-2008, but
under the influence of the economic crisis of 2008, the
differences intensified. Countries with lower levels of
development have suffered more from the crisis, so the
disparities in innovation opportunities have increased,
which required the development of new innovation poli-
cies. It was assumed that the implementation of such
a policy should contribute to convergence in the level
of innovation development. However, the results of the
analysis conducted [8] by the o- and p-convergence
method showed significant differences in the innova-
tion potential between the highly innovative northern
and less developed southern part of the European Union.
According to researchers, this fact significantly limits eco-
nomic growth. The study of the development asymmetry
of certain aspects of innovation potential, in particular,
R&D expenditure in terms of three sectors - government,
business and higher education - has shown increased
convergence in this area [9]. It was established that the
main driver of convergence for the EU-15 was the business
sector and for the EU-13 - government expenditure.
However, these trends have worsened as a result of the
financial and economic crisis.
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The study of M.Voinarenko [10] shows a significant
level of differentiation of factors and results of regional
innovation in the countries of the European Union. Lead-
ers of technological development at the regional level
in almost all sectors of high technology are the most
advanced economies (Germany, Britain, France, Sweden,
the Netherlands). The revealed positive dynamics of
convergence as a result of reducing the gap between
peripheral regions and leaders of innovative development
is characterised as unsatisfactory which requires further
improvement of regional and scientific and technical policy
of the EU.

Using the data of the Framework Program of the
European Union, E. Erdil, I. Akgomak, U. Cetinkaya [11]
found that the desire to strengthen cooperation in the
innovation sphere changes the dynamics towards the
positive direction and proved the signs of innovation
convergence, and they are most pronounced in the least
developed regions of Europe.

P.Bednaf and M. Halaskova [12] in their research
conclude that, despite the fact that Western Europe is a
world leader in innovation among OECD countries, the
distribution of innovation development indicators is not
uniform across regions. Scientists note the existence of a
general spatial divergence in innovation efficiency and
R&D expenditures along with local convergent trends
at the level of several regions.

W.Baumol, R.Nelson, and E. Wolff concluded that
some countries may form a kind of dynamic “conver-
gence clubs” based on the implementation of common
policies.According to them, such a “club”includes indus-
trialised countries and countries with transformational
economies only which have the necessary potential for
convergence [13].

Analysis of the convergence of innovation activity
in European countries in terms of regional R&D expendi-
ture, conducted by C. Barrios, E. Flores, M. Martinez [14]
in the period of 2002-2012, confirmed the hypothesis
of convergence in the form of “innovation clubs” creation.
Club convergence envisages that different economies
do not have a common growth trajectory for all, but a
common among the group (cluster) close in terms of entry
level of development and other characteristics. Thus,
cluster (club) convergence envisages the grouping of
countries into homogeneous clusters within which the
rate of convergence significantly exceeds the correspond-
ing figure for the entire sample [15].

Asymmetry of European countries innovation de-
velopment is also noted in the studies of K. Koschatzky,
T. Stahlecker, H. Kroll, M. Graffenberger [16]. A. Biurrun [17]
explains the growth of internal inequality by the world
economy turbulence and the consequences of the cri-
sis in developed countries. The scientist proves that the
positive general evolution of reducing inequality and
technological progress in Europe is not a linear process.
As a result of this, the relevance of structural and institu-
tional transformations in the European region is growing.
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Complex and unresolved problem of dispropor-
tionate innovation development in the European Union
and the impact of these processes on economic growth
indicators require additional research in this area.

MATERIALS AND METHODS

The study of convergence of innovation activity in Euro-
pean countries in terms of regional R&D expenditure in the
article is carried out in the following logical sequence:
study of the dynamics and structure of R&D expendi-
ture in the EU countries; analysis of asymmetry indica-
tors of innovation development; o- and S-convergence
evaluation; formulation of conclusions on the existence
of convergent-divergent relations between the EU coun-
tries. The asymmetry of economic systems development
is considered as inequality and disproportion and its in-
crease or decrease is explained by divergence and con-
vergence of development, respectively. The founders of
the convergence theory,American scientists R.Barro and
X.Sala-i-Martin [18] formulated two convergence concepts:

1) the concept of c-convergence is observed when the
variance of development indicators tends to decrease, ie
there is a convergence in time of the levels of development
of economic entities;

2) the concept of f-convergence occurs when less
developed territories have higher rates of economic growth
than more developed ones as a result of which in the long
run there is a level convergence of economic development
of territories.

These concepts are not equivalent as f-conver-
gence indicates the existence of a long-term tendency to
converge levels of economic development, while random
shocks can lead to short-term growth of interregional
differences and, consequently, o-convergence [19].

The methodological approach to the study of
interregional and intercountry disparities involves the
use of appropriate mathematical tools. To determine the
asymmetry of development in the study, a statistical
apparatus using such indicators as the magnitude of
variation, the coefficient of variation, the magnitude of
regional disparities, standard deviation, oscillation, asym-
metry and excess. The analysis of convergent-divergent
dynamics (o-convergence) was performed on the basis
of variation index calculation.

The variation coefficient for determining o-con-
vergence (quantitative homogeneity of a set of objects)
was determined by the formula:
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where y.is the level of R&D expenditure in country i;
(v) - average level per capita; n - number of countries;
o - standard deviation of y values.

This indicator is considered both in statics to analyse
the differences that occur at a particular time and in dy-
namics — to determine changes in the characteristics of a
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set of objects. The increase in the indicator value in the
dynamics indicates a general divergence trend among
countries [15].

B-convergence characterises the situation when
countries with a low level of the studied indicator have
higher rates of economic growth than countries with its
low level. Thus, in the long run there is an equalisation
of levels of economic development [20].

To determine -convergence, an econometric ap-
paratus was used the application of which is based on
the construction of regression models of expenditure and
rate indicators. The study was conducted on the basis of
analysis of statistical data analysis of 28 countries of the
European Union for the period of 2008-2019.

RESULTS AND DISCUSSION

The European Union continues to develop a knowledge-
based economy. The impetus to launch the innovation
development strategy was the lag in the EU’s economic
growth from the United States which appeared in the
1990s. To a large extent, these trends were due to the
insufficiently rapid technological development of the
European Union, low rates of innovation, unsatisfactory
level of funding in this area. As a result of the EU en-
largement, the new members introduced negative char-
acteristics of their own innovation systems, increased
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the disproportion of scientific and technological devel-
opment. In view of this, overcoming differences and
inequalities in the implementation of innovation pro-
cesses and the realisation of scientific and technolog-
ical potential of European countries has become one
of the important tasks in the formation of integration
cooperation.

The national innovation policy is most vividly
characterised by the volume and financing directions
of the scientific and technical sphere. Forms of research
and development funding in the European Union differ
depending on the nature of innovation: basic research
and projects of national importance are funded entirely
from the state budget, applied research - on a different
basis. Research institutions conducting basic research
receive basic financial support as institutions. Currently,
2.14% of GDP is spent on R&D in the EU, while in the
US - 2.64%,Japan - 3.04%, with the share of the private
sector in innovation financing in the US is 68.2%, in the
EU - 66.4% [21].

Recently, there have been changes in the imple-
mentation of the innovation development strategy. Some
countries have increased R&D expenditures or refused
to reduce them which in general had a positive effect on
the dynamics of innovation expenditures in the whole
association (Fig. 1).
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Figure 1. Dynamics and structure of R&D expenditures in the EU-28 countries in 2008-2019, % of GDP
Source: developed by the authors based on Eurostat Database, 2020 [21]

The shift towards increasing the share of R&D ex-
penditures in GDP was due to the consistent implemen-
tation of the European Economic Development Strategy
“Europe 2020: a strategy for smart, sustainable and in-
clusive growth” which provided for high intellectual,
sustainable and inclusive economic growth. This strategy
contained a targeted initiative “Innovation Union”among
the goals of which can be identified: increasing the in-
novation efficiency within the innovation association,
as well as increasing the competitiveness and protec-
tion of the interests of innovation; integrating countries
should implement a national innovation policy that is
in line with the common innovation policy developed at

the supranational level during integration [22]. The im-
plementation of programs to stimulate innovation was
also aimed at leveling the interregional characteristics
of innovation development.The most common methods
of regional development disparities evaluation involve
the use of two methods: determining the discrepancy
between the most prosperous and most problematic
regions (scope of regional disparities) and estimate of the
deviation range of regional indicators relative to their
average value (using the variation coefficient) [23]. More
detailed system of indicators is considered to be necessar-
ily used for analysis. The dynamics study of these indica-
tors will determine the type of innovation development:
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asymmetric, harmonious and neutral. In this case, asym-
metric (disharmonious) is a type of regional develop-
ment for a certain period during which the regions that
have a relative advantage of one or another indicator
at the beginning of the period, then increase it, and re-
gions that have a relative lag, increase it. In contrast,
symmetrical (harmonious) is a type of regional develop-
ment in which the gap in the level of regional indicators

is reducing. With the neutral type of development, the
ratio of regional indicators during the period remains
unchanged [24].

An empirical study based on Eurostat data for
2008-2021 revealed the effectiveness of the policy to
reduce asymmetry among the EU countries in terms of
expenditures on research and development (Table 1).

Table 1. Indicator’s dynamics of innovation development asymmetry in the EU countries in 2008-2019
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E o E] S > & S o 0B c.2 2.2 - €5 cc S o a
2 ® £ £ o > 2 & = = o= & 2.5 2 0 Q2 c o
ol R = o — S 'c w © o w © 7] SR S B (] o
g 2 % < & 6 £S5 °g 53 £z e £ = E8 EE X
o g - S g = [T, [T 7]
= = * & & 8§ §° =¥ 2° & §F g% 8°
i w
2008 354 039 143 315 908 22 069 088 077 21979 6122 095 026
2009 373 044 150 329 848 22 074 092 085 21980 6156 083 0003
2010 371 044 151 327 843 217 071 089 079 21671 5891 079  -0.13
2011 362 045 158 317 804 201 075 089 08 20118 5671 061  -0.64
2012 340 044 160 296 773 185 076 089 079 18459 5539 057  -0.9
2013 327 039 161 288 838 179 075 088 077 17880 5449 052  -0.96
2014 315 038 160 277 829 173 073 085 072 17305 5314 055  -098
2015 322 048 161 274 671 17 072 083 069 17011 5158 062  -0.86
2016 325 044 155 281 739 182 074 086 075 18171 5589 068  -0.79
2017 336 050 158 286 672 181 072 085 073 18126 5413 068  -0.72
2018 332 050 162 282 664 174 072 085 072 17381 5216 066  -0.75
2019 340 048 165 292 708 177 073 087 075 17651 5249 062  -078
201910 964 1731 1154 927 780 805 1058 989 974 803 857 653 961
2008.% . . . , . . . . . . . . .

Source: developed by the authors based on Eurostat Database, 2020 [21]

The obtained results of the spatial-dynamic estimate
of the coefficients of uneven development confirm the
disproportion presence. There is a tendency to reduce
the asymmetry, though the differences remain significant.
The value of variation coefficient - one of the most sig-
nificant asymmetry indicators is quite high and exceeds
50% throughout the 12-year period. This indicates the
presence of significant heterogeneity of the population
and high variation level. The analysis of the asymmetry
coefficient dynamics showed that the distribution of
countries by the level of R&D expenditures is characterised
by right-sided asymmetry (the indicator is positive), so
most countries have a value of the studied parameter
below average. Negative value of excess rate throughout
the study period means that there is no so-called “core”
which slightly varies, i.e., the countries concentration
around the average value is insignificant.
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Dynamics of absolute variation indicators - average
linear deviation, standard deviation, variation magnitude
have a slight tendency to decrease. The conclusion to the
significant degree of variation of the studied parameter
during the whole period confirms the value of the oscil-
lation coefficient which varied in the range of 219.79-
176.51 but the amplitude of oscillations relative to the
average value decreases.

The analysis results give grounds to hypothesise
the existence of convergent trends in the studied char-
acteristics of innovation development. To confirm this
conclusion, o-convergence which is defined as the de-
crease over time of the variation indicator (inequality,
differentiation) of development of regions (countries),
is going to be estimated. In addition to the variation indica-
tor, such an indicator as the standard deviation is going to
be used (Fig. 2).
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Figure 2. Intercountry o-convergence in terms of R&D expenditures in the EU countries in 2008-2019
Source: developed by the authors based on Eurostat Database, 2020 [21]

The dynamics of both analysed indicators allows
to draw conclusions about the tendency of gradual increase
in convergence but the variation indicator is considered
to be more informative because it does not depend on
the dimension and scale of variables. The polarisation of
the EU countries due to the implementation of a consis-
tent innovation policy is declining as evidenced by the
reduction of the variation coefficient by 8.73% points.

However, the reduction of regional development
asymetry cannot be unambiguously interpreted as a
positive shift. It may be caused by the deterioration of
indicators in highly developed countries, thereby leading

to approximation the indicators of countries with low levels
of research parameters. Such smoothing is undesired for
the development of the integration association as a whole.
In order to formulate final conclusions, it is necessary
to establish the presence of f-convergence for which
the econometric apparatus was used and a regression
model was built in which the dependent variable is the
growth rate of innovation funding, and independent -
entry level indicator. This will allow evaluating the dy-
namics of differentiation based on the pace of development
of individual EU countries (study period — 12 years) (Fig. 3).
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Figure 3. Absolute [5-convergence of R&D expenditures dynamics in the EU in 2008-2019
Sources: developed by the authors based on Eurostat Database, 2020 [21]

According to the convergence hypothesis, if a coun-
try (region) economy is initially away from the position
of stable equilibrium, its growth rate will be higher than
in the economy that is closer to it [16]. The hypothesis
of f-convergence is confirmed by the negative regres-
sion coefficient, with a positive value a divergence is
observed. The statistical significance of the regression
coefficients of the constructed model is confirmed, Fish-
er’s criterion is actually larger than the tabular criterion
(F-criterion, . . = 7.5348, F-criterion_, (1.26) = 4.23).
The negative value of the regression equation coeffi-
cient (-20,155) allows to conclude that countries lagging
in terms of innovation financing have higher rates of in-
creasing innovation expenditures which in the long run
implies a convergence of the innovation development
level of countries within the EU.

CONCLUSIONS

In summary, it should be noted that the unevenness
and disproportion of regional parameters of innovation
development has a significant impact on economy effi-
ciency as differences lead to conflicts between regions
(countries). The results of the conducted study of the
innovation expenditures asymmetry and the study of
convergent-divergent relations between the countries
of the European Union to summarize that the countries
are converging.

Convergent trends are observed in terms of de-
velopment asymmetry and o-convergence. The hypoth-
esis of the existence of absolute S-convergence of the
dynamics of R&D expenditures in the EU countries was
confirmed by the results of building a regression model
of the dependence of entry and tempo indicators. The
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catching-up effect is manifested in the increase of in-
novation financing indicators in the countries lagging
in these parameters. The tendency to reduce differen-
tiation and rapprochement of countries in this context
indicates the existence of a coherent innovation policy
which proves its effectiveness in practice. In the long
run, adherence to such a vector of development will al-
low the European Union to gain the status of a leader in

research and innovation and ensure high rates of eco-
nomic growth on an innovation basis.

Funding for R&D expenditure in the European
Union will undoubtedly be affected by the UK’s seces-
sion from the association. This, in turn, may change the
trends identified as a result of the study. The nature
analysis of this effect will determine the directions for
further research.
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EMnipuyHe Aocnig)XeHHs KOHBEPreHTHO-AUBEPreHTHUX TeHAEeHUIn
iHHOBaUiMHOro po3BUTKY KpaiH €C

Jlwamuna BacunisHa Cmoniit, Anina MaenisHa bypnsit, IHHa MukonaiBHa HoBak,
Anna OnekcaHppiBHa PeByubka, HiHa flkumiBHa lMitenb

YMaHCbKMIM HaLiOHANbHUI YHIBEPCUTET CafiBHMLTBA
20305, Byn. IHcTMTYTCBKA, 1, M. YMaHb, YKpaiHa

AHortauig. CratTs NnpucesyeHa posmsay NpobnemMm AMCNponopLiMHOCT iHHOBALLIMHOTO PO3BUTKY B KpaiHax EBPONeCbKoro
Coto3y Ta BMNAMBY JaHMX NPOLLECIB HA MOKA3HUKM EKOHOMIYHOTO 3pOCTaHHs. MeTor poboTH € eMMipuyHe AOCNIAKEHHS
HepiBHOMIPHOCTI Ta aCMMETPUYHOCTI 3AiMCHEHHS iHHOBALIiMHMX BUTpaT y KpaiHax €C Ta aHanis KOHBepreHTHO-
OMBEPreHTHUX TEHAEHUIN y Wik chepi. Pe3ynbtatv OCTaHHIX AOCNIAXEHb BUSABASKOTL NPArHEHHS A0 NOCUIEHHS
cnignpaui B iHHOBALiMHIM cdepi, WO 3MiHIOE CMTYaLil0 B NMO3UTUBHOMY HanNpsMKy Ta AOBOASTb HAasBHICTb O3HAK
KOHBepreHLuii iHHOBaLii, MPpUMYOMyY Halbinblle BOHM NPOSIBAAOTHCS B HAMMEHLW PO3BMHEHWMX perioHax €sponu.
AKTYanbHiCTb BUpiLIEHHS AAHOI HAYKOBOI MPobaeMu Nonsrae B TOMy, L0 BHYTPILLUHE 361MKEHHS KpaiH €Bponencbkoro
Coto3y y chepi NONITUKM NIATPUMKM [OCNiAKEHD, pO3p0OOOK Ta iHHOBALIM € OJHIE 3i CTpaTeriyHUX Linei acouiaii.
MeTOoANYHWUM IHCTPYMEHTApiEM ANS BU3HAYEHHS aCMMETPUYHOCTI PO3BUTKY CTaAM MOAENI, AKi 3aCHOBAHI HA KoHLenLi
KOHBepreHuii. locnigkeHHS NpoBOAMNOCH HA OCHOBI @aHaNi3y CTaTUCTUYHUX AaHuX 28 kpaiH €sponericbkoro Coto3y
3a vyacosuit nepiog 2008-2019 pp. Y cTaTTi NpeLcTaBAeHO pe3ynbTaTh eMMipMYyHOro aHanisy acMMeTpUYHOCTI
iHHOBALMHOro po3BUTKYKpaiH €C3a NOKa3HMKOM BUTPATHA LOC/iAKEHHATa po3p0obKu.BcTaHOBNEHO, W0 BiAOYBAETHCA
3pyLlueHHs B Bik 36inblweHHs YacTkm BuTpaT Ha HOOKP y BBI1. BusiBneHo KOHBepreHTHi TeHAEHLi 38 NOKa3HUKaMM
ACUMETPUYHOCTI PO3BUTKY, o-KOHBEPreHLii Ta f-kKoHBepreHuii. JocnigpkeHHs eMnipuyHO NiATBEPOXKYE Ta TEOPETUYHO
[LOBOAMTb, LLIO CKOPOUeHHS AndepeHLiaLii Ta 36iMKeHHs KpaiH NpoSBASETCA B MiABULLEHHI MOKA3HWKIB (iHAHCYBAHHS
iHHOBaL,iM B KpaiHax, LLO BIACTAOTb 33 UMMM NapameTpaMu. [1pakTUUYHe 3HAUYEeHHS pe3ynbTaTiB MPOBEAEHOrO AOCNIKEHHS
NONSra€ y MOXAMBOCTI iX BUKOPUCTAHHA AN OLiHKM AIEBOCTI iHHOBALIMHOI NONITUKM B KpaiHax €Bponercokoro Cotosy

KntouoBi cnoBa: iHHOBaLLiViHWI po3BUTOK, BUTPaTW Ha HIKP, 361ukeHHs, AMCnponopLiiHiCTb, aCMMETPisi, EBPOiHTErpaLlis
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INTRODUCTION

For decades, Ukraine has been a key supplier of agro-
industrial raw materials worldwide. But despite its enor-
mous agro-industrial potential, Ukraine is not on the
course to sustainable development. Moreover, for several
decades Ukraine has turned from an industrial country
into a backward one [1]. In these conditions, the sus-
tainable development idea remains more an ideology
than a research-to-practice concept. The Ukrainian literature
compares sustainable economic development to the “philos-
opher’s stone” that economists, country leaders, and citizens
strive for [2]. The sustainable development strategy for
today exists, it is formally developed, and the national
policy makes decisions strives to implement it. The sus-
tainable development concept is formed on three pillars:
ecology, economy, employment [3-5]. Admittedly, the
agricultural sector plays an indispensable role in meet-
ing humanity’s essential need - food. Still, it is also the
component of strategic development. But beyond that,
it is also crucial in sustainable economic development
because it is a critical element in the economy, labour
market, and resource potential.

According to the latest United Nations (UN) data,
over the next 30 years, the world population will grow
from the current 7.3 to 9.7 billion people, while food
consumption on the planet, according to various esti-
mates [6], will increase by 60-100%. In such circumstances,
Ukraine may become a key player in the food supply.Being
Europe’s second-largest country, Ukraine accumulates a
tenth of the world’s black soil reserves, and 72.1% of
the area consists of agricultural land. Agriculture now
generates about 11% of Ukraine’s GDP (gross domestic
product) and about 17% of jobs, and farming exports
nearly tripled between 2010 and 2020, reaching about
59% of the country’s total exports [7]. Ukraine is cur-
rently one of the largest exporters of grain crops glob-
ally. However, these apparent successes trap Ukrainian
farmers, who use only cheap raw materials to produce
inefficiently. During 2015-2020, Ukraine’s agricultural
sector grew thanks to a 1.9-fold increase in sunflower
production, a 1.7-fold increase in grains and legumes.
But despite this, according to Food and Agriculture Or-
ganisation of the United Nations [8], Ukraine’s land-use
efficiency in terms of average grain crop yields is half
what the United States of America and Western European
countries have.

As a result, Ukrainian agrarians receive twice or
thrice less revenue per hectare than their Western col-
leagues in terms of money. The main reasons are weak
production technology and low added value of raw ma-
terials. Thus, unproductive agriculture, outdated tech-
nologies, the decline in employment,and land fertility do
not allow the agricultural sector to become an essential
component of sustainable economic development, which
forms the main problem under study. Therefore, the rel-
evance of this paper is to find the development vectors
of the agro-sector, which contributes to the sustainable
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economic development of Ukraine. Considering the main
determinants of sustainable economic development are
economic infrastructure, population welfare,and ecology,
the agricultural sector also affects these components of
sustainable development.

Thus, the purpose of this study is to develop pro-
posals to solve the primary agricultural sector problems
that contribute to sustainable economic development.

To achieve the purpose, it is necessary to solve
the following tasks: to justify the dependence of the
economy’s sustainable development on the agricultural
sector’s development; to identify the main agricultural
development issues; to determine the agricultural sector’s
importance in employing the population; to determine
the capital investment in technology for the development
of the agricultural sector; to investigate the current state
of agricultural land in Ukraine; to develop and substantiate
the main development vectors of the agro-industrial sector
to increase economic sustainability.

LITERATURE REVIEW

The sustainable development issues in Ukraine have been
the subject of research and discussion by scientists, pol-
iticians, practitioners, and public members since 1992.
But these studies and discussions consider various aspects
of this complex issue [2]. According to most modern re-
searchers, innovation and technological support are the
main drivers of sustainable development [4; 9; 10]. Such
a development strategy is also applied to the agricultural
sector, namely the agricultural industry in Azerbaijan [11].
In addition, critical strategic vectors for the country’s sus-
tainable development are land fertility preservation [12]
and effective management. To date, the food market in
Ukraine is unstable, and the agricultural business envi-
ronment is unfavourable for sustainable development,
especially in the livestock industry [13; 14]. Under such
conditions, most Ukrainian researchers, scientists, and
experts believe that the agricultural sector requires struc-
tural changes. Therewith, there are three sustainable de-
velopment models of agro-industry in world practices, which
partly take place in Ukraine.

The first model is the Japanese and Chinese, under
which a farmer works on small plots of land (up to 2 ha).
Such farms are similar in Ukraine. Therefore, they can
be considered as small businesses. The second model,
the European one, is built on 10-150 hectares farms.
The analogue of such formations in Ukraine is farming.
The third model, American, where the size of farms is
considerable, is in the range of 1-2 thousand hectares.
Agricultural holdings represent such farms in Ukraine,
and they cultivate more than half of the agricultural
land [15]. The main issue of agricultural development in
Ukraine is that being the primary industry that provides
jobs for the rural population, it is necessary to stimulate
the importance of the first two models. But it is also essen-
tial to stimulate the third model, which can introduce
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expensive technologies of agribusiness automation, in-
creasing agricultural production volume. Moreover, land
reform, which Ukraine passed in 2021, while formally
aimed at developing small and medium-sized farms, con-
stitutes a regulatory framework for developing agricul-
tural holding. In turn, big businesses will push out small
and medium businesses, which may become the basis not
for sustainable economic development but for a solid crisis.

Notably, the model of economic formations alone
will not provide the growth of economic indicators, social
development and will not improve the environmental
situation in the country. It requires a comprehensive ap-
plication of changes in the development of competitive
agrarian production so that the agricultural sector can
provide state food security and good living standards
for the population [16]. Therewith, it is impossible to solve
the problem with land reform alone; it is necessary to
change both the agricultural industry management con-
cept and the national policy to support agribusiness. Re-
searchers have sufficiently investigated the issue [13;
17; 18], considered individual agricultural industry prob-
lems. But the general problem of agro-industrial develop-
ment in the sustainable economic development context
is understudied, which forms the originality of this study.
For the first time, the study developed a methodology for
the sustainable development analysis,which is based on
four determinants: economic, social, environmental, and
technological.

MATERIALS AND METHODS

The empirical analysis of this study is carried out based
on the State Statistics Service of Ukraine statistical data [7].
In addition, to highlight the main problems, many ex-
pert opinions on the main problems and the methods of
their solution were investigated. Finally, the application of
general scientific cognitive methods allows confirming
the united development concept of agriculture based
on the current state and problems under study. The de-
velopment vectors are chosen considering sustainable
economic growth, which balances technical, economic,
social,and ecological development. Through the group-
ing of information, data for the current state analysis of
the agro-industrial sector and its importance in economic
development are obtained. The synthesis of facts and
information published by agricultural experts allows iden-
tifying and summarising the main problems and finding
alternative solutions in the scientific literature. The induc-
tive method is used to find problems based on the analy-
sis results, and the deductive way - to find solutions to

these problems. The study is based on four hypotheses,
which form the main tasks and objectives as follows:

— hypothesis 1: agriculture has considerable importance
in the economy and is a sustainable development tool;

— hypothesis 2: the unsustainable development of
agriculture is determined by the asynchrony of agricultural
production;

— hypothesis 3: employment in the agricultural sector
is decisive for sustainable economic development;

— hypothesis 4: the capital investment growth in ag-
riculture contributes to the productivity growth of the
sector.

To prove these hypotheses, the authors apply the
methodology developed based on the strategy for Ukraine’s
sustainable development until 2030 [19] and the con-
cepts of sustainable development based on economic,
social, and environmental development. But given the
intensifying interest in the technological component of
the agro-sector, authors of this paper allocate technol-
ogy as the fourth important determinant, which stands
apart from the economy because it affects not only the
production but also the employment structure and the
environment. Statistical and mathematical analysis meth-
ods are used to conduct empirical research.Horizontal and
vertical analysis allows determining the dynamics and
structures of agro-industrial development. Regression
analysis (particularly the Pearson coefficient) defines the
relationship between the indicators and demonstrates
which factors influence the research object. Its high value,
more than 0.9, indicates the close relationship, which
allows concluding on the mutual influence of certain
phenomena on each other. The negative value indicates
a direct proportional impact of indicators; the value less
than 0.3 suggests that the indicators are practically
unrelated. The method of probability theory (the stan-
dard deviation) is used to analyse the synchronicity of
agroindustrial production. It shows the average deviation
of indicators for a certain period compared to the aver-
age indicator for the period under study. The variation
coefficient was applied to demonstrate this value not in
monetary values but as a percentage.

RESULTS AND DISCUSSION

In the empirical study of sustainable economic develop-
ment, authors will determine the agricultural produc-
tion value in the total country’s added value. According
to the State Statistics Service of Ukraine data [7], the
total value added in 2020 was 145.5 bn, while the agri-
cultural production added value was 15.7 bn (Table 1).

Table 1. Added value of agricultural production in Ukraine

Indicators 2015 2017 2018 2019 2020 Pearson’s coefficient
Gross value added, $mln 74,752 91,192 108,168 144,372 145,546
Gross value added of agriculture, $mln 10,611 10,993 12,939 15,045 15,726 099
% of gross value added 14.2 12.1 12.0 10.4 10.8

Note: The statistics data are converted into dollars using the dollar exchange rate as of January 1 of the understudy year
Source: Ministry of Finance of Ukraine (2021) [20]; State Statistics Service of Ukraine (2021) [7]
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According to Table 1, the agricultural production
share in the economy has decreased by 3.4% over the
last five years, which is a rather considerable indicator,
demonstrating a gradual loss of agricultural importance in
the economy. However, in 2019 there was a rapid increase
in value added - by 33%. Therewith, the increase in the
agricultural production value was only 16%, which indi-
cates the asynchronous development of agriculture and
the economy, and the activation of other economic sec-
tors in 2019. But in 2020, value-added growth across
all industries was 0.8%, while the agribusiness sector
grew by 4.5%. Moreover, the Pearson coefficient, which
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demonstrates the close relationship between agribusi-
ness and the economy, is quite strong - 0.99. Thus, the
hypothesis can be confirmed that even despite the in-
stability of the agro-industrial sector, it is still an essential
component of Ukraine’s sustainable development. But
the agricultural industry’s importance in the country’s GDP
gradually gives way to other economic sectors. Here authors
will consider the reasons for the uneven agricultural pro-
duction. For this, one should analyse the agrarian pro-
duction structure and calculate the average statistical
deviation and the coefficient of variation, which demon-
strate the production uniformity for five years (Table 2).

Table 2. Agricultural production structure of Ukraine

Indicator 2015 2017 2018 2019 2020 ~Aneard - Coetfcent of
Plant growing, $mln 20,045 17,397 18,973 22,730 19,165 1,963 10
Cereals and legumes, $mln 8,557 7,197 8,087 10,115 8,412 1,059 12
Technical crops, $mln 6,605 6,055 6,831 8,221 6,574 814 12
Potatoes, vegetable, and melon food, $mln 3,422 2,895 2,900 3,281 3,193 235 7
Fruit and berry crops, grapes, $mln 655 517 614 615 543 57 10
Fodder crops, $mln 447 347 347 364 329 46 13
Other crop products, $mln 359 386 195 135 114 127 53
Livestock, $mln 6,364 5,084 5,088 6,003 5,617 563 10
Farm animals (breeding), $mln 3,104 2,529 2,602 3,129 2,972 283 10
Milk, $mln 2,094 1,660 1,606 1,813 1,668 198 11
Eggs, $mln 863 653 671 817 760 91 12
Wool, $mln 2 2 2 2 2 0 18
Other livestock products, $mln 300 240 207 242 216 37 15

Note: The statistics data are converted into dollars using the dollar exchange rate as of January 1 of the understudy year

Source: [7; 19]

According to Table 2, it can be seen that plant
products have an advantage in agriculture.As of the year,
plant products form 77.3% of all agricultural production.
In its turn, the most considerable indicators are grain
and leguminous plants production - 34% of total farm
production, technical crops — 27%, potatoes, and vege-
tables - 13%. Among livestock products, meat produc-
tion prevails — 12%, dairy products - 7%. The dynamics
of all types of production characterised by instability.
The highest instability level is in wool production (the

variation coefficient is 18%), feed crops — 13%, grains,
industrial crops - 12%, eggs - 12%. Since grain production
and technical crops are essential in agriculture, it can be
stated that the deviation from the average of 12% is quite
a considerable factor, which determines the agricultural
production asynchrony. But the particular instability of the
agro-industrial sector can be determined not by production
but by the export of products. Therefore, the export dy-
namics of agricultural products can be compared with the
general export indicators in the country as follows (Table 3).

Table 3. Agricultural exports

Indicators 2015 2017 2018 2019 2020
Export, $mln 14,563 17,757 18,612 22,144 22,179
Agriculture export, $mln 8,795 10,324 11,097 14,192 13,071
Livestock products, $mln 823 1,109 1,211 1,277 1,188
Crop production, $mln 7,971 9,216 9,886 12,915 11,883
% of livestock exports 5.7 6.2 6.5 5.8 5.4
% of crop exports 54.7 51.9 53.1 58.3 53.6
% agriculture exports 60.4 58.1 59.6 64.1 58.9

Note: The statistics data are converted into dollars using the dollar exchange rate as of January 1 of the year under study

Source: [7; 19]
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Table 3 demonstrates that vegetation products
dominate exports. As of 2020, $11.8 billion of plant
products were exported, and 2019 was more productive
as the value was $12.9 billion. Livestock products exports

agro-sector growth

account for 5.4% of total exports, and plant products -
53.6%. Overall, agribusiness exports account for 58.9%
of total exports. But this indicator is not characterised
by stability, which is clearly presented in Figure 1.
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Figure 1 demonstrates that the approximation
coefficient is 0.04, which indicates a severe instability
affecting the total export indicator and, as a result, the
country’s economic development. Thus, the hypothesis
that the asynchrony of agricultural product supply con-
siderably impacts the economy can be confirmed. Still,
a greater level of asynchrony is recorded in exports
rather than in production, which is associated with the

Table 4. Employment

Figure 1. Agricultural export dynamics and its share in total export in Ukraine

competitive market features. Sustainable economic de-
velopment is a concept that determines several com-
ponents, not only the development of the economy. In
particular, an essential sustainable development ele-
ment is the population’s well-being, which is expressed
by the possibility of having a stable job and getting a
high wage. Below the study considers these indicators
in Table 4.

in agriculture in Ukraine

Indicators 2015 2017 2018 2019 2020 | Pearsons
Employed population, thousand people 16,443.2 16,156.4 16,360.9 16,578.3 15,915.3 0.92
Employed in agriculture, thousand people 2,870.6 2,860.7 2,937.6 3,010.4 2,721.2
Employees, thousand people 5,930 5,844 599.5 6,369.6 6,213.7 o014
Employees in agriculture, thousand people 569.4 558.1 545.7 535 499.9
% of employment in agriculture 17.5 177 18.0 18.2 17.1
% of employed workers in agriculture 9.6 9.5 91.0 8.4 8.0

Source: [7]

The Table 4 demonstrates that agriculture em-
ploys 17.1% of the country’s population, which is quite
a high indicator, confirming this industry’s importance
for population employment. In particular, it is essential
for rural employment, which comprises entrepreneurs
and owners of the agricultural business. Importance of
the hired employees is much less in the employment
rate of hired employees - 8%. Employment dynamics
analysis indicates an uneven performance; in particular,
the highest number of employed people was in 2019 -
3 million people, and in 2020 - about 9% of people lost
their jobs. In general, however, the decline in employment

Scientific Horizons, 2021, Vol. 24, No. 12

in agriculture is logical, as the automation level of ag-
ricultural processes increases every year. The high cor-
relation level between total employment and employ-
ment in agriculture at the level of 0.92 confirms the sector’s
importance in employment, thereby supporting Hypoth-
esis 3. Present-day agriculture in Ukraine is not an eco-
nomic sector that can provide a sufficient wage level.
The average monthly wage in the agricultural sector
was $469.3 in 2020 (Table 5). However, in 5 years, the
wages level in agriculture increased 2.5 times, which
influenced the populations interest towards work in this
industry.
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Table 5. Average wages in agriculture in Ukraine

Indicators 2015 2017 2018 2019 2020
Average monthly salary, $ 185.6 2574 317.7 442.9 469.3
Average monthly salary in agriculture, $ 146.4 219.5 270.9 373.7 395.0
% of average wages in agriculture 78.9 85.3 85.2 84.4 84.2

Source: [7; 19]

According to 2020 data, the average agricultural
wage of people is 84.2% of the national average wage.
Meanwhile, the peak of wage growth in agriculture was
observed in 2017-2018, after which the wage level in
agriculture declined compared to other economic sectors.

At present, agriculture automation is considered the
cornerstone of its future development, as lower labour
costs lead to lower production costs, which allows signing
more export contracts (Table 6).

Table 6. Capital investments in agriculture in Ukraine

Indicators 2015 2017 2018 2019 2020 Dearsons
Total capital investment, $mln 12,085 16,249 20,743 26,328 20,575 0.79
Capital investments in agriculture, $mln 1,334 2,328 2,369 2,495 2,052
% of capital investment in agriculture 11.0 14.3 11.4 9.5 10.0

Source: [7; 19]

Table 6 demonstrates that $2 billion was invested
in agriculture in 2020, accounting for 10% of all capi-
tal investment in the country. However, the investment

indicator in agriculture has an unstable trend; in particular,
capital investment in the industry is disproportionate to
production, as indicated in Figure 2.
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Figure 2. Comparison of capital investments in agriculture and its production

The Pearson coefficient for these indicators is 0.47.
Thus, the hypothesis that capital investment increases
agricultural productivity is not confirmed. It is because
capital renewal occurs through the purchase of machin-
ery, which does not affect the production volume, but

rather reduces the production cost. The environmental
component is an essential part of sustainable develop-
ment. Its main task is to form a national policy that will
ensure the use of the country’s resources in the long
term (Table 7).

Table 7. Agricultural land components of Ukraine

Indicators 2015 2016 2017 2018 2019
Agricultural land, thousand hectares 41,5079 41,504.9 41,489.3 41,329 41,310.9
Arable, thousand hectares 32,541.3 32,5434 32,544.3 32,698.5 32,757.3
Hayfields, thousand hectares 2,406.4 2,402.9 2,399.4 2,294.4 2,283.9
Pastures, thousand hectares 5,434.1 5,430.9 5,421.5 5,282.6 5,250.3
Fallows, thousand hectares 2337 230.6 229.3 190.5 166.7
Perennial plantings, thousand hectares 892.4 897.1 894.8 863 852.7

Source: [7; 19]
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According to the study results, it is clear that the
agro-industrial land is exploited less every year. As a result,
less and less land is used for hayfields; the cultivated area

increases. Thus, the study identified a set of problems,
which allows proposing solutions. Firstly, authors sum-
marise the data in Table 8.

Table 8. Agricultural sector problems and methods of their solution to ensure sustainable development

Problem - Solution
The importance of agro-industry in N Increase of production not only of raw materials but also of finished products;
the economy is decreasing agro-sector de-shadowing
. Increasing automation of production processes;
—
Unstable production processes production diversification
Decreasing employment in N Incentives for small and medium-sized farmers;
agriculture land reform and control of its implementation
Low wages - Improving skills through the automation of processes, which increases wages
Insufﬁqent level of capital - Financing of small and medium-sized businesses
investment
Decrease in the land fertility - Land reform and control over its implementation

Source: authors’ development

Based on the results presented in Table 1, the
agribusiness industry’s importance in the economy is
gradually decreasing. Despite this, according to the Minis-
ter of Agrarian Policy and Industry of Ukraine [21], the
current indicators are not maximum. Agro-industry can
work much more productively and has massive potential
for growth. To bring this agriculture to a new level, it is
necessary to develop industry by raw materials production
and the finished food-product production. A vital part of
sustainable development is also the shadowing of agri-
culture.According to experts, 30-40% of the land is cul-
tivated without paying taxes. The scheme for forming
such a market makes provision for the land received for
personal development to be leased [22]. Based on the
results presented in Table 2, there is empirical evidence
that agricultural production is unstable. Yu. Kuznetsova [23]
and S.E.Pogodiaev [24] consider the agricultural production
stability through the lens of eliminating sharp declines
and fluctuations year by year with minimal adverse effects.
The following sustainability criteria meet these definitions:
growth in production; uniform production flow without
interruptions by years; provision of planned yields under
any weather conditions; provision of planned gross yields;
the ability of agricultural systems to withstand adverse
weather conditions; ability to diversify production [18].

Directing the agricultural management policy to
solve the problem in this area will stabilise the farm
production and form its sustainable importance in the
country’s economic development.An essential component
in solving this problem is the production process auto-
mation, which will improve logistics, information collec-
tion, data processing,and company activities simulation
depending on weather conditions. Some experts believe
that the launch of the agricultural land market is an in-
fluential factor in the near Ukrainian reality. Evidently,
Ukraine’s place in the global food market will only in-
crease [25]. Other experts, on the contrary, believe that
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the launch of the market will create non-competitive
conditions for small and medium-sized farming. In par-
ticular, this is due to the following reasons:

— small farmers do not have enough finances to pur-
chase land, and bank lending provides a rate of 12% -
which further aggravates the problem;

—there are problems with the documentation of land
through the high cost of notary services; consequently,
many lands are not properly registered, which creates the
issue of land grabbing and raiding [26].

To solve the issue, it is necessary to create condi-
tions to stimulate the purchase of land by small farmers [27],
which can be solved with the help of the Partial Credit
Guarantee Fund in agriculture [28]. In addition, securi-
tisation, which allows lenders to convert illiquid assets
into liquid, profitable securities, is now considered an
alternative financing tool. Such a system aims to reduce
risks for agribusiness creditors, but in the definitive version,
the benefits are accrued to the agribusiness producer [29].
Analysis of employment in agriculture confirms the sector’s
importance for population employment, especially the
rural population, but the employment rate of people in
agriculture is decreasing every year. Digitalisation of all
agricultural production processes is recognised as the
future trend. McKinsey [30] estimates that by 2030, the
number of farming jobs in developed countries will de-
crease by 15-35% due to automation. It is possible that
the industry could go without human resources at all.
For example, in 2017, an experimental farm in Britain
managed to grow and harvest crops with no human in-
volvement [31].

Combine harvesters already know how to work
the fields without drivers, and programmes have been
trained to make the best decisions on agricultural oper-
ations. Signals from sensors about soil chemistry, wind,
sun intensity, moisture, operations per square meter
of field, plant parasites, and diseases are collected and




processed using unique algorithms. As a result, the farmer
receives recommendations on fertilisers, pesticides, per-
sonnel work quality, the necessary work plan, yield esti-
mates, and even best prices for contracting. The farmer’s
approved decisions then go to the input of the self-di-
rected farming equipment software.The entire workforce
is connected into a single system where each worker’s
work and corresponding financial results are visible. The
workforce of the agricultural sector can be formed not
by low-skilled personnel but, on the contrary, highly quali-
fied in the field of intelligent technology, which with the
use of their developments and robotics, can bring the
agricultural industry to a new level. It will also change the
salary level in the industry, which is going to be higher
than the usual IT (information technology)-sector wages.
If today the agricultural worker’s wage level is 84% of the
average one, it will be ten times higher with automation
of processes. Practice in Britain has shown that this is
already a reality,and farming is increasingly like a computer
game [31]. A study by the World Economic Forum [32]
points to a list of technologies that will shape the future
of the agribusiness sector over the next 12 years. Each
development will bring tremendous benefits to farmers
globally:

— produce condition monitoring technologies that
will save 20 million tonnes of food from loss;

— mobile services will create $200 billion in profits
and reduce drinking water losses by 100 billion cubic
metres;

- big data analytics will create over $70 billion in
profits for farmers and increase production by 150 mil-
lion tonnes;

— Internet-of-Things for supply chain tracking will
reduce production losses by 35 million tonnes;

— blockchain for record-keeping will reduce production
losses by 30 million tonnes;

— precision agriculture will reduce costs by $100 billion,
increase production by 300 million tonnes, and reduce
water use by 180 billion cubic feet;

— alternative energy would create $100 billion in
profits,add 530 million tonnes of production, and reduce
water use by 250 BCF;

— genetically modified foods, biologically active tech-
nology, and land quality management would generate
$250 billion in profits for farmers.

But such a future is unrealistic for economic con-
ditions in the short term. According to well-known re-
searchers O. Prysyazhnyuk and M. Plotnikova [33], the
availability of natural and labour resources, significant
intellectual potential, real financial capabilities of the
state, and a favourable foreign economic environment
provide the conditions necessary for sustainable devel-
opment agricultural development. The authors believe
that a high employment level in agriculture is an import-
ant aspect of the country’s sustainable development. At
the current development stage, it is necessary to ensure
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an increase in production, which will contribute to improving
the level and life quality of the population [34]. Thus,
the main state development dilemma arises, which can
take one of the following two routes: by automating
agriculture, increasing its productivity but also reducing
the level of employment, or by maintaining and increas-
ing the level of rural employment by encouraging the
development of small and medium-sized businesses.
Today, automated control of agricultural processes occurs
only on 3% of the land, and such technologies are used
only by large agricultural holdings. It is necessary to create
affordable financing for farmers to bring these technolo-
gies to a more progressive level. Future research will aim
to find a harmonious solution to the agricultural sector
development through the automation of processes, but
not to the detriment of employment.

CONCLUSIONS

According to the study results, it is possible to determine
the main development directions of the agro-industry
sector in the context of sustainable development based
on current problems. Despite the agricultural sector in-
stability, defined by the current state analysis result, it is
still an essential sustainable development component.
But the importance of agro-industry in the country’s GDP
gradually gives way to other economic sectors. To solve
this problem, it is necessary to redirect the agricultural
strategy from raw material to finished product production.
Also, it will be essential to establish control over land
use in this context and introduce tools for the sector’s
de-shadowing. Agricultural production is characterised
by unstable production. The most unstable sectors are
wool. The production of cereals and industrial crops is
also characterised by asynchrony.To solve the problem, it
is necessary to bring production to a new technological
level and implement diversification strategies to smooth
out productivity jumps.

Agriculture is essential in employment, mainly ru-
ral work,but it is characterised by a gradual decline in la-
bour use due to production process automation. To date,
the labour cost in the agricultural sector is below the
average wage in Ukraine. To solve this problem, it is nec-
essary to have a mechanism to stimulate industry auto-
mation by financing small and medium-sized farming
and controlling the land reform so that the rural popu-
lation develops agriculture rather than transferring land
to large agricultural holdings. Today, experts insist that
IT and agribusiness uniting is essential for agricultural
development,so capital investments in agribusiness are
insufficient. However, the current situation shows that
capital investments do not contribute to industry develop-
ment.To change the situation, state funding programmes,
which will ease the acquisition of new technologies by
large agricultural holdings and medium and small farm-
ers, are needed. The environmental issue of devastation
and decreasing land fertility is solved by land reform
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controlling, particularly ensuring that land is not leased  possibility of implementing the recommendations at the
out on a short-term basis but is carefully used as a long-  macro and microeconomic levels. Further research forms
term asset that contributes to sustainable economic  the automation processes in agriculture that small and
development. The research’s practical value lies in the  medium-sized farmers can access.
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