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Article’s History: Abstract. The meat of edible snails is considered a delicacy and is part of
Received: 10/11/2022 Ukraine's food exports, but there are no regulations or legislation on its
Revised: 11/03/2022 quality. The purpose of this work was to develop methods for determining
Accepted: 12/09/2022 the degree of freshness of snail meat by the content of ammonia and

ammonium salts with Nessler's reagent, peroxidase in meat with copper
Suggested Citation: sulfate solution, and processing a smear-print from meat with a fluorescent
Danilova, ., & Danilova, T. (2022). dye and to determine the quality of meat by the number of green pixels.
Development of methods for as- During the research, first of all, it was determined the organoleptic
sessing the quality of snail meat. characteristics of shellfish meat, which reflect their freshness. Next,
Scientific Horizons, 25(12),9-18. research was performed to determine the enzymes and ammonia that are

produced during meat storage. The following reagents were used: copper
sulfate solution, Nessler's reagent, and fluorescent dye - acridine orange.
The equipment used for these reactions was used, namely: a KFK-2-UHL 4.2
photometer and an SMT fluorescence microscope with a working current
of 2.5 A. Thus, schemes for establishing reactions for determining the
degree of freshness of snail meat were developed and tested: biochemical,
photometric, and immunofluorescence methods. The stability of the indicators
for determining the degree of freshness was established. It is analysed that
the data presented relate only to the research on snail meat. Utility model
patents have been granted for each method. The proposed methods for
assessing the quality of snail meat are effective, technologically simple and
fast, have high reliability of the results obtained and can be used in the
work of research and experimental, production and regional laboratories
of veterinary medicine

Keywords: gastropod, determination of freshness, biochemical method,
photometric method, immunofluorescence reaction
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Development of methods for assessing the quality of snail meat

INTRODUCTION

The quality of animal products is of great importance in
Ukraine and globally. For the vast majority of Ukrainians,
snails are an unusual delicacy, both due to the specifics
of their consumption and their rather high price. The snail
business in Ukraine is at the initial stage of development,
thus, there is not enough scientific research on the con-
sumer properties and safety of snails as a biologically
valuable food product.

Babina et al. (2017), Down (2018) argue that meat
quality control is one of the top priorities, as the quality
of the products received by the consumer and their
cost depends on the objectivity of freshness assess-
ment. In addition, snail meat should be subjected to
a freshness test (Kasianchuk & Bohatko, 2006). After
analysing the publications of other foreign scientists
Kehinde et al. (2020), Ta Kougiagka et al. (2022), it was
established that there are no methods for determining
the quality of snail meat. For rapid quality control of
meat of different species of animals and poultry, there
are conventional methods for determining the fresh-
ness of meat: pH, peroxidase reaction (benzidine test),
copper sulfate reaction, hydrogen sulfide reaction,am-
monia reaction, formalin reaction, ammonia and am-
monium salts determination (Danilova & Hetmanets,
2018; Kasianchuk & Bohatko, 2003). These are standard
methods for determining the freshness of animal meat.
Notably, they are not designed and cannot be used
specifically for snail meat.

Similar studies highlighted in the scientific pub-
lication by Ukrainian scientists Yatsenko et al. 2020
are significant but only concern the determination of
the degree of freshness of snail meat by the content
of ammonia and ammonium salts with the Nessler re-
agent but since the reaction is visual, it can be subject
to error. In addition, there is a method for determining
the degree of freshness of snail meat by reacting with
copper sulfate, for which the authors later received a
similar patent. The authors of this patent use a different
concentration of meat and water extract for research
and take snail meat at different periods after anabiosis
(Zabarna & Bohatko, 2019).

It is difficult to give an unambiguous definition
of the quality of fresh meat, as each consumer will de-
scribe it differently based on their preferences, which
will vary depending on the perception of the product’s
appearance, odour, and flavour (Purslow, 2017; Karabasil
et al., 2019). In this case, it is necessary to use more
precise research methods. The quality of fresh meat de-
termines its usefulness for the consumer and its suit-
ability for cooking (Przybylski & Hopkins, 2016). Since
Ukrainian farmers export snails and their meat, it is
essential to determine the degree of freshness on time.

Meat quality assessment is a kind of art, in which
technological and methodological skills, instrumenta-
tion and laboratory equipment, professional experience
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and aptitude for tasting play an important role (Raudiené
et al.,2018).According to the freshness indicators, meat
is divided into fresh, questionable freshness and stale.
The quality can be assessed by organoleptic methods
(appearance, flavour, odour, colour, consistency, and
in some cases juiciness), sensory highly instrumental
methods (colour, odour), histological (microstructural)
methods (Peshuk, 2018; Umer et al., 2021). Determina-
tion of organoleptic indicators does not give a complete
picture of the quality and safety of meat, it is necessary
to conduct additional laboratory tests, such as physico-
chemical, microbiological etc (Bohatko et al., 2015; Liu
etal., 2018).

The issue of meat quality was explored by Ka-
sianchuk & Bohatko (2006), who developed a way to
improve the biochemical method for determining beef
from diseased animals. In addition, these authors devel-
oped a method for determining the degree of freshness
of beef and pork and received a utility model patent for
it (Kasianchuk & Bohatko, 2003). There is a method for
determining the degree of freshness of poultry meat
using the photometric method, authored by Bohatko
et al. (2015). But all these methods are not suitable for
determining the quality of snail meat.

Shellfish meat is a product that is not resistant
to long-term storage. According to Ng et al. (2013), it is
explained by: the loose structure of muscle tissue, low
amount of glycogen in the muscles, high water content,
which serves as a favourable environment for the de-
velopment of microorganisms, and the ability of snail
microflora to develop at low positive temperatures (0...
+ 5°C). But its quality depends on storage conditions
(Batyrbekov & Zhumabaey, 2017). Most snail meat is
frozen. Therewith, unfavourable conditions are estab-
lished for the development of microorganisms, and the
rate of biochemical processes under the influence of
enzymes is sharply reduced (Damez & Clerjon, 2008;
Soren & Biswas, 2020). However, note that the meat can
be frozen for a very long time, compliance with the re-
quirements for freezing shellfish meat or during trans-
portation, and there are no temperature requirements
(Saryglar, 2020).

The purpose of this work is to identify the quality
of snail meat by developing methods for determining
the degree of freshness.

MATERIALS AND METHODS

The work was performed during 2018-2019 at the De-
partment of Chemistry and Biochemistry of the Kharkiv
State Zooveterinary Academy. Three methods for de-
termining the quality of snail meat were developed:
a method for determining the degree of freshness of
snail meat by the biochemical method; a method for
determining the degree of freshness of snail meat by
the photometric method; and a method for determining




the degree of freshness of edible snail meat by immu-
nofluorescence. Utility model patents have been ob-
tained for each of the methods: No. 134319 (Danilova,
2019), No. 128984 (Danilova & Hetmanets, 2018), and
No.136331 (Danilova & Hetmanets, 2019), respectively.
These methods are individual both in their design and
in the results obtained. Therefore, performers, or the
laboratory in general, have the opportunity to choose
the most convenient and affordable option for them-
selves. In a series of experiments, meat from 150 snails
of the Helix pomatia species was used.

Research on determining the degree of freshness
of snail meat by the biochemical method. More than
60 snails were selected and the meat was extracted (8
to 17 g per snail). The meat samples were divided into
2 groups of 30 samples each. In terms of shelf life, these
groups corresponded to two categories: 1) fresh meat;
2) stale meat. Next, meat samples of different concen-
trations were prepared, with dilutions of 1:10, 1:15,
1:20, 1:25, and 1:30. In conical flasks, 20.0, 25.0, 30.0,
35.0,and 40.0 g of chopped snail meat were separately
placed and 200.0, 300.0, 400.0, 500.0, and 600.0 cm? of
distilled water were added, respectively. The contents
of the flasks were stirred, closed with a watch glass, and
placed in a boiling water bath for 10 minutes. The con-
tents of the flasks were then filtered through a layer of
cotton wool. If the resulting broth was cloudy and pro-
tein flakes remained in it after filtering, the broth was
filtered through filter paper. The filtrate from each flask
was poured into test tubes of 2.0 cm? each. A copper
sulfate solution of different concentrations was pre-
pared in parallel: 1.0%, 1.5%, 2.0%, 2.5%, and 3.0%. For
this, 1.0, 1.5, 2.0, 2.5, and 3.0 g of copper sulfate were
weighed, and 100.0 cm? of distilled water was added
to each sample. Subsequently, 3 drops of copper solu-
tion at 1.0%, 1.5%, 2.0%, 2.5%, and 3.0% concentrations
were added to the tubes of each dilution of the filtrate.
Distilled water was used as a control. For this purpose,
to 2.0 cm® of water, 3 drops of CuSO4 of different con-
centrations were added. The tubes were shaken 3 times
and placed on a rack. The reaction was recorded visually
after 5 minutes by changing the colour and consistency
of the broth (Danilova, 2019).

Method for determining the degree of freshness of
snail meat by the photometric method. 1t was selected
45 snails of the species Helix pomatia, from which meat
was removed (from 8 to 11 g each). The meat samples
were divided into 3 groups of 15 samples each. In terms
of shelf life, these groups corresponded to three cate-
gories: 1) fresh meat; 2) stale; 3) questionable. Next, the
meat samples were chopped with scissors and 2.0 g
of each was taken (15 samples for each group). To 5
weights of each group were added 10.0, 20.0, 30.0,
40.0,and 50.0 cm? of distilled water, respectively (3 series
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of 5 weights in total) and infused for 15 minutes,
filtered, and 0.5 cm® of Nessler's reagent was added
to 3.0 cm? of filtrate. Then, the optical density of the
colour intensity of the supernatant for each sam-
ple was immediately measured using a KFK-2-UHL
4.2 photoelectric photometer in a cuvette with an
absorbing light thickness of 1.0 cm at wavelengths of
400, 440, 490, and 540 nm. Distilled water was used as
a control (Danilova & Hetmanets, 2018).

Development of a method for determining the degree
of freshness of edible snail meat by immunofluorescence.
More than 45 snails were selected and the meat was
extracted (8 to 11 g per snail). The meat samples were
divided into 3 groups of 15 samples each. In terms of
shelf life, these groups corresponded to three categories:
1) fresh meat; 2) stale meat; 3) meat of questionable
freshness. From the surface of the cut of each meat
sample, smears were placed on a slide. The smears were
dried at room temperature. Then they were fixed in
chilled chemically pure acetone for 30 minutes at-18°C
by complete immersion.Next,the smears were removed,
air-dried at room temperature, and transferred to a hu-
mid chamber, where they were stained with a working
solution of acridine orange dye (dilution 1:10,000) in
a dark place for 20 minutes at room temperature. The
dye is a catalyst for the immunofluorescence reaction.
Subsequently, the smears were washed with distilled
water 3 times. They were air-dried and examined in an
SMT fluorescence microscope with a working current
of 2.5 A (40x10 magnification) (Danilova & Hetmanets,
2019). The image of each sample was displayed on a
computer monitor and further analysed using “Adobe
Photoshop 7.0” software. For this, the image size was set
to a constant 1777x1333=2368741 pixels (according to
the dimensions of the monitor screen). The “Histogram”
command was used to check the presence and corre-
sponding total size of green spots X (in pixels) in the
image (Baranovsky et al., 2017).

All experimental studies were conducted according
to modern methodological approaches and in compliance
with the relevant requirements and standards, in particu-
lar, they correspond to the requirements of DSTU ISO/IEC
17025:2005 (2006). The animals were kept and all manip-
ulations were performed according to the provisions of the
Procedure for conducting experiments and experiments on
animals by scientific institutions (Law of Ukraine No. 249,
2012), the European Convention for the Protection of
Vertebrate Animals Used for Experimental and Other
Scientific Purposes (European convention..., 1986).

RESULTS AND DISCUSSION

Method for determining the degree of freshness of snail
meat by biochemical method. The results of this method
are presented in Tables 1 and 2.
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Table 1. Reaction of copper with sulfate of fresh snail meat

CuS04 concentration, %

Diluting broth

1.0 1.5 2.0 2.5 3.0
1:10 The broth is clear, brown in colour The broth is blue-brown in colour, with brown flakes
1:15 Transparent brown liquid Transparent blue-brown liquid
1:20 Transparent brown liquid Transparent blue-brown liquid
1:25 Transparent brown liquid Transparent blue-brown liquid
1:30 Transparent brown liquid Transparent blue-brown liquid

Distilled water

Transparent liquid with a subtle blue tint on a contrasting background

Source: developed by authors

Table 2. Reaction of copper with sulfate of stale snail meat

CuS04 concentration, %

Diluting broth

1.0 15 2.0

2.5 3.0

The broth is clear, brown

The broth is blue-brown in colour,

The broth is blue-brown

1:10 in colour with brown flakes in coloqr, significantly cloudy,
with brown flakes
Transparent Blue-brown broth,
. Transparent p barely noticeable Blue-brown broth, barely noticeable brown flakes,
1:15 P blue-brown . b
brown liquid liquid brown flakes, traces traces of jelly generation
q of jelly generation
Transparent liquid
Transparent of blue-brown P ) .
1:20 Tranqurer)t blue-brown colour, with brown Transparent liquid of blge brown colpur,wnh brown
brown liquid D . flakes with jelly generation
liquid flakes, traces of jelly
generation
Transparent liquid
. - . . of blue-brown colour, with
1:25 Transparent liquid of blue-brown colour, with barely noticeable brown flakes barely noticeable brown flakes,
traces of jelly generation
Transparent liquid of blue-
1:30 Transparent liquid of blue-brown colour, with barely noticeable brown flakes brown colour, with barely

noticeable brown flakes, traces
of jelly generation

Distilled water

Transparent liquid with a subtle blue tint on a contrasting background

Source: developed by authors

Thus, analysing the data for determining the
freshness of snail meat in the reaction of copper with
sulfate, which is presented in Tables 1 and 2, it can be
concluded that the authors'data are consistent with the
study of a 1:15 meat-water extract and CuSO4 concen-
trations of 2.5% or 3.0%. Thus, to determine the degree
of freshness of snail meat in the reaction of copper with
sulfate,itis necessaryto use a meat-water extract ata di-
lutionof 1:15 and a CuSO4 concentration of 2.5% or 3.0%.

Research results in the development of a method
for determining the degree of freshness of snail meat by
the photometric method. The results obtained during
the development of this method are presented in
Table 3 in the form M = m, where M - the average
optical density for the group, m - the error of the
average.

For clarity, the average values are presented in
Figure 1.

Table 3. Colour intensity optical density values of the supernatant by groups

Wave length, nm

Groups
400 440 490 540
1 2 3 4 5
Fresh meat
1.(1:10 + 0.5 cm® Nessler's reagent) 1.28+0.11 0.26 £ 0.03 0.30 £ 0.03 0.42 £ 0.05
2.(1:15 + 0.5 cm® Nessler’s reagent) 0.65 * 0.06 0.46 £ 0.03 0.42 £ 0.04 0.12 £0.02
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Table 3, Continued

1 2 3 4 5
3.(1:20 + 0.5 cm® Nessler’s reagent) 0.52 £ 0.07 0.53£0.06 0.54 £ 0.08 0.10 £ 0.02
4.(1:25 + 0.5 cm?® Nessler's reagent) 0.52 £ 0.06 0.27+0.03 0.15 £ 0.02 0.06 £ 0.01
5.(1:30 + 0.5 cm® Nessler’s reagent) 0.45 £ 0.06 0.25 £ 0.03 0.12 £0.02 0.05 #0.01
Stale meat

1.(1:10 + 0.5 cm® Nessler’s reagent) 1.38 £ 0.06 1.24+0.03 1.80 £ 0.05 1.46 £ 0.07
2.(1:15 + 0.5 cm?® Nessler’s reagent) 1.80 £ 0.07 1.37 £ 0.06 1.91 £0.05 1.40 = 0.06
3.(1:20 + 0.5 cm® Nessler’s reagent) 1.10 £0.03 1.46 £0.02 2.10 £ 0.04 0.95 +0.05
4.(1:25 + 0.5 cm?® Nessler’s reagent) 0.68 = 0.07 0.36 £0.03 0.29 £0.03 0.10+0.02
5.(1:30 + 0.5 cm® Nessler’s reagent) 0.95 +0.08 0.56 = 0.06 0.26 £ 0.03 0.55 +0.05

Questionable meat
1.(1:10 + 0.5 cm® Nessler’s reagent) 0.69 £ 0.08 0.80 £ 0.05 0.85 £ 0.05 0.84 £0.10
2.(1:15 + 0.5 cm® Nessler’s reagent) 0.93 £0.07 0.83 £ 0.04 1.58 £ 0.04 0.97 £ 0.07
3.(1:20 + 0.5 cm® Nessler’s reagent) 1.18 £ 0.08 1.17 £0.03 1.63+0.05 1.35+0.09
4. (1:25 + 0.5 cm?® Nessler's reagent) 1.00 £ 0.07 0.99 £ 0.07 0.86 + 0.06 0.69 £ 0.06
5.(1:30 + 0.5 cm® Nessler’s reagent) 0.71 £0.07 0.78 £0.08 0.59 £ 0.06 0.93 £0.09

Source: developed by authors
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Figure 1. Dependence of the average values of the optical density

d) wave length 540 nm

of the colour intensity of the additive fluid on the group number
Note: 1 -1 :10+ 0.5 cm® of Nessler's reagent; 2 - 1 : 15 + 0.5 cm® of Nessler's reagent; 3 - 1 : 20 + 0.5 cm® of Nessler's
reagent; 4 — 1 : 25 + 0.5 cm® of Nessler's reagent; 5 — 1 : 30 + 0.5 cm? of Nessler's reagent. Fresh meat -

questionable meat -
Source: developed by authors

, Stale meat -
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The data in Table 3 and Figure 1 demonstrate
that the highest reliability of the difference between
fresh, stale and questionable snail meat is obtained by
photometry at 440 and 490 nm and using a meat-water
extract in ratios of 1 : 10,1 : 15 or 1 : 20 with the addi-
tion of 0.5 cm? of Nessler's reagent. Low extract concen-
trations of 1 : 25 and 1 : 30 are generally uninformative
in determining the degree of freshness of meat.

These conclusions can be summarised in Table 4,
which presents the ranges of changes in the optical density

of colour intensity according to the degree of freshness
of snail meat at 440 and 490 nm. The ranges were de-
termined according to the “three sigmas”rule according
to Table 3, i.e., about 99.9% of the experimental data
fell into these ranges.

As can be seen from this Table, the ranges of
optical density for different degrees of the freshness
of meat do not overlap, thus, Table 4 can be specifically
applied to the examination of snail meat to its degree
of freshness.

Table 4. Indicators of optical density of colour intensity according to the degree of freshness of snail meat

The degree of freshness of meat

Wave length, nm Fresh Questionable freshness Stale

Dilution of meat and water extract 1 : 10

440 0.10-0.42 0.54-1.06 1.08-1.40

490 0.12-0.48 0.53-1.07 1.44-1.98
Dilution of meat and water extract 1 : 15

440 0.33-0.59 0.61-1.05 1.07-1.67

490 0.21-0.63 1.37-1.79 1.84-2.36
Dilution of meat and water extract 1 : 20

440 0.24-0.82 0.95-1.31 1.35-1.57

490 0.15-0.93 1.41-1.85 1.91-2.29

Source: developed by authors

Obtained data on the method of determining the
degree of freshness of edible snail meat by immuno-
fluorescence. Conducted research to determine the

degree of freshness of edible snail meat by immuno-
fluorescence. The results are presented in Table 5.

Table 5. Results of measuring the immunofluorescence of snail meat

The ratio of the number
of pixels X to the total

No. of sample Number of pixels, X

Standard deviation o,
pixels (percent)

Average value of M,
pixels (percent)

number, %
1 2 3 4 5
Fresh meat
1 0 0.000 211.5 (0.009%)
2 82 0.003
3 90 0.004
4 102 0.004
5 150 0.006
6 161 0.007
7 211 0.009
8 252 0.011 285.7 (0.012%)
9 253 0.011
10 303 0.013
11 386 0.016
12 435 0.018
13 507 0.021
14 645 0.027
15 708 0.030
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Table 5, Continued

1 2 3 4 5
Meat of questionable freshness
16 1091 0.040 165.6 (0.008%)
17 1133 0.048
18 1178 0.050
19 1221 0.052
20 1301 0.055
21 1378 0.058
22 1402 0.059
23 1414 0.060 1386.9 (0.058%)
24 1457 0.062
25 1492 0.063
26 1502 0.063
27 1511 0.064
28 1545 0.065
29 1567 0.066
30 1611 0.068
Stale meat
31 4235 0.179 1272.2 (0.054%)
32 4649 0.196
33 4917 0.208
34 5132 0.217
35 5572 0.235
36 5821 0.246
37 6008 0.254
38 6140 0.259 6270.8 (0.265%)
39 6307 0.266
40 6614 0.279
41 7031 0.297
42 7391 0.312
43 7756 0.327
44 8124 0.343
45 8365 0.353

Source: developed by authors

In this Table, samples 1 through 15 deliberately
corresponded to fresh meat; samples 16 through 30 to
the meat of questionable freshness; and samples 31
through 45 to stale meat. Since the total number of pixels
in each image was a large value of 2368741, Table 5
presents the absolute number of pixels for each sam-
ple, since the corresponding percentages to the total
number are extremely small. Table 5 presents the mean
values and standard deviations of the number of pixels

for each group of snails by the degree of freshness. The
Figure 2 presents probability density plots of the normal
distribution for each group of snails in Table 5 according
to formula (1):

(x-m)®

e 207 1)

1
X) =
f&X) o
which are compared with the results of observations
(points on the graphs).
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Figure 2. Graphs of the normal distribution of the percentage of green pixels
from the total number of pixels in the image for each group of snails

Note: Fresh meat - , questionable meat -

Figure 2 demonstrates that the boundary between
fresh meat and meat of questionable freshness is at the
level of 1000 pixels (0.042%) of green colour, and if the
number of pixels exceeds 2000 (0.084%), the meat is stale.

The authors have developed three methods for
determining the quality of snail meat, which are simple
and expressive, but believe that the photometric method
is more acceptable.This method requires using inexpen-
sive equipment that is available in almost all laborato-
ries, while the researcher will get a reliable, fast result,
and the Nessler reagent gives a clear colour intensity.

Ukrainian scientists have been exploring the
degree of freshness of snail meat and have developed
methods to the determination of the degree of freshness
of snail meat by bacterioscopic method (Zabarna & Bo-
hatko, 2019), photometric method (Zabarna & Bohatko,
2019), reaction with copper sulfate (Zabarna & Bohatko,
2019), and ammonia and ammonium salts (Zabarna &
Bohatko, 2019). The similarity of these methods with
the methods developed by the authors is that the studies
were conducted on snails and used Nessler's reagent
and copper sulfate solution. Differences include various
concentrations of meat and water extracts and reagents
and different reaction times. To ensure the accuracy of
the results, the author offers to use special equipment,
which will ultimately provide a smaller error.

In addition, these methods can be used to deter-
mine the degree of freshness, but each researcher should
choose the simplest, accurate, and acceptable method
for them. The authors Kasianchuk & Bohatko (2006) Ta
Bohatko et al. (2015) determined the quality of meat
but from other species. Researchers Onishchenko et al.
(2006) have developed a method for the rapid diagno-
sis of blood-borne diseases of sheep using fluorescence
microscopy, but it cannot be used to explore snail meat,
as it involves fluorochromation of preparations, as a re-
sult of which the parasites themselves become a source
of light and contrast against the dark background of the
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, stale meat -

preparation,and in this case, fluorochromation in prepa-
rations occurs due to meat spoilage. Thus, the less bright
green colour in the microscope, the fresher the meat.

Similar studies are covered in scientific pub-
lications by foreign researchers - Sando et al. (2012),
Kehinde et al. (2020), but they do not devote sufficient
attention to the analysis of indicators responsible for
the quality and safety of gastropod meat. Thus, consid-
ering the growth of snail consumption and exports in
Ukraine, the issue of snail meat quality examination is
very relevant, interesting and significant.

CONCLUSIONS

Snail meat can be analysed by biochemical, photomet-
ric and immunofluorescence methods. The modes of
performing each method have been developed. Thus,
when using the biochemical method, it is necessary to
obtain a meat and water extract at a dilution of 1 : 15
with a CuSO4 concentration of 2.5% or 3.0%. When
testing with this method, the extract from fresh meat is
transparent blue-brown in colour, and from stale meat,
the broth turns blue-green in colour with jelly genera-
tion. Determination of the degree of freshness of meat
with the Nessler's reagent is possible by examining the
meat-water extract in dilutions of 1 : 10,1 :15and 1 : 20
on the KFK-2-UFL 4.2 at a wavelength of 440 nm or
490 nm. Thus, the author found that with a dilution of
the meat-water extract of 1:15 and a wavelength of
440 nm, the degree of freshness can be determined. If the
indicator is from 0.33 to 0.59 nm, the meat is consid-
ered fresh, with indicators of 0.61 to 1.05 nm - of ques-
tionable freshness, and from 1.07 to 1.67 nm - stale.
It was established that it is possible to determine the
quality of snail meat by immunofluorescence. If the in-
dicator is 1000 pixels, the meat is considered fresh, and
if it is more than 2000 pixels, it is stale. As a prospect
for further research, it is considered advisable to deter-
mine what factors affect the freshness of snail meat.
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Po3po6ka MeToAiB OUiHKM SKOCTI M'ica paB/IUKiB
Ipuna CepriisHa JaHinoBal, TetaHa MukonaiBHa [laHinoBa?

Nlep>xaBHa AoCNiAHA CTAHLiA NTaXiBHULUTBA
63421, Byn. LleHTpanbHa, 20, c. bipku, YkpaiHa

2[lep>xaBHUIA BIOTEXHONOTYHMI YHiBEPCUTET
62341, Byn. AkapeMiyHa, 1, cMT Mana [JaHuniska, YkpaiHa

AHoTauif. M’'aco icTiBHMX paBAWKiB BBAXKAETLCS AeNiKaTECOM | CTAHOBUTb YaCTUHY YKPAiHCbKOTO €KCMOPTY XapyYoBMX
NPOAYKTIB, ane HOPMaTUBHI Ta 3aKOHOAABYI AOKYMEHTU OO MOro SKOCTi BiaCyTHi. MeToto Liei poboTtu Byno po3pobutu
CNocobu BU3HAYEHHSI CTYMEHS CBIXOCTI MACa paB/MKIB 32 BMICTOM aMiaKy Ta Co/fell aMoHito 3 peakTvBoM Hecnepa,
NnepoKcKaasn B MACi 3 po34YMHOM Mifi cynbdaTty Ta 06pobkM Maska-BiabUTKA 3 Maca dyopecLeHTHUM BapBHUKOM i
33 KiNbKICTIO NiKCeniB 3eneHoro Koabopy BCTAHOBUTKM SIKiCTb Mca. B xoai pocnigxeHs, y nepuly yepry, BU3SHa4anu
OpraHoNenTUYHI MOKA3HWKKM M’ICa MOMKOCKIB, SIKi Big0OpaXatoTb iX CBiXiCTb. [lani BUKOHYBaNu [OCNIOKEHHS LLOA0
BM3HaYeHHs PEPMEHTIB Ta aMiaky, Ki yTBOPHOKOTLCS Y NpoLieci 36epiraHHa Maca. MNpu LboMy 6ynM BUKOPUCTAHI HaCTyMHi
peakTuBM: PO3UMH Migi cynbdaTy, peaktne Hecnepa Ta dnyopecueHTHUI 6apBHUK — aKpUAUMHOBKI NoMapaHyeBuii. Mpu
MOCTaHOBLLi AaHWMX PeaKL,ii Takox 6yno BUKOPWUCTaHO i 06nafHaHHs, a came: potomeTp doToenekTpuuHuii KOK-2-YXJ1 4,2
Ta fOMiHecUeHTHUIA Mikpockon SMT 3 nogaveto poboyoro cTpymy 2,5 A. TaknuM UMHOM Bynu po3pobneHi Ta BiANpaLboBaHi
CXeMM NOCTAHOBKM PeaKLil LWOA0 BU3HAUYEHHS CTYMEHS CBIXXOCTI MCa paB/MKiB: BioXiMiYHMKA, POTOMETPUYHMIA Ta METOA,
iMyHodnoopecueHuii. byna Bu3HaveHa cTabinbHICTb NOKA3HMKIB BM3HAYEHHS CTyMeHs cBixXoCTi. [poaHanizoBaHo, Wwo
HaBedeHi AaHi CTOCYIOTbCS NMLe AOCIMKEHHS MAca paBmKiB. Ha KoxeH MeToa 6yno oTpMMaHO MaTeHTU Ha KOPUCHY
MOoAeNb. 3anponOHOBAHI CMOCO6M OLLIHKM KOCTi Mica paB/UKiB € eDEKTUBHUMM, TEXHOOMNYHO HECKNAAHUMM Ta WBUAKUMMU,
MatoTb BUCOKY AOCTOBIPHICTb OTPUMAHUX PE3YNLTATIB | MOXYTb OYTW BUKOPUCTaHI B poBOTi HayKOBO-EKCMEPUMEHTANTbHMX,
BMPOOHMYMX Ta perioHanbHWUX NabopaTopisix BeTepUHAPHOI MEAULIMHM

KniouoBi cnoBa: 6poxoHOMMiA MOMIOCK, BU3HAYEHHS CBIXKOCTI, BioXiMiuHMIA MeToa, HDOTOMETPUYHMIA METOS, peaKLis
iMyHOodnoopecLeHuii
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INTRODUCTION

In veterinary practice, scientists propose a large num-
ber of approaches to the integrated use of drugs to in-
crease poultry resistance and productivity, using vari-
ous regimens, including antibiotics. Despite the legal
ban on using antibiotics for prophylactic purposes and
as growth stimulants, most researchers document their
widespread use (Stoyanovskyi et al., 2012; Osimani &
Clementi, 2016; Romanyuk et al., 2019), but the issue of
their quality and safe use is still relevant.

Thus, several researchers H.El-Adawy et al. (2015),
T.N. Nguyen et al. (2016) and A.A. Moawad et al. (2018)
have proven that uncontrolled use of antibiotics, sul-
fonamides, coccidiostatics and numerous vaccinations
results in the emergence of antibiotic resistance, immu-
nodeficiency and poultry death. To prevent microorgan-
isms from gaining resistance, probiotics with a different
spectrum of lactobacilli and other beneficial microor-
ganisms in their composition have recently been used
to decelerate the effects of stress and increase weight
gain,bringing the physiological state of the poultry body
back to normal. In works (Byrd et al., 2001; Babenko
et al., 2014; Arena et al., 2017), the mechanisms of ac-
tion of probiotics based on representatives of normal
commensal microflora (lacto- and bifidobacteria), their
antibacterial and immunomodulatory properties, and
antagonistic effects against infectious agents were
explored. Other researchers (Adil et al., 2010; El Kady
et al., 2012; Babenko et al., 2014) have demonstrated
that the most cost-effective is using complexes of sym-
biotic preparations, which, due to the synergistic effect
of all components, have immunomodulatory and anti-
oxidant properties, contribute to the strengthening of
nonspecific immunity, which together improves digestion,
improves feed conversion, increases safety and weight
gain and contributes to a better implementation of the
productive potential of poultry.

Thomas, (2020), Stefanska et al., (2021), Lytvynenko
et al., (2022) noted that effective drugs with universal
properties and high-quality standards are required to
protect animals from infectious diseases. Modern disinfec-
tants should ensure the proper state of veterinary and
sanitary welfare and reliable protection against infec-
tions, thus, they are one of the elements in the preven-
tion of infectious diseases of productive animals and
poultry in the technological process of their cultivation.
Thus, previous studies by the authors (Chechet et al.,
2021; Chechet et al., 2022; Kovalenko et al., 2022) and
several other scientists (Melnyk, 2017; Demchyshyn
et al., 2018) in in vitro and in vivo experiments have
established the effectiveness and safety of biocides
based on organic acids, peroxide compounds, chlo-
rine dioxide, etc. As described by J. Bailly et al. (2017),
“Biozapin”, based on a mixture of cultures of probiotic
bacteria Bacillus sybtilis and Bacillus amyloliquefaciens
and aluminosilicate for surface treatment, has a prolonged
effect due to the gradual adsorption of ammonia and
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urea in poultry housing. Studies by J. Bailly et al. (2017),
O.M.Chechet et al.(2022) and V.L. Kovalenko et al.(2022)
have demonstrated that the disinfectants “Diolaid” and
“Biolaid” have an active antimicrobial effect against
gram-positive and gram-negative bacteria, fungicidal
properties, virulent effect and prevent resistance of mi-
croorganisms to the drug. V.L. Kovalenko et al. (2022)
discusses using safe biocides in the presence of pro-
ductive poultry and adding them to the water supply
system, and proposes to combine the integrated use of
symbiotic and disinfectants.

Thus, in the context of the intensification of
the poultry industry, the health of productive poultry
can be maintained by using complexes of safe probi-
otics, biocides and nutraceuticals, which will optimise
metabolic processes in the body and increase natural
resistance, effectively preventing the development of
infectious diseases.

Thus, the purpose of the study was to explore
the effect of a complex of symbiotic preparations in
combination with biocidal agents on the dynamics of
clinical and biochemical parameters and features of
mineral metabolism in the body of broiler chickens in
the technological scheme of rearing broiler poultry.

MATERIALS AND METHODS

A system of rearing young broiler chickens with the
oral use of the symbiotic preparation “Biomagn” with
the probiotic “Biozapin” (by spraying in the air) in com-
bination with the biocidal agents “Diolide” (with the
addition of water supply) and “Biolide” (disinfection of
the room in the presence of poultry) is proposed. “Bio-
magn” contains a mixture of probiotic bacteria Bacillus
subtilis, Bacillus licheniformis, Enterococcus faecium and
lyophilized fermentation products of microorganisms
Lactococcus Lactis, Bacillus subtilis and Bacillus licheni-
formis. In addition, “Biomagn” contains aluminosilicates,
which effectively absorb mycotoxins from fodder and
bacterial toxins, and suppress mutagenic microflora;
betaine, which has a hepatoprotective effect, helps to
reduce fats in hepatocytes, neutralises toxic elements
and their compounds; silymarin, which has antioxidant
properties, stimulates the synthesis of proteins and
phospholipids in the affected liver cells; mannan oli-
gosaccharides - exhibit probiotic properties and con-
tribute to the normalisation of intestinal microflora by
binding mannose residues to the receptors of pathogenic
bacteria, respectively.

The experiment was performed in the vivarium
of the State Research Institute of Laboratory Diagnostics
and Veterinary and Sanitary Expertise (“SRILDVSE”, Kyiv).
According to the principle of analogues, 2 experimental
(A; B) and one control (n = 21) were established from
broiler chickens of the COBB-500 cross in the amount
of 63 heads, 5 days old. The birds were fed complete
fodder “Starter” (first 14 days) and “Grover” until the end




of the experiment. Birds of experimental A and B were
fed fodder with the addition of the symbiotic prepara-
tion ‘Biomagn” from the first to the 7" and from the
22 to the 27™ day of rearing at a rate of 0.5 mg per kg
of fodder, respectively.

Therewith, chickens of experimental B were
given a solution of the biocidal preparation “Diolaid”
(based on chlorine dioxide) 1.0 mg/L (by chlorine di-
oxide) with water throughout the experiment, which

Chechet et al.

corresponds to a concentration of 0.0004% (Table 1).
Disinfection in the experimental B poultry houses was
performed with “Biolaid” biocidal preparation 0.2%
(based on hydrogen peroxide, supralactic acid, and
lactic acid) with an exposure time of 60 minutes. The
technological rearing scheme included the probiotic
preparation “Biozapin”, which was used once every
2 weeks after disinfection and sprayed evenly in the
poultry house at a rate of 10-30 g/m2

Table 1. Scheme of application of symbiotic with probiotic and in combination
with biocidal preparations in experiments on broiler chickens

Drugs/concentration experimental A (probiotics)

experimental B (probiotics + Control (n = 21)

(n=21) + biocides) (n = 21)
1 2 3 4
“Biomagn” 1-7%,22-27" day (1-7)™, (22-27)" day Supplement was not provided
“Biozapin” 7th; 22t day 7t 22t day Supplement was not provided

“Diolaid”/0,0004% Supplement was not provided

during the experiment Supplement was not provided

“Biolaid”/0.2% Supplement was not provided- 1time/week Supplement was not provided
Antibiotics Not provided- - (5-10)" day
Vitamins in mg per head Not provided - (5-10)* day

Source: developed by authors

The control birds received a standard rearing
scheme. Blood samples were collected from poultry on
the 10™ 30t and 40 day of rearing in vivo, by puncture
from the subcubital vein using a heparinized cannu-
la-free needle, following the rules of asepsis and anti-
sepsis. The collected whole blood samples were divided
into two parts: one for the determination of micro- and
macroelements, and the second was stabilised with
an anticoagulant (1% heparin solution) at the rate of
2-3 drops per 10-12 ml of blood for further determination
of biochemical parameters.

Hematologic, biochemical,and immunologic blood
parameters were explored by conventional methods.
The content of total haemoglobin in the blood was de-
termined by the haemoglobin cyanide method by co-
lourimetric analysis, the number of red blood cells and
leukocytes by the test tube method, in a chamber with
a Goryaev grid (Hunchak, 2013; Fersunin, 2014). To de-
termine the bactericidal activity of blood serum (BAC),a
daily broth culture of E. coli, serovar 026, grown on Hot-
tinger broth according to the method of O.V. Smirnova
and T.A. Kuzmina (Danchuk et al., 2013) was used. The
determination of serum lysozyme activity (‘SLA") was
performed by the photonephelometric method of V.G.
Dorofeichuk (Kotsiumbas et al., 2012; Hunchak, 2013).
The test culture used for the study was Micrococcus ly-
sodeikticus, strain 2665. The phagocytic activity (PA) of
blood leukocytes was explored in heparin-stabilised
blood using a daily broth culture of E. coli (strain VKM)
according to the Gostev method (Danchuk et al., 2013).

Total proteins, albumin, uric acid, creatinine and
the level of enzymatic activity [AST (K.F. 2.6.1.1); ALT (K.
F.2.6.1.2); AP (K.F.3.1.3.1) activity] in plasma were deter-
mined using CORMAY (Poland, 2011) reagent kits as de-
scribed in the manufacturer’s manual (Vlizlo et al.,2014).
Spectrophotometric measurements were performed using
a SHIMADZU UV-1800 instrument (Japan, 2017).

The content of micro- and macronutrients was ex-
plored by inductively coupled plasma optical emission
spectrometry using an optical emission spectrometer
(ICP-OES) PlasmaQuant PQ 9000 (Germany, 2018). Ul-
trapure nitric acid (Merck, Germany), certified multi-el-
ement standard solutions for atomic emission spec-
trometry (Merck, Germany) with certified ion content
were used to prepare samples and prepare background
and calibration solutions (EL Kady et al., 2012; Chechet
etal.,2022).The solvent was ultra-pure deionised water
according to ISO 11885:1996 (1996), prepared by the
Atrium 631 UV purification system (Sartorius, Germany).
For the mineralisation of blood samples, it was used
the Milestone Ethnos Easy system with HPR-1000/10S
high-pressure rotor autoclaves (Milestone, Italy, 2021).

The results are presented as mean #* standard er-
ror (x £ SE). To compare the difference in mean parame-
ters between the control and experimental groups, the
authors of the research used the Tukey test, where the
differences were considered statistically significant at
P<0.05 for all the data.

All experimental studies were conducted ac-
cording to modern methodological approaches and in
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compliance with the relevant requirements and stan-
dards, in particular, they correspond to the requirements
of DSTU ISO/IEC 17025:2005 (2006). The animals were
kept and all manipulations were performed according
to the provisions of the Procedure for conducting ex-
periments and experiments on animals by scientific in-
stitutions (Law of Ukraine No. 249, 2012), the European
Convention for the Protection of Vertebrate Animals
Used for Experimental and Other Scientific Purposes
(European convention..., 1986).

RESULTS

Haematological parameters in experimental and control
chickens were within their reference level and changed
during the experiment within physiological limits. A
gradual increase in the number of red blood cells in the
blood of experimental poultry fed a probiotic agent and
in combination with biocidal drugs was established. On
the 10t day, the number of red blood cells in the blood
of experimental A birds increased by 8.2%, and in ex-
perimental B - by 8.1%, respectively, compared to the
control values of the indicator. By the end of the ex-
periment, the tendency to increase the number of red

Experimental A

blood cells within physiological limits compared to the
control was maintained, which on day 40 was 8.8% for
experimental A and 9.6% (P < 0.05) for experimental B
birds, respectively.

It was established, within the physiological
standard, a slight tendency to increase leukocytes in
broilers of experimental A and B after disinfection on
the 5" and 10" day by 0.89% and 1.70%, respectively,
compared to the control. An increase in the content of
total haemoglobin (Fig. 1) was established within the
physiological standard, which is consistent with the dy-
namics of the number of red blood cells. Thus, on the
10 and 30™ day of the experiment, the concentration
of total haemoglobin in the blood of experimental A
birds increased by 4.2 and 6.1% and experimental B -
by 4.4 and 14.3% (P < 0.05), respectively, compared to
the control. This trend persisted until the end of the
experiment: on day 40, the most significant increase
in the level of the index in experimental B birds was
recorded, which was 16.9% (P < 0.05) compared to the
control. Therewith, the increase in total haemoglobin in
the blood of experimental A birds was determined to be
only 6.1%, respectively.
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Figure 1. Dynamics of haematological parameters in the blood of broiler chickens under

the influence of symbiotic with probiotic and in combination with biocidal preparations:
Notes: Experimental A (“Biomagn’+“Biozapin”); Experimental B (‘Biomagn™+“Biozapin”in the complex “Diolide™+ Biolide”);
control (standard rearing diet); (x*SE; n=21); * - the mark indicates significant changes in the values of the indicator in
the bird of the experimental group relative to that in the control group (P<0.05) according to the results of the ANOVA

Source: developed by authors

As a result of the study of nonspecific resistance
indicators, a significant increase in the level of serum
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lysozyme activity and phagocytic activity (Fig. 2) in ex-
perimental B birds was established, which averaged




25.4% and 13.1% (P < 0.01) relative to the control values
of indicators. Therewith, the value of the bactericidal activ-
ity of blood serum (Fig. 2) increased in experimental A

Chechet et al.

and B birds from day 30 to day 40 inclusive, which at the
end of the experiment averaged 26.1 and 24.1% (P < 0.01)
relative to the control.
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Figure 1. Dynamics of bactericidal (BAC, %), lysozyme (SLA, %,) serum activities and phagocytic activity (PA, %;) in
broiler chickens under the influence of symbiotic with probiotic and in combination with biocidal preparations
Notes: experimental A(“Biomagn’+“Biozapin’); experimental B (“‘Biomagn™+“Biozapin™+in the complex “Diolide™+ Biolide”);
control (standard rearing diet); (x = SE; n = 21); * - the mark indicates significant changes in the values of the indicator in
the bird of the experimental group relative to that in the control group (P < 0.01) according to the results of the Tukey test

Source: developed by authors

Table 2 presents the results of studies of the
level of biochemical parameters in the blood serum of
broiler chickens in the dynamics under the influence of
symbiotic preparations and biocidal agents. It was es-
tablished that the content of total proteins in the blood
serum of experimental A and B birds increased on day
10 of the experiment and was higher than the control
by 10.9% and 19.1% (P < 0.01), respectively (Table 2).
In addition, the same trend was observed at the end of
the experiment, where the content of total proteins in
the blood serum of experimental A and B birds on day
40 was higher than their control values by an average

of 7.6% and 2.9%, respectively. Notably, on the 10* and
40™ day of the experiment, the values of the index in
birds of experimental group B exceeded those in exper-
imental A by an average of 8.1% and 3.1%, respectively.
Thus, it is evident that the increase in the level of SLA
and PA (P < 0.01) in experimental B birds is caused by
lysozyme secreted by phagocytes, which is a nonspecific
factor of the immune system due to its pronounced hy-
drolytic, bactericidal effect, phagocytosis and antibody
production. Therewith, the level of BAC increased in ex-
perimental A and B birds (P < 0.01), starting from day 30
to day 40 inclusive.

Table 2. Dynamics of biochemical parameters in the blood serum of broiler chickens under the conditions
of exposure to symbiotic with probiotic and in combination with biocidal preparations (x = SE; n = 21)

Indicator Poultry group (n = 21)

Reference level

10" day Of the Experiment 40t day of the experiment

1 3 2 4 5
Experimental A 28.53 £ 1.36% 28.37 £ 1.30°
Total - B b .
proteins, g/L Experimental B 25-40 30.61 %141 29.21+1.39
Control 25.72 £1.05° 26.23 £1.07°
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Table 2, Continued

Indicator Poultry group (n = 21) Reference level 10* day Of the Experiment 40 day of the experiment
1 3 2 4 5
Experimental A 10.21 £ 0.45 10.12 £ 0.41
Alb;/”L“”s' Experimental B 15-22 10.98 + 0.38° 10.07 + 0.40
Control 13.45 * 0.64 10.25 * 0.42
Experimental A 279.02 £11.52¢ 206.08 £ 14.51°
Enrl'(fnfl'/‘i Experimental B 230-360 27141 £13.120 205.10 * 15.12¢
Control 31471 +14.15 27812+ 11.88
Experimental A 23.02 £3.25 20.04 £1.17°
Cr;elfrggi;‘f Experimental B 8.8-35.4 22.25 + 2,040 21.02 £ 1.19¢
Control 2412 £1.07 2348 £1.25
Experimental A 4.02 £0.21° 3.02 £0.01°
AST a;tl_“’ity’ Experimental B 2-8 3.25 + 0,320 3.3 +0,03¢
Control 5.17 £ 0.02 5.25 0.02
Experimental A 25425%9.12 29432 1543
ALT ff/tL“’itV’ Experimental B 200-300 253.12 £ 9.05 289.11 * 16.05
Control 255.52 £ 10.29 295.63  18.41
Experimental A 1413945 11329 257048 *62.27¢
AP aU‘/“L"‘tV' Experimental B 1900-19000 1432012 + 97.56 262025 *43.71
Control 13471.22 + 123.14 417036 +71.18

Note: experimental A (Biomagn + Biosapin); experimental B (Biomagn + Biosapin in the complex “Diolide” + “Biolide’);
control (standard rearing diet); (x £ SE; n = 21); * - letters indicate significant differences between the groups in each
period within column at (P < 0.05) according to the results of the Tukey test

Source: developed by authors

A temporary tendency to increase the content of
albumin in the blood serum of poultry of the control
group was recorded. It was established that on day 10 of
the study, the amount of albumin in the blood of experi-
mental A and B birds was lower than in the control by an
average of 19.6% (P<0.01) and 5.1%, respectively. However,
the determined values of the index on the 40™ day of
the experiment did not vary statistically in experimental
and control chickens and were almost at the same level. It
was established that using symbiotic and biocidal prepa-
rations in the experimental chicken-rearing system sig-
nificantly affected the dynamics of the end products of
protein degradation in the poultry body - uric acid and
creatinine, respectively (Table 2). It is known that urea
synthesis in hepatocytes is the main way to neutralise
nitrogen-containing compounds produced in the pro-
cess of amino acid deamidation, and its concentration in
the blood characterises the functional state of the liver
and kidneys. The content of uric acid in the blood serum
of chickens of experimental A and B on the 10* and
40t day of the experiment gradually decreased relative
to the control values, which at the end of the experiment
averaged 25.9% and 26.2% (P<0.01), respectively. In ad-
dition, the creatinine content in the blood serum of poul-
try decreased relative to the control, and its values were
significantly lower on day 40 of the experiment than the
control level in chickens of both experimental groups by
an average of 14.6% and 10.6% (P < 0.01), respectively.
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An important indicator of the functional state
of the liver is the activity of the cellular enzymes ala-
nine aminotransferase (ALT activity) and aspartate ami-
notransferase (AST activity), which catalyse metabolic
processes and participate in the biochemical transfor-
mations of carbohydrates, lipids, nucleic acids and ami-
no acids (Hilal et al., 2016). In birds of experimental A
and B, during the experiment, the values of enzymatic
AST activity gradually decreased within the physiolog-
ical standard, and on day 40 of the experiment were
lower than the control level of the enzyme by an aver-
age of 42.5 and 40.4% (P < 0.01), respectively (Table 2).

However, the values of ALT activity in the blood
serum of broiler chickens of the experimental groups
in the dynamics of the experiment did not statistically
vary from the control level and were within the physio-
logical limits of the indicator.

The activity of alkaline phosphatase (AP activity)
in the blood serum of experimental poultry was char-
acterised by an upward trend at the beginning and its
probable inhibition at the end of the experiment (Ta-
ble 2). It was established that a moderate increase in
AP activity within physiological limits relative to the
control at the initial period of the study (day 10), in the
future (day 40 of the experiment) the enzyme values
significantly decreased relative to the previous ones,
which for chickens of experimental A and B and control
was 81.8% and 81.7% and 69.0% (P < 0.01), respectively.




Therewith, a significant decrease in the level of activity
of this enzyme relative to the control values was re-
corded in chickens of experimental A and B on day 40
of the experiment, which averaged 38.4 and 37.2% (P < 0.01),
respectively.

As a result of the analysis of the data obtained on
the trace element composition of the blood of control
and experimental poultry during the experiment, some
changes in the indicators were established (Table 3).

Chechet et al.

It was established that the concentration of Calcium,
Phosphorus, Kalium, Magnesium, Manganum, Natrium,
Zinc,Ferrum and Selenium in the blood of control chickens
physiologically increased during the experiment, and
its values were within the reference level of indicators.
The values of such elements as Cobaltum, Chromium
and Cuprum in the blood of control chickens at all
study periods did not vary statistically and were within
the reference level of these indicators.

Table 3. Dynamics of biochemical parameters in the blood serum of broiler chickens under
the conditions of exposure to symbiotic with probiotic and in combination with biocidal preparations (x £ SE; n = 21)

Duration of the

Element experiment, day experimental A (n = 21) experimental B (n = 21) control (n = 21)
1 2 3 4 5
10t 0.57+0.01 0.59 £ 0.01° 0.46 = 0.06
Magnesium, mg/kg 30t 1.79+0.01 1.83+0.01° 1.67 £0.03
40t 1.79 £0.02 1.84 £0.02° 1.66 £0.11
10t 41.06 £ 2,48 42.85 % 2.55 4413 £2.62
Natrium, mg/kg 30t 71.15+5.68° 88.74+6.71 88.40 £ 6.58
40t 78.60  3.12¢ 109.00 £ 7.58 107.70 £ 6.98
10t 2418+ 1.68 25.00 £ 1.59 2593 +1.58
Kalium, mg/kg 30t 3723175 38.36 £ 1.75 38.77+1.80
40t 34.73+1.70° 3720171 39.15+1.68
10t 0.43 £ 0.05° 0.45 % 0.06° 0.38 £ 0.043
Calcium, mg/kg 30t 1.15 £ 0.06° 1.12 £0.05° 0.95 +0.051
40t 1.58 £0.08 1.57 £0.08° 1.42 £0.060
10t 0.68 = 0.06 0.60 = 0.05a 0.72 £0.07
Chromium, mg/kg 30t 0.60 % 0.06° 0.62 * 0.06° 0.69 * 0.063
40t 0.64 + 0,06" 0.64 = 0.06° 0.71 £ 0.069
10t 0.11 £0.04 0.20 £ 0.01° 0.12 £ 0.004
Manganum, mg/kg 30t 0.20 £ 0,05 0.66 £0.01° 0.60 £ 0.006
40t 0.17+0.01° 0.68 = 0.02° 0,57 £ 0.009
10t 4.25 +£0.035 4,94 +£0.03 4.63 +0.04
Ferrum, mg/kg 30t 19.73+0.81¢ 19.58 £ 1.62¢ 15.22 £0.61
40t 22.01 +1.15¢ 22,22 +£1.01° 15.45 +0.81
10t 0.03+0.01 0.03+0.02 0.03+0.01
Cobaltum, mg/kg 30t 0.036 £0.020 0.04 +£0.01 0.04 £ 0.03
40t 0.021 £ 0.001° 0.025 +£0.002 0.025 £ 0.002
10t 82.69 + 1.68° 70.21+1.78 71.83+1.88
Cuprum, mg/kg 30t 89.18 £ 1.85¢ 73.38 £2.32 72.28 £2.68
40t 7792 +1.28 76.08 +1.15 75.67 £1.08
10t 71.61+5.69 7430 5.77 71.99 £5.56
Zinc, mg/kg 30t 148.80 £ 11.18 152.30 £9.98 150.80 £9.78
40t 173.50 £ 12.55 174.80 £12.68 173.90 £11.80
10" 11.15 £ 0.035 13.64 % 0.04° 9.63 = 0.07
Selenium, mg/kg 30t 15.73 +1.81° 16.98 £ 0.12° 13.22+1.11
40t 21.01+1.12° 23.22+2.01° 16.45 +0.81
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Table 3, Continued

Duration of the

Element experiment, day experimental A (n = 21) experimental B (n = 21) control (n = 21)
1 2 4 5
10t 15.59 ¢ 1.10° 17.86 = 1.20° 13.55+0.98
30t 46.57 £ 3.23¢ 46.87 £3.72° 30.192.16
Phosphorus, mg/kg 40t 46.39 £ 1.85° 4701 £197° 3442 +1.07
30t 71.15+5.68° 88.74+6.71 88.40 £ 6.58
40t 78.60 * 3.12¢ 109.00 £ 7.58 107.70 £ 6.98

Note: experimental A (Biomagn + Biosapin); experimental B (Biomagn + Biosapin in the complex “Diolide” + “Biolide”);
control (standard rearing diet); (x = SE; n = 21); * - letters indicate significant differences between the groups in each
period within column at (P < 0.05) according to the results of the Tukey test

Source: developed by authors

The results obtained indicate that at all periods of
research,the level of such elements as Calcium and Phos-
phorus in the blood of experimental chickens gradually
increased relative to their control values: on the 10, 30"
and 40™ day of the experiment in experimental A birds it
was 13.2%, 21.1% and 11.3% (P<0.01) and 15.1%, 54.3%
and 34.8% (P < 0.01), respectively, and experimental B -
18.4%, 17.9% and 10.6% and 31.8%, 55.3% and 36.6%,
respectively (Table 3). The data obtained, in general, in-
dicate an intensification of the accumulation of Calcium
and Phosphorus in the body of the experimental poultry.

In addition, a steady increase in the content of
Ferrum and Selenium in the blood of experimental
chickens was recorded, but for experimental A birds, it
was recorded from day 20 to day 40 inclusive, which
averaged 36.1% and 23.8% (P < 0.01), respectively, com-
pared to the control (Table 3). In contrast to the chick-
ens of experimental A, in the blood of experimental B
birds, a positive trend in the increase in the content
of Ferrum and Selenium began to be established from
day 10 until the end of the experiment, which averaged
36.3% and 37.0% (P < 0.01), respectively, relative to the
control level of indicators.

However, the values of such elements as Zinc in
the blood of experimental broiler chickens in the dy-
namics of the experiment did not statistically vary from
the control level, respectively, but increased during the
experiment, which is physiological and within the refer-
ence range of the indicator. However, the bioavailability
of Zinc is related to the action of phytic acid and the con-
centration of Cuprum. Consequently, the content of Cu-
prum in the blood of the experimental birds increased in
value with their age. Thus, the highest concentration of
the element was recorded on the 10 and 30t day of the
experiment in chickens of experimental A, on average
by 15.1% and 23.4% (P<0.01), respectively, compared
to the control, which is obviously due to its active par-
ticipation in the processes of hematopoiesis. After that,
there was a significant decrease in the concentration of
Cuprum in the blood of birds of this experimental group.

When determining the content of Magnesium
and Manganum, a positive gradual dynamics was estab-
lished in increasing the values of these elements only in
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the blood of experimental B birds, starting from day 10
and up to day 40 of the experiment inclusive (Table 3).
Thus, the increase in the concentration of Magnesium
and Manganum in the blood of chickens of experimen-
tal B relative to the control during the experiment was
on average 12.7% and 18.6% (P < 0.01), respectively.

Notably, under the influence of Biomagn and Bio-
sapin alone, the blood of experimental A chickens, on
the contrary, decreased the content of such elements as
Kalium, Manganum, Natrium and Cobaltum, which aver-
aged 11.3%,67.8%, 23.7% and 16.0% (P < 0.01), respec-
tively, relative to the control values of these elements
(Table 3). Notably, this was recorded in most cases at
the last stages of the study (day 30 and/or 40 of the
experiment). The content of Chromium in the blood of
experimental A and B birds decreased on the 30™ and
40" and on the 10™, 30" and 40t day of the experiment
compared to the control values by an average of 11.4%
and 12.7% (P < 0.01), respectively (Table 3).

DISCUSSION

Based on the results obtained, notably, the increase in
natural resistance in the body of experimental B chickens
is more pronounced and is characterised by a gradual
increase in total haemoglobin, SLA, BAC, PA and total
proteins (P < 0.01) under the influence of a complex
of symbiotic preparations in combination with biocidal
agents, and confirms the ability of the latter to inhibit
and neutralise microbial agents. In addition, Kotsiumbas
et al. (2012) and Bogustawska-Tryk et al. (2016) noted
that the addition of probiotics to fodder in combination
with biocide spraying stimulates the lymphatic system,
the establishment of immunoglobulins, increases the
amount of complement, macrophage and lysozyme ac-
tivity, and the resistance of vascular and tissue barriers
to toxins. Thus, due to the induction of oxidative pro-
cesses, metabolism in the body of young poultry during
intensive growth is intensified. The nature of the chang-
es is consistent with the state of biochemical parame-
ters in the blood of chickens of the experimental groups.

It should be emphasised that feeding the sym-
biotic “Biomagn” with the probiotic “Biozapin” and in
combination with biocides in experimental B chickens,




through the restoration of proteinogram indicators
(with an increase in the content of total proteins and
albumin; (P < 0.01)), has a positive effect on erythropoi-
esis and haemoglobin development, indicating an im-
provement in the nutritional, respiratory and enzymatic
functions of the blood and contributes to an increase
in the body's defences. Stimulation of protein-synthetic
processes in the poultry body is a sign of the preva-
lence of anabolic (synthetic) processes over catabolic
ones, and a sign of increased metabolic intensity is a
decrease in the establishment of purine metabolism
products (P < 0.01). Thus, the concentration of creatinine
in the blood depends on the intensity of protein prote-
olysis in muscle tissue, which, along with a decrease in
uric acid levels, indicates an activation of the function-
ality of endogenous detoxification systems in the body
of chickens. It is consistent with the decrease in AST
(P<0.01) in experimental A and B birds. In control poul-
try, the rearing scheme which included the addition of
an antibiotic to the diet, hyperenzymemia of AST was
recorded, which is a sign of impaired liver reamination
and detoxification functions, and it is argued that the
dynamics of aminotransferases is an indicative and in-
formative test of hepatocyte cell membrane permeabil-
ity during liver damage by exogenous or endogenous
toxins (Romanovich et al., 2017; Chechet, 2021).

AP activity in the blood of experimental poultry is
characterised by an increase at the beginning of the ex-
periment and a decrease at the end (P < 0.01).Evidently, the
probiotic “Biomagn”has a significant effect on the neuro-
humoral regulation of the activity of this enzyme, and ac-
cording to Denbow (2000; 2013) and Bailly et al. (2017),
by improving the digestion and absorption of vitamins,
trace elements and other biologically active substances
in the gastrointestinal tract, it potentially enhances its
activity. Therewith, the decrease in AP activity relative to
the control in chickens of experimental A and B can be
explained by the intensification of Calcium and Phospho-
rus metabolism between bone tissue and macroorgan-
ism and the increased functioning of osteoclasts, which
occurs during physiological growth and development of
poultry,as described by Danchuk et al.(2013) Notably, the
dynamics of changes in Calcium and Phosphorus in the
body of experimental poultry are more pronounced in
experimental B chickens, indicating a more intensive ab-
sorption of these elements from fodder under the com-
bined effect of probiotic preparations with biocidal ones.
Boikiv et al. (2001) and Bhattacharya et al. (2016) associate
the active accumulation of Calcium and Phosphorus in
the blood with the intensification of absorption from the
gastrointestinal tract as a result of the improvement of
the poultry digestive system and biocenosis in it.

On the other hand, the positive effect of the drug
complex on the immunobiological reactivity of experi-
mental poultry can be explained by the biological role
of inorganic elements. The authors of the research es-
tablished an increase in the level of Magnesium and
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Manganum in the blood of experimental B birds during
the experiment. Thus, according to Devrim et al. (2010),
El Kady et al. (2012) and Laur et al. (2020), the posi-
tive effect of the complex of drugs may be to improve
redox processes, tissue respiration, bone development,
hematopoiesis, biosynthesis of nucleic acids, proteins,
antibodies, and affect the growth and development of
young broilers. Thus, the content of Zinc was higher in
the blood of experimental B birds compared to experi-
mental A and control, which Hofmann & Hagey (2008)
attributed to the dynamics of protein metabolism. As
proved by Jegede et al. (2011) and Hajjarmanesh et al.
(2022), the bioavailability of Zinc depends on the levels
of phytic acid and Cuprum. Thus, the content of Cuprum
in the blood of experimental poultry increases (P < 0.01),
which is associated with the active participation of this
element in the processes of hematopoiesis and is con-
sistent with the dynamics of haematological parameters
in chickens. According to Kalinichenko (2013), Cuprum
is a hematopoietic bioelement, participating actively in
the synthesis of haemoglobin and the establishment of
other iron porphyrins, plays an important role in the
conversion of Ferrum into an organically bound form,
stimulates the maturation of reticulocytes and their
transformation into red blood cells (Wang & Pantopou-
los, 2011; EL Sabry et al., 2021). Thus, a positive trend
in the increase in the content of Ferrum and Seleni-
um (P < 0.01) in the blood of experimental B chickens
during the experiment was established. It has been
proved (Tsynovyi, 2013; Zapata, 2016) that Ferrum is a
part of cytochrome C heme and is regulated in the body
primarily by modulating its intestinal absorption and
depends on the state of the intestinal microbiocenosis.
Other researchers (Zwolak & Zaporowska, 2012) have
demonstrated that increased absorption of Ferrum and
Selenium in the body indicates a lack of their content
in the poultry diet during intensive rearing. In the works
of WHO. The European Health Report (2002), Li & Yang
(2018), Dalia et al. (2020) and Sobolev et al. (2022) de-
scribe Selenium’s ability to stimulate the production of
antibodies, its role in liver function, protein synthesis
and protection of the body from toxic minerals, par-
ticipation in prostaglandin metabolism, and antioxi-
dant and immunomodulatory properties. Researchers
Klaenhammer et al. (2012) and Jaishankar et al. (2014)
proved the possibility of influencing the biotransforma-
tion of such a heavy metal as Chromium and its sig-
nificant reduction during critical physiological periods
through the optimisation of poultry rearing technology
by using probiotics. It is consistent with the determined
decrease during the experiment in the content of Chro-
mium (P < 0.01) in the blood of poultry of both experi-
mental groups compared to the control.

But, under the influence of drugs in the blood of
chickens of experimental A, on the contrary, at the end of
the experiment,there is a decrease in Kalium,Manganum,
Natrium and Cobaltum (P < 0.01) compared to the control.
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According to Klaenhammer et al. (2012) and Kivit (2014),
the biological role of Cobaltum is associated with its
participation in the enzymatic function of vitamin B12,
thus, evidently,the decrease in its content in the blood of
experimental poultry is a consequence of the physiolog-
ical maturity of its body and, accordingly, its lower need.

Based on the results obtained and according to
(Kovalenko, 2008; Kalinichenko, 2013; Romanovich et al.,
2017), it can be emphasised that using a complex of
probiotic and biocidal agents in the presence of birds
will allow for an active action on pathogenic pathogens
by reducing the microbial load in the environment, and
will contribute to the stimulation of hematopoiesis, im-
mune and metabolic reactions in the target bird.

CONCLUSIONS

Using the symbiotic “Biomagn” with fodder in combina-
tion with the probiotic “Biozapin” and in combination
with the biocidal agents “Diolaid”and “Biolaid” promotes
the synergistic effect of these drugs and their effective
action, which activates the processes of haemoglobin
development and protein metabolism. In particular, a
gradual increase in the number of red blood cells and
total haemoglobin in the blood of poultry of both exper-
imental groups within physiological limits was found by
8.8% and 5.2% for experimental A and 9.6% and 9.4%
(P < 0.05) for experimental B, respectively, compared to
the control. It was established that the content of total
proteins in the blood serum of experimental A and B

birds increased by an average of 7.6 % and 2.9 % (P < 0.01),
respectively, compared to the control, which, along with
an increase in the level of BAC (P < 0.01), and SLA and
PA (P < 0.01) - only in experimental B birds, characterises
a significantly pronounced induction of immunobiolog-
ical reactivity in the body of chickens of this group.

A decrease in the establishment of protein deg-
radation products in the poultry body - uric acid and
creatinine (P < 0.01) in the blood of experimental chick-
ens of both experimental groups indicates an increase
in the intensity of metabolism in the poultry body un-
der the influence of a complex of preparations of sym-
biotic/probiotic and biocidal action. The content of uric
acid and creatinine in the blood serum of chickens of
experimental Aand B decreased by an average of 25.9%
and 26.2% (P < 0.01) and 14.6% and 10.6% (P < 0.01),
respectively, compared to the control values.

Analysis of the results of blood trace element
composition indicates normalisation of mineral status,
enhancement of endogenous detoxification activity and
body defences, which increases resistance to stress factors
and adverse environmental conditions, and in combination
with an increase in total protein content in experimental
chickens is a sign of the prevalence of anabolic (synthetic)
processes over catabolic ones, which will further positively
affect the growth and productivity of broilers. Considering
the results obtained, it is advisable to further explore the
quality and safety of poultry products obtained as a result
of using this rearing scheme.
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BnsiB KOMMJIEKCHOIO 3aCTOCyBaHHSA CUMGIOTUMUHMX Ta 6iouMaHUX NpenaparTiB
Ha MeTaboniYyHUM cTaTyC KPOBi KypuyaT-6poinepiB
Onbra Mukonaina Yeuer, CeitnaHa BanepiisHa Lynsk,
Bauecnas JleoHiaoBuu KoBaneHko, MapuHa €sreHiBHa PoMaHbKko, Onbra CepriiBHa lMaiipeit

[lep>xaBHMI HAYKOBO-AOCNIAHUM IHCTUTYT NabOPaATOPHOI AiarHOCTUKM
Ta BETEpMHAPHO-CaHiTapHoi ekcnepTtuan (AHATABCE)
01151, syn. JoHeubka 30, M. Kuis, YkpaiHa

AHoTauif. BukopucTaHHs y NTaxiBHULTBI NpobioTMYHMX NpenapartiB, @ TAKOX iX KOMMNEKCIB, € BaXK/IMBUM KPOKOM
[0 NiABULEHHS Pe3UCTEHTHOCTI, NPOAYKTMBHOCTI NTULL, @ OTXe, i OTPMMAHHS €KOMOrYHO YMCTOI NpoayKLii. MeToto
poboTn 6Gyno BMBYEHHS BMAMBY KOMMIEKCHOI Aii CMMBIOTMUHMX npenapaTiB Ta BiouMaHUX 3acobiB LWASXOM
[OCNIOXKEHHS KNiHIKO-6i0XiMiYHMX MOKAa3HMKIB KPOBI Ta MiHepanbHOro 0O6MiHY B OpraHisMi KypuyaT-bOpoinepis
3a YMOB iX 33CTOCYBaHHS BiANOBIAHO po3pobneHoi cxemu. [eMaTonorivHi, 6ioxiMiuHi Ta iIMyHONOriYHI NOKA3HMKM
KPOBi [OOCNIAXKYBaNW 3arafibHO-MPUAHATUMM METOAAMM, MIKPO- MAKpOENeMeHTU — METOAOM ONTUKO-eMIiCiiHOI
CNEeKTPOMETPIii 3 iHAYKTMBHO 3B'A3aHOI0 Ma3MO0. 3aCTOCYBAHHS 3aNpONOHOBAHOIMO0 KOMMAEKCY CMMBIOTUYHMX Ta
HioumaHMx 3acobiB y TEXHOMOrT BMPOLLYBAaHHSA Kyp4yaT-OpoinepiB Cnpusie akTuBi3aLii npoueciB eputponoesy,
reMorno6iHOyTBOPEHHS, BiAHOBAEHHIO MOKA3HMKIB 6iNKOBOro 06MiHy Ta HOopMani3auii MiHepanbHOro craTycy B
disionoriyHmx Mexax, Lo CBiAYMTb NPO NiACUNEHHS 3aXMCHUX CUA OPraHi3My, NiABULEHHS CTIMKOCTI [0 CTPeCOBMUX
(aKTOpiB i HEraTMBHWMX YMOB 30BHILIHbOIO CEPEAOBULLA, Ta Y NOJAbLIOMY Byae NO3UTUBHO BMIMBATKU HA PIcT Ta
NPOAYKTUBHICTb LiNbOBOI NTULL. BupaxkeHuin BNAMB KOMMIEKCHOrO NOEAHAHHS MpenapaTiB Ha OpPraHisM Kypuyat-
6poiinepis experimental B nonsrae y KpawoMy 3acBOEHHI 6araTboX HEOPraHiYHUX €NeMEHTIB (3a MiABULLEHHAM
BMmicty Calcium, Phosphorus, Cuprum, Ferrum i Selenium, Magnesium, Manganum); Ta BignoBigHO 3yMOBJIIOE CTaNUM
PO3BUTOK MeTaboNiYHMX NpoLEeCiB Yepes NpeBasitoBaHHS aHAbONYHUX HaL KaTaboNiYHNMM (33 NiABULLEHHSM PiBHS
3arafibHMX MpoTeiHiB Ha TNi di3ionoriyHoro 36inbWweHHs KinbKOCTi rMobyniHOBMX dpakLii; BKAKOYAOYM iHAYKL0
€HO0reHHOT AeTOKCUKALiMHOT CMCTEMMU — 33 3HMXKEHHSAM PiBHS YTBOPEHHS TOKCMYHMX MeTaboniTiB NypMHOBOro
0OMiHYy: CEYOBOI KMCIOTU Ta KpeaTMHiHY; 3MeHLeHHaM BMicTy Chromium; HopManisaui€to npoLeciB nepeaMiHyBaHHS
Ta ynosinbHeHHsa alkaline phosphatase activity) Ta iMyHoGionoriyHnx peakuin (3a NOCUMNEHHAM epuTponoesy
Ta reMornobiHOYTBOPEHHS; iHAYKLIED Ni30LMMHOI, BakTepuumMaHoi Ta daroumMTapHOi aKTMBHOCTI) BiAMOBILHO.
3anponoHOBaHa CUCTEMA BMUPOLLYBAHHS MONMOAHSAKA NTULI i3 3aCTOCYBaHHAM KOMM/EKCY CUMBIOTMYHMX NpenapaTis
y MOEAHAHHI i3 BiounaHMMKU 3acobamm CNpUSIE CUHEPTIYHOMY BMAIMBY OCTaHHIX Ta iX eEKTUBHY Ail0 Ha OpraHi3m
eKCrNepuUMEHTaNbHUX KypyaT-bpoiinepis, WO Befe A0 NiABULLEHHS HecneundivyHoi pe3nCTEHTHOCTI Ta BiAHOB/EHHS
MeTaboniyHMX peakLii

KniouoBi cnoBa: reMaTonorivyHi NoKasHMKK, 6ioXiMiYHi MOKA3HUKM, MiHEpaNnbHUI 0OMiH, NPUPOLHS PE3UCTEHTHICTD,
npobioTuku, ae3siHdeKkTaHTH
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INTRODUCTION

The ability to understand the function, pathology, and
repair of organ systems is limited without knowledge
of their normal structure. The immune defence organs
of chickens consist of central and peripheral depart-
ments that work in concert to establish protective reac-
tions against external pathogenic factors. The Harderi-
an gland - a peripheral organ of the immune defence of
chickens, which is involved in the activation and final
differentiation of B-lymphocytes, and plasma cell pro-
liferation. One of the main problems in poultry farm-
ing is infectious diseases. Vaccination is an important
method of protecting poultry on farms.

Decreased vaccination efficiency and the devel-
opment of immunodeficiency states are caused by the
adverse effects of man-made factors. In many cases,
immune disorders are caused by a defective immune
system (Song et al., 2021). In birds, a well-functioning
immune system is of vital importance, namely, protection
against pathogens, and the development of an immune
response to vaccination (Nair, 2022).J. Madej et al. (2018)
indicate that outbreaks of infectious diseases in poultry
are associated with an overload of immune defences by
virulent vaccine strains. Admittedly, any factor that re-
duces the immune response affects production param-
eters. Many factors, including infectious and non-infec-
tious, cause immunosuppression in chickens (Gimeno
& Schat, 2018).

Poultry is constantly exposed to various immune
stresses, one of which is vaccination. The latter is used
both to prevent infection and to reduce morbidity and
mortality (Feng et al., 2012). Multiple vaccinations are
associated with high stress, which suppresses immune
function (Kaab et al., 2018). In poultry farms, inactivated
vaccines are frequently used in high doses and repeat-
edly, with short intervals, which can cause stress to the
immune system (Yang et al., 2011; Feng et al., 2012).
Stress alters immune responses (Wilkinson et al., 2011;
Schat & Skinner, 2022). Immunosuppression in chick-
ens is a very important factor but, therewith, is under-
estimated in the development of pathology (Schat &
Skinner, 2022).

Combination vaccines are mostly preferred for
the prevention of chicken diseases, as using a single
dose of the drug against two or more infections reduces
labour costs and mortality of the bird itself caused by
vaccination (Yang et al., 2016; Wit et al., 2017). Mixed
infections pose significant obstacles to the organisa-
tion of specific infectious disease prevention schemes,
which is why a large number of immunisations are used,
and the timing of their implementation frequently over-
laps. However, immunisation is still the most crucial
measure for controlling infections, although the frequent
use of live vaccines has contributed to the evolution of
new strains (Dey et al., 2019).

According to the study by P. Saelao et al. (2018),
the resistance of birds to specific diseases, in particular
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Newcastle disease, is associated with the immune re-
sponse of the Harderian gland. According to Frahmand
& Mohammadpour (2015) and Klecowska-Nawrot
et al. (2015), the Harderian gland performs various
functions: moisturising, cleansing, protecting, and be-
ing a source of pheromones. In this case, the immune
response is particularly crucial (Jahan et al., 2018). The
Harderian gland, along with other peripheral immune
defences, is involved in general and local immunity (Ja-
han et al., 2018).

Microscopic examination of the Harderian gland
demonstrated that it is a multilobular gland, with each
lobe constructed of secretory acini (Beheiry et al., 2020).
The superficial cells of the glandular body produce
serous secretion, and the deep cells produce mucous
secretion (Mobini, 2012). In their studies, J. Kleckows-
ka-Nawrot et al. (2016) observed the presence of lym-
phoid cells in the glandular septa of birds and the se-
cretory lobules, in particular, in their centre. A significant
number of plasma cells were located in the glandular
part of the organ. Plasma cells are in close contact with
epithelial cells and closely envelop the glandular ducts
(Nagy et al., 2022). B. Mobini (2012) observed the pres-
ence of plasma cells in the interlobular connective tis-
sue trabeculae, under the capsule, and near the main
duct. A small number of plasma cells are located in the
interlobular connective tissue partitions of the gland. In
their studies, R. Beheiry et al. (2020) observed that glan-
dular ducts are established from a single layer of pris-
matic epithelial cells surrounded by myoepithelial cells.
Lymphoid cells, namely lymphocytes, macrophages,
and granulocytes, are located in the subepithelial layer
and the lumen of the glandular lobules (Rana et al., 2020). A
fairly large number of lymphocytes and plasma cells are
located in the central and apical parts of the secretory
lobules, the intercalated part of the gland (Klecows-
ka-Nawrot et al., 2016). Thus, the study of the morpho-
logical state of the immune system organs, including
the Harderian gland, is of great importance.

The purpose of the study is to establish the cy-
tological and histological features of the development
of the Harderian gland of chickens at different stages
of multivaccine prevention of infectious diseases. Ob-
jectives of the study: to determine the cytological and
histological features of the Harderian gland of chickens
of 1,15, 25,50,75, 100, and 120 days of age; to deter-
mine the histoarchitectonics of the glandular gland of
chickens at different vaccination periods.

MATERIALS AND METHODS

For the experiment, a group of one-day-old Haysex Brown
chickens was selected, and reared in the conditions of the
“Solotvyn Poultry Farm” branch of the “Green Val” Limited
Liability Company in the Staryi Solotvyn village, Berdychiv
district, Zhytomyr region, which were divided into two
groups of 70 chickens each: control (no vaccinations were
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performed) and experimental (chickens were vaccinated
according to the vaccination plan for repair stock). The
study was conducted in 2020-2022.

The study was conducted in the educational and
research clinical diagnostic laboratory of the Polissia
National University. The material was the Harderian
gland of chickens aged 1, 15, 25,50, 75,100, and 120 days
selected from the control and experimental groups. The
anatomical study included the slaughter and exsangui-
nation of chickens, dissection and removal of organs.
Chickens of 1,15,25,50,75,100,and 120 days of age were
slaughtered using the method of acute exsanguination
under ether anaesthesia.

After slaughter, the Harderian gland of chickens
was weighed on a Kern AC/ACS laboratory balance
with an accuracy of 0.001 g. Histological studies were
performed according to the generally accepted meth-
ods of tissue fixation and histological sections. For his-
tological examination, the Harderian gland of chickens
was selected, which was fixed in a 10-12% aqueous
solution of neutral formalin for 48 hours, then washed
with tap water for 24 hours, dehydrated with ethyl al-
cohol of increasing concentration (40%, 50%, 70%, 96 %,
100%), followed by embedding in paraffin. Histological
sections, up to 5-10 um thick, were made on a sledge
microtome. To explore the morphology of cells and tis-
sues, sections of the Harderian gland were stained with
hematoxylin and eosin by the Van Gieson method.

To obtain objective data on the structural organ-
isation of the chicken gland, morphometric methods
of study were used. The study was performed using a
Primo Star light microscope (Carl Zeiss, Germany) and
Image Scope software.

Histological specimens were examined and pho-
tographed using a digital camera mounted ina Primo Star
microscope (Carl Zeiss, Germany) and connected to a per-
sonal computer. Statistical processing of the study results
was performed on a personal computer using variational
and statistical methods using Statistica 6.0 (StatSoft

Inc., USA). The reliability of the data obtained was as-
sessed by the Fisher's F test. The difference between the
two values was considered significant at P<0.05, P<0.01.

When working with animals, the provisions
of Article 26 of the Law of Ukraine No. 3447-VI of
10/16/2012 “On the Protection of Animals from Cruelty”
(Law of Ukraine No. 3447-VI),“General Ethical Principles
for Animal Experiments” approved at the First National
Congress on Bioethics (Reznikov, 2003), the requirements
of the European Convention for the Protection of Ver-
tebrate Animals Used for Research and Other Scientific
Purposes (European Convention, 1986), and the Universal
Declaration for the Humane Treatment of Animals (Uni-
versal Declaration, 2007).

RESULTS AND DISCUSSION

The Harderian gland of the experimental and control
chickens is located medial to the eyeball, between the
orbit and periorbit. Organometric studies have estab-
lished that the absolute weight of the Harderian gland
of one-day-old chickens of the experimental and con-
trol groups practically did not vary, but in chickens of
15 days of age (after three times vaccination) this indi-
cator significantly increased in the experimental group
compared to the control and amounted to 0.049 +0.003 g
(P < 0.01), while in the control group - 0.041 + 0.002 g.
In addition, a significant increase in the absolute weight
of the organ was observed in chickens 50 days of age.
Therewith, in this age period, the maximum values of
the absolute weight of the organ were noted, which
amounted to 0.095 £ 0.003 g (P < 0.01) in the experiment
and 0.088 £ 0.001 g in the control.

The histological examination established that the
gland is covered with a connective tissue capsule, from
which the septa extend into the parenchyma of the organ.
Van Gieson staining identified collagen fibres in the in-
terlobular connective tissue (Fig. 1). The glandular capsule
contains adipose tissue, and elastic, collagen, and reticular
fibres.

Figure 1. The microscopic structure of the Harderian gland of a 15-day-old chicken of the control group:
1 - secretory lobe; 2 — lumen of the secretory lobe;3 - interlobular connective tissue

Note: Van Gieson method. x 200
Source: photo by the authors
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Partitions divide the gland parenchyma into se- the organ has a cavity containing a secretion produced
cretory lobules. It was established that each lobule of by the glandular cells (Fig. 2).

Figure 2. The microscopic structure of the Harderian gland of a 25-day-old chicken of the experimental group:
1 - secretory lobe; 2 - interlobular connective tissue; 3 — lumen of the lobe with secretion
Note: Hematoxylin and eosin. x 200
Source: photo by the authors

The histological structure of the Harderian gland  lobes. A large number of blood vessels are noted in the
of the experimental chickens 15 days of age was al- interlobular connective tissue (Fig. 3). The epithelium of
most the same as that of the control group.A histological ~ the secretory lobules has a pronounced structure and is
examination of the gland of 15-day-old chickens es-  evenly coloured, and the ducts contain a small amount
tablished that the septa divide the gland into secretory  of secretion.

Figure 3. The microscopic structure of the Harderian gland of a 15-day-old chicken of the control group:
1 - secretory lobe; 2 - blood vessels; 3 - interlobular connective tissue
Note: Hematoxylin and eosin. x 200
Source: photo by the authors

In the group of experimental chickens of 25 days of  noted, which were represented by diffuse lymphoid tissue
age (after five times of vaccination), plasma cells appeared  (Fig. 4), and clusters of lymphoid cells were noted in the
in the gland and the appearance of lymphoid clusters was  secretory lobules and the interlobular connective tissue.

Figure 4. The microscopic structure of the Harderian gland of a 25-day-old chicken of the experimental group:
1 - secretory lobe; 2 - interlobular connective tissue; 3 - diffuse lymphoid tissue
Note: Hematoxylin and eosin. x 200
Source: photo by the authors
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Usually, lymphoid cells are located on the apical
part of the glandular lobules. According to these stud-
ies, it is during this age period that the ducts of the
secretory lobules contain a significant amount of se-
cretion (Fig. 5). Therewith, it was noted that the acini

of the secretory lobules are lined with high columnar
epithelium, and their lumens are elongated and some-
what irregular in shape. In this case, the height of the
epithelium was 2.49 * 0.11 ym and the width was
1.06 £ 0.03 ym.

Figure 5. The microscopic structure of the Harderian gland of the 25-day-old chicken of the experimental group:
1 - secretory lobe; 2 - interlobular connective tissue; 3 — lumen of the lobe

Note: Hematoxylin and eosin. x 200
Source: photo by the authors

In response to antigenic stimulation, nodular
forms of lymphoid tissue appeared in the Harderian
gland of the experimental group at 50 days of age (af-
ter six vaccinations) (Fig. 6). It was during this period
that a significant increase in the thickness of lym-
phoid structures in vaccinated chickens was observed:

1.11 times (P < 0.05) compared to unvaccinated chick-
ens. Therewith, in unvaccinated chickens, this figure
was 20.5 * 4.1 microns, and in vaccinated chickens -
22.7 £ 7.4 microns.

At this age, the ducts of the secretory lobules
contain a small amount of secretion (Fig. 7).

Figure 6. The microscopic structure of the Harderian gland of a 50-day-old chicken of the experimental group:
1 - secretory lobe; 2 - interlobular connective tissue; 3 — nodular forms of lymphoid tissue

Note: Hematoxylin and eosin. x 100
Source: photo by the authors

Figure 7. The microscopic structure of the Harderian gland of a 50-day-old chicken of the control group:
1 - secretory lobe; 2 — interlobular connective tissue with diffuse lymphoid tissue; 3 - lumen of the lobe

Note: Hematoxylin and eosin. x 200
Source: photo by the authors
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With the age of the bird, the content of the secre-
tion in the lumen of the lobe decreases, and at 100 and
120 days of age, a small amount of it was determined,
or not at all. In the chickens of the experimental group
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of 75 days of age (after nine times vaccination), penetra-
tion of lymphoid tissue into the secretory lobules of the
organ was noted (Fig. 8). It is during this age period that
90% of all planned vaccinations of pullets are performed.

Figure 8. The microscopic structure of the Harderian gland of the 75-day-old chicken of the experimental group:
1 - secretory lobe; 2 — lumen of the lobe 3 — interlobular connective tissue; 4 — lymphoid tissue

Note: Hematoxylin and eosin. x 200
Source: photo by the authors

Histological examination of the Harderian gland
of 100- and 120-day-old chickens demonstrated a sig-
nificant proliferation of connective tissue and a signif-
icant amount of lymphoid tissue (Figs. 9, 10). Thus, in
vaccinated chickens of 100 days of age, the number of
nodular lymphoid tissue ranged from 2 to 4 pieces in

the microscope view (about 10, at 10), and in the con-
trol - 1-2 pieces. In addition, when exploring the loca-
tion of immune formations, their presence was noted
in the centre of the lobules, in some cases, the nodular
form of lymphoid tissue occupied up to half the area of
the secretory lobe of the gland.

Figure 9. The microscopic structure of the Harderian gland of a 100-day-old chicken of the experimental group:
1 - secretory lobe; 2 - interlobular connective tissue; 3 — a nodular form of lymphoid tissue; 4 — lumen of the lobe

Note: Hematoxylin and eosin. x 200
Source: photo by the authors

Figure 10. The microscopic structure of the Harderian gland of a 120-day-old chicken of the experimental group:
1 - secretory lobe; 2 — nodular form of lymphoid tissue; 3 — lumen of the lobe; 4 - interlobular connective tissue

Note: Hematoxylin and eosin. x 200
Source: photo by the authors

Scientific Horizons, 2022, Vol. 25, No. 12

37



38

Histoarchitectonics of the Harderian gland of chickens in the post-vaccination period

In chickens of 75,100, and 120 days of age, an in-
crease in lymphoid tissue was observed in the postvacci-
nation period both in the interlobular connective tissue
and in the secretory lobes of the organ. The results of the
study confirm the results of R. Beheiry et al. (2020), S. Gu-
ralska et al. (2020), who established that the Harderian
gland is multilobular, and each lobe consists of secre-
tory acini. In addition, the results of studies by M. Khan
et al. (2007), according to which this organ of chickens
is branched, tubular-alveolar.

In their studies, they noted that the outer capsule
of the gland extends inward from the outer capsule of
the gland.M.Khan et al (2007) noted that the Harderian
gland of the domestic chicken contains thin interlobular
connective tissue septa. B. Mobini (2012) observed that
the capsule of the organ is constructed of adipose tissue.

The results of the study complement the previ-
ous results of S. Guralska et al. (2020), who noted that
vaccination of chickens aged 20 days divided the gland
parenchyma into secretory lobules. According to the au-
thors, in chickens aged 40 days after vaccination, the
appearance of lymphoid tumours, both diffuse and nod-
ular, was noted. According to the results of the study,
the diffuse form of lymphoid tissue in chickens in the
postvaccination period was already observed at 25 days of
age,and the nodular form —was in 50 days old chickens.
M.Khan et al. (2007) noted in their studies the presence
of individual secretory lobules with diffuse lymphoid
tissue and nodules. B. Mobini (2012) observed single
lymphoid nodules, but they were without germinal
centres. P. Bejdic et al., (2014); S. Guralska & T. Budnik,
(2020), S. Guralska et al., (2020, 2021) in the Harderian
gland of chickens up to 40 days of age, no lymph nodes
were observed. The gland is rich in densely arranged
plasma cells and lymphocytes (Reem & Khattab, 2018;
Nagy et al., 2022). According to the results of a mor-
phometric study of the Harderian gland, the number
of lymphoid structures is significantly higher in vacci-
nated chickens. S. Guralska & T. Budnik, (2020) in their
research describe that the size of this gland correlates
with the development of lymphoid tissue, since in chickens

in the post-vaccination period, the size of the secretory
lobules does not vary significantly from these indicators
of intact birds.

According to M.S. Deist & S.J. Lamont (2018), the
lymphoid tissue of the gland is understudied, although
it is important in local immunity. The Harderian gland
has aroused and still arouses interest in the scientific
community due to its morphofunctional and phyloge-
netic characterisation (Santillo et al., 2020; Tybinka et
al.,2022). Summarising the results of the studies, it can
be noted that the nature of morphological, histological,
and morphometric changes in the Harderian gland of
chickens in the postvaccination period is most pronounced
at 50 and 75 days of age. The analysis of the studies
indicates the specifics of the immune response to vac-
cination inherent in the chicken gland.

CONCLUSIONS

Postvaccination changes in the histological structure
and morphometric parameters in the organ of vaccinated
chickens are conditioned upon both the age character-
istics of the bird and the frequency of vaccination. Struc-
tural changes in the gland of vaccinated chickens indi-
cate the development of humoral and cellular immunity.

It has been established that lymphoid structures
of the chicken gland are represented by different levels
of organisation of lymphoid tissue, with accumulations
of lymphoid structures noted in the interlobular con-
nective tissue and the secretory lobules of the gland.
Vaccination stimulates the development of lymphoid
tumours, resulting in an increase in their number and
size in the glandular gland of chickens, especially at 75,
100 and 120 days of age compared to the control group.

It was established that the ducts of the secretory
lobules of the Harderian gland of 25-day-old chickens
contain the largest amount of secretion and the smallest
amount - at 100 and 120 days of age. In the future, it
is planned to conduct a comparative characterisation
of the morphological features of the chicken Harderian
gland using immunohistochemical and histochemical
methods of research.
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FicToapxiTeKTOHIKa rapaepoBoi 3a/103M Kypel B NOCTBaKUMHaNbHUM Nepioa

Terana CepriiBHa bygHik, CBitnaHa BacunisHa lN'ypanbcbka, Oner BikeHTiitoBu4 lMiHCbKMiA,
FenHagin MetpoBuu Mpuwyk, Bonoaummup BacunboBuy NoHYapeHKo

MonicbKMi HaLioOHaNbHWI YHiBEPCUTET
10008, 6-p Crapui, 7, M. Xutomup, YkpaiHa

AHoTauis. Po3yMiHHS BNIMBY BaKLUMHALIT HA OpraHi3m Kypei HemoxvBe 6e3 BUBYeHHS MOPQOIOrii OpraHis iMyHHOrO
3axucTy. MeToto pocniaxeHHs 6yno BusBneHHa MopdOoNoriYHMX 3MiH rapAepPOBOi 3a103M Kypel Kpocy xancekc bpayH
BikoMm 1,15, 25,50, 75,100 1a 120-no60Boro Biky 3a BNIMBY BakuUMHaLii. B nocnigxeHHs 6yno BUKOPUCTAHO HACTYMHI
MEeTOAM: aHAaTOMIiYHi, FiCTONOriYHI, CBITNIOONTUYHI, MOPHOMETPUYHI, CTaTUCTUYHI. Byno npoaHanizoBaHo rictonpenapatu
rapfepoBoi 3ano3u Kypen pisHoro Biky (1, 15, 25, 50, 75, 100 1a 120 ni6) BaKLMHOBAHOI Ta HEBAKLMHOBAHOI rpymnu.
byno pocnigXeHo Ha rictonoriyHMx npenaparax rapLepoBOi 3an03M Kypei ocobnamnBocTi BynoBuM opraHy, moro
niMdoigHmx yTBOpeHb Ta iX TMnNKU GOopM. 3rifHO FiCTONOFYHUX AO0CAIMKEHb ByNo BCTAHOBMEHO, WO Le CKAagHa
Tpyb4acTo-4acTOYKOBa 321033, fKa CKNALAETLCS i3 CEKPETOPHMX YaCTOYOK i3 MpOTOKaMu. MixKYacToukoBa CnonyyHa
TKaHWHA MIiCTUTb 3HAYHY KiNbKiCTb NiMMOLMTIB, NIA3MOLMTIB Ta iHWMX KNITUH. Y BaKLMHOBAHUX KypeW 25-n060Boro
BiKY BiAMi4anu HasBHICTb AUPY3HOI NiIMPOIAHOI TKAaHMHM, KO HE BigMiYanu y KOHTPONbHIM rpyni, a y 50-5o6oBoMy
BiLi — YTBOPEHHS By3nukyBaToi dopMu NiMbOIAHOT TKAHMHU, MakCUMManbHa KiNbKiCTb SKUX CMOCTEPIraeTbCs y
100-no60BoMy BiLi. Y kypeii 75, 100 Ta 120-goboBoro Biky LOCNIAHOI Fpynu B rapAepoBii 3an03i 3pocTana KinbKicTb
NiMbOIAHOT TKAHWHK, HASBHICTb SKOI BiAMIYaNU B MiXKYACTOUKOBIM CMOMYYHIN TKAHMHI Ta CEKPETOPHUX YacToukax. byno
[0BEAEHO, IO rapAepoBa 3a/103a Kype, ik nepudepuyHmii opraH iMyHHOro 3axumcTy, @opmMyeTbes B 50-1060BOMY BiLli
SIK KOHTPONbHOI, TaK | BaKUMHOBAHOI rpynu. BuBueHHs MopdonoriyHmx 3miH y rapaepoBii 3a103i NTULL Pi3HOrO BiKY €
BaXX/MBWUM iHCTPYMEHTOM (hOPMYBAHHS NPOTOKOANIB MPOdINAaKTUYHMX LWeNAeHb Y CYy4acCHOMY NTaxiBHUUTBI. OTpUMaHi
pe3ynbTaTv 4OCNIMKEHHS HEOOXiAHO BPax0oBYyBaTH NPY YA0CKOHANEHHI TEXHONOTiT BUPOLLYBaHHS, eKcnayatauii Kypen,
o6 3abe3neunTy BUCOKY XUTTELIANBHICTD | BiANOBILHO NPOAYKTUBHICTb
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Abstract. The pine stands of the Vyshcha Dubechnia State Forestry Enterprise
in the Emerald Network sites Kyivske Reservoir UA0O000094, Kyivske
Podesennia UA0O000233, Mizhrichynsky Regional Landscape Park UAOO00047
are an important reserve that includes species and habitats of insects that
are subject to protection. Most of the existing studies in this area were
designed to identify and describe individual habitats, while xylophagous
insects were not considered. The purpose of the research was to identify
rare and endangered species of tree-dwelling insects in unique natural
complexes. The research methods included reconnaissance surveys to
determine the species composition of insects and their density. The surveys
were conducted in 2020-2022, covering 33 plots with a total area of
50.5 hectares. The monitoring was performed through regular surveys of
the territories, during which rare species listed in the Red Data Book of
Ukraine and the Berne Convention resolution were identified. A desktop
analysis of forestry materials was conducted. Rare species of insects subject
to protection are encountered, but outside the areas where monitoring
observations were conducted. These are mainly water, marsh, meadow
lands, etc. Accounting for stem pests such as Scolytinae (small pine engraver
Tomicus minor and pine shoot beetle Tomicus piniperda), Buprestidae
(steelblue jewel beetle Phaenops cyanea) and Cerambycidae (pine sawyer
Monochamus galloprovincialis and timberman beetle Acanthocinus aedilis).
The identified populations of xylophagous insects are described as low to
medium density, occurring only on very weakened trees, and species such as
Chrysobothris affinis, Cerambyx scopolii, and Scolytus ratzeburgi are rare. The
results of the study will serve as an informational base for the development
of regional biodiversity conservation programs and the implementation of
mechanisms for the sustainable use of forest resources

Keywords: protected categories, Bern Convention, Red Data Book of Ukraine,
xylophagous insects, number of the young generation, degree of settlement
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INTRODUCTION
At the current stage of developing a global system of
knowledge about the composition and structure of the
Earth's biodiversity,local research is gaining importance
as a component of international environmental science.
In this context, monitoring studies of habitats of rare
species and tree-dwelling insects allow the develop-
ment of a regional source of scientific data on the state
of natural populations of these organisms as part of the
biodiversity of forest ecosystems around the world. In
2019, 377 objects in Ukraine officially have the status of
Emerald Network sites, 15 of which are located within
the Kyiv region, which is about 20% of the region's area
(Updated list, 2019). The Emerald Network ensures the
preservation of areas of conservation importance and
ecological value, and its establishment is a dynamic
process that requires regular updating of information
(Emerald Network of Ukraine; International Union;
Polyanska et al., 2017). Monitoring studies with the col-
lection of up-to-date data on the distribution of insect
species and habitats in the territory plays a key role.

Tree-dwelling insects are an integral part of forest
biocenosis. The most common species are those that
bore larval or adult burrows under the bark and in the
wood of living and felled trees (Ukrainian Biiodiver-
sity Information, n.d.). Meshkova & Borysenko, (2018)
demonstrate that there are insects that inhabit the so-
called “dead” wood in the forest. Among these insects -
‘orderlies” that gradually destroy logging residues and
dead shoots, annealed bark, stumps and parts of the
trunk of storm and wind trees. Basile et al. (2020) note
the importance of biodiversity conservation as the prac-
tice of storing trees with habitats for tree-related spe-
cies, using assessment and monitoring of the available
quantity and diversity of environmental resources for
a wide range of animal taxa (and insects in particular)
that live in forests. In the presence of “dead” wood, en-
tomophagy and specific types of wood-destroying fungi
develop intensively, which are potential competitors
for pathogens dangerous to trees such as mushrooms
and root sponges. Nordkvist et al. (2022) emphasise the
potential for increasing species biodiversity in “dead”
wood and note that this can result in a risk of increased
frequency of insect phytophage outbreaks in pine for-
ests. According to Vasylyshyn et al. (2022), the compo-
sition and structure of entomophagy and wood-de-
stroying fungi at the local level significantly affect the
volume and intensity of mortar accumulation. Soshenskyi
et al. (2021) note that among the main catalysts for the
development of “dead” wood in forest stands are natural
and anthropogenic disturbances, among which forest
fires play an important role.

Tree-dwelling insects belong to the trophic groups
of xylophages and xylomycetophages. Meshkova et al.
(2017) noted that xylophages are much more frequently
monophagous than xylomycetophages, which is con-
nected with the specific chemical composition of dead
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tree tissues, inside which their larvae develop. The pro-
portion of wood-dwelling xylophagous insects in the
habitat is determined by the composition of forest-form-
ing woody plants, and by the availability of a suitable
substrate for larval life during the larval stage, which
varies from one to several years. Kuzemko et al. (2018)
noted that xylomycetophages develop in wood affected
by xylotrophic fungi, which has lost a significant part
of the specificity of its chemical composition, and their
species diversity is determined mainly by the humidity
of the habitat. Puzrina et al. (2021) explored that xylo-
biont beetles are one of the most important groups, to-
gether with bark beetles and bark beetles, constituting
the foundation of complexes of wood-dwelling xylo-
phages of woody plants. Due to their wide species and
ecological diversity, they have an essential role in the
destruction of wood at all stages of its decomposition.

The purpose of the research was to determine
the list of insect species and habitats to be protected in
the Emerald Network sites on the territory of the Vysh-
cha Dubechnia State Forestry Enterprise and to conduct
monitoring studies of tree-dwelling insects in the region.

MATERIALS AND METHODS

Monitoring for tree-dwelling insects was performed
during the inspection of the territory where tree dry-
ing was observed due to the activity of entomological
stem pests. To explore the distribution of tree-dwelling
insects, the areas of the Vyshcha Dubechnia State For-
estry Enterprise with the presence of xylophagous in-
sects were examined, where model trees were selected.
In 2020-2022,the monitoring surveys involved 33 plots
with a total area of 50.5 hectares in the territory of
Dovhobrodivka, Dachne, Central, Desnianske, Khutirske,
and Prymorske forestries.

According to the geobotanical zoning, the terri-
tory of the Vyshcha Dubechnia State Forestry Enterprise
is located in the left-bank part of Ukrainian Polissia
(Eastern Polissia) in the Left-Bank Polissia district of
oak-pine, oak, pine forests, floodplain meadows and eu-
trophic bogs of the Polissia subprovince of the Eastern
European province of coniferous-broadleaf and broad-
leaf forests. According to the botanical zoning of Eastern
Polissia, the territory of the enterprise is located in the
Dnipro-Nizhnedesnyansky district (Gensiruk, 2002). The
relief is described as flat, with elevations ranging from
100 to 120 meters above sea level, and the soil cover
is dominated by soddy-weakly podzolic soils. The main
forest-establishment species on the vast majority of the
company's forestry land is Scots pine (Pinus sylvestris L.).

Identification of habitats of insects requiring pro-
tection within the Emerald Network sites (Kyivske Reservoir
UAO0000094,Kyivske Podesennia UAO000233,Mizhrichyn-
skyi Regional Landscape Park UAOO00047) and records of
tree-dwelling insects was performed by analysing docu-
ments (Bern Convention..., 1979; Red Book of Ukraine.




Insects, 2009; Council of Europe, 1998), which describe
emerald objects and their comparison with forestry mate-
rials, followed by a field reconnaissance survey of the ter-
ritories. Therefore, the following research methods were
used: analysis of forest inventory, planning and mapping
materials, analysis of data on the Emerald Network sites
and project materials of the territories of the Nature Re-
serve Fund of Ukraine, analysis of scientific publications,
and field reconnaissance surveys of the territories.

Puzrina et al.

These protected areas were designed to preserve
rare and endangered species of plants and animals that
have international protection status under Resolution 6
of the Bern Convention on the Conservation of Wild
Flora and Fauna (Law of Ukraine, 1996), and to preserve
natural habitats in Europe, as they contain natural habi-
tats listed in Resolution 4 of the Bern Convention (Law of
Ukraine, 1996). A general description of Emerald Network
characteristics is presented in Table 1.

Table 1. Characteristics of the Emerald Network sites Kyivske Reservoir UAOO00094, Kyivske Podesennia UAO000233,
Mizhrichynskyi Regional Landscape Park UAOO00047

The number of protected objects (species, habitats), units.

8
w wn =3
Network . =4 “ ™ o “ g
object code Network object name Area, ha % 8 E ﬁ E E
3 “ 3 g . <
£
UAQ000047  MizhrichynskyiRegional ) 4z, 37 2 5
Landscape Park
UA0000233 Kyivske Podesennia 20 621 28
UA0000094 Kyivske Reservoir 54 422 24 2 2

Source: Emerald Network of Ukraine, (n.d.)

Monitoring of rare species is conducted through
regular surveys of the territories, during which rare
species of animals and plants listed in the Red Data
Book of Ukraine and the Annexes of the Bern Conven-
tion are identified (Council of Europe, 1998). The main
period for identifying rare plant habitats is the period
of active vegetation, which coincides with the period
of the active life of rare invertebrate species. Valuable
habitats of biotopic diversity (habitats of Emerald Net-
work sites, virgin forests, quasi-virgin forests and old-
growth forests) were identified through desk-based
analysis of forest inventory materials, followed by a
reconnaissance field survey and repeated refinement
surveys during the growing season.

During the reconnaissance survey, a general
overview of the study areas was performed using ex-
isting forest roads, clearings, sightings, etc. Detailed

surveys consisted of determining the species compo-
sition of xylophagous insects and settlement density,
i.e.the average number of families of different species
of tree-dwelling insects per square decimeter of trunk
surface (Meshkova, 2020; Puzrina et al., 2021).

The average number of the main families of
tree-dwelling insects per square decimeter of the trunk
surface was determined after establishing the species
composition on dry and drying trees. To determine the
species composition of tree-dwelling insects, the model
trees were cleared of knots by removing a 10 cm wide
strip of bark on the trunk from the base to the top. In
fixed areas of settlement for each species, counts were
performed using pallets, calculating settlement density
by the number of larvae per tree for mustelids and lace-
wings. The density of tree-dwelling insects was deter-
mined according to the indicators presented in Table 2.

Table 2. Criteria for assessing the density of tree-dwelling insects

Settlement density, units - dm

Type

Low Average High
Pine sawyer Monochamus galloprovincialis 0.2 and less 0.3-0.7 0.8 and more
Steelblue jewel beetle Phaenops cyanea 0.2 and less 0.3-0.5 0.6 and more
Capricorn beetle Cerambyx scopolii 0.1 and less 1.1-4.0 4.1 and more
Gold pit oak splendour beetle Chrysobothris affinis 0.7 and less 0.8-1.5 1.6 and more
Birch bark beetle Scolytus ratzeburgi 6.0 and less 6.1-8.0 8.1 and more

Source: Emerald Network of Ukraine, (n.d.)
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The distribution of pine beetle (strigonus) in the
plots was determined by the presence of adults fallen

from damage during their additional feeding on pine
shoots (Table 3).

Table 3. Intensity of additional nutrition and number of young beetles

Average number of shoots per 1 m?

Visual assessment of the number of shoots

Numbers of the young generation

of beetles
up to 2 Singly Mild
3-5 Everywhere Increased
6-10 Plenty High
Over 10 A great number Excessive

Source: (Meshkova, 2020; Puzrina et al., 2021)

The methodological approaches used allowed
for obtaining objective information on habitats in de-
mand of protection within the Emerald Network sites
and tree-dwelling insects of the region.

RESULTS AND DISCUSSION

Potentially, the territory of the forest fund of the Vyshcha
Dubechnia State Forestry Enterprise is suitable for the ex-
istence of habitats valuable from the environmental stand-
point, and populations of several rare species of animals
and plants, the necessity of conservation of which is de-
termined by the national legislation of Ukraine and inter-
national environmental conventions (Bern Convention...,
1979; Law of Ukraine, 1996). Notably, due to the large size

of the Emerald Network's facilities, a significant part of
their territories are outside the forest fund of the Vysh-
cha Dubechnia State Forestry Enterprise and include the
territories of other forest users. In particular, the territory
of Mizhrichynskyi Regional Landscape Park (UAO000047)
overlaps with the company’s territory by 8% or 2,412 hect-
ares (stands of Desnianske Forestry), Kyivske Reservoir
UAO000094 by 0.3% or 91 hectares (stands of Dachne
Forestry), Kyivskye Podesennia UAO000233 by-1.4% or
420 hectares (stands of Lebedivske, Ostrovske and Desnian-
ske Forestry). The explored sites partially belong to the
territory of the Emerald Network sites Kyivske Reservoir
UAO000094, Kyivske Podesennia UA0000233, Mizhrichyn-
skyi Regional Landscape Park UAOOOOQ47 (Fig. 1).

Figure 1. Surveyed areas on the territory of the Vyshcha Dubechnia State Forestry Enterprise

Source: photo by the authors

The analysed list of insect species protected in
the region allowed establishing that the largest share
of species is represented by insects of the order Lepi-
doptera (38 species), Hymenoptera (22 species) and Co-
leoptera (21 species) (Bern Convention on the conser-
vation of European wildlife and natural habitats, 1979;
Red Book of Ukraine. Insects, 2009). From this list, the
most numerous are the Red Data Book species endan-
gered, vulnerable and rare and the species with the
status of endangered Buprestis spendens goldstreifiger.
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The Red Data Book species of the first category
(endangered species, species conservation is unlikely if
adverse factors continue to act) among Lepidoptera include
Polyommatus eroides eroides blue butterfly, Zygaena
laeta bloodword burnet, Eudia spini sloe emperor moth
and Parnassius apollo,among Hymenoptera — Bombus fragrans
fragrant bumblebee,among Orthoptera - Bryodemella tu-
berculata speckled grasshopper,among Odonata - Leu-
corrhinia albifrons dark whiteface. The majority of the
region's fauna belongs to category Il (vulnerable species




that may be classified as endangered in the future if ad-
verse factors continue to affect them) and category Ill (rare
species, small populations that are not currently classi-
fied as endangered or vulnerable, although they are at
risk). Among the Lepidoptera, these categories include
Acherontia atropos dead head moth, Aglia tau tau emperor,
Apatura iris purple emperor, Catocala sponsa dark crim-
son underwing, Callimorpha dominula scarlet tiger moth,
Coenonympha hero scarce heath, Coenonympha oedippus
false ringlet, Cucullia argentea green silver-spangled shark,
Eudia pavonia small emperor moth, Euphydrias aurinia
marsh fritillary, Hemaris tityus narrow-bordered bee hawk
moth, Hamearis lucina duke of burgundy fritillary, Hippar-
chia statilinus tree grayling, Hypodryas maturna scarce
fritillary, Iphiclides podalirius scarce swallowtail, Lemonia
taraxaci autumn silkworm moth, Limenitis populi poplar
admiral, Lopinga achine yellow-eyed satyr, Lycaeides ar-
gyrognomon reverdin's blue, Lycaena dispar large copper,
Maculinea arion large blue, Maculinea nausithous dusky
large blue, Maculinea teleius scarce large blue, Marumba
quercus oak hawk moth, Papilio machaon old world swal-
lowtail, Pericallia matronula large tiger moth, Parnassius
mnemosyne clouded Apollo, Proserpinus proserpina wil-
lowherb hawkmoth, Periphaenes delphinii pease blos-
som, Saturnia pyri giant peacock moth, Staurophora celsia
and Zerunthia polyxena southern festoon.The order Hyme-
noptera includes the following species of categories |l
and lll: Abia nitens brilliant abia, Anoplius samariensis sol-
itary wasps, Archirilleya inopinata black archirilleya, Arge
beckeri Becker's aggrey, Blasticotoma filiceti fern blastico-
toma, Bombus argillaceus clay bumblebee, Bombus mus-
corum moss bumblebee, Bombus paradoxus unusual bum-
blebee, Bombus pomorum bright bumblebee, Caenolyda
reticulata reticulated cenolyda, Discoelius zonalis zonal
discoelia, Dolichomitus cephalotes headed dolichomitus,
Formica rufa red wood ant, Ibalia rufipes giant nutcrack-
er, Janus femoratus red-legged janus, Megarhyssa superba
pearl megarhyssa, Melitturga clavicornis mace melitturga,
Orussus abietinus parasitic orussus, Polochrum repandum
sapiga polochrum, Siobla sturmi balsam siobla, Xylocopa
violaceae violet carpenter bee and Xylosora valga common
xylocopa (carpenter bee).
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Among the Coleoptera there are Aromia moschata
musk beetle, Bolbelasmus unicornis, Boros schneideri smal
skuggbagge, Calosoma sycophanta European calosoma
beetle, Carabus menetriesi Menetrius' carabus, Cerambux
cergo great capricorn beetle, Cucujus cinnabarinus red
flat bark beetles, Dorcadion equestre black dorcadion,
Emus hirtus rove beetle staphylin, Eurythyrea aurata
golden eurythyrea, Lucanus cervus deer beetle, Neopris-
tilophus depressus, Onthophagus furcatus horned dung
beetle, Oryctes nasicornis European rhinoceros beetle,
Osmoderma barnabita hermit beetle, Rosalia alpina al-
pine moustache and hooded beetles Stephanopachys
linearis linearis and striped Stephanopachys substriatus
powderpost beetles in the region. The categories Il and
Il of the Odonata dragonflies include Aeschna viridis
green hawker, Anax imperator emperor dragonfly, Ca-
lopteryx virgo beautiful demoiselle, Cordulegaster boltoni
golden-ringed dragonfly, Leucorrhinia pectoralis large
white-faced darter, Stylurus flavipes yellow-legged drag-
onfly, Sympecma braueri common winter damselfly, Sym-
petrum pedemontanum bandaged dragonfly, Diptera:
Asilus crabroniformis robber fly and Satanas gigas giant
robber fly, Orthoptera: one species of Poecilimon ukraini-
cus Ukrainian pollen-tail and two species of Neuroptera:
Mantispa styriaca styrian mantis and Myrmeleon formicarius
common ant lion.

Insects of Category IV (unspecified species that
are classified as “endangered”, “vulnerable” or “rare” in
the absence of reliable information on their status)
are the least numerous and include one species from
the Hymenoptera Scolia makulata mammoth wasp and
the Homoptera Porphyropha polonica, two species from
Coleoptera, namely Dytiscus latissimus and Graphoderus
bilineatus predaceous diving beetles.

Accordingly, not all species and habitats subject
to protection at these sites are represented in the study
area (Table 4). Some rare species of animals and plants
and habitats from the list of those to be protected in the
Emerald Network sites are found on the territory of the
Vyshcha Dubechnia State Forestry Enterprise, however,
outside the areas subject to monitoring observations of
tree-dwelling insect species.

Table 4. List of insect species to be protected in the Emerald Network sites (Kyivske Reservoir UAOO00094 (KR), Kyivske
Podesennia UA0000233 (KP), Mizhrichynskyi Regional Landscape Park UAOO00047 (MRLP)

Availability on the territory

Species name

Characteristic habitat

KR MRLP
Class Coleoptera
Boros schneideri + + Woods
Dytiscus latissimus + + Woods
Leucorrhinia pectoralis + Meadows, reservoirs
Graphoderus bilineatus + Reservoirs
Cerambyx cerdo + Old woods
Lucanus cervus + Old woods
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Table 4, Continued

Availability on the territory

Species name Characteristic habitat
KR KP MRLP
Stephanopachys linearis + Woods
Stephanopachys . Woods
substriatus
Class Lepidoptera
Hypodryas maturna + Fields, meadows

Lycaena dispar

+

Fields, meadows

Source: developed by the authors based on the Red Book of Ukraine, (n.d.); International Union..., (2022); Godlevskaya,

(2010)

The most numerous representatives of the pro-
tected categories in the study area are Coleoptera, in
particular, in the forest stands of the Vyshcha Dubech-
nia State Forestry Enterprise there are populations of
the Cerambyx cerdo, Lucanus cervus, Osmoderma eremita,
Boros schneideri and hooded beetles: Stephanopachys
linearis and Stephanopachys substriatus.

The species composition of wood-dwelling xylo-
phagous insects in pine forests of different geographical
regions is quite uniform. The least weakened trees are
colonised by aggressive xylophagous species - Tomicus
piniperda L. pine shoot beetle and Tomicus minor Hrtg.
small pine engraver, Ips acuminatus Gill sharp-toothed
bark beetle, Phaenops cyanea Fabr. steelblue jewel beetle
and whisker moths of the genus Monochamus. As the

trees become weaker, they are colonised by less aggres-
sive species: Ips sexdentatus Boern. six-toothed bark
beetle, Acanthocinus aedilis L. timberman beetle, Trypo-
dendron lineatum L. two-striped timber beetle, and se-
verely weakened and drying trees are colonised by the
longhorn beetle Asemum striatum L., Rhagium inquisitor L.,
Spondylis buprestoides L. and Criophalus L. The physio-
logical damage to living trees caused by xylophagous
insects is the destruction of the plant’s conductive sys-
tem by their movements, damage to individual organs
during additional nutrition, and the transfer of patho-
gens. Technical damage caused by stem pests to trees
and harvested timber is the presence of wide and deep
passages (“wormholes”) and, accordingly, a decrease in
wood quality (Fig. 2).

Figure 2. Passages and exit holes of tree-dwelling insects on Scots pine

Source: photo by the authors

The monitoring surveys of the habitats of
tree-dwelling insects covered Dovhobrodivka, Dachne,
Central, Desnianske, Khutirske and Prymorske fores-
tries, and explored some areas of the territory of the
Vyshcha Dubechnia State Forestry Enterprise for the
presence of endangered and valuable insect species
listed in the resolution of the Bern Convention and
of international importance (Bern Convention, 1979).
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During the survey of areas dominated by Scots pine,
tree-dwelling insects were identified on a small part
of the trees (no more than 5-10%), most of which be-
long to category IV (weakened by stem pests), such
as Scolytinae (Tomicus minor and Tomicus piniperda),
Buprestidae (Phaenops cyanea) and Cerambycidae
(Monochamus galloprovincialis and Acanthocinus ae-
dilis) (Table 5).
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Table 5. Degrees of colonisation by tree-dwelling xylophagous insects

Settlement density, pcs-dm2/ average

Degree of infestation / number

Type number of shoots per 1 m? of young beetles
2020
Monochamus galloprovincialis 0.2%£0.1 Low
Acanthocinus aedilis 04+0.2 Low
Phaenops cyanea 0.5%£0.3 Average
Scolytus ratzeburgi 45%0.2 Low
Chrysobothris affinis 0.5+0.2 Low
Cerambyx scopolii 09+£0.2 Low
2021
Monochamus galloprovincialis 0.6%0.3 Average
Acanthocinus aedilis 04£0.2 Average
Phaenops cyanea 0.5%£0.2 Average
Tomicus minor 2 (singly) Normal (up to 5 thousand beetles per 1 ha)
Tomicus piniperda 2 (singly) Normal (up to 5 thousand beetles per 1 ha)
Scolytus ratzeburgi 3414 Low
Chrysobothris affinis 05%0.2 Low
2022
Monochamus galloprovincialis 05+04 Average
Acanthocinus aedilis 03%0.1 Low
Phaenops cyanea 0.5%0.2 Average

Tomicus minor

3 (everywhere)

Increased (10-20 thousand beetles per 1 ha)

Tomicus piniperda

3 (everywhere)

Increased (10-20 thousand beetles per 1 ha)

Scolytus ratzeburgi 3806 Low
Cerambyx scopolii 1.0+0.1 Low
Chrysobothris affinis 07%0.3 Low

Source: developed by authors

As can be seen from the above data, the popula-
tion of Monochamus galloprovincialis in 2020 was char-
acterised by a low degree of settlement at a density of
0.2 pcs.-dm2,in 2021 an average degree of settlement
was recorded at a density of 0.6 and 0.5 pcs.-dm2, which
indicates a potential increase in the number of the spe-
cies. The population of Phaenops cyanea did not demon-
strate a sharp increase in density during the study pe-
riod. The detection of populations of Tomicus minor
and Tomicus piniperda was performed by the presence
of signs of pest feeding (the so-called “crown cutting”)
and was first noted during the 2021 surveys, in 2022 an
increased number of young beetles of the younger gen-
eration up to 10-20 thousand per 1 ha was detected,
which can indicate a potential increase in numbers.

During the survey of plots with a share of decid-
uous trees (oak, birch, alder), the presence of Bupresti-
dae (gold pit oak splendour beetle Chrysobothris affi-
nis), Cerambycidae (capricorn beetle Cerambyx scopolii)
and Scolytinae (birch bark beetle Scolytus ratzeburgi)

was noted on trees weakened by xylophagous insects
(Fig. 3).

Notably, in the development of centres of mass
reproduction of xylophagous insects, phases are de-
veloped, each of which is characterised by a specific
number (Seredyuk & Puzrina, 2019), thus in the sur-
veyed plantations, tree-dwelling insects are in the
phase of concentration or increase in numbers due
to the development of populations with low density.
Meshkova et al. (2017) consider that chronic foci are
characterised by a long period of development, a
slightly increased level of insect abundance and the
size of current mortality compared to healthy stands.
Episodic foci, or outbreaks, are characterised by a rel-
atively short (3-5 years) developmental period, el-
evated abundance levels and the size of the current
mortality rate. With the development of chronic and
episodic foci, reversible and irreversible reactions of
stands are possible, usually, with mass reproduction of
tree-dwelling insects, their destruction is observed. To
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find new habitats and expand the food base, migration
centres are usually established near mass breeding
areas with excessive population density. In these foci,

the final dispersal of the population occurs within a
few years and it returns to its original level of popula-
tion size (Puzrina et al., 2021).

Figure 3. Passages, larvae, flight and larval holes of tree-dwelling insects on deciduous tree species

Source: photo by the authors

According to research by Wyatt (2021), biodiver-
sity loss is one of the main elements of damage caused
by human activities. Wildlife protection and conserva-
tion policies such as the Convention on the Conserva-
tion of European Wildlife and Natural Habitats (Bern
Convention) are attempts to halt the loss of wildlife.

At the stage of establishing and implementing
the Emerald Network, which is currently underway in
Ukraine, the description of the natural complex of each
particular territory is becoming increasingly import-
ant. Therewith, notably, the studies frequently involve
phytosociological characterisation of habitats of popu-
lations of vascular plant species with protected status
in Europe (Tymochko et al., 2022) and clarification of
data on the occurrence of species with protected sta-
tus (Vasyliuk et al., 2022) with a set of data on the oc-
currence of species listed in Annex | of Resolution 6 of
the Bern Convention (1996) and the Red Data Book of
Ukraine. The study by Bezrodnova et al. (2021) covered
the botanical and forestry features of the Mozh River
Valley as an Emerald Network site and determined the
state of populations of rare vascular plant species of
different sozological status. Studies by Kuzemko & Bo-
rysenko (2019), Kuzemko et al. (2018) on the design and
conservation of the Emerald Network and the catalogue
of habitats in Ukraine allow estimating the habitats of
species with protected status.
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The investigation of insect species classified as
protected and monitoring studies allowed for summaris-
ing the available information on the habitats of rare and
tree-dwelling insect species in the study area.

CONCLUSIONS

During the research, the list of insect species to be pro-
tected was analysed and summarised, and monitoring
of rare species and tree-dwelling insects in the Em-
erald Network sites (Kyivske Reservoir UAOO00094, Ky-
ivske Podesennia UA0000233, Mizhrichynskyi Regional
Landscape Park UAOO00047) in the Vyshcha Dubechnia
State Forestry Enterprise was conducted. Insects subject
to protection in forest stands include Cerambyx cerdo,
Lucanus cervus, Osmoderma eremita, Boros schneideri,
Stephanopachys linearis and Stephanopachys substriatus.
Some rare species of insects and habitats from the list
of those to be protected in the Emerald Network sites
on the territory of the Vyshcha Dubechnia State Forestry
Enterprise are located in areas that are indirectly related
to the forest environment - water, marsh, meadow, etc.

During the survey of areas dominated by Scots
pine, tree-dwelling insects with different settlement
densities were identified, namely as small pine engraver
Tomicus minor and pine shoot beetle Tomicus piniperda,
steelblue jewel beetle Phaenops cyanea,timberman bee-
tle Acanthocinus aedilis and pine sawyer Monochamus




galloprovincialis, and on deciduous woody species, gold
pit oak splendour beetle Chrysobothris affinis, capricorn
beetle Cerambyx scopolii and capricorn beetle Scolytus
ratzeburgi were observed sporadically. In addition, re-
cent climate change and the effects of military opera-
tions on the territory of Ukraine can cause significant
changes in the structure of forests, potentially affecting
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habitat opportunities and trophic resources for many
species. Therefore, the prospects for further research
will be monitoring changes in the species composition
of insects of protected categories and tree-dwelling in-
sects of the region in the Emerald Network sites (Kyivske
Reservoir UAO000094, Kyivske Podesennia UA0000233,
Mizhrichynskyi Regional Landscape Park UAOO00047).
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MOHITOPUHIroBI gocnig)XeHHs ocenuuy, piaKicHUX Buais
Ta AepEeBOXXUBYUYUX KOMaX B 06’ekTax CMapargoBoi Mepexi

Hatanis BacunisHa Myspina?, Onbra BikropiBHa Tokapesal,
Poman OimutpoBuu Bacunuwmn?, AHatoniit IBaHoBuy Kapnyk?, Onekcanap Mukonaitosuy MenbHuk?

'HawioHanbHKMI1 yHiBEpCUTET BiopecypciB i NpMPOAOKOPUCTYBAHHS YKpaiHu
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AHoTauis. CocHOBi HacamkeHHs [lepxaBHOro nignpueMcTBa «BuilenybedyaHcbke nicoBe rocnofapCcTBo» B 06eKTax
CmaparpoBoi Mepexi Kyivske Reservoir UAOO00094, Kyivske Podesennia UA0000233, Mizhrichynskyi Regional
Landscape Park UAOOOOO047 € BaxxIMBUM pe3epBaToM, LLLO BKIIOYAE BUAM Ta OCENULLA KOMaX, AKi NiANAraloTb OXOPOHI.
BinbwicTb icHylUMX pocnimkeHb AaHOi TepuTopii Bynmu cnpsMOBaHi Ha BUSIBIEHHS Ta onuc okpeMux bioTtonis,
ToAi K KOMaxu-kcunodaru 3anuwmnamca nosa yearot. Metor focnigxeHb 6yn0 BCTAHOBAEHHS PiAKiCHUX BUAIB
[epeBOXMBYYMX KOMAX i TakuX, WO nepebyBatoTb Nif, 3arp030k0 3HUKHEHHS B YHIKQ/IbHUX NPUPOLHUX KOMMIEKCAX.
MeToam focnioKeHb BKITHOYAIM PEKOTHOCLMPYBaNibHi 0OCTEXEHHS 3 BU3HAYEHHSIM BUAOBOIO CKNAAY KOMaX, LWiIbHOCTI
ix nocenenHs. JocnigxeHHs nposoannunck ynponosx 2020-2022 pokis, nig yac sikux 6yno oxonneHo 33 pingHku
3aranbHoto nnoweto 50,5 ra. MOHITOPWMHI NPOBEAEHO LWSXOM PErynspHOro o0bCTexeHHs TepUTOPpIi, Nig Yac SKMx
ineHTMdikyBanucs piakKicHi BUAK, 9Ki 3aHeceHi o YepBoHOI KHMMM YKpaiHu Ta [0 pe3ontouii bepHCbKOi KOHBEHLI.
3AiMCHEeHU KaMepanbHUM aHani3 nicoTakcauimHuMx Matepianis. PigkicHi BMAM KOMaX, WO NiANaraloTb OXOPOHI
TPanAstoTbCS, NPOTE N03a MEXaAMMU LiNFAHOK, Ha SKUX NPOBOAMAUCS MOHITOPUHIOBI CNocTepexeHHs. Lle nepeBaxHo
BOAHI, 60n0TaHI, NyyHi yrigasa Towo. O6nikoBaHO CTOBOYPOBMX LUKIAHMKIB, Takux K Kopoiau Scolytinae (Manui
Tomicus minor Ta Benukuii Tomicus piniperda cocHoBi ny6oiau), 3natku Buprestidae (CMHS cocHOBa 3natka Phaenops
cyaneaq) Ta Bycadi Cerambycidae (WopHWi cocHoBMI Bycay Monochamus galloprovincialis Ta Cipuit [OBroBycui1 Bycau
Acanthocinus aedilis). BuasneHi nonynauii kKomax-kcunodaris XxapakTepusyrTbCs HU3bKUM i CepefHiM CTyneHeMm
3aceneHHs, BOHW BigMiveHi nuwe Ha dyxe ocnabneHux aepesax, a Taki Buau aKk Chrysobothris affinis, Cerambyx
scopolii Ta Scolytus ratzeburgi 3ycTpiyatoTbCs NOOAMHOKO. Pe3ynsTati focnigkeHHs ByayTe cnyryBati iHpopmaLiiHow
OCHOBO 419 GOPMYBaHHS perioHanbHUX NporpaM 36epexeHHs Hiopi3HOMaHITTS Ta BNPOBaAXXEHHS MEXaHi3MiB
CTANOro BUKOPUCTAHHS NiCOBMX pecypcCiB

KntouoBi cnoBa: 0xopoHHi KaTeropii, bepHcbka KoHBeHLi9, YepBOHa KHMra YKpaiHu, KOMaxum-Kcunodaru, YNCenbHicTb
MO0A0r0 NOKOMIHHSA, CTYNiHb 3aCeNEeHHS
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INTRODUCTION

Among the many tasks in fruit gardening, the imple-
mentation of effective measures to protect plants from
unfavourable biotic environmental factors is no less
important to achieve the desired effect. Notably, due
to the growing relevance of fruit crops, fruit plants that
are not common in culture, including buckthorn (Hip-
pophae rhamnoides L.), whose yield and fruit quality are
not always stable and are frequently low and of poor
quality caused by pests, are becoming increasingly im-
portant. The most probable pests that reduce the pro-
ductivity and quality of sea buckthorn fruit include the
following species: sea buckthorn honeydew (Psylla hip-
pophaeana CL.); sea buckthorn leaf miner (Archips hippo-
phaeana Heyd.); sea buckthorn borer (Zeuzera pyrina L.);
sea buckthorn fly (Rhagoletes batava obscuriosa Hering);
southern grey weevil (Tanymecus dulaticollis Gyll.), odd
silkworm (Ocneria dispar L.), sea buckthorn gall mite
(Eriophyes hippophaeanus Nal.) etc.

Until 2007, no targeted research on the species
and structural diversity of sea buckthorn pests was
conducted in Ukraine. And due to the increase in the
area under sea buckthorn orchards, the level of spread
and harmfulness of phytophagous insects will increase.
A serious pest of the sea buckthorn garden is the sea
buckthorn gall mite (Aceria hippophaena Nalepa), whose
parasitism on host plants results in gall development,
a pathological process that is expressed in the growth
and change of plant tissues. The above-mentioned spe-
cies of four-legged mites is one of the representatives
of numerous and functionally significant components
of the entomofauna of cultivated and natural cenoses.
The study of gall-developing pests is of practical impor-
tance since the latter significantly affects the condition
of host plants by inducing galls on them. The range of
Aceria hippophaena Nalepa covers large areas of West-
ern, Northwest and North-Eastern Europe, including
Ukraine (Goud et al., 2021; GBIF Secretariat, 2019).

Faunal research on applied acarology is of great
relevance. Acarology scientists note that new species
of mites are increasingly appearing in cenosis crops,
which pose a threat to plants. For example, Hemmatza-
deh-Khorshidabadi et al. (2022) note that new species
of Aceria eryophyid mites have been identified on fodder
plants, which they believe may worsen the condition
of pasture producers. European scientists, in particu-
lar, Ripka et al., (2021), have recorded three species of
mites of the Aceria family that parasitise ornamental
shrub species of Salicaceae. Other researchers (Elhala-
wany & Ueckermann, 2022) do not note any symptoms
of damage to cultivated plants when detecting new
tick species but emphasise that this is only in the initial
stages of newly introduced plants.

Chinese scientists, in particular Wu et al. (2022),
proved the harmfulness of the gall mite on goji plants.
The establishment of vesicular galls, thickening and
deformation of fodder crop leaves under the parasitic
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influence of ticks was noted by Ruan et al. (2021). Fre-
quently, gall mites are accompanied both by damage to
vegetative organs and generative organs, in particular,
to the fruits of European olive, as noted by Sergio & Mo-
raes (2020). The double adverse effect of ticks on plants
was noted by Albrecht et al. (2022), which manifests it-
self in the deterioration of the physiological state of
crops and their damage by viral diseases. According to
de Almeida Paz-Neto et al. (2022), gall development on
plant leaves caused by mites provides shelter and an
abundance of other pests, including moths.

Admittedly, the parasitising efficiency of ticks on
cultivated plants depends on weather and climatic con-
ditions and human economic activity. Changing tem-
perature conditions, as noted by Karpicka-lgnatowska
et al. (2021), determine the number of populations of
erythrophoid ticks, which transmit viruses. As for eco-
nomic activity, acaricides are a deterrent to tick devel-
opment. According to Revynthi et al. (2022), chemical
control of mites is an effective and cost-efficient mea-
sure in plant care. Although scientists Elhalawany et al.
(2021) consider it expedient to identify their biological
characteristics and timely use of acarifages in the fight
against gall mites. Thus, the study of biological and
ecological features of sea buckthorn gall mite and the
development of measures for its control in sea buckthorn
orchards is an urgent task that will allow early diagnosis
of this pest and timely control measures.

The purpose of the research was to explore the
bioecological features of Aceria hippophaena Nal. and
to develop measures to reduce its populations in the
orchards of buckthorn.

MATERIALS AND METHODS

Observations of sea buckthorn plant damage by gall
mites were conducted at the experimental plots of the
Institute of Horticulture of the National Academy of
Agrarian Sciences of Ukraine and its research network
during 2019-2021. Sea buckthorn varieties of Ukrainian
breeding were used to explore the degree of plant
damage: Rannya, Morkvyana, Osoblyva and Adaptyvna.
Observations and records of plants were performed in
May-September according to the methods (Methodol-
ogy of qualification examination..., 2016; Grynyk et al.,
2020). The leaves of the studied varieties were sampled
twice during the growing season. In early September,
50 leaves were collected from 5 trees of each variety
(10 Lleaves x 5 replicates). The material was collected
in cloth bags. A label was attached to each sample of
a particular sea buckthorn plant variety, indicating the
sample number, place and time of collection. Visual in-
spections were performed in the basal part and on the
periphery along the entire vertical of the plant crown.
Each leaf sample was placed in plastic bags with the
date and place of collection, and the name of the va-
riety, and stored in a refrigerator at 3-4°C for stepwise




analysis in the laboratory. The assessment of damaged
plants by gall mites was performed in points according
to the percentage of leaf surfaces covered with galls:
0 points (0%) - resistant; 0.1-1.0 points (up to 1%) - rel-
atively resistant; 2.1-3.0 (11-30%) - moderately dam-
aged; 3.1-4.0 (31-50%) - severely damaged; 4.1-5.0
(over 50%) - very severely damaged.

The study used sources for the identification and
biological characteristics of sea buckthorn gall mites (Ka-
mali et al., 2016), economic importance and distribution
(Orlova-Bienkowskaja, 2016). Statistical data processing
was performed using the computer program Statistica-6.0.

RESULTS AND DISCUSSION

The gall mite spreads both under the influence of abi-
otic factors — wind, precipitation, and biological factors -
insects, birds,and anthropogenic factors. Damage to sea
buckthorn by the gall mite in the northern part of the
Forest-Steppe has been observed in individual plants
since 2017, but, in 2020, significant outbreaks of mass
reproduction were noted locally for the first time. It was
established that the mite leads a hidden life, feeding
inside the buds and leaves. It is particularly harmful
to young, vigorously growing trees or bushes. Severely
damaged leaves are deformed, dry out prematurely and
fall off, which frequently results in their death (Moska-
lets et al., 2021). In 2020, the pest infested both the
leaves of some sea buckthorn varieties and the shoots,
which resulted in their distortion and weakened growth.
Thus, the degree of damage, dynamics and duration of
infestation of young leaves by gall midge depends on
the varietal characteristics of the host plant.

During the growing season of sea buckthorn
plants, four-legged mites multiply very quickly. In the
Northern Forest-Steppe, the peak number of gall mites
reaches the end of June - beginning of July,and, depend-
ing on weather conditions, the peak number of larvae
living in leaves is observed about a month later - in the
second decade of August. It has been established that
in hybrid sea buckthorn nurseries, gall mites are mainly
spread with planting material - seedlings and cuttings.

Moskalets et al.

Reserves for these phytophages are wild forms of sea
buckthorn, which were selected as breeding sources of
economically valuable traits in the protective strips of
orchards, forest belts, and fallow lands, where ticks ac-
cumulate intensively, as in shady, wind-protected habitats,
where they, in turn, get from orchards.

It was established that these pests are distributed
by the wind at a distance of 50 meters or more and get
into new sea buckthorn plants grown from cuttings that
have been treated with acaricides with rain splashes.
According to the literature (Moskalets et al., 2021), the
sea buckthorn gall mite is microscopic (female body
length 0.2-0.22 mm, male about 0.18 mm), its body is
milky white, wormlike, ringed, dorsal and abdominal
half-rings are the same in width, with two pairs of legs.
On the underside of the body, three pairs of abdominal
bristles are arranged one after the other,and at the end,
there is one pair of tail bristles.

Adult females hibernate under the covering
scales of the kidneys, one of which can contain from
one to several thousand individuals. In early spring,
during the period of bud swelling, mites begin to lay
eggs in wintering areas in the galls they form. The
hatching larvae feed inside the buds, as a result of
which the leaves of sea buckthorn plants that have
not yet opened are completely covered with gall
swellings. When the first leaves bloom (at an average
daily temperature of more than 9°C and an average
air humidity of 75-80%), females of the new spring
generation appear, which, together with old females,
move to young leaves, then concentrate mainly near
the central vein, make injections and drain cell sap,
eventually form galls in these places, and inhibit plant
growth and development. Subsequent generations es-
tablish galls on the leaves, where the females lay eggs
and the larvae that hatch from them settle on young
leaves and shoots. The rounded-flat, 2-8 mm long
galls first become light green, then yellowish-brown
or brown, and eventually blacken and dry out. In case
of severe damage, the leaves can be completely covered
with galls (Fig. 1).

Figure 1. Leaves of sea buckthorn plants of the Adaptyvna variety damaged by sea buckthorn gall mite, the
experimental field of the Institute of Horticulture of the National Academy of Sciences of Ukraine, 2020

Source: photo by the authors

In the autumn (September-October), ticks move
under the scales of newly established buds, where they

feed for some time and remain for the winter. In a tem-
perate or temperate continental climate, sea buckthorn
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gall mite develops in 2-3 generations during the growing
season of sea buckthorn plants, and this gives a signal
to take preventive countermeasures in sea buckthorn
breeding agrocenoses. It is known that gall mites quickly
develop pesticide-resistant populations, and therefore
it is necessary to alternate drugs belonging to different
chemical groups.

Notably, four-legged ticks are actively destroyed
by their natural enemies - predatory ticks or acari-
fages (Amblyseius finlandicus Oudemans, 1915; Para-
seiulus soleiger Ribaga, 1904), Phytoseiulus persimilis
(Athias-Henriot, 1957), thrips (Scolothrips sexmaculatus
Pergande, 1891), blind bugs (Blepharidopterus angula-
tus Fallén, 1807; Macrolophus nubilis V. Putshkov, 1978),
goldenrod (Chrysoperla carnea Stephens, 1836), phyto-
pathogenic fungi (Beauveria bassiana (Balsamo-Crivelli),
Vuillemin, 1912; Streptomyces avermectinius Takahashi
et al., 2002) that cause epizootics, which should be

considered when planning protective measures in sea
buckthorn orchards.

Sea buckthorn gall mite (Aceria hippophaena or
Eryophyes hippophaenus Nalepa, 1898) belongs to the
genus Aceria Keifer,1944.This pest has a spindle-shaped
body of light yellow colour, which is approximately
0.25 mm long. Both adults and larvae have two pairs of
limbs. The phytophage damages the buds and leaves of
the plant. Tumours or swellings (galls) with a diameter
of 0.5 cm appeared on the affected leaves, inside which
the mites are located.

Since sea buckthorn gall mites are microscopic,
about 0.25 mm long, and cannot be seen with the naked
eye, it is easier to determine their presence by the galls
on the plants. In this regard, studies were conducted to
determine the presence of leaves with galls and to
group sea buckthorn varieties by resistance to the above
pest (Table 1).

Table 1. Time of detection and recording of the presence of leaves
of sea buckthorn plants with galls Eryophyes hippophaenus Nal

Damaged sea buckthorn leaves (presence of galls)*
s 2019 2020 Average for 2 years
2 S Y Y= Y G
o k3 6 g ] 55 ] S g
No.| Varietyname | & e SE S 2 SE e TE
5 €5 €8 €5 €8 €5 g2
o] [Tl v Q [T v Q [T o Q
= = za s za = &
% Points % Points % Points % Points % %
1 Rannya em 3 1.3 15 2.2 0.5 1.0 10 2.0 1.7 125
2 Morkvyana mm 7 1.7 23 2.6 5.1 1.5 17 23 6 20.0
3 Osoblyva lm 6 1.6 30 3.0 5.2 1.5 48 39 5.5 39.0
4 Adaptyvna lm 11 2.0 33 3.1 15 2.2 56 5 13 44.5

Note: em - early maturing, mm - medium maturing, Im - late maturing

Source: developed by authors

Table 1 demonstrates that plants of the late-matur-
ing varieties Osoblyva and Adaptyvna are heavily damaged
by gall mites (in 2020, the leaves and stems of Adaptyvna

plants were damaged by more than 50%),while plants of the
early-maturing varieties Rannya and mid-season Morkvyana
are medium resistant or moderately damaged (Fig. 2).

Figure 2. Leaves of plants of the variety Morkvyana with signs of damage by sea buckthorn gall mite

Source: photo by the authors
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To reduce the spread and damage caused by gall
mites to sea buckthorn plants, several measures were im-
plemented in 2020-2021, including various types of prun-
ing (Mainly rejuvenation (stimulating the growth of young
healthy shoots), restoration (restoring a neglected bush)
and regulatory (maintaining the crown in good condition,
thinning, lighting)) and near-trunk and inter-row soil loos-
ening. According to the results of the surveys on the pres-
ence of sea buckthorn with galls on the leaves after the
agricultural measures, it became clear that the number of
galls on the leaves significantly depends on a particular
measure, regardless of the variety and maturity group.

A

Moskalets et al.

For sea buckthorn varieties, regardless of the
maturity group, using elements of agricultural technol-
ogy both individually and in combination significantly
reduces damage to plants by sea buckthorn gall mites.
In particular, this can be observed most clearly for the
early maturing variety Rannya, the mid-maturing variety
Morkvyana,and the late maturing variety Osoblyva (Fig. 3).
Notably, the plants of these varieties are more tree-like,
in particular, this is characteristic of the Rannya vari-
ety, thus, in the agricultural technology of cultivation,
it is advisable to compulsorily loosen the soil near the
trunk (Table 2).

B

Figure 3. Leaves of sea buckthorn plants of the variety Osoblyva in the | decade of June (A)
and | decade of September (B) without signs of galls caused by sea buckthorn gall mite

Source: photo by the authors

Table 2. Damage to sea buckthorn leaves by gall mites depending on the maturity group
and elements of agricultural technology

Agri-event
§' Control Cutting branches Soil loosening Cutting + Soil loosening
o Average data on damage to sea buckthorn leaves (presence of galls), %
No. Variety name § Y = Y= [P Y= [P Y Y
ls (<] o g o [<] g =] (<] g o (<] g
5 S ¢ SE S 2 S E S 2 S E S 2 S E
= R S2 S 3 c3 S 3 S2 S s S2
[ U Q [T Q0 Q [l Q0 Q [Tl L Q
© T o © T o © T o © T o
—_— -_ W —_— -\ _— -\ —_— -0
1 Rannya em 0.5 10 0.7 9.5 0.4 0.8 0.8 0.9
2 Morkvyana mm 5.1 17 3.7 12.2 3.2 4.4 35 2.5
3 Osoblyva lm 5.2 48 4.1 32.3 215 15.8 11.7 9.5
4 Adaptyvna lm 15 56 9.8 35.8 19.4 23.5 8.8 10.6

Note: em - early maturing, mm - mid-season, lm - late maturing; **p20.95

Source: developed by authors

The Morkvyana and Adaptyvna varieties are bushy,
and annual soil loosening near the trunk promotes addi-
tional development of root shoots, which increases the
possibility of overwintering of adult mites. But the plants
of these varieties are more plastic to cutting, and, thus,
annual gradual cutting of branches during the spring
and summer period contributes to the reduction of sea

buckthorn gall mite damage and increase of productivity,
including fruit size and weight.

In 2021, all studied varieties were less damaged
compared to 2020 (Table 3). In particular, the early ma-
turing sea buckthorn variety Rannya is the least dam-
aged by the gall mite due to the absence of gall develop-
ment compared to all the varieties studied.
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Table 3. Damage to sea buckthorn leaves by gall mites depending on the maturity group
and elements of cultivation technology, 2021

Agri-event
2 Control Cutting branches Soil loosening Cutting + Soil loosening
o
E) Average data on damage to sea buckthorn leaves (presence of galls), %

No.| Variety name g‘ %5 % E %5 5 g %5 %5 g 5 5 E
B S e SE S 2 SE S ¢ SE S g SE
= S s S 2 S5 c3 S s c3 S5 c2

[T v Q o QQ [T Q Q o v Q

© T O © T O © T O © T o

— - N -_— -_ N -_— - N _— - N
1 Rannya em™* 2,2* 10.3 1.9 3.5 0.7 1.8 0.5 0.6
2 Morkvyana mm 49 275 1.7 29 2.6 9.4 0.5 1.5
3 Osoblyva lm 8.5 51.5 31 2.7 4.5 4.8 11 2.5
4 Adaptyvna lm 154 47.2 3.8 5.5 6.4 13.5 2.5 77

Note: em - early maturing, mm - mid-season, lm - late maturing; **p20.95

Source: developed by authors

According to Table 3, the introduction of such
elements of agrotechnology as pruning and soil loos-
ening and their application in combination significantly
reduces the development of galls in the fall by 66.0,
82.5 and 94.2%, respectively. For the Morkvyana variety,
these data are 89.5,65.8 and 94.5%, for the late-matur-
ing varieties Osoblyva and Adaptyvna - 94.8, 90.7 and

12

10

Percentage of leaves damaged
by mites (presence of galls), %
(o)}

Rannya Morkvyana

95.1 and 88.3, 71.4 and 83.7%, respectively. It was es-
tablished that the annual application of the elements
of agricultural technology for cutting and loosening the
soil in the complex contributes to a significant reduc-
tion in damage to the leaves of sea buckthorn plants
(the presence of gall development, etc.), as evidenced
by the comparison of data for 2020 and 2021 (Fig. 4).

2020

2021

Osoblyva Adaptyvna

Figure 3. The presence of gall development on the leaves of sea buckthorn plants under
the complex application of different types of cutting and soil loosening by years, %

Source: developed by the authors

Biological infestations of agricultural pests can
have adverse effects, including reduced yields and eco-
nomic costs. Thus, collecting and analysing information
on biological and ecological features, in particular the
ability to spread, is crucial in the model prediction of
pests, in particular for the sea buckthorn gall mite. As
Kuczynski et al. (2020) note, exploring the dispersal pro-
cess is particularly challenging when the emphasis is
on microscopic organisms such as gall mites, which are
passively dispersed. Thus, the study of the appearance of
gall development on the leaves and stems of different
sea buckthorn varieties was the most simplified way to
study the ecological and biological characteristics of

Scientific Horizons, 2022, Vol. 25, No. 12

the mite to the host plant. Authors Li et al. (2016), Muk-
wevho et al. (2017), and Bondareva et al. (2022) con-
ducted surveys of gall development on plants as signs
of pest parasitism, including gall mites, which allows
assessing the level of leaf damage and the condition of
plants in general. Thus, the conducted surveys of gall
mites on sea buckthorn do not contradict the methodology
of research on the ecological and biological features
of gall mites. The research notes that mites' vital ac-
tivity depresses the condition of plants. These aspects
are noted in several works by other researchers (Kotataj,
2019; Yanovskyi et al., 2021), which demonstrate that
tick parasitism results in plant stunting.




The research discusses the efficiency of agrotech-
nical measures to control pests. In addition, Moskalets
et al. (2021; Melnyk, 2016) highlight these issues and
confirm their feasibility. Other scientists and producers,
in particular Yanovskyi et al. (2022), consider it advisable
to apply biological measures, in particular, to conduct
a maximum of 10 sprayings of trees (bushes) with bi-
ological acaricides, in particular in mother and graft
plantations. Some authors (Omelchuk, 2019; Grynyk,
2020) suggest not considering the possibility of signif-
icant colonisation of plants by the mite, and selecting
cuttings for propagation, disinfecting them with a 0.4%
working concentration of Actofit, 0.2% emulsion concen-
trate when treated for 20-30 minutes, or a 0.5% solution,
but for 8-11 minutes. Yanovskyi et al. (2022) propose to
use chemical acaricides in the nursery system when 2-3
or more generations of the above pest are developing,
during budding, before or after flowering, after harvest-
ing and when deuterogynous females of the mite leave
the galls to settle and overwinter in the diapause stage.
Similar studies by the authors of the presented research
on using biological and chemical preparations, and us-
ing increased doses of mineral fertilisers, which, by the
way, contribute to the osmotic pressure of cell sap in the
leaves, which adversely affects the life of the mite, are
onlyatthe initial stages and are ongoing in sea buckthorn
orchards for mite control. Using tick-resistant varieties is
suggested by De Lillo et al. (2018), who consider reducing
economic costs in the cultivation of fruit and berry crops.

In general, the study of the vital activity of gall mites
on many fruit and berry crops is relevant, since failure to
consider this dangerous biotic factor in the 3-6™year of
plant life results in a decrease in their drought and frost
resistance,and a decrease in yield by 50 per cent or more.

Thus, due to the significant demand for sea buck-
thorn and the increase in its area in Ukraine, it is neces-
sary to control the manifestation of pests, in particular
the population of gall mites, which as obligate parasite
feeds on the buds, leaves and shoots of plants, causing
nutrient deficiencies and various physiological disor-
ders and can probably transmit pathogenic organisms
to plants, in particular of a viral nature, with serious
consequences for the healthy state and productivity
of plants of the above crop, which from the economic
standpoint makes sea buckthorn gall mite a dangerous
phytophagous pest of sea buckthorn orchard.

Moskalets et al.

CONCLUSIONS
The biological and ecological features of sea buckthorn
gall mites in the orchards of buckthorn in the Northern
Forest-Steppe of Ukraine were determined. In the third
decade of May to September-October, depending on the
ripeness group of the sea buckthorn variety, signs of the
harmfulness of Eryophyes hippophaenus Nal mites can
be observed on infected plants. The usual symptoms are
curling of the leaf edges, the appearance of blisters or
growths 5 mm in diameter on the upper side of the blade,
and discolouration of the leaf blade. Parasitism of sea
buckthorn gall mites distorts annual shoots of plants.

In hybrid nurseries of the studied crop, sea buck-
thorn gall mites are mostly spread with planting material
(seedlings, cuttings). In addition, it was noted that wild
forms of sea buckthorn serve as reserves for gall mite pop-
ulations, in protective strips of gardens, forest belts, and
fallow lands, where they localise numerous populations.
In the conditions of the northern part of the Forest-Steppe
of Ukraine in sea buckthorn orchards, the most charac-
teristic manifestation of sea buckthorn gall mite damage
was observed on late-maturing varieties compared to
early- and mid-maturing ones. It was established that the
absence of planned cutting and soil loosening measures
significantly increases the signs of tick parasitism on sea
buckthorn plants, regardless of the variety maturity group.

Studies allowed suggesting that there may be a
specific relationship between gall mites and endophytic
fungi (in particular, the genera Alternaria, Cladosporium,
Botrytis, Mycosphaerella, etc.), which was observed in
late summer on plants 5-7 years old, manifested in the
appearance of light or dark brown spots around the
galls, and the death and loss of leaf tissue and the de-
velopment of perforated leaves. Depending on the age
of the plants, shaping, rejuvenating (in spring), restoring
(in spring, summer) and regulating (in summer) cutting
and soil loosening, mainly for tree-like plants, significantly
reduces damage to the leaf surface and annual stems of
sea buckthorn plants by gall mites.

Further widespread targeted introduction of sea
buckthorn varieties in agroecosystems will increase the
yield with the introduction of medium-resistant varieties
and elements of cultivation technology, including man-
datory shaping, thinning and sanitary cutting and soil
loosening,which will reduce the number of pests,includ-
ing sea buckthorn gall mites in sea buckthorn orchards.
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O6ninuxoBum ranoeum Kniw (Aceria hippophaena Nal.)
B capax o6ninuxu KpywuHonopai6Hoi (Hippophae rhamnoides L.)
Ta e/IeMeHTU arpoTeXHOoJIorii MOro KOHTpPoJsio

BaneHTuH BitaniioBuy Mockaneup?, TetaHa 3axapiBHa Mockaneub?,
Muxaitno Muxaitnosuu Knrouesunu?, Hatania MaenisHa MNenexara?, Mukona Muxaitnosuy CeitenbcbKuit?

YHCTUTYT capiBHMUTBA HauioHanbHOI arpapHoi akaaeMmii Hayk YkpaiHu
03027, Byn. Capoea, 23, c. HoBocinku, YkpaiHa

MMonicbKWit HaLioHaNbHMI YHIBEpCUTET
10002, 6-p Crapui, 7, M. Xutomup, YkpaiHa

AHotauiq. lNpeactaBneHHi LOCNILXKEHHS [03BOAMAM Binblie po3KPUTM 0COBAMBOCTI HOBMX COPTIB 06MiNMXM
KpyWwmrHONoAibHoi, AeMOHCTpYoUYM 6ioeKonoriYHMi noTeHwian iXx poCiMH WOAO0 MNOWKOMAXEHHS 061iNMXOBUM
ranoBMM KJiLLEM, IKMI CbOFOAHI € HE MEHLUE aKTyanbHUM cepef WKigHuKiB 0bninnxosoro caay. Tomy Bua Aceria
hippophaena Nalepa (cuHoHiM Eriophyes hippophaenus Nalepa), akuit HanexuTb popy Artacris Keifer, 1970, € ooHuM
i3 Hebe3neyHnx NpeLCTaBHMKIB YOTMPMHOTMX KIILLIB NO BifLHOWEHHIO 00 pocaunH poay Hippophae L. MeTa pobotu
nepesbayana AOCHimKEHHS BIOEKONOriYHMX 0COBNMBOCTEN BULLE3A3HAYEHOTO KIilla | pO3pObKM 3aX0p4iB MOro KOHTPOSO B
capax obninuxu KpywmHonoaibHoi. Mig yac pocnigkeHb BUKOPUCTOBYBAIM NONbOBUI | NabOpPaTOPHUIA METOAM 3TiLHO
METOAMKM NPpOBEAEHHS KBanidikaLiMHOI eKCnepTu3u COpTiB NiCOBUX BUAIB POC/IMH Ha NPUAOATHICTb A0 MOLUMPEHHS
B YKpaiHi. 3'acoBaHo, Lo apean 061inMxoBOro ranoBoro Kiilla OXon/to€e 3HaYHi TepuTopii KpaiH 3axigHoi, [iBHi4HO-
3axifHoi €Bponu Ta NiBHIYHI parioHu CxigHoi €Bponu, B T.u. YKpaiHu. B yMoBax niBHiuHOI YactuHu Jlicocteny Ykpainu
B CafaX paHHbO-, CEPELHbOCTUIIMX i Ni3HbOCTUII COPTIB 0BMINUXM KPYLWMHONOAIBHOT AOCNIAKYBaNU BioeKONOorivHi
0COB/IMBOCTI | piBEHb LIKOAOYMHHOCTI 0BAINMXOBOro ranoBOro KAilla Ha POCAMHAX AOCNIOXKYBAHOI KynbTypu.
BioMiveHo, o 06NiNUXOBMIA ranoBuiA KLl Befe NPUXOBAHWUIA CMOCIO XUTTS, XapyyeTbCs BCEpeauHi BPYHbOK i
JMCTKIB POC/IMH 06NiNMXM KpywMHONoAiBHoi. 3'9coBaHo, WO Lel NapasuT CUbHO WKOAUTb POCIMHAM 061inuXxKM Ha
NMOYaTKOBMUX eTanax ix oHToreHesy. [1pyM YOMy CUAbHO MOLWKOAXKEHI MMCTKM AedOopMYyHTbCS, NepeayacHo BCUXAKTh i
0NagaoThb, WO Hepigko NpU3BoAnTb A0 ix 3arnbeni. BcTaHOBAEHO, WO 3aCeNeHiCTb | NOWKOAXEHHS KAilLeM poC/ivH
PaHHbOCTUIINX COPTIB MEHLLA, HiXK CEpefHbO- i Mi3HbOCTUINX. [TpakTUYHA LiHHICTb pOBOTH NONSITA€E B TOMY, WO byno
[lOBefleHO, WO ABO- a0 TPbOXKPATHMUI MexaHi30BaHWi 06poBITOK FPYHTY B MiXpsaAAi i y npu cToBOYpOBIiH 30Hi,
dhopMytoya, OMONIOAXKYBaNbHA (HAaBECHI), BiAHOB/IOBaIbHA (HABECHI, BAITKY) i peryntotoya (BRiTky) 06pi3ku icTOTHO
3MEHLLYHTb NOLIKOAXKEHHS! POCIUH 0BAINUXKU FaNoBUM KAiLLEMi

Kniouogi cnoBa: 4oTMpUHOTMIA KNiLw, 6ioeKkoNorivyHi 0cO6AMBOCTI, LUIKOAOUUHHICTb, POCIMHM 0BN1iNMXM, CNOCOOU KOHTPONIO
WKigHMKa
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INTRODUCTION

Maintaining soil fertility by using biological air nitro-
gen in organic soybean cultivation is an urgent issue
in modern agricultural production. According to the
Law of Ukraine No. 2496-VIII “On Basic Principles and
Requirements for Organic Production, Accounting and
Sales of Organic Products” (2018), organic biotechnol-
ogy in crop production, environmental protection, and
rural development is a key factor influencing the devel-
opment of agriculture. In the organic farming system,
legumes are one of the tools that can mitigate ecosys-
tem deficiencies and reduce nutrient imbalances, but
in most European farms, there is a decrease in leqgume
acreage without a satisfactory explanation. Organic
and inorganic legume residues have a positive effect
on crop yields, and increase soil fertility and nitrogen
content (Haryati et al., 2021; Hussain et al., 2021).

Petrychenko et al. (2016; 2020) note that a reli-
able element of the technology for growing environ-
mentally friendly soybean products, and for increasing
soil fertility, the main task in modern agricultural pro-
duction is the introduction of environmentally friendly
cultivation technology based on the optimal function-
ing of the symbiotic system, without using mineral fer-
tilisers, especially nitrogen and pesticides. Khomenko
et al. (2019) and Mazur et al. (2017) consider the de-
velopment and implementation of appropriate modern
models of soybean cultivation technologies to be the
main task in implementing the genetic potential of the
varietal composition. Carkner et al. (2017) demonstrate
that most non-genetically modified soybean varieties
are grown and tested under conventional conditions
but rarely on organic farms. The introduction of vari-
eties and hybrids adapted to specific soil and climatic
conditions, as indicated by Kravchuk et al. (2015), and
using microbiological preparations are mandatory for
soybean cultivation. After analysing the studies by Na-
hornyi, (2009); Magrini et al. (2016), it is believed that
in recent years, microbial biological products that are
environmentally friendly and contribute to the preser-
vation of organic matter in the soil, the decomposition
of which by microorganisms results in the development
of more complex organic matter, including humus, have
been increasingly used in agriculture. Inoculation of le-
gumes with Rhizobium strains, as indicated by Albareda
etal.(2009),is a necessary agricultural practice on most
European soils that are free of soybean-specific rhizo-
bia. And in organic soybean production, as Mandal et al.
(2009) and Zimmer et al. (2016) have demonstrated, the
establishment of an effective rhizobial symbiosis is cru-
cial for soybean productionand,in general,forimproving
soil fertility, grain yield, and protein content, and yield.

Nahornyi (2009) considers seed bacterisation to
be the main component of modern soybean cultivation
technologies, an important element of ecologisation
and energy saving. It is essential that the processes of
photosynthesis and biological fixation of air nitrogen
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do not inhibit each other, as this significantly affects the
nutritional conditions of soybean plants. O. Marushchak
proved that the activity of the symbiotic apparatus af-
fects the yield of soybeans and subsequent crops in the
crop rotation, soil fertility and nitrogen contentinitina
straightforward way. It is possible to obtain high yields
of different soybean varieties without inoculation, but
according to Marushchak's (2013) research, this dramat-
ically increases the removal of nitrogen from the soil.
To fully provide soybean plants with available forms of
nutrients, Novytska et al. (2017) suggest using multi-
component chelated foliar fertilisers such as Polyfid,
Vuksal, Plantafol, Crystalon, Reakom and others, which
have a fairly high absorption rate, in addition to seed
inoculation during the growing season.

The purpose of these studies was to explore the
development of high production of soybean varietal
composition due to the elements of organic cultivation
technology. The main objectives were to explore the
impact of nitrogen-fixing and phosphorus-mobilising
preparations and foliar fertilisation on plant growth,
development, biological nitrogen accumulation, and
soybean yield.

MATERIALS AND METHODS

The research was conducted during 2019-2022 on the
experimental field of Polissia National University in
the conditions of Right-Bank Polissia of Ukraine in a
short-rotation 4-crop rotation: perennial legumes on
one mowing (clover); winter wheat - by-products and
root residues and green manure; soybeans - straw, crop
and root residues and soil incorporation; barley with
addition of lequmes.

The type of soil is a light grey forest soil. The area
of the sowing plot is 39.6 m? (3.6x11 m), and the account-
ing plot is 25 m? (2.5x1.0 m), replicated four times. The
research was conducted on soybean varieties Mentor,
Tanais, Niagara, Astor during seed treatment with nitro-
gen-fixing and phosphorus-mobilising preparations and
foliar fertilisation with Nanovit Super multicomponent
fertiliser and magnesium sulfate. Inoculation of seeds in
the first 3 variants was performed with AgriBacter at a
rate of 1.25 l/t, Phosphoenterin - 3 kg/t, and in a combi-
nation of AgriBacter 1.25 I/t + Phosphoenterin 3 kg/t. In
the 5™ variant of the research, in the flowering phase of
soybean plants, foliar fertilisation was performed with
the biological preparation Nanovit Super at a rate of
3 kg/ha + magnesium sulfate 2 kg/ha. In variants 6 and
7, inoculation of soybean seeds and foliar feeding were
combined. In variant 6, soybean seeds were treated only
with AgriBacter inoculant 1.25 I/t and foliar fertilisation
with Nanovit Super 3 kg/ha + Magnesium sulfate 2 kg/ha
was performed. In the 7% variant of the research, seeds
were inoculated with AgriBacter 1.25 |/t + Phosphorus
Ester 3 kg/t and foliar fertilisation with Nanovit Super
3 kg/ha + Magnesium Sulfate 2 kg/ha (Table 1).
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Table 1. Research options

Varietal composition of soybeans
No. Variants ) g 5
s/n Mentor e o S
ke Z <
1 Control - No fertilisers
2 AgriBacter 1.251/t
3 Phosphoenterine Seed inoculation 3 kg/t
4 AgriBacter + Phosphoenterine 1.25 l/t + 3 kg/t
5 Nanovit Super + Magnesium sulfate Foliar fertilisation (3 + 2) kg/ha
6 AgriBacter + Nanowit Super + Magnesium sulfate 1.25 I/t3 kg/ha + 2 kg/ha
AgriBacter + Phosphoenterine + Nanowit Super + Inoculation + foliar fertilisation
7 + Magnesium sulfate 1.25 I/t + 3 kg/t + 3kg/ha +2 kg/ha

Source: developed by authors

Inoculant AgriBacter is a preparation based on
nitrogen-fixing bacteria (Bradyrhizobint japonicum,
strain 532 (), has a liquid form,and has a multifunctional
effect on the growth and development of soybeans. Ni-
trate nitrogen is not deposited in plant tissues, but rather
is used for protein synthesis. Nitrogen-fixing bacteria
enter the root system and secrete mucus, resulting in
the development of long infectious threads that pene-
trate deep into the root parenchyma and begin to mul-
tiply intensively, which contributes to the development
of nodules. The nodules fix airborne nitrogen N, and
convert it into a highly available form for plants - NH,.
Nitrogen fixation lasts until the soybean plants begin
to ripen, which allows absorbing up to 100-200 kg of
nitrogen during the growing season. Phosphoenterin is
an inoculant for improving phosphorus nutrition and
intensive plant growth and development. The bacterial
strain included in the product is capable of decompos-
ing hardly soluble organic phosphates and converting
them into more accessible forms for plants.

Nanovit Super - a highly effective multicompo-
nent fertiliser based on the unique biologically active

complex Nanoactiv, which contains a large amount of
nitrogen, potassium and magnesium, trace elements,
amino acids, phytohormones, polysaccharides, organic
acids, etc. Magnesium sulfate with trace elements
MgS 23-33,ZMgO - 23, 33%, (SO,) soluble in water
(chelates) and trace elements 0.1% boron and 0.2%
zinc.

The number and weight of nodules and the du-
ration of general and active symbiosis were determined
according to the method of G.S. Posypanov (1991). The
biometric evaluation of soybean varieties was per-
formed on 50 plants from each plot in two non-con-
tiguous replications. Plant density was determined by
taking average samples of 100 plants in duplicate from
two non-contiguous plots (Ermantraut et al., 2013).

RESULTS AND DISCUSSION

The results of long-term studies have established that
in equivalent weather conditions of the growing season,
using soybean cultivation technology without using
synthetic fertilisers and pesticides, the field germina-
tion of different varieties was within 70-79% (Table 2).

Table 2. Development of soybean plant density depending on varietal composition
and elements of organic cultivation technology

Varietal composition

Mentor Tanais Niagara Astor

- 1] - © - (o] - 1]
S 55 ® 8 55 %8 55 ® 8 5 ¥
=} - =] - =) - - -
Variant® | 2 2§ £ 2§ £ 2§ £ 28 E
£ Sg = Ex Sg = Ex S5 = £ Sg =
(] w C > (7] w C > (7] - C > (7] w >
(=] cm o= (=)} c o= (=)} c I o= (=)} Cm© o=
© 8 g < © 8 g < ° 85 c © 8 g c
< a o > < a5 E < oo > < a3 >
i £ 9 i £ @ i £ @ i £ @
1 2 3 4 5 6 7 8 9 10 11 12 13
70 300 71 75 324 72 75 388 86 79 369 88
2 75 313 75 80 360 75 85 412 89 84 405 90
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Table 2, Continued

1 2 3 4 5 6 7 8 9 10 11 12 13
3 73 310 72 75 360 80 78 406 87 82 397 91
4 73 350 82 78 385 82 88 468 89 84 439 93
5 72 335 77 76 370 80 74 403 91 84 431 96
6 75 380 84 80 418 87 87 477 92 87 424 95
7 79 410 86 87 454 90 88 490 92 91 439 94

Note:*1 - No fertiliser, 2 - AgriBacter, 3 — Phosphorus,4 - AgriBacter + Phosphorus, 5 - Nanowit Super + Magnesium sulfate,
6 - AgriBacter + Nanowit Super + Magnesium sulfate, 7 - AgriBacter + Phosphorus + Nanowit Super + Magnesium sulfate

Source: developed by authors

When seeds were inoculated with the nitro-
gen-fixing preparation AgriBacter at a rate of 1.25 U/,
field germination of soybean plants increased by 6-13%,
while treatment of soybean seeds with Phosphoenterin
at a rate of 3 kg/ha increased this indicator by only 3-4%.
The combination of AgriBacter and Phosphoenterin
during seed inoculation provided the highest field ger-
mination of soybean seeds in the Niagara variety - 17%
more compared to the control variant; in the Mentor and
Tanais varieties — 4%, Astor variety - 6%. In the 5™ variant
of the research, where in the flowering phase of soybean
plants foliar fertilisation with the biological preparation
Nanovit Super and magnesium sulfate at a rate of
3 kg/ha + 2 kg/ha was performed, no significant increase
in field germination was observed except for Astor vari-
ety by 6%, and even a decrease in this indicator by 1.5%
in Niagara variety. With the simultaneous inoculation of
soybean seeds and foliar fertilisation, field germination
increased by 6-16% in variant 6, and by 12-17% in vari-
ant 7 compared to the variant without fertilisation.

In the control variant, the stem density of soybean
varieties Mentor, Tanais, Niagara and Astor ranged from
300-324-388-369 thousand units/ha. Pre-sowing treat-
ment of seeds with AgriBacter inoculant, due to the as-
similation of air nitrogen, provided an increase in plant
density during the growing season by 13-36-24-36

600
500
400
300
200
100

0

1 2 3

4

thousand pcs/ha, respectively, with plant survival within
75-84-90%. When treating the seeds with phospho-
rus-mobilising preparation Phosphoenterin, the density
of soybean plants of different varietal composition in-
creased by 10-36-18-28 thousand pcs/ha, respectively.
Simultaneous treatment of seeds with nitrogen-fixing
and phosphorus-mobilising preparations contributed
to an increase in plant density by 50-80 thousand units/ha
compared to the control variant and by 25-56 thousand
units/ha compared to variants 2 and 3, where these
preparations were used separately. Foliar fertilisation
with Nanovit Super and Magnesium Sulfate biological
products provided an increase in stem density by 15-62
thousand units/ha compared to the 1t variant,and their
combination with inoculation of soybean seeds with
AgriBacter, respectively, by 55-94 thousand units/ha.
Foliar feeding of soybeans during the critical period of
growth and development with multicomponent prepa-
rations of organic origin and inoculation of seeds with
nitrogen-fixing and phosphorus-mobilising preparations
contributes to the formation of the largest non-laying
stem of Mentor - 410, Tanais - 454, Niagara - 490 and
Astor - 439 thousand. units/ha, which is 110-130-102-
70 thousand units/ha more than in the variant without
fertilisation and 10-30% more than in the case of these
preparations alone (Fig. 1).

Mentor
Tanais
Niagara

Astor

5 6 7

Figure 1. Development of plant density depending on varietal composition
and elements of organic soybean cultivation technology
Note:*1 - No fertiliser, 2 - AgriBacter, 3 - Phosphorus,4 - AgriBacter + Phosphorus, 5 - Nanowit Super + Magnesium sulfate,
6 - AgriBacter + Nanowit Super + Magnesium sulfate, 7 - AgriBacter + Phosphorus + Nanowit Super + Magnesium sulfate

Source: developed by authors
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In addition, elements of organic soybean cultiva-
tion had a significant impact on plant survival. During
the growing season, soybeans of the Mentor variety in-
creased this indicator from 71% in the control variant
to 86% in 7; Tanais - from 72% to 90%; Niagara - from
86% to 92% and Astor - from 88% to 94%.

The results of research on the effect of biological
products on the development of nodule bacteria of differ-
ent varietal composition conducted during 2019-2022

at the experimental field of Polissia National University
demonstrated that in the variant without using agro-
chemicals, up to 100 nodules developed on one plant,
and their weight is only 0.56 g. During the growing sea-
son, their weight reaches 180-300 kg/ha, and the fixa-
tion of symbiotic nitrogen from the air is 47-72 kg/ha.
When seeds are inoculated with the biological prepara-
tion AgriBacter, the mass of nodules on the root system
doubles (Table 3, Figure 2, 3).

Table 3. Development of biological nitrogen depending on varietal composition
and elements of organic cultivation technology, nitrogen kg/ha

Varietal composition
Mentor Tanais Niagara Astor
=
] =2 =2 = =
= 0 = ©n = wn = wn -
£ €& %y g3 £ %y § E& %3 3 ES Bz 3
=] o 2 o= =1 o 2 - [l =1 o 2 = [l =1 o 2 -
S5 S& 2 = - ) = - 2 % o8& 2
ot ) o¢g ) o ) o )
[ [ [ [
1 35.2 475 82.7 48.6 51.0 99.6 71.6 824 154.0 43.6 521 95.7
2 57.5 52.8 110.3 64.1 69.3 1334 101.9 106.1 208.0 65.2 67.1 132.3
3 48.8 511 99.9 514 69.3 120.7 82.7 88.3 171.0 525 57.7 110.2
4 66.1 63.7 129.8 70.0 84.0 154 84.8 114.2 199.0 711 77.1 148.2
5 49.5 58.4 107.9 56.5 70.9 1274 138.5 139.5 278.0 57.6 62.8 120.4
6 724 74.7 147.1 824 934 175.8 110.5 142.5 253.0 83.5 94.5 178.0
7 79.5 80.5 160 87.2 105.0 192.2 136.3 1417 278.0 88.1 96.1 184.2
Average  58.4 61.2 119.7 65.7 77.6 1433 103.8 116.4 220.1 65.9 72.5 138.4

Note:*1.- Nofertiliser,2.- AgriBacter,3.— Phosphorus,4.-AgriBacter + Phosphorus, 5. - Nanowit Super+Magnesium sulfate,
6. - AgriBacter + Nanowit Super + Magnesium sulfate, 7. - AgriBacter + Phosphorus + Nanowit Super + Magnesium sulfate

Source: developed by authors

160
140
120
100
80
60
40
20
0

101.9

716 82.7

84.8

138.5 136.3
110.5
Mentor
Tanais
Niagara
Astor
5 6 7

Figure 2. Nitrogen of by-products, kg/ha
Note:*1 - No fertiliser, 2 - AgriBacter, 3 - Phosphorus,4 - AgriBacter + Phosphorus, 5 - Nanowit Super + Magnesium sulfate,
6 - AgriBacter + Nanowit Super + Magnesium sulfate, 7 - AgriBacter + Phosphorus + Nanowit Super + Magnesium sulfate

Source: developed by authors
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Figure 3. Nitrogen of by-products, kg/ha
Note:*1 - No fertiliser, 2 - AgriBacter, 3 - Phosphorus,4 - AgriBacter + Phosphorus, 5 - Nanowit Super + Magnesium sulfate,
6 - AgriBacter + Nanowit Super + Magnesium sulfate, 7 - AgriBacter + Phosphorus + Nanowit Super + Magnesium sulfate

Source: developed by authors

AgriBacter is an inoculant, a two-component
preparation of the genus Bradyrhizobium, which initi-
ates the massive establishment of nitrogen-fixing bac-
teria at the macro stage of BBCH 13-19 according to
the Sadokca classification (Zadoks scale) and during this
period of active symbiosis develops biologically fixed
nitrogen of the Mentor 52.8 kg, Tanais variety - 69.3 kg,
Niagara variety - 106.1 kg and Astor variety - 67.1 kg,
which is higher than the control variant by 5.3-33.4 -
23.7-15.0 kg/ha, respectively. The joint inoculation of
soybean seeds with AgriBacter and Phosphoenterin in-
creases nitrogen development by 6.2-18.3-0.9-0.56 kg.

Foliar feeding of soybeans at the macro stage
BBCH 60-65 (the name of the first flower buds) before
50% of the flowers open, with Nanovit Super complex
fertiliser, promotes the intensive development of nod-
ule bacteria and, accordingly, the increase in biologi-
cally fixed air nitrogen in the Niagara variety increases

by 57.1 kg compared to the AgriBacter inoculant. The
highest results of symbiotic nitrogen accumulation of
all soybean varieties were obtained in the variant of
pre-sowing inoculation of seeds with nitrogen-fixing
and phosphorus-mobilising preparations, followed by
foliar fertilisation with the multicomponent Nanovit
Super in a mixture with magnesium sulfate: in the Men-
tor variety, it is 33 kg, in the Tanais variety — 54, in the
Niagara variety - 60.1 and the Astor variety - 44 kg/ha.

Figures 2 and 3 demonstrate the symbiotic fixa-
tion of air nitrogen by soybean varieties depending on
biological products. Considering the supply of nitrogen
with by-products (straw, stubble and root residues), the
soil is provided with biological nitrogen in the range
of 115-220 kg/ha and is used specifically for feeding
soybean plants and generating a yield increase in the
Niagara variety - 0.11-0.38 t/ha compared to the Mentor,
Tanais and Astor varieties (Table 4).

Table 4. Yields of soybean varieties depending on treatment with organic products, t/ha (2019-2022)

Variety :‘;’_ 'g
[ o o O [« 2]
No. Variant 8 2 & ] i o<
s/n 5 c [=)] 9 a., © a *

i} 3 < > o

= = b4 P G
1 No fertilisers - 1.10 1.24 2.15 1.69 1.54 0.44
2 AgriBacter 1.44 1.66 3.02 1.94 2.01 0.57
3 Phosphoenterine Inoculation | 1.28 1.45 2.49 1.85 1.77 0.49
4. AgriBacter + Phosphoenterine 1.27 1.33 292 1.99 1.88 0.61
5 Nanovit Super + Magnesium sulfate Foliar 170 195 283 203 214 044

fertilisation
6 AgriBacter + Nanovit Super + Magnesium sulfate Inoculation | 1.86 2.05 3.31 2.39 2.40 0.54
AgriBacter + Phosphoenterine + Nanowit Super + +_fgliar
7 + Magnesium sulfate fertilisation | 245 2.25 4.08 2.88 291 0.46
Average by variety 1.59 1.70 2.98 197 2.09 0.50
Deviation from the average 0.49 0.46 0.89 0.28 0.55 0.06
LSD . 0.043  0.07 0.13 0.5 - -

Source: developed by authors
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Seed treatment with AgriBacter inoculant has a
positive effect on soybean nutrition and provides an aver-
age yield increase of 0.57 t/ha for varieties, with Niagara
at 0.87, Tanais - 0.42 and Mentor - 0.34 t/ha. Combined
treatment of soybean seedswithAgriBacterinoculantand
Phosphoenterin provides a yield increase of -1.88 t/ha.

Foliar feeding of soybeans with a highly effective
multicomponent fertiliser with a high content of mac-
ro- and microelements based on the unique biologically
active complex Nanoactiv, which includes amino acids,
phytohormones, polysaccharides, organic acids in a mix-
ture with the preparation Magnesium sulfate with trace
elements based on chelate, restores the development
of nodule bacteria in the macro stage of BBCH 60-63,
which provides an average yield of 2.4 t/ha, Niagara -
3.31 and Astor - 2.4 t/ha, and the increase to the in-
oculation of seeds with AgriBacter varies within 0.42-
0.39-0.29-0.45 t/ha, respectively, for varieties Mentor,
Tanais, Niagara and Astor The highest yields over the
years of research were obtained in varieties Niagara -
2.98 and Astor - 1.97 t/ha in the 7" variant of the study.

Didur et al. (2019), and Zabolotnyi et al. (2020),
having conducted an energy analysis in the conditions
of the Right-Bank Forest-Steppe on grey forest soils,
confirm that the cultivation of soybean varieties using
the technology that involves the application of mineral
fertilisers atadose of N, P, K ,seed treatment (150 g/t)
and foliar feeding in the budding phase (0.5 kg/ha)
with a complex of microelements Microfol Combi pro-
vides the highest coefficient of complex assessment
for competitiveness in the Gorlytsia variety - 1.25 and
the Vinnychanka variety — 1.24 and clearly expressed
intensive growth and development of plants. According
to Semenyaka (2010), bioorganic fertilisers significantly
improve the mineral nutrition of plants, stabilise and
restore soil fertility, and increase soybean yields. Kho-
menko et al. (2019) indicate that nitrogen-fixing bacte-
rial fertilisers should be used on soybean crops: foliar
feeding of soybeans on the green leaf with chelated
growth stimulants is recommended as an environmen-
tally friendly element of cultivation technology, which
significantly improves the formation of nodule bacteria
and nitrogen accumulation in the soil. According to Na-
hornyi (2010), soybeans are the best precursor for many
crops, as they can, in symbiosis with nodule bacteria
of the Bradyrhizobium japonicum species, leave behind
90-280 kg of biologically fixed nitrogen and a weed-
free field, while simultaneously meeting the nitrogen
requirements of soybean plants. According to research
by Toleikiene et al. (2021), in a wet year, inoculated soy-
beans accumulate a large number of nodules, which in-
creases the yield of soybean seeds by 98% on average
over two sowing dates and significantly improves grain
quality and protein content.

Research by Naryi (2009) confirmed that soy-
bean plants should be nodulated with specific strains of
Bradyrhizobium japonicum to maintain nitrogen fixation
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efficiency. Zimmer et al. (2016) confirm the effective-
ness of inoculation with Bradyrhizobium strains, which
significantly increases grain yield, protein content and
protein yield. The average yield of soybean variety Mer-
Llin in trials with organic treatment with Bradyrhizobium
strains in Germany in 2012-2013 reached 1.6 t/ha (Zim-
mer, 2016), and worldwide it was 2.3 t/ha Bujak (2009),
which is 57% more than the control variant. According
to Kushmetova's research (2020), the application of the
bacterial fertiliser Rizotorfin during sowing increas-
es soybean yields. Soybeans treated with rhizotorphin
leave more nitrogen-rich residues on the field and are
therefore an excellent predecessor.

According to the research of Peleh (2021), the
highest seed yield of soybean varieties SG Anzer and
Cardiff at the level of 2.79-3.02 t/ha was obtained
with two-time fertilising in the budding phase and in
the phase of green bean establishment with multi-
component microfertiliser Vuksal Microplant, which is
0.37-0.51 t/ha more than in the control variant. Trace
elements in sufficient quantities, together with seed
inoculation, contribute to better growth and develop-
ment of plants,and increase stress resistance to external
factors (low or high temperatures, uneven moisture, dis-
eases). It is confirmed by Babych & Babych-Poberezhna
(2011), who reported that the simultaneous introduc-
tion of microelements on the background of inoculation
resulted in an increase in soybean yield by 0.26 c/ha.

Thus, the choice of soybean variety is important
when growing soybeans, as most of them are suitable
for growing only in certain soil and climatic conditions
and are characterised by narrow ecological adaptability.

CONCLUSIONS

According to the results of long-term scientific research
conducted at Polissia National University on light grey
medium nutrient-rich soils, it was established that
under equivalent weather conditions of the growing
season, using soybean cultivation technology without
using synthetic fertilisers and pesticides, the density
of soybean stems of Mentor, Tanais, Niagara and Astor
varieties ranged from 300 to 369 thousand units/ha.
Pre-sowing treatment of seeds with inoculants and
foliar feeding provided an increase in plant density
during the growing season of Mentor variety from 313
to 410 thousand pcs/ha; Tanais - 360-454 thousand
pcs/ha; Niagara variety - 412-490 thousand pcs/ha and
Astor variety - 405-439 thousand pcs/ha, the highest
rates were observed in variant 7, where all measures
were combined. In addition, elements of organic soy-
bean technology increased plant survival from 7 to 25%
compared to the control variant.

Pre-sowing inoculation of seeds with nitrogen-fix-
ing and phosphorus-mobilising preparations, followed
by foliar fertilisation with the multi-component prepa-
ration Nanovit Super in a mixture with magnesium
sulfate, stimulated biological processes in soybean plants,




contributed to an increase in chlorophyll content, res-
toration of the rhizobial system, reduction of pest in-
festation, and the greatest accumulation of symbiotic
nitrogen of all varieties: Mentor - 33 kg, Tanais — 54 kg,
Niagara - 60.1 kg, and Astor - 44 kg/ha.

The highest soybean yield over the years of
research was obtained by managing the processes of
growth and development during the growing season in
variant 7 with simultaneous seed inoculation and foliar
feeding in Niagara - 4.08 and Astor - 2.88 t/ha, which
is 1.7-2 times more than in the control variant. In the
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varieties Mentor and Tanais, the yield increased by 1.8-
2.2 times compared to the variant without fertiliser and
amounted to 2.45-2.25 t/ha.

The prospect of further research will be the soy-
bean variety Niagara, which is prone to lodging at a
plant density of 490 thousand units/ha, thus it is neces-
sary to conduct field studies to explore inhibitors that
suppress the growth process and their impact on plant
resistance to lodging. The results of field germination
and plant survival should be considered when calcu-
lating seeding rates for soybean varieties and hybrids.
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oil quality (water content, kinematic viscosity, flash point, acid number) did
not demonstrate deviations from the standard values. Only an increase in the
mass fraction of mechanical impurities by 0.0026% relative to the standard
was noted during the incoming inspection of TP-30 oil. The results of the
operational control of the oil in terms of a set of physical indicators fully
complied with the established technological standards. The highest content of
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INTRODUCTION

The nuclear industry contributes to the conservation of
natural resources by producing clean energy. However,
from the very beginning of the operation of nuclear power
plants (NPPs), the main task is to control and maintain
the safety of their operation. According to generally ac-
cepted principles of international law and IAEA require-
ments, NPP safety is designed to protect the environ-
ment and people from the consequences of undesirable
emergencies that can occur at any stage of the life cycle
of nuclear facilities and their process equipment.

Tripathi & Singh (2020) report that one of the
causes of undesirable consequences of NPP non-radia-
tion safety can be operational events in the cooling wa-
ter circulation cycles in the heat exchange equipment of
power units during the operation of evaporative cooling
towers with water pumping units. In the operation of this
equipment, the established levels of reliability and safety
are ensured by technical systems for circulating energy
oils. The experience of Kyshnevskyi (2021) proves that
the quality indicators of circulating energy oils used in
equipment can be used as an information medium. It re-
fers to the presence of particular diagnostic components
(dissolved gases, water, additives, mechanical impurities,
etc.) in the oils that reflect the presence of defects in the
friction surfaces and erosion and corrosion damage to
heat exchange equipment.

Xiaojie et al.(2022) characterised the presence of
such diagnostic components as the content of soluble
gases, water, lonol additive, and mechanical impurities
in mineral turbine oils (MTO) to determine the pres-
ence of defects in NPP equipment in the friction sur-
face areas under the influence of point effects of high
temperatures. Lovrec & Ti¢ (2014) use a similar infor-
mation environment of energy oils to establish levels
of reliability indicators for cooling equipment operation
under vibration. Moosavi et al. (2015) use diagnostic oil
components to determine the effect of electric current
on the reliability and safety of technical water circu-
lation systems. Kindrachuk et al. (2017) and Balitskii
et al. (2020) demonstrate the possibility of detecting
hydrogen wear in heat exchange equipment using MTO
diagnostic criteria.

Grosu et al. (2018), Da Costa et al. (2016) argue
that monitoring the values of physicochemical and
thermophysical properties of MTO allows timely imple-
mentation of the necessary preventive and regulatory
measures to ensure and improve the reliability of en-
vironmental safety of power plant equipment. In addi-
tion, Srivastava et al. (2020) confirm that the quality of
MTO in the circulating supply system is very important
for the reliable and uninterrupted operation of the NPP
power system. These authors note that defects in the
oil-filled equipment of recycled water systems can re-
sult in the ingress of mineral oils into recycled water
and, when discharged into water bodies, affect surface
water and the environment.
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The stability of MTOs in the environment is af-
fected by a number of their physical and chemical char-
acteristics. Monge et al. (2015) explored the processes
of sludge development during the oxidation of turbine
oils,and Aganbi et al.(2019) studied the presence of per-
sistent organic pollutants in turbine oil residual prod-
ucts entering drainage and groundwater near a power
plant. Both studies conclude that the compliance of tur-
bine oils with the physical and chemical characteristics
of regulations is one of the guarantees of the safe oper-
ation of power plants. For example, Narcisi et al. (2023)
explored that an increase in the temperature of the
water coolant poses a risk of increasing the concentra-
tion of tritium in the power plant cooling system. Thus,
as reported by Lin et al, (2022), the operation of NPP
cooling equipment should provide for continuous safety
monitoring, including a set of diagnostic criteria for its
components at different stages of equipment wear.

Interesting are the results of research by Boczkaj
et al. (2013), in which, by establishing a mathematical
model for describing the anti-wear properties of oils,
the optimal concentrations of additives were estab-
lished to ensure effective anti-wear action of oils. Saidi
et al. (2020) emphasise the importance of the colloidal
stability of the MTO and argue that it specifically affects
the hydrophobic properties of oils and reduces their
friction coefficients. Hu et al, (2017) emphasise the im-
portance of establishing the tribological response of MTOs
by determining such parameters as morphology, size,
crystal structure, and additive concentration.

Boichenko & Kalmykova (2020), when exploring the
operating modes of turbine units and pumping units in
the circulation systems of motor vehicle maintenance,
noticed a simultaneous energy and environmental ef-
fect when using diagnostic methods with “Oil” additives.
Saeed (2022) notes that the issue of expanding diag-
nostic parameters to control turbine oil degradation
is characterised by the lack of detailed experimental
results. In addition to the unresolved part of the prob-
lem, the opinion of Pioro & Duffey (2019) should be
mentioned, who emphasise the significance of research
on the consequences and ways to prevent the impact
of MTO on environmental objects, in particular water
bodies, in the case of oil from NPP effluent.

The objectives of the study were to identify the
cause of the failure of the cooling tower pumping unit
at Rivne NPP Unit 1 by monitoring the physical and
chemical properties of TP-30 power oil, tracking the ac-
cumulation of soluble gases in power oil in the cooling
tower circulation cooling system, and controlling the
flow of oil into the surface waters of the Styr River with
the return water of the nuclear power plant.

MATERIALS AND METHODS

Experimental studies of the physical and chemical
properties of TP-30 power oil were performed using




measuring equipment in the Separate Division of the
Rivne Nuclear Power Plant (RNPP) during 2021-2022.
With the permission of the SD RNPP, it is possible to
publish the results of the study in open sources (SD
RNPP Act No. 036-21-A-Zv of 24.11.2022).

The content of chemical elements in the seg-
ments of the thrust bearing of the cooling tower unit
of power unit No. 1 was determined by the X-ray flu-
orescence method (ISO 9516-1:2003, 2003) using a
SPECNROXSORT analyser. The results were expressed
as a percentage. For the established values for each
segment, the arithmetic mean and standard deviation
were determined with statistical significance (P < 0.05)
using the Student's t-test, within the Statistica 8.0 soft-
ware package (Kostiuk, 2015). The actual content of the
elements was compared with the regulations (DSTU
4383:2015, 2015).

The modelling of ultrasonic irradiation (US) ex-
posure to the operation of power oil in the pumping
unit was performed at frequencies of 35-125 kHz and
an ultrasonic emitter power of 20 W, the tempera-
ture was maintained by a thermostat in the range of
57.0 £ 2.0°C. The content of soluble gases after ul-
trasonic irradiation was determined by the method
of chromatographic analysis of soluble gases (CASG).
The limit concentrations of hydrocarbon, CO, CO,,
and hydrogen gases were based on the standards
for defective gases for transformer oils (SOU-N EE
46.501:2006, 2006).

The determination of the physicochemical prop-
erties of TP-30 oil was performed by flame ionisation
and chromatographic methods (DSTU 3985-2000,
2000) on a Crystal-5000 chromatograph with thermal
conductivity detectors (TCD) using a licensed computer
program. The calibration characteristic of the gas con-
tent was established using standard samples of the ver-
ification gas mixture (GMS) 4.6_UMTS 44/071-12, with
a standardised gas content: CH4 - 0.0048 + 0.0002 %,
C,H, - 0.0047 + 0.0002%, C,H, - 0.0046 * 0.0002%,
C,H, - 0.0048 + 0.0002%, H, - 0.0081 * 0.0004%, O, -
0.124+0.005%,N, - 0.130 +0.005%, CO, - 0.121 + 0.006%,
CO -0.0233 £ 0.001%.

The values of the coefficients of the ratio of
the content of soluble gases in TP-30 oil, which cor-
responded to the onset of the operational event of the
cooling tower pumping unit shutdown, were calculated
for each pair of gases to the gas with the highest content
using the formula:

K =S

l

Cmax (1)
where: C, - current content of the soluble gas compo-
nent, %; C_ - current content for the gas component
with the maximum content, %. The component with the
highest content was propylene C,H,, whose concentra-
tion was the most significant according to the analysis.

Kuznietsov et al.

The components were extracted using gas and
liquid extraction methods. An ultra-thermostat UT-15
was used to maintain the temperature. The researchers
used TP-30 mineral oil turbine oil, the quality indica-
tors of which corresponded to the current standard
conditions (DSTU 9972-74,1974).

In the course of the research, standardised oil
performance indicators were used, which allowed changes
compared to fresh oil (SOU NAEK 085:2020, 2020). In
particular, it was considered that during the operation
of oil-filled equipment, changes in the quality of energy
oils may occur, primarily in terms of the content of ionol
and water additives.

The flow of oil into the Styr River was monitored
by the mass concentration of oil products in the return
water of the recycling system and surface waters of the
river before and after the discharge of SD RNPP waste-
water. The content of oil products in return and sur-
face water was determined by the fluorimetric method
(DSTU 20847:2009, 2009) using a “Fluorat-02U” liquid
analyser. The content of oil products in the surface wa-
ters of the Styr River was analysed based on the re-
sults of monitoring by the SD RNPP Environmental and
Chemical Laboratory during the operational event and
the dynamics of previous years.

RESULTS AND DISCUSSION

In 2021, the SD RNPP experienced a shutdown of the
cooling tower pumping unit of power unit No. 1 due to
defects in the bearing assemblies lubricated with cir-
culating power oil of the TP-30 brand in the 1MB-1 oil
tank. When determining the reasons for the failure, it
was assumed that this event could have occurred due
to the deterioration of the oil quality.

Examination of the damaged unit identified: a
sharp increase in the temperature of the segments of
the thrust bearing of the pump motor; failure of the “oil
wedge” between the pump base and the segments of
the thrust bearing at a temperature of 57°C; partial de-
struction of the babite liner; local partial melting of the
metal of the babite liner. All of this resulted in lengthy
repair work. During the technical analysis of the failure
of the cooling tower pumping unit of power unit No. 1, it
was established that the standardised indicators of oil
grade TP-30 of the 1MB-1 oil tank corresponded to the
operational standards for circulating power oils (SOU
NAEK 085:2020, 2020). Therefore, evidently, to control
the degradation of TP-30 fuel oil, it is necessary to ex-
pand the list of its physical and chemical parameters.

The material of the bearing alloy is tin babite
grade B-83, the chemical composition of which com-
plies with the current established standards (DSTU
4383:2015, 2015). Prolonged exposure to friction and
temperature caused mechanical erosion damage to the
thrust bearing surface and a change in the chemical
composition of the bearing alloy (Fig. 1).
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Figure 1. Content of chemical elements in segments
of the thrust bearing of the cooling tower pumping unit of power unit No. 1

Source: developed by authors

Thus, for the eight segments analysed, the content
of arsenic (As) in the segments of the thrust bearing of
the pump unit averaged 0.02 £ 0.01% (p = 9.4-10°%), which
fully corresponded to the standardised content of
chemical elements in bearing alloys (DSTU 4383:2015,
2015), which for As should not exceed 0.05%. The lead (Pb)
content averaged 0.22 = 0.05% (p = 7.4-10%), which was
within the range of permissible values for this element
(<0.35%). The copper (Cu) content in the analysed seg-
ments was 7.84x1.05% (p=1.3-107), which exceeded the
standard (5.5-6.5%) by 1.2 times relative to the upper
limit. The content of stibium (Sb) in the bearing seg-
ments had an average value of 13.21 = 1.14% (p = 6.5-10%),
which exceeded the permissible levels for stibium (10-
12%) by 1.1 times relative to the upper limit. Note that

the bearing is based on steel (Sn). Consequently, the
friction of the surfaces and the accompanying tempera-
ture effect caused intensive wear of the soft base of
the thrust bearing with loss of the base metal of the Sn
alloy, which increased the content of Sb and Cu and ex-
ceeded the established requirements. Such a change in
the chemical composition of the bearing alloy confirms
the long-term exposure to the operating factors of fric-
tion, vibration and temperature. According to the results
of the operational control, for Tp-30 oil, only the mass
fraction of mechanical impurities increased (Table 1),
within the normalised value (SOU NAEK 085:2020, 2020).
This fact allowed assuming that this scope of control

is not enough to monitor the degradation processes of
TP-30 oil.

Table 1. Results of incoming and operational inspection® of TP-30 oil in the 1MB-1 oil tank
of the cooling tower pumping unit of RNPP Unit 1

Indi Measurement Results of incoming control Results of operationalcontrol
ndicator name .
units Normalised value  Measurement result  Normalised value ~ Measurement result
Conter)t of mechanical % Absence Absence (0.0026)  No more than 0.005  Absence (0.0028)
impurities
Water content % Absence Absence No more than 0.3 Absence
K'”ematz't%"géms'ty at mmY/s 41.4-506 46.2 41.0-60.7 46.58
Flash point.in an open °C Not lower than 190 212 Not lower than 185 212
crucible
Acid number mgKOH/g No more than 0.5 0.023 No more than 0.6 0.025

Note: the sample was taken from the oil tank IMB-1 of the pumping unit of the cooling tower of SD RNPP Unit 1,
in operation since 2020

Source: the normalised value is presented according to ASTM Standard D 4768-11 (2019); the measurement result -
developed by the authors
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During the chromatographic separation of gases,
the establishment of the calibration characteristic of
the results using the standard sample PGS 4.6_UMTS_
44/071-12 (Fig. 2, a) allowed recording symmetrical
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chromatographic peaks characterised by high resolu-
tion in terms of retention time of components, followed
by quantitative and qualitative identification of soluble
gas components in the TP-30 service oil (Fig. 2, b).

a

b

Figure 2. Visualisation of the determination of soluble gases in TP-30 oil using a "Crystal-5000" chromatograph:
a - calibration characteristics; b - identification of soluble gas components

Source: developed by authors

According to the results of modelling the effect of
ultrasonic irradiation and temperature on the operation
of power oil in a pumping unit, it was established that

with anincrease in the time of ultrasonic irradiation, the
content of soluble gases in TP-30 oil increased, which
indicates the processes of oil degradation (Table 2).

Table 2. Results of measuring the content of soluble gases in TP-30 oil as a function
of the duration of ultrasonic irradiation of TP-30 oil during experimental tests

Gas content, % vol.

Hour, s
CH, CH, H, CH, CH, co Co, CH, CH,
0 0.003 0.006 0 0 0 0.001 0.005 0 0
200 0.09 0.33 0.19 0.03 0.06 0.03 0.02 0.44 0.06
600 0.20 0.45 0.35 0.06 0.09 0.06 0.023 0.55 0.08
1000 0.29 0.93 0.49 0.07 0.13 0.092 0.028 0.66 0.10
1500 0.51 1.55 0.58 0.13 0.15 0.104 0.029 1.3 0.16

Source: developed by authors

Thus, for 1500 s, the greatest increase was ob-
served for ethylene (C,H,) and propylene (C,H6), the
content of which in the ultrasonically irradiated oil in-
creased by 1.54% vol. and 1.3% vol. respectively. In ad-
dition, the increase in hydrogen (H,) content by 0.58%
vol. and methane (H,) by 0.51% vol. was noticeable.

The increase in the content of other gases ranged from
0.02% by volume to 0.16% by volume.

When measuring the content of soluble gases in
fresh and used TP-30 oil, it was noticed that during the
operation of the oil, soluble gases accumulate: hydro-
carbons, CO, CO,, and hydrogen (Table 3).

Table 3. Results of measuring the content of soluble gases in fresh and service oil TP-30

Gas content, % vol.

Control object

CH, CH, H, CH, CH, co co, CH, CH,
Fresh oil TP-30 0 7410°  1.10° 0 0 0.0013 00051 0 0
Operating oil' TP-30  0.0056  8-10° 001 0.05 0.034 0.026 0.028 0.56 3107

Note: taken from the oil tank 1MB-1 of the pumping unit of the cooling tower of SD RNPP Unit 1 in 2020

Source: developed by authors

Thus, during the degradation of Tp-30 oil, a sig-
nificant accumulation of propylene (C,H,) is observed,
which is characterised by the maximum content of this
gas in TP-30 service oil.

The actual values of the coefficients of the ratio
of each of the soluble gases in Tp-30 oil to the con-
tent of propylene (C,H,), the concentrations of which
were the most significant, indicate that ethane (C,H,)
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accounted for the largest share in their composition,
slightly lower was the content of acetylene (C,H,), car-
bon dioxide (CO,) and carbon monoxide (CO), even lower
was the content of hydrogen (H,), ethylene (C,H,) and
methane (CH,), and quite insignificant was the content
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of propane (C,H,) (Fig. 3). The accumulation of other hy-
drocarbons was minimal, with the ratio to propylene
ranging from 0.005% to 0.09%. The ratio of carbon di-
oxide and carbon monoxide content to propylene content
was 0.05%.
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Figure 3. Actual values of soluble gas coefficients in TP-30 oil characterising the presence of defects in friction zones

Source: developed by authors

Since the defect of the oil-filled TP-30 pumping
unit of cooling tower No. 1 of the SD RNPP was character-
ised by defects in the friction zones, as evidenced by the
results of a visual and instrumental examination of the
thrust bearing, the indicated coefficients and dynamics can
be characterised as typical of defects in the friction zones.

The SD RNPP cooling water recirculation system
includes a circulating technical water supply system,
and technical water supply systems for responsible and
non-responsible consumers. The return water of the re-
circulating cooling system of the SD RNPP is discharged
into the Styr River. According to the implemented design
solution, there is no background cooling pond for the SD
RNPP, which means that pollutants, including oil products,
can enter the Styr River,a water body for fisheries purpos-
es.Thus,diagnostics of defects in the oil-filled equipment
of RNPP recirculating cooling systems is important from
an environmental standpoint to prevent the discharge
of oil products exceeding the permissible approved con-
centration under the terms of the permit for special wa-
ter use of SD RNPP into the Styr River with return water.

Therewith, to prevent the discharge of by-product
pollutants into the Styr River from the SD RNPP pro-
cess equipment, their content in the wastewater is stan-
dardised. The maximum acceptable concentration (MAC)
of oil products in SD RNPP discharge wastewater is
0.104 mg/dm? and the maximum permissible discharge
(MPD) is 1.91 tons per year (Permit for special water use,
2020). In addition, mineral oils are included in the class
of petroleum products for which the maximum permis-
sible concentration in fishery water bodies (MPC . )
is 0.05 mg/dm? (Water Quality Standards of Fisheries,
1999) and in domestic and drinking water - 0.3 mg/dm?
(Order of the Ministry of Health of Ukraine No.721,2022).

The analysis of the average annual values of the mass
concentration of oil products in the discharge waters of the
SD RNPP and the Styr River (Reports on the assessment of
the impact of non-radiation factors..., 2022) demonstrates
that the actual values of the concentration of oil products in
the discharge waters for 2018-2021 were significantly lower
than the MAC (Table 4). Their values ranged from 16-50%
of the MAC values of oil products in the discharge waters.

Table 4. Average annual values of mass concentration of oil products in SD RNPP discharge waters and the Styr River

Mass concentration of oil products, mg/dm3
MPC fpr fishery . MAC of oil products, P 2
Year and agricultural oil dm’ . Wastewater of the SD .
products, mg/dm? mg/dm r. Styr to discharge RNPP r. Styr after discharge
2018 0.32 0.032 0.052 0.038
2019 0.05 0.32 0.030 0.051 0.047
2020 . 0.104 0.043 0.053 0.044
2021 0.104 0.058 0.050 0.035

Source: developed by authors
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In some years, the mass concentration of oil
products in the Styr River after SD RNPP discharge ex-

ceeded the fshery MPC, in particular in 2013, 2014 and
2017.In these years, a similar exceedance of the . MPC
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was observed in the water of the Styr River before SD
RNPP discharge. Instead, in 2015, 2016,and 2018-2021,
these exceedances were not observed (Fig. 4).

Water Quality
Standards of
Fishery

2018 2019 2020 2021

Figure 4. Mass concentration of oil products in the Styr River after SD RNPP effluent discharge

Source: developed by authors

Thus, during the operational event, the content
of oil products in the Styr River, below the discharge of
wastewater from the Rivne NPP, was within the permis-
sible values. This fact indicates that there is no contam-
ination of the river's surface waters with this group of
substances, and therefore allows asserting that there is
no supply of TP-30 circulating power oil residues with
RNPP effluents after the shutdown of the cooling tower
pumping unit of power unit No. 1 due to defects in the
bearing units.

As rightly noted by Simi¢ et al. (2022) and
Hyvarinen et al. (2022), NPP operation involves a com-
plex interaction of various subsystems consisting of
technical and human factors, and together these interac-
tions form the fundamental basis of nuclear safety. Thus,
evidently, the considered operational event of oil wedge
failure, which caused the shutdown of the cooling tower
pumping unit of SD RNPP Unit 1, was one of the compo-
nents of the overall safety of the power plant. The gradual
development of such events is described in Tripathi &
Singh (2020), Corzo et al. (2023), who, similarly to the au-
thor's conclusion, call prolonged exposure to vibration
and elevated temperatures the causes of wear of cool-
ing system equipment. As a result of the research, it was
established that the development of the bearing defect
occurs due to the gradual wear of its soft base, which is
confirmed by Rodiouchkina et al. (2018) and Jayakanth
et al. (2020). According to Mathews et al. (2022), this, in
turn, can cause changes in the chemical composition of
the bearing material. However, in the operational event
considered by the authors, there was onlya 1.2 and 1.1-fold
increase in the content of Cu and Sb relative to the standard
values, respectively. The overall chemical composition of
the bearing material remained unchanged.

According to this research, the content of soluble
gases is an indicative diagnostic criterion for monitoring

turbine oil degradation processes, which is confirmed by
de Faria et al. (2015). The data obtained by the authors
on the content of soluble gases under ultrasonic irradi-
ation of fresh TP-30 oil were comparable to the data for
TP-30 oil that was in operation. This situation can be ex-
plained by the relationship between operating time, oil
degradation processes, and soluble gas development for
transformer oil, which was observed by Wani et al. (2021)
and Dou et al. (2022). The authors identified the presence
of soluble hydrocarbon gases, CO, CO,, and hydrogen in
samples of TP-30 service oil. Consider this as the con-
sequence of defects that occurred during the failure of
the oil wedge of the cooling tower pumping unit of SD
RNPP Unit 1 in the operational event of 2021 (Kuznetsov
etal.,2022).This statement is supported by the results of
Faig et al. (2018), who noted that the content of soluble
gases, in particular hydrocarbons, CO, CO,, and hydrogen
in energy oils characterise the presence of defects in the
friction surface areas. Notably, the presence of soluble
hydrocarbon gases, CO, CO,, and hydrogen affects the
content of the antioxidant additive, and in the process of
their development, oil wear occurs with a loss of pro-
tective properties (Zaitsev et al., 2015).

The results of the authors' monitoring of the gas
content in TP-30 oil indicate that all recommended
control levels of gas content except for carbon mon-
oxide in TP-30 oil are exceeded. It allows concluding
that there is an intensive process of oil degradation. Ac-
cording to Velmurugan et al. (2020), oil degradation can
be caused by an external physical factor, in particular,
a defect in the friction surfaces under the influence of
vibration. By analogy with the regulatory requirements
for transformer oils (SOU-N EE 46.501:2006, 2006), it is
recommended to set the control level of gas content in
TP-30 oil: hydrogen - 0.005%; methane, ethane, ethylene O
0.0015%,; acetylene - 0.0003%,; carbon monoxide - 0.02%;
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carbon dioxide - 0.1%. It is assumed that the current
content of soluble hydrocarbon gases, CO, CO,, and hy-
drogen in the TP-30 service oil examined by the authors
has decreased the content of the antioxidant additive
ionol. This will be the subject of further research since
when control levels of gases in turbine oil are exceed-
ed, it is recommended to conduct a technical analysis
of the operation of NPP units as an “initial event” (Chen
etal.,2023) and conduct an additional determination of
mechanical impurities by the particle size distribution
method for an extended assessment of oil quality (Boi-
chenko et al., 2019).

In general, for transformer oils, the ratios of
individual gas pairs have specific regulatory values
(SOU-N EE 46.501:2006, 2006) and, according to Fei
et al.(2009), it is the individual gas pairs that determine
the type of major defects. In the authors' research, it
was observed that the developed ethane (C,H,) had a
ratio of 0.09% to propylene (C;H,). The accumulation of
acetylene (C,H,) was characterised by a ratio of 0.06%,
carbon dioxide (CO,) and carbon monoxide (CO) 0.05%
in both cases. Therefore, the results obtained by the
authors indicate the presence of a defect in TP-30 oil,
characterised by the accumulation and development of
a significant amount of propylene (C,H,).

The absence of exceedances of oil products in
SD RNPP effluent and surface waters of the Styr River in
2021 indicates that defects in the oil-filled equipment
of the technical water supply system did not result in
the discharge of oil products into the water process
media of the recycled water supply and SD RNPP ef-
fluent. However, according to Aganbi et al. (2019) and
Xiaojie et al. (2022), the detected cases of excessive oil
content in surface waters necessitate their constant
monitoring. Thus, the author believes that continued
monitoring of the content of oil products in the surface
waters of the Styr River will be an essential foundation
for taking measures to ensure the environmentally safe
use of TP-30 oil in the operation of SD RNPP turbines.

CONCLUSIONS

The content of chemical elements in the segments of the
thrust bearing of the pump unit, which is based on Sn,
was within the normalised content for such elements as
As (0.02 £ 0.01%) and Pb (0.22 = 0.05%). The Cu content
(7.84 £ 1.05%) exceeded the standard by an average of
1.2 times. The Sb content (13.21 * 1.14%) exceeded the

permissible levels by 1.1 times. Such a change in the
chemical composition of the bearing alloy indicates pro-
longed exposure to friction, vibration and high temperatures.

The determination of a set of physical parame-
ters of TP-30 oil identified an increase in the mass frac-
tion of mechanical impurities only based on the results
of the incoming inspection. In particular, their content
amounted to 0.0026%, while the normalised require-
ment was their complete absence. The remaining indi-
cators did not demonstrate deviations, which suggests
the necessity of expanding their list for monitoring the
degradation processes of TP-30 oil.

Chromatographic determination of the content of
soluble gases in TP-30 heating oil identified the highest
content of propylene (C,H,), which was 0.56% by volume.
The ratio of other soluble gases to the C,;H, content, in
descending order, was as follows: ethane (C,H,), acety-
lene (C,H,), carbon dioxide (CO,) and carbon monoxide
(CO), hydrogen (H,), ethylene (C,H,), methane (CH,), pro-
pane (C,H,). Such a distribution in the ratio of soluble
gases indicates bearing defects in the friction zones due
to oil degradation. To identify the degradation process-
es of TP-30 oil, characterised by the influence of vibra-
tion friction of surfaces, it is recommended to diagnose
the oil by the accumulation of propylene (C,H,) and the
ratio of such gases as ethane (C,H,), acetylene (C,H,),
and carbon dioxide and carbon monoxide (CO,, CO).

The content of petroleum products in the return
water of the SD RNPP recirculating cooling system did
not exceed 16-50% of the approved permissible con-
centrations during the monitoring period. In the dynamics
of mass concentration of oil products in the Styr River
before and after SD RNPP wastewater discharge, the
fishery MPC was exceeded in 2013, 2014 and 2017. In
2015,2016,and 2018-2021, there were no exceedances.
It indicated the absence of residues of circulating energy
0il TP-30 of the pumping units of the cooling towers of
the recycled water supply system of the SD RNPP into
the surface waters of the Styr River during the operational
event in 2021.

The obtained research results prove the impor-
tance of the optimal selection of diagnostic criteria for
the operation of TP-30 mineral oil in turbine units and
have the prospect of continuing in terms of additional de-
termination of physical indicators to deepen the moni-
toring of oil degradation and safety in the technological
cycles of nuclear power plants.
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YO OCKOHaNeHHs MeToAiIB KOHTPOJII0 eHepreTUYHOoI ONIBMU arperaTiB
060pOTHOIro BogonocTayaHHA rpaampeHb PiBHEHCbKOI aTOMHOI efieKTpocTaHuii

MaBno MukonaitoBuu KysHeuos!?, AHatonii lOpiitoBuu Tuxomupos?,
Onbra OnekcaHppiBHa bepyHkoBa?, Cepriit Bonogummuposuu 3aiiues®

BN «PiBHeHcbka AEC»
34400, syn. lNpomucnosa, 1, M. Bapalw, YkpaiHa
2HauioHanbHUit yHiBEpCUTET BOAHOMO rocnoaapcTBa Ta NPUPOLAOKOPUCTYBAHHS
33028, Byn. CobopHa, 11, M. PiBHe, YKpaiHa

SHauioHanbHWit yHiBepcuteT «Ofecbka noniTexHika
65044, npocn. leByeHka, 1, M. Opeca, YkpaiHa

AHoTauif. AKTYanbHiCTb LOC/TIIKEHHS 3yMOB/IEHE TUM, L0 HA aTOMHUX ENEKTPOCTaHLisX Y TennoobMiHHOMY 0bnafHaHHi
eHepreTMYHMxX B10KIB eKCnyaTyoTbCs BOAHI HACOCHI arperat 3 BUKOPUCTAaHHAM eHepPreTMYHUX OnMB. [iarHoCTUYHI
KpuTepii 0NMB A03BONAIOTL BUABAATU AedeKTn y poboTi TexHonoriyHoro obnagHaHHs. MeTa poboTu — NigBULLEHHS
HafiMHOCTI ekxcnyaTaLii 0IMBOBOHANOBHEHOMO EHEPreTUYHOro 061aAHAHHS 33 paXyHOK YA,0CKOHANEHHS MOHITOPUHTY
di3MKo-XiMiYHMX BnacTnBocTen eHepreTuyHoi onmeu Tn-30. OcHoBHa yBara npuaineHa NiABULLEHHIO HALIAHOCTI
eKcnayaTtalii 0IMBOBOHAaNOBHEHOIO eHEPreTMYHOro 061aiHaHHS 3@ PaxXyHOK YA0CKOHANEHHS MOHITOPUHIY (i3nKO-
XiMiYHMX BNacTMBOCTEM eHepreTuyHoi onueu Tn-30. EkcnepvMeHTanbHi AOCNigpKeHHs B6ynu npoBeaeHi MeTogamu
Xpomatorpadii, ra3oBoi Ta piAMHHOI eKCTPaKLii 3 BMKOPWUCTAHHAM BiAMNOBiAHOIO 1abopaTopHOro YCTaTKyBaHHS.
Mpu pocnigXeHHi BMICTY XiMIYHMX €NEeMEHTIB Yy CerMeHTax YnopHOro MiAlKWMNHMKA HAaCOCHOMO arperaTy rpagupHi,
OCHOBY SIKOrO CTaHOBWUTb Sn Byno noMivyeHo 36inbweHHs BMicTy Miai Cu Ta Sb, aki nepesulLyBanu HOpMATUB Y
cepegHboMy B 1,2 Ta 1,1 pa3u, BianoBigHo. binblwicTe npoaHanizoBaHnx GisMYHMX NOKA3HUKIB SKOCTi OAUBM (BMICT
BOAM, KIHEMAaTUYHA B 3KiCTb, TEMMepaTypa cnanaxy, KUCI0THE YMC/0) He NPONBASAU BiAXWUNEHb Bif HOPMATUBHUX
3HaueHb. byno BigMiueHo nwe 36iNblEHHS MAaCOBOT YaCTKM MexaHiyHux aomiwok Ha 0,0026% BiAHOCHO HOpMU Mpu
BXiZLHOMY KOHTponi onuem Tn-30. Pe3ynbTaTi ekcnayaTaLiiMHoro KOHTPOIO 0IMBM 33 HABOPOM (Di3UYHUX NOKA3HMKIB
MOBHICTIO BiANOBIAANN BCTAHOBAEHUM TEXHOMOFYHMM HOpMaM. HalBuMILMIA BMICT cepen, pO3YMHHUX rasiB y 0NuBi
(0,56 % 06.) bys 3adikcoaHuii ansg nponineHy (C,H,). PekomennoBaHo npw iaeHTudikauii npouecis aerpaaauii
onueu Tn-30 BUKOPMCTOBYBATU BiAHOCHMI BMIiCT pO3YMHHUX rasie Ao C3H6. BcTtaHoBneHo BiACYTHICTb HAAXOOXKEHHS
3a/ULLKIB LIMPKYNIOIYOi eHepreTuyHoT onuemn Tn-30 Ao nosepxHesBux Bog p. CTMp y nepiog, ekcnayatauinHoi nogii.
3po6neHo y3aranbHEHHS WOLO HEOOXIAHOCTI PO3LIMPEHHS AiarHOCTUYHUX KpuTepiiB aKkocTi onmeu Tn-30, 30kpema
po3LUMpPeHHs nepeniky il GisMYHMX NOKA3HMKIB. Y NPaKTUUHOMY acnekTi OTPUMaHi pe3ynbTaTi MOXYTb ByTU KOPUCHI
[N MOHITOPUHIY IKOCTi iHWMX MapoK HAa(TOBMX ONMB Y cucTeMax TYpBiHHMX arperaTiB aTOMHUX eIeKTPOCTaHLI, Lo
BaX/MBO 3 ornagy 6e3neyHoi ekcnayarauii TennoobMiHHOro obnafHaHHS

KntouoBi cnoBa: H6e3neka aTOMHMX eNeKTPOCTaHLLiM, ekcnayaTauiiHa nogis, NialuMnHUK, PO34MHHI rasu, HAQTONPOAYKTH,
NnoBepXxHeBi BOAM
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INTRODUCTION

International trade is key to economies around the
world. International trade can boost the economy and
achieve broader development goals for the countries
involved, such as employment, health, food security and
poverty reduction. In conventional trade theory, it is as-
sumed that trade will encourage economic prosperity
because it leads to the reallocation of capital and the
countries involved tend to be specialized so that eco-
nomic growth occurs.

In developing countries, trade impacts financial
growth, especially in the agricultural trade. It is mainly the
case in the subsistence economic period, where most
of the country's GDP is generated from the agricultural
sector (Sohail et al., 2021; Tulush et al., 2022). In Indo-
nesia, as a developing country, the agricultural sector
contributed quite a lot to GDP, amounting to 13.70%
in 2020 (Badan Pusat Statistik, 2021). During the eco-
nomic crisis, the agricultural sector proved strong in
the face of shocks and restored the national economy
(Mulyani et al., 2021). Meanwhile, during the stagnation
due to the Covid-19 pandemic, the agricultural sector
is the most potential sector to accommodate workers
who have experienced termination of work (Malahayati
etal.,2021; Abendin & Duan, 2021).

One of the agricultural sub-sectors that are the
mainstay of Indonesia is the plantation sub-sector which
has a superior commodity, namely natural rubber. The
potential of Indonesian natural rubber is quite promis-
ing because Indonesia is one of the largest exporters of
natural rubber in the world (Mulyani et al., 2021). Nat-
ural rubber not only provides benefits to the industries
involved but also contributes greatly to the country's
revenue. The contribution of natural rubber also cannot
be considered small because in 2020 the export value of
Indonesian natural rubber reached 2.9 USD. The export
value beats almost all Indonesia’s agricultural commod-
ities except palm oil.

Natural rubber is a potential commodity because
it supports community activities (Rachman et al., 2020).
Natural rubber is a raw material in various industries, es-
pecially automotive. The rubber industry is increasingly
being developed in the automotive industry to meet
the growing tire demand (Saputra et al., 2021). Based
on the UN Comtrade report, more than 75% of Indone-
sia's natural rubber is exported to major trading partner
countries such as; the United States, China, Japan, India,
the Republic of Korea, Brazil, Canada, Germany, Belgium
and Turkey. It indicates that the main trading partner
countries determine the development of Indonesia’s
natural rubber exports. The United States, China, Japan
and India are the world's largest consumers of natural
rubber (Arunwarakorn et al., 2019). In addition,

Japan, the United States and China are the largest
automotive manufacturers in the world (Oktora & Fir-
dani, 2019). In the Republic of Korea, the automotive
industry is the main manufacturing industry (Yun et al.,

Tiyastuti et al.

2018), while the German automotive industry is well-
known worldwide. Although the automotive industries
of Brazil, Canada, Belgium and Turkey are not as famous
as other main partner countries, the production of vari-
ous brands of vehicles or spare parts is inthese countries.

Prasada & Dhamira (2021) said that Indonesian
natural rubber has a comparative advantage in the inter-
national market. Machmud et al. (2022) have discussed
the comparative advantages of Indonesian natural rub-
ber in the international market. Still, there have not been
many studies that focus on comparative advantages
in main partner countries. Therefore, the comparative
advantage of natural rubber in major trading partner
countries must be studied, considering that these coun-
tries are key in Indonesia's natural rubber exports. On
the other hand, the demand for Indonesian natural rub-
ber in major trading partner countries tends to fluctuate
even though, according to (Prasada & Dhamira, 2021),
the world's demand for natural rubber always increases
every year. Natural rubber supplier countries other than
Thailand and Malaysia are starting to emerge, showing
growth in natural rubber exports in Indonesia’s main
trading partner countries such as Vietnam, Céte d'lvoire
and the Philippines.

Thus, this study examines the comparative ad-
vantages and determinants of Indonesian natural rubber
exports in main partner countries.

LITERATUR REVIEW

Comparative advantage is key in the international
economy, where comparative advantage determines
trade flows (Stellian & Danna-Buitrago, 2019). Bella
Balasa first introduced Revealed Comparative Advan-
tage (RCA) in 1965. RCA revealed comparative advan-
tages by checking trade data that realized the impact
of non-price and cost factors (Saki et al., 2019). Coun-
tries that work together are increasingly suitable to be
partners if the value of RCA is greater (Hamid & Aslam,
2017).Usman et al. (2022), in their study on the competi-
tiveness of Indonesian and Thai natural rubber exports
in the international market, established that using the
RCA index, Indonesia and Thailand both have compar-
ative advantages. It is also supported by the research
of Daulika et al. (2020), which resulted in findings that
Indonesia, Thailand, Malaysia and India had a compara-
tive advantage in natural rubber commodities.

Price is decisive in the export of natural rubber.
The rise and fall of rubber prices are associated with
unstable demand and supply (Arunwarakorn et al.,
2019). Sari et al. (2021), studying the determinants of
Indonesian rubber exports in Japan, found that world
natural rubber prices had a positive effect. Meanwhile,
in the study by Hanivia & Suprehatin (2022), the world
price of natural rubber positively impacts Indonesia's
exports to Japan in the long-term estimate. As for the
study of Purnomowati et al. (2015), international natural
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rubber prices negatively impact the demand for Indo-
nesian natural rubber in the United States, Japan, Sin-
gapore and the Republic of Korea. Furthermore, in other
commodities, international prices show a positive and
significant relationship to the volume of North Sumatra
coffee exports to the United States,Japan and Malaysia
(Sihombing et al., 2020).

In addition to world prices, domestic prices
are determinants of natural rubber exports. Rachman
et al.(2020), in their research on the analysis of Indone-
sian natural rubber exports using the GLS (Generalized
Least Square) method, found that the price of Indone-
sian natural rubber has a positive influence on Indone-
sia's natural rubber exports. As for the study of Mulyani
et al. (2021), domestic rubber prices positively affect
Indonesia’s natural rubber exports to China. In another
study, the price of natural rubber at the exporter level
is also positively related to the natural rubber trade to
China (Oktora & Firdani, 2019).

Another variable that is estimated to affect natural
rubber exports is GDP, which is the value of a country's
final goods and services. The GDP or Gross Domestic
Product is often associated with a country’s income. In
the study (Purmiyati & Muhammad, 2020), the destination
country's GDP positively affects Indonesia's natural rub-
ber exports. Meanwhile, Abdulrahman’s study (2021),
which analyzed the determinants of exports in Sudan,
produced findings that Sudan's GDP positively affected
the country's exports. Meanwhile, in another study, the
GDP of exporting and importing countries both posi-
tively influenced Pakistan's agricultural commodity ex-
ports (Atif et al., 2017).

Several studies explain the effect of population
on natural rubber exports (Rachman et al., 2020; Purmi-
yati & Muhammad, 2020). Ismail et al. (2019) analyzed
Malaysia's main commodity exports and produced
findings if the world population positively affects the
export of natural rubber and tin in the long run. In
other commodities, the population growth of import-
ing countries will increase rice exports, while in coffee
commodities, it will reduce exports (Nguyen, 2022). As
for other studies, the world population also positively
impacts Indonesia's agricultural commodity exports
(Sugiharti et al., 2020).

One of the obstacles in international trade is the
restriction of export quotas. Export restrictions are an
important instrument in international trade policy in
the form of direct restrictions on the number of certain
goods in exports (Chen et al., 2021). Hanivia & Supre-
hatin (2022) in their research, concluded that the ex-
port restriction policy negatively affected the volume
of Indonesian natural rubber exports in Japan. As for
the study of Purnomowati et al. (2015), the export quota
restriction decreases the demand for Indonesian nat-
ural rubber in the United States, China, Japan and the
Republic of Korea.

Scientific Horizons, 2022, Vol. 25, No. 12

MATERIALS AND METHODS

Source of information: This study used secondary data
from the United Nations Commodity Trade Statistics
Division (UN COMTRADE) with a 6-digit HS code
(HS400122).1n addition, this study also uses data sourced
from the World Bank, Badan Pusat Statistik (Central
Bereau of Statistics), Kementrian Perdagangan Republic
Indonesia (Ministry of Trade Republic Indonesia), the
Food and Agriculture Organization (FAO) and the Federal
Reserve Economic Data (Fred Stlouisfed). The data used
in this study is within a period of 17 years (2004-2020).
On the other hand, the destination countries analyzed
consist of the United States, China, Japan, India, the Re-
public of Korea, Brazil, Canada, Belgium, Germany and
Turkey, considering these countries to be the main desti-
nation countries for Indonesian natural rubber exports.

Data analysis method: RCA measurement or
commonly referred to as the Balasa index, is used to
assess the export potential of Indonesian natural rub-
ber commodities in alternative destination countries,
systematically formulated in Long (2021); Pehlivanoglu
et al. (2021) as follows:

_ Xij/Xyj
YU wygwe

RCA 1)

Where RCA, is the index of commodity RCA-i to
country j. X, is the value of commodity exports to coun-
try j (USD).XU. is the total export value of Indonesia to
the j-country (USD). £ is the value of the world's com-
modity exports to the j-country (USD). w, is the total export
value of world products to country j (USD). i is Indone-
sia’s natural rubber commodity and j is the main trading
partner country. When the RCA index >1, i-commodities
have a comparative and specialized advantage (Pascucci,
2018). As for if the RCA index <1, i-commodities have
a low comparative advantage and are less specialized
(Pascucci, 2018; Long, 2021).

Furthermore, the determinant analysis of Indo-
nesia‘'s natural rubber exports in major trading partner
countries was carried out using panel data regression
with a natural logarithm model. The natural logarithm
model was chosen because there is a difference in units
in free variables (Collischon & Eberl, 2020). The function of
the model refers to the research of Oktora & Firdani (2019);
Rachman et al. (2020) presented in equation (2):

InY,; = B, + B, PRICEa, +
+B,InPRICEDb;; + f;InGDPa,+
+B,InGDPb, + fsPOPa, + )
+B6POPb;; + B7Y;i_1 + BgD; + &

Whrere B, is an intercept while 8, B,, B., B, B, B,
B., B, are estimated parameters. Y is the export volume
of Indonesian natural rubber (tons). PRICEa is the world
price of natural rubber (USD/ton) and PRICED is the price
of Indonesian natural rubber (USD/ton). GDPa is Indone-
sia's real GDP per capita (USD), while GDPb is the real
GDP per capita of trading partner countries (USD). POPa




is the population of Indonesia (people) and POPD is the
population of trading partner countries (people). Y, is
the volume of natural rubber exports in the previous year
(tons). At the same time, D is a dummy variable of export
restriction policy (0 = no export restriction policy, 1 =
there is export restriction policy)./is a major trading part-
ner country (United States, China, Japan, India, Republic
of Korea, Brazil, Canada, Belgium, Germany and Turkey).
tis the year (2004, 2005, ..., 2020) and ¢ are error terms.

Panel data regression analysis in this study was
carried out using STATA software. The coefficient of de-
termination test (R?) measures the goodness of fit in the
regression equation. F-test is used to simultaneously de-
termine the independent variables' influence on the de-
pendentvariable.Thet-testis usedto determine the effect
ofindependentvariables ondependentvariables partially.

Model selection: The data regression panel has
three models: pooled OLS, fixed effect and random effect
models. Therefore a chow test was conducted to choose
a more suitable model for use between pooled OLS or
fixed effect models (Herawati & Putra, 2018). If, in the
chow test, the probability value <0.05, a more suitable
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Figure 1. Indonesia’s Natural Rubber Export Volume i

Source: built by authors based on UN Comtrade (2021)

The development of Indonesia's natural rubber
export value in the main trading partner countries is
presented in Figure 2. The export value of natural rub-
ber in the United States is higher than other trading
partner countries because the demand for rubber by
this country is the highest. The export value of natural
rubber shows a pace with the same tendency in each of
the trading partner countries. In 2008, the export value
of natural rubber tended to increase, and the Food and
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fixed effect model is used (Yuliadi, 2021). In addition, a
Hausman test was also conducted to choose a model be-
tween a fixed effect or arandom effect (Herawati & Putra,
2018). In the Hausman test, a better-fixed effect model
is used if the probability value is < 0.05 (Yuliadi, 2021).

RESULTS AND DISCUSSION

Figure 1 features the development of Indonesia’s natural
rubber export volume in major trading partner coun-
tries during 2004-2020.The United States is the largest
importer of Indonesian natural rubber and the volume
of exports to the United States is higher than other
trading partner countries (except in 2009). The export
volume in China and Japan shows a higher quantity
than the Republic of Korea, Brazil, Canada, Germany,
Belgium and Turkey. Furthermore, the export volume
of natural rubber from India and the Republic of Korea
showed a pace that tended to be positive. In 2018, the
volume of natural rubber exports to India exceeded
China’'s. On the other hand, Indonesia’s natural rubber
export volume in Brazil, Canada, Germany, Belgium and
Turkey tends to be stable.

USA
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Rep. of Korea
Turkey
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n Main Partner Countries during 2004-2020

Agriculture Organization (FAO) reported an increase in
the price of natural rubber. The following year (2009),
the price of natural rubber decreased, resulting in a
decrease in the value of exports in almost all trading
partner countries. The export value of natural rubber
peaked in 2011 due to the price of natural rubber being at
the highest level. After 2011, the export value of natural
rubber tended to decline even though in 2017, it expe-
rienced a slight increase due to price increase.
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Figure 2. Indonesia’s Natural Rubber Export Value in Main Partner Countries during 2004-2020

Source: built by authors based on UN Comtrade (2021)
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Competitiveness is the ability of a commodity to
enter foreign markets. Commodities are said to be com-
petitive if they can survive in the market when there is
a shock. Overall, the RCA index of Indonesian natural
rubber commodities in major trading partner countries
is > 1 (shown in Fig. 3), so Indonesian natural rubber
has a comparative advantage in major trading partner
countries. The results of the RCA index also indicate
that Indonesian natural rubber is specialized. The RCA
index of Indonesia’s natural rubber commodities in Bel-
gium has fluctuated, while it has a more stable struc-
ture in other partner countries. The RCA index of Indo-
nesia's natural rubber commodities in Canada is higher

RCA Index

than other trading partner countries. The RCA index in
Belgium, the United States, Brazil, Germany and Turkey
is larger than in China,Japan, the Republic of Korea and
India. Although the value of natural rubber exports in
the United States is the highest among other partner
countries, the RCA index in that country is smaller than
that of Canada and even Belgium. It is because the RCA
index has relative properties. The rise and fall of the
RCA index are not only caused by the export value of
commodities in the country concerned but also influ-
enced by the value of world natural rubber exports and
also the export value of world products (natural rubber
and others) both in exporting and partner countries etc.

Year
Figure 3. Indonesia’s natural rubber export RCA index in main partner countries during 2004-2020

Source: built by authors based on UN Comtrade (2021)

Based on Figure 3, the RCA Index in Brazil ex-
perienced the largest decline in 2007 when a global
economic crisis caused Brazil to experience a recession
(Haines et al.,2020). On the other hand, the RCA Index in
the Republic of Korea experienced the largest increase
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and was at a peak point in 2015 due to the rise in the
share of world natural rubber exports to world exports.
Meanwhile, in the following year (2016), it experienced
the biggest decline; that year there was a trade war in
Asia Pacific.
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Table 1. Result of panel data regression

Pooled OLS Fixed Effect Random Effect
Intercept Prob. Intercept Prob. Intercept Prob.
InPRICEa -2843412 0.251 -4622568" 0.035 -2845626™ 0.249
InPRICEb 2661314 0.295 3243442 0146 .2660823" 0.293
InGDPa .5047384" 0.214 .8955477" 0.014 .5051322"s 0.212
InGDPb 1442847 0.001 -0805985m™ 0.458 1445511 0.001
InPOPa -2.518593 0.314 -4.108242 0.070 -2.519889 0.312
(nPOPb .2120623™ 0.000 1.972252" 0.038 .212345™ 0.000
lnYt-1 .7310479™ 0.000 .5113546™ 0.000 7306415 0.000
D (0 = no export
restriction policy, 1 =there ~ -0862928™ 0.121 -0880502° 0.070 -086295m 0.119
is export restriction policy)

_cons 42.93925 0.357 43.36921 0.293 42.96 0.355

R-square 0.8143 0.7120 68.06

Prob>F 0.0000 0.0000 0.000

Note: ns insignificant; * significant at o = 10%; ** significant at a = 5%;

Source: own calculation from STATA 15

World natural rubber prices, Indonesia’s per cap-
ita real GDP and Indonesia’s population are positively
significant in the fixed effect model. The real GDP per
capita of the destination country is significant in the
pooled OLS (Ordinary Least Square) model and the ran-
dom effect model and has a positive influence. In addi-
tion, the population of the destination country and the
volume of natural rubber exports of the previous year
had a positive and significant effect on all models. The
export restriction policy is only significant in the fixed
effect model and has a negative impact. The price of
Indonesian natural rubber is insignificant in all models.

XXK

significant at o= 1%

More, world natural rubber prices, Indonesia's real GDP
per capita, Indonesia’'s population and export quota re-
striction policies are not significant in the pooled OLS
model and random effect model. To determine the model
to be analyzed, the study was based on the results of the
Chow test and the Hausman test. Chow test results are
based on Table 2 showing a probability value of 0.000
(< 0.05), making the fixed effect model more suitable.
Similarly, the results of the Hausman test also showed a
probability value of < 0.05, so the fixed effect model is
more appropriate. Based on the results of the two tests, it
was decided to use the fixed effect model in the analysis.

Table 2. Result of chow and hausman test

Test N Statistic Type Statistic Value Prob.
Chow 85 F 6.60 0.0000
Hauman 85 X? 79.97 0.0000

Source: own calculation from STATA 15

According to Piepho (2019), R-square describes
the proportions of the corrected sum of squares defined
by the model. The R-square value based on the fixed
effect approach (Table 1) is 0.7120. These results show
that 71.20% of Indonesia's natural rubber exports can
be explained by the world natural rubber price (PRICEa),
Indonesia’s natural rubber price (PRICED), Indonesia’s
per capita real GDP, Indonesia's population (POPa), the
population of the destination country (POPb), the pre-
vious year's export volume (Y, ,) and the export restric-
tion policy (D). In contrast, other variables outside the
model explain the remaining 28.80%. In addition, the
probability value of F based on the fixed effect model

is 0.000. If the probability value of F < 0.05, the inde-
pendent variables simultaneously have a significant
relationship with the dependent variable (Herawati &
Putra, 2018). Based on the result, simultaneously, Indo-
nesia's natural rubber exports are influenced by world
natural rubber prices (PRICEa), Indonesian natural rub-
ber prices (PRICED), Indonesia’s per capita real GDP,
Indonesia's population (POPa), the population of the
destination country (POPD), the previous year's export
volume (Y,) and the export restriction policy (D).

The world natural rubber price with a probability
of 0.035 (significant at a = 5%) negatively influences In-
donesia's natural rubber exports. These results are not

Scientific Horizons, 2022, Vol. 25, No. 12



86

Competitiveness and determinants of Indonesia’s natural rubber exports in main partner countries

in line with the findings of (Mulyani et al., 2021; Hanivia
& Suprehatin, 2022). With every 1% increase in world
natural rubber prices, Indonesia’'s exports to partner
countries decreased by 0.462%. That is under demand
theory, where every time there is a price increase, it will
cause demand to fall. On the other hand, Indonesia’s
natural rubber prices have a positive but insignificant
influence. Domestic rubber prices are subject to world
rubber prices (Ismail et al., 2019). The rise and fall of
domestic rubber prices follow the movement of world
rubber prices. Therefore, Indonesia’s trading partners
prefer to make purchasing decisions based on world
prices compared to domestic prices.

Indonesia's real GDP per capita has a probability
value of 0.024 (significant at o = 5%) and positively af-
fects natural rubber exports in partner countries. These
results are in line with the findings of Atif et al. (2017)
and Sugiharti et al. (2020). Every 1% increase in Indone-
sia's GDP will increase natural rubber exports by 1.40%.
Rosyadi et al. (2021) stated that the larger the GDP of a
country, the greater the production capacity. It has led
to an increase in the number of offers so that exports
increase (Abafita & Tadesse, 2021). The GDP of export-
ers with a negative relationship with exports indicates
competition between domestic market demand and
export markets (Sugiharti et al., 2020). Next, the real
GDP per capita of the destination country has a posi-
tive but insignificant effect. These results indicate that
the income of partner countries will not affect the de-
mand for Indonesian natural rubber. Despite changes in
revenue, partner countries continue to buy Indonesian
natural rubber.

Another variable is that the Indonesian popula-
tion has a probability value of 0.070 and is significant at
a = 1%. Every 1% growth in Indonesia’s population will
reduce natural rubber exports by 2.52%. The growth of
the population of exporting countries has caused the
level of demand for domestic goods to increase. As a
result, exports will decrease due to the supply of goods
that meet domestic needs. On the other hand, the pop-
ulation of export destination countries increases Indo-
nesia's natural rubber exports, which is in line with the
findings of Purmiyati & Muhammad (2020) and Rach-
man et al. (2020). With every population growth of 1%,
Indonesia’s natural rubber exports increased by 1.97%.
As is the case in exporting countries, according to Pur-
miyati & Muhammad (2020), the larger the population
of the importing country, the greater the level of need
for goods. The population growth of partner countries
will also increase the number of overseas consumers
(Susanto & Admi, 2021). Thus, it will indirectly increase
the number of exports due to the increasing demand of
partner countries.

The previous year's export volume (Y, ) was
significant at a. = 1% (probability value 0.000). The in-
crease in export volume during the last year by 1% will
increase Indonesia’s natural rubber export by 0.51%.

Scientific Horizons, 2022, Vol. 25, No. 12

These results are in line with the findings of Sugiharti
et al. (2020). The positive relationship between Y, (ex-
port volume in year t) and Y, indicates a growth trend
in natural rubber exports (Purnomowati et al., 2015).
Within each period, the gap between the actual volume
and the desired number of requests will be covered (Bose
etal.,2019).Unmet demand in the t-1 year will increase
the import of the destination country in the year t. The
high coefficient of variable export volumes of the previ-
ous year signifies strong relationships with partners, in-
creased demand and concentration of certain markets
(Sugiharti et al., 2020).

The export restriction policy is negatively sig-
nificant at a = 10% (probability value 0.070). Every in-
crease in natural rubber export restriction by 1% will
decrease the export by 0.09%. These results align with
the findings of Purnomowati et al. (2015) and Hanivia
& Suprehatin (2022). Export restrictions are a useful
policy in protecting the domestic population from scar-
city of basic goods needs, protecting domestic indus-
tries from shortages of raw materials and maintaining
scarce resources (Chen et al.,2021). The policy of export
restriction directly decreases the number of offers on
the world market and impacts increasing international
prices (Zhai et al., 2022).

Indonesian natural rubber has competitiveness
in main partner countries; the United States, China, Ja-
pan, India, the Republic of Korea, Brazil, Canada, Bel-
gium, Germany and Turkey. It indicates that Indonesia
and the leading partner countries are suitable for co-
operating in the field of natural rubber trade. Therefore,
Indonesia needs to pay attention and focus on carrying
out exports in these countries. World natural rubber
prices, Indonesia’s GDP, Indonesia’s population, the pop-
ulation of partner countries, the volume of natural rub-
ber exports in the previous year and the policy of export
quotas restriction are determinants in Indonesia’s natu-
ral rubber exports in major partner countries. Efforts to
increase natural rubber exports in main partner coun-
tries must be carried out because these countries sup-
port the success of Indonesia’s natural rubber exports.

CONCLUSIONS

This study analyzes the comparative advantages and
determinants of Indonesia’s natural rubber exports in
main partner countries. In general, Indonesian natural
rubber has a comparative advantage in major trading
partner countries, so Indonesian natural rubber is spe-
cialized. The results indicate that Indonesia and the
main trading partner countries are suitable as partners.
The world's natural rubber prices, Indonesia's popula-
tion and export quota restriction policies have a neg-
ative effect on natural rubber exports. On the contrary,
Indonesia's GDP, the population of partner countries
and the volume of exports in the previous year had a
positive relationship with Indonesia's natural rubber
exports in main partner countries.




Based on the conclusions obtained from the re-
sults of the analysis, Indonesia needs to maintain the
competitiveness of natural rubber, considering that the
main partner countries are key in Indonesia's natural
rubber exports. The main trading partner countries are
also the most potential markets because the need for
natural rubber in the country is very high, considering
the automotive industry in the country. Therefore, In-
donesia needs to improve the quality of Indonesian
natural rubber through a more standardized production

Tiyastuti et al.

process. On the other hand, Indonesia also needs to in-
crease the production and productivity of natural rub-
ber to support increased export. This research can still
be developed using other methods, such as EPD (Export
Product Dynamics) and CMS (Constant Market Share), in
analyzing the competitiveness of natural rubber. Other
variables can be included in the model to explore export
determinants, such as exchange rate, price of substitu-
tion goods (synthetic rubber), consumption of natural rub-
ber, tariff policy, inflation rate and others.
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KOHKYpPEHTOCNPOMOXXHICTb Ta AeTEePMiHAHTU eKCropTy
HaTypanbHOro Kay4dyKy IHooHe3ii B OCHOBHUX KpaiHax-napTHepax

Eni TiacryTi, lWpi MapBaHTi, PeitH YubsaHi ®apyKapHiHrcix

YHiBepcutet Cebenac Maper
57126, Byn. Ip. Cytami, 36, M. CypakapTa, IHoOHe3ig

AHoTauif. OCHOBHI KpaiHM NpU3HAYeHHS BiAirpatoTb BAXAUBY POSb B €KCMOPTi HAaTYpaNbHOro Kayyyky 3 IHOOHe3Ii,
OCKiNbKK Binblua YacTUHa iHOOHE3iMCbKOro KayuyyKy eKCMOopTYETbCA CaMe B Li KpaiHW. MeTo Lboro LOCNiAXKEHHS
6yno BMBYEHHS MOPIBHANbHUX NepeBar Ta AeTepMiHaHT eKCNOpTy HAaTypanbHOro Kay4yky IHAOHesii 0O OCHOBHMX
KpaiH-napTHepiB. [1ns ouiHkM NopiBHANbHMX nepesar BukopuctaHo iHaekc RCA (Revealed Comparative Advantage),
a AN aHanisy AeTepMiHaHT eKCnopTy A0 OCHOBHMX KpaiH-napTHepis (CLUA, Kutai, inoHis, IHaia, Pecnybnika Kopes,
bpasunis, KaHaaa, HimeuunHa, benbrig 1a TypeyunHa) — perpeciiHuin aHanis naHenbHUX AaHuX. Pesynstatu JaHoro
[OCNIOKEHHS CBifYaTb Npo Te, WO iHAOHEe3iMCbKMI HATypanbHWUIA KaydyK MA€E MOPIBHAMbHI nepeBar B OCHOBHUX
KpaiHax-napTHepax, sKi xapaktepu3yTbcs iHaekcoM RCA > 1. Kpim Toro, BU3Ha4eHo, WO Ha OCHOBI perpecii
NaHeNbHUX AaHUX 3pOCTAHHS CBITOBOI LiiHM HA HATypasbHMIA KayyyK Ta NONiTUKa OBMeXeHHs eKCnopTy Npu3Benu 4o
CKOpPOYEHH$S eKCMopTy HaTypanbHOro Kayyyky 3 IHOoHesii. BuseneHo, LWo HaceneHHs [HAoHesii CKOpoYye eKCrnopT, ToA
K HaceneHHs KpaiH-napTHepiB 36iNblUye eKCNopT 3@ PaxXyHOK 3POCTaHHS YMCENbHOCTI HAaCENEHHS, WO CNpuUsTUMe
30iNbLUIEHHIO CMOXMBAHHS HAaTYPaNbHOMO Kay4yky. 3 iHWOro 60Ky, 36inbLIeHHS BaNOBOro BHYTPILLHBOrO NpoaykTy (BBIM)
IHaoHesii npu3Beae [0 36inblweHHs BUPOOHUYMX MOTY)KHOCTEN 3 BUPOOHULTBA HATYpasIbHOIO Kay4yKy, WO CNpUsTuMe
306inbleHH0 obcarie ekcnopTy. BuseneHo, Lo nonuT nonepenHbOro poky TakoX OyB BpaxoBaHWMA KpaiHaMu-
napTHepamu, SKi iMNOPTYIOTb iHAOHE3IMCbKMI HAaTypanbHUIA Kay4yyk. Pe3ynbTaTv uboro AOCNiOXEHHS MOXYTb ByTu
KOpUCHUMK AN151 ypsgy IHAoHes T Ta 3auikaBneHMX CTOPiH (TakMX SIK BUPOOHMKM Ta eKCNopTepu HATypabHOro Kay4yky)
[ONS BU3HAYEHHS CTpaTeriin nokpalleHHs eKCNOPTHUX NMOKA3HUKIB

KntouoBi cnoBa: nopiBHANbHA NepeBara, EKCNOPT, MiXXHAapOAHA TOPriBAs, perpecis naHenbHUx AaHux, iHaekc RCA
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INTRODUCTION

Divergences in the geographical conditions of a country
result in those in in the natural resources owned, so it
has an impact on differences in the leading commodi-
ties cultivated in each country. International trade en-
courages opportunities for each country to carry out ex-
port and import activities by removing various existing
barriers. Increased exports can provide a stimulus to
domestic demand which has an impact on the growth
of large industries in a country. It is important to know
the performance of export activities that have been
carried out by a country to find out what obstacles and
opportunities exist and can then be used as an effort
to expand the export market.

The agricultural sector is one sector that can sur-
vive the impact of the COVID-19 pandemic. The Central
Statistics Agency recorded an increase in exports of In-
donesian agricultural commodities amid the COVID-19
pandemic by 14.02% in 2020.This figure was recorded as
the largest increase in the period 2011 to 2020. Mean-
while, commodities that experienced a large increase
in exports during the pandemic included swallow nests,
medicinal plants, aromatics and spices, tobacco, and
cloves (Central Bureau of Statistics, 2021). Harapuspa
and Fitriani (2018) and Ali (2017) note that swallow's
nest is the result of swallow saliva, which currently has a
high economic value and is therefore cultivated. Swal-
low's nest is a commodity from the livestock sub-sector
that is starting to become a new priority in Indonesia’s
export goals. Chok et al. (2021) states that swallow's
nest is rich in protein, essential amino acids, important
trace elements and basic sugars necessary for human
biological functions. Swallow's nest also has anti-inflam-
matory effects and antioxidant properties, which may serve
as a new alternative treatment for neurodegenerative
diseases caused by oxidative stress, such as Alzheimer's
and Parkinson’s diseases.

In the observation period from 2011 to 2020 (Tai
et al., 2020), swallow's nest still ranks with the highest
export value in livestock export commodities. Indonesia
is the largest exporter of swallow's nest products in the
world.According to UN Comtrade (2022), the total value
of world exports in 2020 is 982.2 million USD. At the
same time, Indonesia accounts for 540.7 million USD,
which is about 55% of the total value of world exports.
The upward trend of Indonesian swallow nest exports
and the high market potential shown by increasing
consumption requires Indonesia, as one of the major
swallow nest producers, to be able to take advantage of
existing market opportunities. Kamaruddin et al. (2019)
indicate that the high price of swallow nest and the
increasingly limited resources of swallow nest collected
from the wild have prompted the community to increase
swallow nest production by developing swallow rearing
using swallow houses.

According to the signed protocol (The Ministry of
Commerce, 2012), Indonesia can directly export swallow
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nests to China without transit through a third party. The
export of swallow nests to China may increase from 50%
to 100%.With the signed protocol, swallow nest has the
opportunity to become one of Indonesia’s top 10 non-
oil and gas export products. The Ministry of Commerce
(2012) predicts that China will benefit from lower prices
in the domestic market as there are no third party fees,
which will increase market demand. Challenges in the
form of changes in the international environment, es-
pecially in the trading system with the liberalization
of the economy, have led to increased competition, in-
cluding in the “swallow's nest” market. Sukhri (2018)
proved that in a free trade environment, countries with
higher comparative advantage and competitive advan-
tage will have a greater ability to exist, even to penetrate
and dominate the international market. A country will
benefit from international trade if it specializes in pro-
duction and exports goods that it produces more pro-
ductively and imports goods that the country produces
relatively less or that are not productive.

Taj & Wani (2019) and Crespo & Fontoura (2018)
point out that export performance reflects the specific
behavior of an economy in using its resources and ca-
pabilities in the international context at a given point
in time. Improving export performance is currently a
priority for companies competing in the economic envi-
ronment and an integral factor in the country’s economic
growth. Therefore, this study aims to analyze the export
performance of Indonesian swallow nests in the main
destination countries. The novelty of this study is to de-
fine the object of study where Indonesia is the largest
producer of swallow nests in the world with increasing
exports in the last few years, and in 2021, the Ministry
of Trade together with the Ministry of Agriculture pro-
motes the export of swallow nests to the main destina-
tion countries. For this reason, it is necessary to analyze
Indonesia’s export performance to make this swallow’s
nest a great Indonesian product that can contribute more
to the country's foreign exchange.

MATERIALS AND METHODS

The basic method used in this research is the descrip-
tive analytical method which is a research method by
collecting data according to the truth, then the data is
compiled, processed, and analyzed to be able to pro-
vide an overview of the existing problems. Analytical
descriptive research takes problems or focuses on
problems as they are when the research is carried out,
the research results are then processed and analyzed to
conclude (Sugiyono, 2014). The data used in this study
are included in the type of secondary data. The form of
secondary data is used in the form of time series data or
time series with the period 2011-2020. Data were ob-
tained from the United Nations Commodity Trade Sta-
tistics Division (UN COMTRADE), the Food and Agriculture
Organization (FAO), the Central Statistics Agency (BPS),
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the Ministry of Trade, the International Trade Center (ITC),
and several other supporting literatures.

Data analysis method. Constant Market Share
analysis is a decomposition method that was applied
for the first time in international trade flows (Simonis,
2009). The use of the CMS model is motivated by the
possibility that a country’'s exports during a certain
period experience changes to the world as standard
growth (Permatasari and Rustariyuni, 2015). The CMS
model explains the performance of export growth into
several components, including standard growth, the ef-
fect of product composition, the effect of market dis-
tribution, and the effect of competitiveness (Kaur and
Nanda, 2017). Based on the above terminology, the
formulation used in the CMS analysis is described as
follows.

Standard growth.
_ w(t)-w(t-1) (1)
T w@e-1)
. w()i-w(t-1)i (2)
T w(t-i
. WO-W(t-1)ij
9y = W (t-1)ij (3)

Where g = Growth in export standards of all
world commodities; gi = The growth of the world's
swiftlet nest commodity export standards; gij = Standard
growth of swiftlet nest commodity exports to country
Jj; W(t) = Total export value of all world commaodities
in year t (US$); W(t)i = Total export value of the world
swallow nest commodity in year t (US$); W(t)ij = The total
value of the world swallow nest commodity exports to
country j in year t (US$).

The standard growth parameter shows the ex-
port growth standard of the products of countries in the
world. Exports of Indonesia's competitor countries can
be seen through this growth analysis. If the standard
of export growth is higher, Indonesia's export perfor-
mance will be better (Suhana, et al. 2016). Vice versa, if
standard export growth is lower than Indonesia's export
growth, importing countries show Indonesia’s export
performance is worse.

Product composition effect.

Yi(gi-g)E(t-1)i (4)
E(t-1)i

Where gi = Standard growth of global swiftlet

nest commodity exports; g = Growth in export standards
of all world commodities; E(t-1)i = The total value of a
country's exports of bird's nest commodities to the world
inyear t-1 (US$); E(t-1) = The total value of exports of all
commodities of a country to the world in year ¢-1 (US$).
The product composition effect indicates whether

a country has concentrated on a rapidly growing com-
modity market. The effect parameter of this product
composition can be positive or negative. The positive
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parameter in the product composition explains that
Indonesia is able to take advantage of the export op-
portunities for swallow nest commodities (Jamilah et al.,
2022). If the export growth of Indonesian swallow’s nest
products to the importing country is higher than the growth
of imports of all products by the importing country, it
means that the effect of the composition of Indonesian
swallow's nest products in the importing country will
be positive. Likewise, if the opposite occurs, then the
composition effect is negative.

Market distribution effect.

2iYj(gij—ghE(-1)ij
E(t-1) ()

Where gij = Standard growth of swiftlet's nest
commodity exports to country j; gi = The growth of
the world's swiftlet nest commodity export standards;
E(t-1)ij = The total value of exports of bird's nest com-
modities from a country to country j in year t-1 (US$);
E(t-1) = The total value of exports of all commodities of
a country to the world in year t-1 (US$).

The market distribution effect measures export
performance by analyzing the gain or loss in the coun-
try's exports of concern as a result of changes in the rel-
ative size of the export market. The market distribution
effect parameter can be positive or negative. The pa-
rameter is positive if the exporting country distributes
its market to the center of demand growth. If the export
of Indonesian swallow's nests to countries with higher
import growth from Indonesia, the market distribution
effect will be positive. Otherwise, the market distribution
effect will be negative.

Competitiveness effect.

YiXjEE-1)ij-E(t-1)ij)-gijE(t-1)ij 6
B (©)

Where E(t)ij = The total value of exports of bird's
nest commodities from a country to country j in year t
(US$); E(t-1)ij = The total value of exports of bird's nest
commodities from a countryto country;inyear t-1 (US$);
gij=Standard growth of swiftlet nest commodity exports
to country j; E(t-1) = The total value of exports of all
commodities of a country to the world in year t-1 (US$).

The positive sign of competitiveness effect means
that Indonesia’s exports have increased, assuming the
observed commodity contributes to the increase in ex-
ports and the country is a strong competitor. While the
competitiveness effect is negative, it means that Indo-
nesia's exports have decreased, assuming the observed
commodities contributed to the decline in exports and
the country is a weak competitor.

RESULTS AND DISCUSSION

World swallow'’s nest exporting countries. The highest
exporting countries for swallow’s nests in the world
which are in the top five based on export value are




Indonesia, Malaysia, China, Singapore and Hong Kong.
These five countries have different export markets. The
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graphs of changes in export values for the five countries
are presented below (Fig. 1).
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Figure 1. Export value of world swallow's nest exporting countries

Source: compiled by the authors

The graph above illustrates that the export value
of Indonesian swiftlet nests in the period 2012 to 2020
still leads with a considerable difference with other
exporting countries, namely Malaysia, China, Singapore
and Hong Kong. Among the four other swallow nest ex-
porting countries, only Malaysia has shown an increas-
ing trend, although its position is still far below the
export value of Indonesian swallow nests. The export
value of China’s swallow nests can be said to be the
most constant among other countries because it is al-
ways in the range of an export value of 50-100 million

US$. The Chinese and Indonesians both hold the same
view of the business side of sallow nest farming that it
is a good and lucrative business (Leonardo et al., 2019).

World swallow's nest importing countries. The
highest importing countries for swallow's nest in the
world which are in the top five based on import value are
Hong Kong, China, Singapore, Thailand and the United
States. These five countries have different export mar-
kets (Fig. 2). The graphs of changes in import values for
the five countries are presented below. Import values
are presented in million US$.
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Figure 2. Import value of world swallow's nest importing countries

Source: compiled by the authors

The main importing countries of the world's swift-
let nests are China, Hong Kong, Singapore, the United
States and Vietnam. Countries that have the potential
to become world swallow nest importers are Thailand,
Canada and Australia. In the period 2012-2017, Hong
Kong was the largest importer of swallow's nests in the
world, but since 2018 this position has been replaced

by China. The world's second largest importer of swal-
low's nest from 2012 to 2016 was Singapore, but since
2017 this position has been replaced by China and
Hong Kong.

Swallow's nest is very popular for the people of
Hong Kong and China because according to their tra-
dition this commodity can be used as an ingredient for
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longevity. This is related to the content in the swallow’s
nest in the form of nutrients such as carbohydrates, fats,
and proteins which are very good for the regeneration
of body cells (Dewi, 2020; Roh et al., 2011). Generally,
the people of Hong Kong and China consume swallow’s
nest in the form of soup. Swallow's nest soup contains
much higher antioxidant activity compared with chicken
and fish soup when served in the same way (Lee, 2014).
Swallow's nest is also widely processed into drinks and
incorporated into cosmetic mixtures as well as the main
ingredients in skin care products. Traditional Chinese

2500
2000
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0

2012 2013 2014 2015 2016

medicine claims that the edible bird's nest serves as a
remedy for ailments such as tuberculosis, asthma, skin
problems,and stomach ailments (Golden Nest Inc,2022;
Ma and Liu, 2012; Careena et al., 2018).

Indonesian Swallow's Nest Export Price. Each ex-
porting country sells swallow’s nests at different prices.
This is because the exported product must undergo
many processes and many costs that will affect the selling
price. The graph of changes in the export price of swallow's
nests by major exporting countries in the international
market is presented below (Fig. 3).
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Figure 3. Graph of changes in export price of swallow’s nest in the international market, 2012-2020

Source: compiled by the authors

Product prices can be related to export perfor-
mance. Studies show that product prices will have a
negative relationship with export performance. When
product prices rise, export performance will depreciate.
However, if there is a decrease in product prices, export
performance will increase (Tangjitmanngamkul, 2019).
The export price of Indonesian swallow’s nest commod-
ities is in the lowest position when compared to its four
competing countries. In this case, the amount of produc-
tion has not been proportional to the demand figure or
the supply and demand are not yet on a balance. So that
the price of swallow's nest is always stable, never expe-
riencing a drastic price decline. This is also influenced by
the low yields, while the production and maintenance
costs are so high. So that it helps raise the price of swallow
nests, both raw and processed food (Risaad, 2021; Efendi
etal.,2022). The chart of export prices for the five main
exporters of swallow’s nests has almost the same trend.
Hong Kong, Singapore and China have high export prices
because they also import from Indonesia at lower prices
and then re-export with the implementation of SPS (Sanitary
and Phytosanitary), TBT (Technical Barriers to Trade), and
PSI (Preshipment Inspection) which is more structured.
Export prices for Indonesian swallow’s nests began to
increase in 2015. This was due to a reciprocal agree-
ment between Indonesia and China which provided an
opportunity for Indonesia to export directly without go-
ing through third parties, so that profits were no longer
shared with countries that acted as third party in matters
of trade in the swallow's nest (Ministry of Trade, 2012).

Scientific Horizons, 2022, Vol. 25, No. 12

There are two options if Indonesia exports
through a third party. First, selling its swallow's nest to
Malaysia which has the consequence of decreasing prices
because Malaysia is also one of the swallow's nest play-
ers in China. Second, sell it to Hong Kong, which applies
a re-export tax fee. China is forcing Indonesia to switch
exports through Hong Kong by playing up health issues
which can reduce prices to become much cheaper.

The China government also devalued the currency
which resulted in a two-way win for China. First, the
purchase transaction of raw swallow's nest in Hong Kong
requires the use of the renminbi currency so that the
price paid will be much cheaper. Second, when the China
government can re-export the swallow's nest it imports,
both aiming to be sold in the domestic market and the
international market through a reduction in this cur-
rency, taxes and tariffs from the importing country will
not affect the selling price so that it has better compet-
itiveness (Ali, 2017).

The chart shows a decline in export prices from
2012 to 2015 because at that time Indonesia was being
hit by the issue of an outbreak of bird flu (H5N1),even in
2013 China had rejected swallow nests from Indonesia
because they were considered to not meet standards.
Indonesia always makes efforts to improve export com-
petitiveness by carrying out a lot of inspections on the
production process of swallow's nests. The production
process aims to maximize the amount of output using a
certain number of inputs. The government is also trying
to control the quality of the swallow's nest produced so




that it can meet the requirements according to the pro-
tocol signed with China as the main importer. Produc-
tion activities are not only limited to the manufactur-
ing process, but to the process of storage, distribution,
transportation, packaging and finally the marketing
process (Sari and Sudiana, 2022). Packaging also affects
price setting, luxurious swallow nest packaging causes
the price to be more expensive than ordinary packaging.
Some manufacturers invest in packaging for a reason.
The purpose of packaging is not only to protect the
product but also to promote it (Shukri et al., 2018).
Constant market shares analysis. The CMS method
was chosen to measure competitiveness because this CMS
method can determine the most significant aspects that
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affect the export growth of each product. CMS can display
assessments on the composition of export products, mar-
ket distribution,and competitiveness. In addition, CMS can
compare national export growth relative to world average
growth (Trade Analysis and Development Agency, 2013).

The export growth of swallow's nest in the pe-
riod 2011 to 2020 is strongly influenced by the growth
of demand in the importing country (Table 1). A positive
export growth value can be obtained if the percentage
value of the total increase in the world's swallow’s nest
exports in each period is positive or it can be said that
the total export value of the world's swallow's nest in
the second year must be greater than the export value
of the world's swallow's nest in the first year.

Table 1. Swallow's nest export standard growth

Global commodity export

Global swallow’s nest export

Indonesian swallow’s nest export

Year standard growth standard growth standard growth
2011 0.201 0.320 0.200
2012 -0.003 -0.185 -0.175
2013 0.040 -0.006 -0.001
2014 -0.005 -0.095 -0.163
2015 -0.126 0.013 -0.219
2016 -0.028 0.311 0.921
2017 0.102 0.321 0.456
2018 0.098 0.138 0.039
2019 -0.035 0.059 0.250
2020 -0.069 0.302 0.484
Mean 0.018 0.118 0.179

Source: compiled by the authors

The export growth value of Indonesian swal-
low's nests in 2011-2020 fluctuated where the aver-
age was still above the world's average export growth
of swallow's nests with an average export growth of
Indonesian swallow's nests of 0.179 while the average
export growth the world's swallow’s nest is 0.118. So
it can be said that the increase in the export value
of Indonesian swallow's nests in the world market is
higher than the increase in the total export value of
the world's swallow's nests. On the other hand, the
export growth of swiftlet nests both worldwide and
in Indonesia was particularly higher than the export
growth value of all world commodities. This illustrates
that the bird's nest commodity is an export commodity
that is highly considered in the international market.

The issue of a bird flu (H5N1) outbreak that was
intense in 2012-2015 greatly affected the demand for
Indonesian swallow nest exports, even in 2013 China
had rejected swallow nests from Indonesia because
they were deemed to not meet standards and had to
re-standardize. This greatly impacted export growth
in those years considering that China is one of the
main export markets for Indonesia's swiftlet nest

commodities. This fact is in line with the decline in
export prices which also occurred in the period 2012
to 2015. Although China has a high demand for swal-
low's nests, China provides a quota limit for each In-
donesian swallow's nest exporter company, which is the
largest swallow's nest producer in the world (Saputra
etal.,2022).

In addition, the negative value of Indonesia’s
swallow nest export growth in 2012 to 2015 was also
influenced by policies issued by the government related
to export duties which affected the export growth of
swallow's nests in that period (Table 2). These poli-
cies include the Regulation of the Minister of Finance
No. 128/PMK.011/2011 concerning the determination
of export goods subject to export duties and export
duty rates replacing the Regulation of the Minister of
Finance No. 67/PMK.011/2010 (Ulfah et al., 2019). In
its development, the existence of this regulation is
considered by many to be ineffective in increasing the
added value and competitiveness of domestic swiftlet
nests because in the future it is hoped that Indonesia
will not only export raw swiftlet nests, but also its
derivative products that have added value.

Scientific Horizons, 2022, Vol. 25, No. 12

95



96

Export performance of Indonesian swallow's nest commodities in main destination countries

Table 2. World swallow's nest export growth in main destination countries, 2011-2020

World swallow’s nest export growth in destination countries

Year
Hong Kong China Singapore USA Vietnam

2011 0.215 0.490 0.164 -0.122 -0.837
2012 -0.103 -0.726 -0.295 0.210 8.630
2013 0.245 0.089 -0.141 0.049 3.309
2014 -0.033 0.724 -0.352 -0.042 0.508
2015 -0.245 1.290 -0.432 0.080 -0.129
2016 1.132 0.772 -0.069 0.206 0.290
2017 0.120 1.108 -0.390 0.116 0.971
2018 -0.313 0.474 1.109 0.062 0.669
2019 0.040 0.450 0.264 -0.201 -0.550
2020 0.468 0.697 -0.411 0.315 -0.829
Mean 0.153 0.537 -0.055 0.067 1.203

Source: compiled by the authors

Based on the results of the analysis, it can be
seen that the export growth of the world's swallow’s
nests in the main destination countries in the period
2011-2020 is very volatile (Table 3). This is influenced
by the policies and demands of the importing country.
Among the five main export destinations for swallow’s
nests, China has the most stable export growth value
and only once was negative in 2012. Meanwhile, Viet-
nam is the main destination country with the highest

average export growth with a value of 1,203. Finicelli
et al. (2012) examined the evolution of emerging
market economies at disaggregated level and found
out that among the emerging economies, China has
a strong export growth, increasing its market shares
across sectors and destinations due to its compet-
itiveness, while industrial countries benefited from
specialization in fast-growing sectors (high-tech) or
destinations (Asia).

Table 3. Export growth of Indonesian swallow's nest in main destination countries, 2011-2020

Export growth of Indonesian swallow’s nest in main destination countries

Year

Hong Kong China Singapore USA Vietnam
2011 0.261 1.610 0.098 0.114 -1.000
2012 0.086 -0.964 -0.271 -0.017 0.000
2013 0.145 -0.673 -0.159 0.115 1159.828
2014 -0.026 -1.000 -0.384 -0.086 0.898
2015 -0.343 0.000 -0.479 0.011 -0.131
2016 1.710 1.175 -0.115 0.309 0.102
2017 0.127 1.882 -0.550 0.268 1.948
2018 -0.333 0.366 1.448 -0.037 0.345
2019 -0.021 0.559 0.520 0.012 -0.585
2020 -0.082 0.902 -0.402 0.241 -0.886
Mean 0.152 0.386 -0.029 0.093 116.052

Source: compiled by the authors

The table above illustrates the growth value of
Indonesian swallow nest exports in the main destina-
tion countries where the value is also very volatile (Ta-
ble 4). There is a very striking difference in value for the
destination country of Vietnam in 2013 where the value
of export growth reached 1159,828. This is because in
2011 Indonesia did not export to Vietnam at all, but
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then in 2012 was only able to export with a small nom-
inal as the beginning of entering a new market and then
in 2013 was able to export with a fairly high nominal of
more than 1000 times compared to the previous year,
so of course Vietnam has the highest average growth
as an export destination country with swallow nest
commodities from Indonesia. The increasing growth of




swallow’s nest exports indicates that Indonesia is still
able to take advantage of the world's export growth of
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swallow's nests so that it is considered a strong com-
petitor by its competitor countries (Ulfah et al., 2019).

Table 4. Effects of Indonesian swallow's nest product composition, 2011-2020

Year Product composition effect
2011 0.00012
2012 -0.00017
2013 -0.00004
2014 -0.00008
2015 0.00010
2016 0.00023
2017 0.00029
2018 0.00007
2019 0.00015
2020 0.00081
Mean 0.00015

Source: compiled by the authors

The effect of product composition measures the
change in exports as a result of changes in the com-
position of Indonesian swallow nest export products
in total imports in the importing country. The effect
of product composition is positive in 2011, and from
2015 to 2020, it can be said that Indonesia's exports
are distributed to all types of goods whose demand
grows relatively faster in importing countries. The average
value of the composition effect of swallow nest products
for the period 2011 to 2020 based on CMS analysis is
positive at 0.00015, indicating that swallow nest com-
modities tend to be in demand in the international
market compared to other types of commodities and
the export value tends to increase compared to the
total exports of a country. country. Based on these re-
sults, it can also be concluded that the export quantity

of swallow's nests is sufficient to meet market demands
and market requirements in the export destination
countries (Sa’idy, 2013).

The positive effect of product composition can
increase exports of Indonesian swallow nests (Table 5).
This is in line with the main point of the theory of com-
parative advantage, that specialization in producing a
certain product that has an advantage will encourage
the country to export that product. Thus, specialization
in a product will provide benefits and advantages for
countries that carry out international trade (Ramadhani
and Santoso, 2019). The positive effect of product com-
position can also mean that Indonesia specializes in
exported products, in this case the exported swallow's
nest can be accepted by the people of the importing
country (Simangunsong and Wulandari, 2016).

Table 5. Market distribution effect of Indonesian swallow's nest commodity in main destination countries, 2011-2020

Market distribution effect

Year

Hong Kong China Singapore USA Vietnam
2011 -0.00003 0.00001 -0.00009 -0.00002 0.00000
2012 0.00002 -0.00003 -0.00006 0.00002 0.00000
2013 0.00008 0.00000 -0.00006 0.00000 0.00000
2014 0.00002 0.00000 -0.00009 0.00000 0.00001
2015 -0.00010 0.00000 -0.00010 0.00000 -0.00001
2016 0.00024 0.00005 -0.00005 -0.00001 0.00000
2017 -0.00016 0.00019 -0.00009 -0.00001 0.00003
2018 -0.00035 0.00020 0.00005 -0.00001 0.00006
2019 -0.00001 0.00030 0.00002 -0.00002 -0.00009
2020 0.00009 0.00052 -0.00013 0.00000 -0.00007
Mean -0.000020 0.000124 -0.000060 -0.000005 -0.000007

Source: compiled by the authors
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A positive distribution effect value illustrates
that a country has marketed certain commodities in
countries that have high demand for these commodities.
Meanwhile, if the value of the distribution effect is neg-
ative,then a country is considered not to have marketed
the commodity to countries with high demand (Fitriana
et al., 2014). The average distribution effect of the In-
donesian swallow's nest market in the period 2011 to
2020 is only positive for China's destination countries.
This is because Indonesia is the largest exporter in China
for swallow nest commodities. Based on these results,
Indonesia is deemed to have been able to market swallow

nest commodities in a country that has a high demand
for this commodity, namely China (Sa’idy, 2013).

The market distribution effect also illustrates
Indonesia’s ability to increase swallow nest exports in
markets that are always growing or in markets that are
stagnant. The majority of the average market distribution
effect values for Indonesian swallow nest commodities
in the main destination countries are negative (Table 6).
So that it can be interpreted that Indonesia does not
concentrate its exports in markets that are experiencing
fast growth but is only concentrated in more stagnant
areas (Satryana and Karmini, 2016).

Table 6. Competitiveness effect of Indonesian swallow's nest commodities in main destination countries, 2011-2020

Competitiveness effect

Year

Hong Kong China Singapore USA Vietnam
2011 0.00001 0.00003 -0.00004 0.00001 0.00000
2012 0.00005 -0.00001 0.00001 -0.00001 0.00000
2013 -0.00003 0.00000 -0.00001 0.00000 0.00002
2014 0.00000 0.00000 -0.00001 0.00000 0.00001
2015 -0.00004 0.00009 -0.00001 0.00000 0.00000
2016 0.00017 0.00004 -0.00001 0.00001 -0.00001
2017 0.00001 0.00019 -0.00002 0.00001 0.00004
2018 -0.00002 -0.00007 0.00002 -0.00001 -0.00004
2019 -0.00003 0.00008 0.00003 0.00002 -0.00001
2020 -0.00028 0.00027 0.00000 -0.00001 0.00000
Mean -0.000016 0.000062 -0.000004 0.000002 0.000001

Source: compiled by the authors

China, the United States, and Vietham have an
average value of the competitiveness effect that is pos-
itive. This means that swallow's nest commaodities have
great potential to increase exports and Indonesia is a
strong competitor as an exporter in the three countries.
A positive competitive effect can indicate a decrease
in the price of an Indonesian commodity, namely swal-
low's nest, against world prices (from other exporting
countries) for the same commodity. This could mean
that the price of Indonesian swallow's nest fell, while
the world price of swallow's nest remained or in other
words the rate of increase in world prices was higher
than the rate of increase in Indonesia's exports.

This competitiveness effect can be influenced
by changes in price factors and non-price factors (such
as improving quality, product development, improving
marketing systems, changing consumer preferences and
tastes, increasing exporters' ability to meet export de-
mand quickly,and so on) (Dyadkova & Momchiloy, 2014).
The average competitive effect of Indonesian swallow’s
nest commodities in China, the United States, and Viet-
nam is positive, so it can be said that exports in these
three countries occur because of superior quality or bet-
ter prices, while the average effect of competitiveness
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in Hong Kong and Singapore have negative values, so
that it can indicate that the competitiveness of swal-
low's nests is weak when compared from the aspect of
quality and price (Aji et al., 2017). This negative value re-
flects a failure to maintain market share associated with
an increase in relative prices (Kellman et al., 2003). This
is relevant to research from Katepan et al. (2012) which
identified the factors affecting okra exports using the
Porter's Diamond model. This study identified 84 factors
that could affect okra exports from Thailand to Japan.
One of the most powerful factors is the price of the
product itself. This study shows that product price can be
an important factor that makes buyers make decisions.

Export performance can be said to be success-
ful when the export activities carried out are able to
take advantage of existing opportunities and are able
to overcome threats and obstacles properly. Indonesia
already holds a great opportunity in dominating the ex-
port market for swallow’s nests, this is due to the poten-
tial of supporting resources and the price offered is still
far ahead compared to other exporters. The obstacle
that is still felt by Indonesia in the export of swallow's
nests is the lack of standardization applied by Indonesia,
which is a major consideration for importing countries.




Standardization is a very important aspect because
it relates to consumer safety and health. Against the
backdrop of the rapid development of the swiftlet nest
industry, relevant departments in many countries have
taken active measures.This is in line with the statement
of Ya'acob et al. (2021) in his research which describes
that Malaysia issued a national standard MS 2334:2011
“Edible Bird Nest (EBN) Specification”in 2011 (Depart-
ment of Standards Malaysia, 2011) and Thailand issued
a national standard TAS 6705-2014 “Bird’s Nest”in 2014
(National Bureau of Agricultural Commodity and Food
Standards, 2014). Indonesia does not have a specific na-
tional standard for swallow’s nests, Indonesia only has
documents regarding procedures for good manufactur-
ing practices of edible bird nests and animal quarantine
measures for importing or exporting bird nests into or
outside the territory of the Republic of Indonesia. This
obstacle can be a threat to Indonesia in developing its
potential swallow nest market. According to Wellner &
Lakotta (2020), business threats can limit an industry’s
earning potential. High returns in business attract new
companies with new capabilities and increased capacity
that are competing for market share, putting pressure
on prices and costs. General variables that become the
main obstacles for swallow nest exporters are government
policies, economies of scale and capital.

The potential possessed by the Indonesian swal-
low's nest can be optimally utilized as an effort to main-
tain its superior position as the largest exporter by in-
creasing the competitiveness of the swallow's nest in
the form of increasing production accompanied by im-
proving product quality and food safety, while still pay-
ing attention to production cost efficiency. Indonesian
producers of swallow's nests need to improve hygiene
and make the best use of land so they can continue to
produce export quality swallow's nests that meet the
requirements for importing products from each importing
country so that Indonesia is able to export as much as
possible without going through other countries as a third
party. The Indonesian government needs to increase trade
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cooperation with other countries than the main import-
ers of swallow’s nests in the hope of market expansion
in order to maintain Indonesia’s position as the main
exporter of swallow’s nest needs in the world. The gov-
ernment also needs to increase cooperation with swal-
low's nest producers by expanding market access, train-
ing and production assistance, increasing innovation
and technology, as well as promoting efforts to export
markets.

CONCLUSIONS

The average value of the composition effect of the
swallow's nest commodity for the period 2011 to 2020
based on Constant Market Share analysis is positive at
0.00015, indicating that the swallow's nest commodity
tends to be in demand in the international market com-
pared to other types of commodities and the quantity
of exports is sufficient to meet market demand (market
demand) and market requirements (market requirements)
in the export destination country.

The average value of the distribution effect of the
Indonesian swallow'’s nest market in the period 2011 to
2020 is only positive for the destination country of China,
this means that Indonesia has been able to market the
swallow’s nest commodity in countries that have high
demand for this commodity, namely China which is in-
deed the largest importer of swallow’s nests in the world.
China, the United States, and Vietnam have an average
value of the competitiveness effect that is positive. This
means that the swallow'’s nest commodity has great po-
tential for increasing exports and Indonesia is a strong
competitor as an exporter in these three countries.

There is a need to increase trade cooperation with
other countries than importers to expand markets and
increase cooperation with domestic producers through
efforts to expand market access, assist production, in-
crease innovation and technology. For further research,
it is expected to be able to analyze what factors affect
the export of swallow's nests to the global market so
that the results obtained are more comprehensive.
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MoKa3HMKKM eKCnopTy iHAOHEe3iIMCbKUX ToBapiB «JlacTiBUMHE rHi3ao»
00 OCHOBHMX KpaiH NMpU3HauYeHHS

Hbax Paxmasari, CytpicHo Xaai MypHomo, Lpi MapBaHTi

YHiBepcutet Cebenac Mapet
57126, 36A Ip. Sutami Str., CypakapTa, IHOOHe3is

AHotauis. TeHaeHuis [0 36inbWeHHS eKCNopTy iHAOHE3IMCbKMX NACTIBYMHUX MTHI3[, | BUCOKMIM PUHKOBMI noTeHLian,
KU LEMOHCTPYE 30iNbLUEHHS CNOXMBAHHS, BUMAratoTh Bif IHAOHE3IT IK 0AHOIO 3 0CHOBHUX BUPOOHMKIB NaCTiBYMHUX
FHi34 MOXIUBOCTI CKOPUCTATUCS HAiBHUMWU PUHKOBUMU MOXIMBOCTAMU. Lle pocnigkeHHs Ma€ Ha MeTi BU3HAYUTH
NMOKAa3HWKM eKCNopTy THi3a, iHAOHEe3IMCbKOro CTPUXKA B OCHOBHI KpaiHWM MpU3HAYEHHA. Y UbOMY AOCAIOXKEHHI
BMKOPUCTOBYETLCS METOA, NOCTIMHOI YaCTKM PUHKY. BUKOpPUCTaHI BTOPUHHI AaHi — Le AaHi 4acoBMX psais, 3ibpaHi 3
2011 no 2020 pik. Ha ocHOBI aHani3y NOCTIMHOT YAaCTKM pUHKY BYN0 3a3HAYEHO, WO TOBAP NACTiBYMHOIO THI3Aa, SK
npaBmI0, KOPUCTYETLCSA MOMUTOM HA MiXXHAPOAHOMY PUHKY MOPIBHSAHO 3 iHWKWMKM BUAamu ToBapis. O6car ekcnopty
€ NOCTaTHIM ANS 3340BOMIEHHS PUHKOBOMO MONWUTY Ta BUMOI PUHKY B KpaiHaX Mpu3HayYeHHs ekcnopty. Pesynbtatu
noKasyTb, Wo |HAoHe3ia 3Morna npoaaTv TOBAp i3 NACTIBYMHOIO rHi3fa B KpPaiHM 3 BUCOKMM MOMUTOM, a CaMe B
TioHrKOK, KM cnpasai € HanbinbWMM iIMNOPTEPOM NACTIBYMHONO THI3Aa Y CBITi. ToBap «NacTiBUMHE THI3[0» MaE
BE/IMKMIA NoTeHuian ans 36inbweHHs ekcnopTy, i IHGoHEe3iN € CUNbHUM KOHKYPEHTOM $IK eKCMOpTep Y TPbOX KpaiHax:
Kurai, CLUA Ta BetHami. Liei gocnigHuubKuidi MaTepian Ma€e NPakTUYHY LiHHICTb AN8 ypsaay IHaoHesil, wob 36inbwmntu
ToproBesibHe CNiBpOBITHULTBO B KOHTEKCTi PO3WMPEHHS PUHKY, W06 36eperty nosuuito IHLOHe3iT 9K BeIMKoro
ekcnopTepa Ta noTpeby y cnienpaui 3 BiTYU3HIHUMU BUPOOHMKAMM LLINSXOM 3YCUAb LWOAO PO3LWMPEHHS AOCTYNY Ha
PWHOK, HABYAHHA Ta LONOMOIM y BUPOOHMUTBI, 30iNbLUEHHS IHHOBALIN | TEXHONOTIT

KntouoBi cnoBa: nocTiltHa YacTka pUHKY, CKNag NpoAyKTY, PO3MNoAiN, rOHKYPEHTOCNPOMOXHICTb, arpapHUi CeKTop
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Abstract. The research presents an analysis of grain production and export
capacity in Ukraine from 2010-2021. The major general factors that have
recentlyaffected the country’'s macroeconomicindicators and determined their
potential for the decline have been destroyed and damaged infrastructure,
a high level of military threat to crops, and massive internal and external
migration of working-age people and businesses. Therefore, analysis of the
availability and regularity of changes in the production reserve of these
crops for domestic farm use and external consumers defines the relevance
of the issue under study. The purpose of the study is to analyse the main
indicators of grain crop production in Ukraine and to identify the factors
that significantly influence their export potential. Using technical statistical
methods, models have been developed to demonstrate possible fluctuations
in the number of grain exports, considering the possible development of the
country’s economy. Using regression methods, the main factors influencing
the export potential of grains were identified. These factors have been
demonstrated to include, in particular, gross harvest volumes, availability
and quantities of mineral and organic fertilisers, purchasing prices for
produce, etc. A sustained long-term trend in grain exports over the past
10 years is demonstrated, but it has been established that Ukraine’s significant
export potential could change significantly. It could affect the economies of
Ukraine's grain-importing countries. It is suggested that the adverse impact
of the possible causes of Ukraine's declining export potential should be
reduced through further development of technologies for growing, storing
and transporting grain crops. The applied value of the results is to reduce
uncertainty in the agricultural market for agro-industrial and foreign trade
institutions by accounting for the impact of major grain production and
export indicators
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INTRODUCTION

The share of grain exports from Ukraine to other countries
is very significant. With the beginning of the full-scale
Russianinvasion of Ukraine,the opportunityto exportgrain
crops abroad has significantly decreased, but Ukrainian
grain is still supplied. As of the end of November 2022,
Ukraine exported 16,239 thousand tons of grain and
legumes (Ministry of Agrarian Policy..., 2022). Compared
the volume of grain exports with last year, it can be
seen that with the beginning of the full-scale war, it
decreased by more than 7 thousand tons. According to
Ukrainian Grain Association statistics (UGA, 2022), corn
(11,051,295 tons) was exported the most since March
2022, while wheat exports took the second place by vol-
ume (6,251,277 tons). The above statistics show the ur-
gency of solving logistical and economic problems with
the delivery of Ukrainian grain around the world, be-
cause otherwise importing countries may face a signif-
icant increase in prices or, in the worst case, starvation.

The search for a solution to the problem of ex-
porting goods during crisis periods has been studied by
scientists in the economic and agrarian spheres for a
long time. For example, researchers C. Betran and M. Hu-
berman (2022) studied the influence of internal and ex-
ternal factors on the formation of political decisions in
Spain in the interwar period. The study covers the period
of the Great Depression (1929-1930), during which tar-
iffs were the basis of the political approach to support
the economy. The Spanish government was faced with
the need for bilateral negotiations to open new markets
for goods. As can be seen from the results of the articles,
the saving step for the Spanish economy was coopera-
tion with Great Britain and Italy, which agreed to accept
Spanish goods in exchange for Spain's access to their
market. The study shows that for difficult economic fea-
tures, and it is necessary to have external partners, it is
possible to prevent the recovery of the country's economy.

The role of grain exports in the events of the
Great Famine in China was studied by H. Kasahara and
B. Li (2020). In the course of the study, the scientists
quantified the various causes that could have led to such
mass mortality among the Chinese population from
1955 to 1963. Scientists have come to the conclusion
that the increase in the volume of grain exports was
directly proportional to the increase in the death rate of
the Chinese. It is peculiar that death rates were higher
in areas with fewer members of the Chinese Communist
Party. Using the example of China, it can be seen that
the lack of development of agricultural enterprises, an
increase in the number of imported goods, and a par-
allel increase in the amount of exported grain can lead
to a demographic catastrophe. Therefore, for Ukraine,
reducing the export of grain in the post-war period can
be quite a rational decision to avoid similar situations.

Other researchers such as Gutierrez et al. (2022),
raised the issue of regulating the feed (cereal) market
after the COVID-19 crisis. Cereal crops are consumed
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not only by humans but also by animals. This suggests
an increase in the need for each of the states to import
and export grain crops. The authors used a global vec-
tor auto regression model to estimate the shock to oil,
exports, and stocks of wheat, corn, and barley for ex-
porting countries. The results of the analysis indicate
that grain prices remained stable in early 2020 thanks
to the oil market. However, restrictions on grain exports,
which could be observed at the beginning of 2020, may
still lead to an increase in prices in importing countries.
Given this forecast, reducing the volume of grain ex-
ported from Ukraine to other countries would be able
to maintain a stable price policy in this food segment,
but such actions may lead to the beginning of a shortage
of grain crops at the national level. That is why the issue
of export after the end of the war is so urgent.

Canada has a very large agricultural potential,
but even such an economically stable state faced a cri-
sis that was called the Great Canadian Grain Logistics
Crisis. The events of the agricultural sector in 2013-
2014 in Canada were studied by PJ.AM. Rimmer and
C. Comtois (2018). The researchers study the “politics” of
Canada’s grain supply chain, which includes producers,
grain companies, rail companies, port operators and
export buyers. PJ.A.M. Rimmer and C. Comtois (2018)
suggest that Canadian grain exports have been in de-
cline due to ineffective changes in the supply chain,
particularly in the Asia-Pacific region. Researchers Brown
et al.(2020) drew attention to the possibility of Canadian
farms switching from low-value wheat to high-value
canola. Such changes were associated with the abolition
of export subsidies in the country in 1995. The authors
of the study come to the conclusion that the adaptation
of farms to new political and economic conditions can
be carried out heterogeneously, but each farm must have
an individual approach.

The purpose of the study is to identify factors
that significantly affect the level of production and ex-
port potential of grain crops in Ukraine. It should con-
sider the general economic situation in the country, in-
vestigate possible reasons for significant fluctuations
in production, and identify potential scenarios for the
development of Ukrainian grain exports. For this pur-
pose, the following objectives have been set: to analyse
statistical data from official sources on the main fea-
tures of grain crop production and exports; to identify
the main trends in grain production and to identify the
main factors affecting this area of the economy; to es-
tablish a proper forecast of fluctuations in the capacity
of Ukraine's grain export potential and to estimate the
possible consequences.

MATERIALS AND METHODS

To estimate the production capacity and export potential
of grain crops, the use of official statistical methods to
determine this integral indicator has been suggested.
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During the preliminary analysis, the main groups of
indicators that comprehensively describe the export
potential of the country's agro-industrial complex were
identified. The export potential of grain crops was es-
timated in the following sequence: to define a system
of indicators to estimate the grain export potential; to
determine the significance of individual indicators in
the system for grain export volumes; to define the in-
fluence of the most influential indicators on the level of
grain crops export potential; to calculate the forecast of
grain export volumes for the medium term; to develop
recommendations for agro-industrial and foreign trade
institutions by considering their impact on the main in-
dicators of grain crop production and exports according
to the results of the forecast.

The main input data for the analysis of grain
production indicators are derived from sources (State
Statistics Service of Ukraine, 2022; Ukraine 2022, 2022)
and for the years 2010-2021. To obtain an estimate of
the prospects in the export potential, there is a necessity
to forecast grain export volumes based on the series of
dynamics of grain production volumes in Ukraine, the
cultivated areas used for this purpose, the amount of
mineral and organic fertilisers used, purchasing prices,
etc. In the process of selecting a method for forecasting
the capacity of grain export potential, it is considered
that the forecast result must fulfil the requirements of
applicability to the studied dynamic series and the ob-
jective significance of the obtained estimates (Hunk et al.,
2003). Considering this, it is suggested to use adaptive
models of nonlinear type, which is described in (Ingle
etal.,2021; Silva et al., 2019). These methods are seasonal
and reflect modern approaches to forecasting complex
time series, such as production and export volumes of
grain crops. The trend adaptive model for forecasting
the level of the indicator St will be called the analytical
function of the type:

Sy =f(t,6)
{F(G) =S, — f(t—1,6) (1)

where: t - time unit given in the considered case, years;
G - vector of parameters significantly influencing the
levels of the forecast indicator.

The function F(G) allows the deviation of the ac-
tual and modelled values of S, over time to be estimated
and the dependence of the parameters at which the
model has the highest possible accuracy to be clarified.
In general, the function f (¢, G) can be represented in
analytical form, or by a complex neural network, etc.
To establish these models, the least-squares method
of error estimation is applied in most cases. The fore-
casting of grain export volumes has been suggested
using the Holt-Winters exponential triple-smooth-
ing (ETS) time-series forecasting method (Holt, 2004;
Winters, 1960). Compared to simple and double expo-
nential smoothing, the Holt-Winters triple exponential
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smoothing model considers trend and seasonality fac-
tors (Holt, 2004; Winters, 1960). The selection of this
model is based on the fact that it has performed ex-
tremely well for data with a pronounced seasonal com-
ponent. It is assumed that the seasonal component of
grain production and export levels is additive based
on a predetermined annual period of constant periodic
fluctuations from the mathematical expectation. With
additive seasonality, the level of indicator St at time t is
calculated as a recurrent relationship as:

S=a(X~-C~R)*(1-a)(S-1+B-1) (2)
where: X is the levels of the original time series in period
t; S,-1is the seasonally deprived, smoothed value in the
previous period t-1; B-1 is the trend component of the
series; C, is the seasonal component of the series; R is
the season length in periods; a is the level smoothing
factor, a€(0, 1), which is selected based on the minimum
accumulated error in expression (1).

Using the smoothing coefficient a, the influence
weight of the current value of X, and the smoothed
previous value of S-1 of the level of grain exports is
distributed. In calculating the smoothed value, the
following feature is considered: if the corresponding
smoothing coefficient is closer to 1, the values of the
current and the nearest previous values of grain export
levels are considered more. To identify the main trends
in grain production and exports, regression methods
have been proposed. The selection is based on the fact
that, despite their relative simplicity, these methods
provide effective results even when a large number of
factors are involved. The multiple regression equation for
capacity and export volumes of grain crops S,can be
represented as:

S=fB, Wyre, (3)
where: W=W(W ,W,,.. W, .. W ) - vector of factors influ-
encing the one under study; p — weight vector of coeffi-
cients to be determined; € - random error (or deviation).

In explicit form, the linear multiple regression
equation has the form:

S=B,+B,W +B,W +..+ B W +g, 4)
where: B - free regression term, determining the value
of S, in the case when all factors W,and € [1..m],are O;
B,.. B, — regression coefficients.

The estimation of the regression coefficients B,
is proposed to be performed using the least-squares
method, as it is quite common and efficient as it pro-
vides a minimum of the mathematical expectation of
the random deviation €. To solve the problem of iden-
tifying the main factors influencing grain production
and exports, it is suggested to estimate the value of the
paired correlation coefficient:

R = 2i(Wi=W)(St;=5¢t)
mo TW—W)2 X (St;—S6)%

()

where: W St - is the mathematical expectation of the
corresponding values W, and St, at time 1.




The quality of the obtained regression model
is suggested by identifying the hypothesis of equality
of zero coefficient of determination of data by Fisher's
F-criterion using well-known methods (Lomotko et al.,
2019; Silva et al., 2019).

RESULTS AND DISCUSSION

The production and export of grain and leguminous
crops occupy a major place in the income structure of
the national economy. Grain production is the activity of
agricultural producers, which is specifically designed to
grow grain to meet the domestic demands of Ukraine for
seed, grain for food, fodder and technical purposes, to
improve its quality, to maintain and develop the export
potential of grain crops market, and is associated with
the food security of Ukraine through the development
of grain economy (Law of Ukraine No. 37-1V, 2002). The
situation in the Ukrainian economy and agro-industrial
complex is defined by the high level of military threat to
agriculture and crops, massive damage to the infrastruc-
ture necessary for proper functioning and other adverse
consequences. It presents new challenges to all economic
subjects. Therefore, the analysis of the availability and
patterns of changes in the reserve of grain crop production
for domestic usage of the farm and external consumers
determines the relevance of the question under study.

The agricultural industry occupies one of the
main positions in terms of volume and financial perfor-
mance among all economic activities in the country. A
significant role in agricultural production is dedicated to
the cultivation of grain crops. Grain and its products have
multiple uses: food, fodder and technical. The leading crop
for the national economy in terms of production and cul-
tivated area belongs to grains (Fig. 1). As it can be seen,
cereals and leguminous crops dominate in the structure
of cultivated area - 64.49% of the total Ukrainian crop
production, which according to (State Statistics Service
of Ukraine, 2022) in 2021, amounted to 24804 thousand
hectares. By production volumes (Figure 2) wheat and
maize are in the lead, respectively 38.7% and 47.1%, fol-
lowed by 11.4% of barley in the total production of grains
and leguminous crops in 2021. It demonstrates the sig-
nificance of studying the availability of these crops for
domestic use in Ukraine and for external consumers who
import grain from Ukraine.

Grain and leguminous
crops (64.49%)

Sunflower (26.70%)
Vegetable crops (1.85%)
Sugar beet (0.92%)
Potato (5.17%)

Figure 1. Structure of cultivated area in Ukraine (2021), %
Source: State Statistics Service of Ukraine (2022)
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Grain and leguminous
crops (86010 KT)

Sunflower (16392 KT)
Vegetable crops (9935 KT)

Sugar beet (10854 KT)
Potato (21356 KT)

Others (2235 KT)

Figure 2. Production volumes of grains and leguminous
crops in Ukraine (2021), KT
Source: State Statistics Service of Ukraine (2022)
Note: KT - thousand tonnes

Currently, the government has been obliged to
classify crops as critical goods for import under martial
law. The criteria for this decision are defined in (Reso-
lution of the Cabinet of Ministers of Ukraine No. 153,
2022) and reflect the fact that grain is a food commodity,
the lack of which can result in a humanitarian and food
crisis, and it is part of the production cycle of critical
food commodities. The influence of this fact is consid-
ered in establishing the purposes of the study (Ukraine
2022, 2022). The study of trends in the grains market is
connected to an analysis of the level of total grain yield
in the country: according to (FAOSTAT: Ukraine, 2022), it
has almost doubled, from 2.77 t/ha in 1992 to 5.38 t/ha
in 2021, according to the data. Researchers argue that it
has significantly affected the structure and priorities of
the national economy and confirms a significant export
potential (Kyzym et al., 2014; Klymenko et al., 2013).
According to data (Kyrylenko et al., 2017) Ukraine aspires
to join the world's leading economic alliances, which
requires the development of strong, extensive interna-
tional economic relations and the conclusion of ap-
propriate foreign economic agreements. Up to 70% of
Ukraine's agricultural production is exported through
transnational corporations, which unfortunately does
not guarantee continued investment in the industry
and provides little stability in the agribusiness complex
(Nakonechna & Yakubovska, 2018).

At the beginning of 2022, there is a tendency for
Ukrainian grain exports to decrease and export prices
to increase from $200-250 to $400-450/t in world mar-
kets (Grain: World Markets and Trade, 2022). It contrib-
utes to the termination of existing and lack of commer-
cial interest in new contracts for the supply of grain
products to the European Union (EU) and other coun-
tries (Garbelini et al., 2022). Compounding the trend
is the forced transportation of crops by rail through
congested land border crossings, which has resulted
in longer delivery times and more complicated grain
logistics (Lomotko et al., 2019). To reduce the level of
uncertainty in the grain market, a necessity emerged
to forecast trends and developments in the market.
Regrettably, the analysis of most of the reviewed stud-
ies demonstrates insufficient consideration of current
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trends in the agricultural industry. Therefore, the ob-
stacles to the conclusion of long-term contracts due to
martial law and the situation of the Ukrainian economy,
against the background of the rapid integration into
the EU, cannot ensure stability in the production and

25 23.1

20
16.6

15

10

1.72
0.18

2020

export volumes of grain crops. Ukraine has exported
45.8 million tonnes of grain in 2020 and 42.6 million
tonnes in 2021-2022 marketing year (mr) (as of Febru-
ary 21, 2022), as presented in Figure 3 (State Statistics
Service of Ukraine, 2022).

Wheat
178 18.7
Barley
Rye
5.6 Maize
Others
0.16 0.34
2021/22mr

Figure 3. Structure of grain and leguminous crops exports in Ukraine

Source: State Statistics Service of Ukraine (2022)

The gross harvest and yield of the crop vary
according to natural-geographical and anthropogenic
factors (Nakonechna & Yakubovska, 2018; Vasylkovska
& Malakhovska, 2019). Natural factors include the avail-
ability of cultivated areas, natural soil fertility, climatic
conditions and photosynthetic activity. Technogenic

factors refer to the level of modern technology used to
provide plants with moisture, the required amount of
mineral and organic matter (Guo et al., 2022). The main
input data for the analysis of grain production indica-
tors are considered for 2010-2021 and are presented
in Table 1.

Table 1. Main indicators of Ukraine's agro-industrial complex for the production
of grain and leguminous crops in all categories of farms

Production volume

Cultivated area (gross harvest)

of grain and

Grain export,

Mineral fertiliser
application
for grain and

Organic fertiliser
application
for grain and

Average prices
of agricultural

Year ! of grain and > > .
leguminous crops, : thousand tonnes  leguminous crops  leguminous crops grain products,
leguminous crops, . . . .
thousand ha (excluding maize) (excluding maize) UAH/t
thousand tonnes
thousand tonnes thousand tonnes
W, w, S, W, W, W,

2010 15090 39271 12180 185.3 2939.5 11209
2011 15724 56747 23230 261.8 2916.8 1374.2
2012 15449 46216 22190 340.6 28253 1547.1
2013 16210 63051 32520 439.6 2620 1299.8
2014 14801 63859 35600 404.7 22534 1801.4
2015 14739 60126 38620 342.3 2332.5 29121
2016 14401 66088 44990 410.7 20254 34140
2017 14624 61917 40270 478.8 1873.9 3771.6
2018 14839 70057 50090 482.5 2316.6 4315.0
2019 15318 75143 55090 528.0 2368.5 38675
2020 15392 64933 45810 659.9 2060.7 4794.1
2021 15995 86010 50800 630.5 1875.7 6296.1

Source: based on data from (State Statistics Service of Ukraine, 2022; FAOSTAT: Ukraine, 2022)
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The publications (Kyrylenko et al., 2017; Na-
konechna & Yakubovska, 2018) consider exports to be
an essential factor for economic growth and the inte-
gration of the state into international relations with EU
countries and the world economy, i.e., exports are al-
ready acquiring the features of potential. Thus, exports
of agro-industrial products ensure Ukraine's ability to
attain the general economic purposes of European in-
tegration and the ability to solve the problems of grain
and leguminous products supply not only for a partic-
ular country but to contribute to the solution of the
world food problem in general. Since the early 2022,
EU grain markets have been significantly affected by
the situation in the Ukrainian economy and the nearly
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completely discontinuation of Ukrainian grain exports
compared to previous years (Table 1). As Ukraine is a
major exporter of wheat and maize, the result has been
a sudden shift in demand to suppliers from outside
Europe and a 2-3x increase in grain export prices. The
trend is an attempt to start transporting crops by rail
rather than by sea, which has caused sharp fluctuations
in quotations on world markets. For example, quota-
tions for maize exports declined slightly due to the level
of harvests in South America (Grain: World Markets and
Trade, 2022). In comparison, there is stability in the rice
market, whose producers are in relatively calmer eco-
nomic conditions outside Europe, which contrasts with
the volatility of wheat and maize (Fig. 4).

Rice (Thailand)

Wheat (EU)

Rice (India)

Maize (USA)

Wheat (Ukraine)
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Figure 4. The dynamics of quotations on the world crop market

Source: Grain: World Markets and Trade (2022)

Ukraine's grain export potential correlates with
global grain market trends. The data analysis presented
in (Nakonechna & Yakubovska, 2018; Melnyk, 2017) in-
dicates that world grain production in the short and long
term can generally fulfil the demand for grain products,
even if the world population continues to increase by
80 million people each year. Under these conditions, it
is forecasted that the growth in grain crop production
will be mostly due to its development in those countries
where there are suitable conditions for it. Therefore, the
conditions of the Ukrainian agricultural market should
be attributed precisely to promising regions with strong
grain crop producers. A negative trend that could con-
strain further increases in global grain production is the
limited amount of land available for grain cultivation. It
is explained by the high level of urbanisation and the

necessity to preserve forests, further involvement of un-
used fertile lands in the conditions of limited water re-
sources for agricultural purposes.The Ukrainian grain and
legume market is significantly affected by this, as most
grain seeds are exported at prices that are established on
international stock exchanges. However, the latter level
is influenced by the global trend in grain production and
consumption, as tracked by relevant indicators of global
price fluctuations and quotations on the world crop
market (FAOSTAT: Ukraine, 2022). To reduce the level of
uncertainty in the grain market, a necessity emerged to
forecast trends and developments in the market.

The forecasting of the export capacity of crops was
performed using the Holt-Winters exponential triple-
smoothing method using formulas (2) and (3) witha 95%
confidence interval, the result is presented in Figure 5.
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Figure 5. Forecast of grain export potential dynamics

Source: authors' research

Thus, if the current trend in grain export volumes
continues, the slight increase to 52.3 million tonnes in
2022 and 52.8 million tonnes in 2023 is more realistic.
However, the situation in the Ukrainian economy allows
asserting that the pessimistic scenario - 43.5 million
tons in 2022 and 41.8 million tons in 2023, or a re-
duction of grain export by 18% - is a more realistic
forecast. The accuracy of the forecast was estimated at
84%, which is a rather high value for the forecasting
method applied. In contrast to the proposed approach,
studies (Ingle et al., 2022; Silva et al., 2019) are based
on ARIMA (autoregressive integrated moving average)
models of an integrated autoregressive moving aver-
age model for the time-series analysis. They are used
to forecast demand for grain, flour, food products. The
authors demonstrate that their model is sufficiently re-
liable and can be used for demand forecasting, both for
the industry in general, for individual farms, retail out-
lets, supply chains and transport, and inventory man-
agement purposes. But the Holt-Winters model used
is well-established in agricultural and food production
research due to its prevalence and relative simplicity of
construction, and, as calculations have demonstrated,
sufficient predictive validity (Lomotko et al., 2019).

Forecasting the demand for resources such as
food, grain, and water is one of the key objectives of
most companies and economies in general (Klymenko,
2013). Resource consumption varies according to several
factors, including periodicity over time and accidental
occurrence. That is why resource demand forecasting
is performed using models, the results of which have
been analysed in detail in (Hunk et al., 2003; Ingle et al.,
2021; Sirohi et al., 2021). The forecast data obtained by
the authors from such models are used for managing, con-
trolling and adjusting the existing production and sup-
ply of the resource, and for designing the elements of
the required infrastructure for this purpose. However, it
may be observed that there is no universal method for
forecasting and modelling crop production and exports.
For this reason, the authors (Hunk et al., 2003; Holt,
2004; Winters, 1960) proposed a solution in which the
dynamics of the process under study are determined
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by trend analysis and a random factor. The implemen-
tation of such prediction models has demonstrated a
good correspondence with empirical and predictive data
and a relatively accurate reflection of the fluctuations
of the research process over time. Therefore, the re-
sults obtained in the study in this research using the
Holt-Winters method demonstrate this as a good tool
for forecasts in agricultural production.

The search for the main factors influencing grain
exports was performed using formulas (3) and (4) us-
ing the least squares method, the following regression
equation was obtained (regression equation estimation):

5=108107.6223-12.4083W +0.8576 W +

+60.9059W,+16.0424W,+0.08657W.. (6)

The regression coefficients have the following
interpretation:

Constant estimates the aggregate impact of factors
other than those considered in the model (6) on the
volume of grain exports S,, which would amount to
108107.62 thousand tonnes. Coefficient {3, indicates
that with an increase in the cultivated area of grains
and leguminous plants per 1 thousand ha the volume
of grain export decreases by 12.4083 thousand tonnes.
It is explained by the specific features of grain culti-
vation technology under extensive farming conditions
and by the fact that the expansion of the cultivated area
is generally performed for domestic consumption. This
influence naturally has some limits, the establishment
of which is beyond the scope of this study. Coefficient 3,
demonstrates that with an increase in the gross harvest
of grains and leguminous crops by 1 thousand tonnes,
the volume of grain exports increases by 0.8576 thousand
tonnes. It is explained by the desire of agricultural com-
panies to export grain residues (if any).

Coefficient B, indicates that with an increase in
mineral fertiliser application under crops of grains and
leguminous crops by 1 thousand tonnes, the volume of
grain export increases by 60.9059 thousand tonnes. It
can be explained by the natural causes of the impact
of mineral fertilisers on the level of yield. Evidently, the
positive impact has some limits, the establishment of
which is beyond the scope of this study (Nakonechna &




Yakubovska, 2018). Coefficient B, demonstrates that with
an increase in organic fertiliser application under grains
and leguminous crops by 1 thousand tonnes, the volume
of grain export increases by 16.0424 thousand tonnes.
It can be explained by the natural causes of the effect
of organic fertilisers on yield levels, by analogy from the
previous factor. Coefficient B, indicates that with an in-
crease in the average price of agricultural grain products
by 1 UAH/t, the volume of grain exports increases by
86.57 t. 1t is explained by the desire of agricultural compa-
nies to export grain residues at the most attractive price.
The list of factors influencing the volume of grain
exports is not exhaustive and can be expanded by con-
sidering additional factors (Grain: World Markets and
Trade, 2022; Vasylkovska & Malakhovska, 2019), and
model (6) will result in an enriched and more refined
one. The correlation coefficient is known to reflect the
degree of connection between two indicators. If the
coefficient is close to 0, it indicates the absence of a
connection between the variables. To find the degree
of influence of the main factors on grain exports, the
following results were obtained for the raw data in Ta-
ble 1 using formula (6): coefficient R,.=-0.137 indicates
a low level of influence of the cultivated area of grains
and leguminous crops on the volume of grain exports;
coefficient R,=0.904 demonstrates a very strong level
of influence of the gross grain harvest on grain export
volumes; coefficient R,=0.840 indicates a strong influ-
ence of the amount of fertiliser applied to grain and
leguminous crops on grain export volumes; coefficient
R,=0.798 indicates a strong influence of the amount of
organic fertiliser applied to grain and leguminous crops
on grain export volumes; coefficient R,=0.839 indicates
a strong level of influence of the average price of agri-
cultural grain products on the volume of grain exports.
A qualitative evaluation of the resulting model (6)
was performed by testing the hypothesis of nullity of
the coefficient of determination of the data by Fisher's
F-criterion. The Fisher's F-criterion for the model is
42.751, the critical value for 5 degrees of freedom is
4.39.Since 42.751>4.39, the influence of the factors can
be considered statistically significant and the regres-
sion equation (6) is statistically reliable. According to
experts (How much grain does Ukraine export, 2022),
the cultivated area of grains in Ukraine has recently de-
creased by 10-12%. Most experts are inclined to believe
that the decline in the main indicators of grain and fer-
tiliser production will be in the range of 10-15%. Based
on this, the resulting regression model (6) was applied
to predict the export potential of grain crops. Grain
exports in 2022 are estimated at 47.7 million tonnes
and in 2023 at 42.8 million tonnes, assuming current
trends remain unchanged. It corresponds to the pes-
simistic scenario in the previous forecast model, with
the discrepancy between the results not exceeding 9%.
Considering this, it can be assumed that the models ob-
tained are of sufficiently high quality and appropriate.
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Notably, changes in the amount of cultivated
area, in the quality of the crop due to the evolution of
production technology and fluctuations in world pro-
curement prices have a significant impact on the export
potential of the state. Meanwhile, an analysis of the re-
sulting impact of the factors concludes that seasonal
demand for grain products requires compensation. It
can be used at specific times of the year in the domestic
market, but agribusinesses have the option of export-
ing to foreign markets at different times of the year.
Selling the excess production volume of grain products
to exports, if the proposed forecast model is applied,
would facilitate the ability to sell their products in the
foreign market without giving large discounts to for-
eign buyers or not lead to the elimination of excess
production of agro-industrial products. At the present
stage of Ukraine's economic transformation, the issue
of adapting foreign trade to EU requirements arises. A
significant factor influencing the Ukrainian agricultural
sector is the pre-crisis excess of its production po-
tential over domestic market demand (Nakonechna &
Yakubovska, 2018). It has established a vector for na-
tional export policy development, but requires a com-
plex process of transition to international quality stan-
dards in the areas of agricultural products themselves,
customs regulations and transport technologies (Esfahani
et al., 2019; Council Directive 92/106/EEC, 1992).

Unfortunately, Ukrainian exporters of grain and
leguminous crops, compared to all major trade competi-
tors, have no efficient system of insurance, crediting and
export guarantees, which cannot fully ensure the pro-
motion of their agricultural exports. Based on the fore-
cast models obtained, it is possible to propose actions
to improve the normative regulation of export relations
in the market of agro-industrial products by strength-
ening measures to protect the interests of Ukrainian
grain producers in anti-dumping, special protective or
countervailing measures against agricultural goods of
Ukrainian origin. Recent events in Ukraine have proved
the necessity to increase the effectiveness of work on
preventing price discrimination of Ukrainian grain prod-
ucts on foreign markets, establishing an updated con-
tractual and legal framework with partner countries to
protect the interests of Ukrainian producers of agro-in-
dustrial products on foreign markets and improving the
efficiency of information and advisory support and ex-
port development of grain crops. Summarising the data
of the above sources and (Vasylkovska & Malakhovska,
2018; Melnyk, 2017) it is possible to estimate the ex-
port potential of grains as the ability of the national
economy to produce competitive agricultural products
and to sell them on international markets under con-
ditions of continuous growth of efficiency of natural
and land resources use, development of the scientific
and technical potential of the agro-industrial complex,
providing grain producers with foreign exchange and
financial and credit support, and service and transport
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infrastructure, subject to the establishment of a sys-
tem of economic security for the country in general. It
requires agribusinesses to support constant growth in
yields and the efficiency of the applied agro-technolo-
gies, which is why the development of the economy in
the period up to February 2022 observed a natural al-
ternation of growth and decline in grain production in
the absence of a long-term imbalance in the country's
export potential for these products.

When assessing the place of the Ukrainian grain
producer in the global market, note the EU export fore-
cast for 2021/22, which has been reduced to 34.0 mil-
lion. The main reason for this is a slowdown in supplies
from Ukraine, and two EU members (Bulgaria and Hun-
gary) have given priority to maintaining their reserves
to combat high world grain prices (Grain: World Markets
and Trade, 2022). Bulgaria and Hungary, which together
account for 8% of EU wheat exports, are expected to
export less wheat by the end of the trading year as
their governments imposed restrictions on grain export
volumes. Wheat exports from the EU are highly con-
centrated, with the five largest wheat exporters to the
EU (France, Germany, Romania, Poland and Lithuania)
accounting for 80% of total wheat exports. Thus, it is
particularly notable that a significant part of the export
deficit is the result of slower growth in France, Lithua-
nia and Poland. Under such conditions, it is not easy for
Ukrainian agribusinesses to establish their place in the
global economic complex, especially since the world
markets of major grain producers have already been
established. On the other hand, Ukrainian grain exports
are mainly a raw material source in the world market
for the production of finished grain products, which, as
a consequence, the country has to import from abroad.
Experts (Grain: World Markets and Trade, 2022) estimate
that EU exports will accelerate in the last quarter of
2022 as buyers shift away from supplies from Ukraine.
To reach the reduced forecast of 34.0 million tonnes, ex-
ports from the EU must average 3.5 million tonnes per
month. Demand for crops in Egypt, Turkey,Jordan, Nige-
ria and other markets in Africa is expected to increase,
ending the trading year in line with the revised forecast.

In November 2021, Forbes selected the 13 largest
agricultural companies in Ukraine (by annual revenue in
2020) (Ministry of Agrarian Policy and Food of Ukraine,
2022). The total revenue of 13 agricultural companies
is UAH 342 billion (14.9%) out of the hundred largest
private companies in Ukraine - UAH 2.3 trillion. The
most efficient agricultural companies include “Kernel”
(UAH 118.7 billion), “MHP” (UAH 51.5 billion), “Nibulon”
(UAH 25.8 billion). The 13 largest agricultural compa-
nies employ 67,800 people. Considering the forecasts,
the question arises regarding not only the financial but
the social aspect of the consequences of adverse trends
inthe grain market. Studies (Nakonechna & Yakubovska,
2018) demonstrate that agricultural production faces
the risk of severe water shortages and nitrogen fertiliser
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efficiency, which could be another factor significantly
influencing the performance of agricultural companies.
In (Garbelini et al., 2022) notes that the permanent use
of intensive cultivation areas can worsen soil yields,
profit margins for agribusinesses and environmental
sustainability. Thus, the authors (Sirohi et al., 2021;
Guliyev et al., 2021) conducted research on the level
of grain yield and profitability of agricultural systems
with various levels of plant diversity. It is proposed to
do this by predicting yield volumes and automating
particular processes. The disadvantage of such systems
is their design cost. The proposed set of measures requires
budgetary and extra-budgetary funding and foreign in-
vestment, the amount of which should be determined
based on existing international practices, and an assess-
ment of the national economy and the existing structure
of grain exports. Thus, for these purposes, the selection
of an efficient formal forecasting method will enhance
the functionality of agribusiness operations and have
the expected effect of reducing uncertainty in the grain
market.

CONCLUSIONS

The demand for grain crops products on both world
and Ukrainian markets has a steady upward trend due
to objective (natural influence on grain crop fertility,
modern farming technologies, application of the latest
fertilisers) and subjective reasons (changing consump-
tion culture of the population, a trend towards the con-
sumption of ecologically clean products). Statistical data
analysis of the main features of crop production and
exports in Ukraine demonstrates that the country’s po-
tential is, regrettably, unstable. Although the trend of
grain exports in 2010-2021 is centred on growth, with
a maximum of 50.8 million tons in 2021, the forecast
obtained in this research demonstrates that the export
potential of grains is expected to decrease. EU exports
are expected to accelerate in the last quarter of 2022,
as buyers unfortunately shift away from supplies from
Ukraine. To reach the reduced forecast of 34.0 million
tons, exports from the EU must average 3.5 million tons
per month. That forecast estimate of grain supply to
Egypt, Turkey, Jordan, Nigeria and some other countries
demonstrates an increasing trend in demand.

The Holt-Winters exponential triple-smoothing
method was selected as the methodological apparatus
for forecasting economic processes in the grain market,
and regression methods were proposed for identifying
the main trends and the degree of influence of factors
on grain exports. The influence of the main factors on a
country's export potential has been defined, in particular,
the amount of cultivated land, the amount of mineral
and organic fertilisers applied, grain purchasing prices,
etc. The resulting models demonstrated sufficient statis-
tical reliability, and the discrepancy between the results
obtained by the various methods did not exceed 9%. As-
suming that the current trend in the volume of Ukrainian




grain exports continues, it is established that a slight
increase to 52.3 million tons in 2022 and 52.8 million
tons in 2023 is the most probable. At the same time,
the proposed forecast models reflect current economic
trends, which allows asserting the reality of pessimistic
expectations for grain exports with its reduction by 18%
to 43.5 million tonnes in 2022 and 41.8 million tonnes
in 2023. The reliability of the forecast is estimated at
84%, which demonstrates the quality of the applied
forecasting method. The way to reduce the possibility
of a decline in the export potential of crops is to expand
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strong and extensive international economic connections
and to conclude appropriate long-term foreign trade
agreements for agro-industrial and foreign trade insti-
tutions. Thus, in the terms of the agreements, the predicted
results obtained and the level of influence of the main
factors investigated in the research should be considered.
Taking into account the current state of Ukrainian crop
production and its export, conducting further research
to identify ways to avoid an economic imbalance in the
grain market of Ukraine in the next 5-10 years was justified
from a scientific point of view.
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AHani3 NoTy)KHocTe eKCNOPTHOro NoTeHuiany 3epHOBUX KynbTyp YKpaiHu,
MOXXJIUBUX NPUYMH 3aHeNnaay Ta HanpsMiB PO3BUTKY

Hizami Oxxadapos, Enbluian I6parimos, Myxa66ar lNyceitHoB

AzepbanmKaHCbKUI yHiBEPCUTET KOONepaLii
AZ1106, Byn. H. HapimaHoBa, 93, M. baky, Pecnybnika AsepbainxaH

AHoTauif. Y cTaTTi NpeacTaBneHo aHani3 BUPOOGHULTBA Ta 06cariB ekcnopTy 3epHa B YkpaiHi y 2010-2021 pokax.
OcHOBHMMM 3aranbHUMKM (HAKTOPaMMU, LLO OCTAHHIM YacoM BMIMHYIM Ha MAaKpOEKOHOMIYHi MOKA3HMKM KpaiHu Ta
BM3HAYMAN MOXMBICTb iX 3aHENaAY, CTanu 3HULLEHA Ta NOLWKOAXKEHA iHDPACTPYKTYpa, BUCOKMIA piBEHb BiNCbKOBOT
3arposu A/ NocCiBHUX M/OLL, MAaCOBa BHYTPILUHS Ta 30BHILLHA Mirpalis npaLe3aaTHoro HacesneHHs Ta 6isHecy. Tomy
aHani3 HasiBHOCTI Ta 3aKOHOMIPHOCTe 3MiH pe3epBy BUPOOHMLITBA LIMX KYNLTYP A/15 BHYTPILLIHbOAEPYKABHOIO BUKOPUCTAHHS
rocnofapcTeaTa A 30BHILUHIX CMOXMBAYiB BU3HAYAE aKTyaNbHICTb AOCNIAKYBAHOMO NUTaHHA. MeTOo JOCNIAKEHHS €
aHanNi3 0CHOBHMX MNOKAa3HWKIB BUPOOHMLITBA 3€pHOBUX KYNbTYP B YKPaiHiTa BUSBEHHS YNHHMKIB,LL,O CYTTEBO BMNJIMBAKOTb
Ha iX eKCnopTHWI NoTeHuian. 3a LOMNOMOroK BUKOPUCTaHHS GOPManbHMUX CTAaTUCTUYHUX METOAIB PO3pob/ieHo
Mogeni, LWo BiabMBaOTb MOX/IMBI KONIMBAHHS 06CAriB eKCMOPTY 3epHA 3 YpaxyBaHHSM MOX/IMBOrO PO3BUTKY CUTyaLii
B EKOHOMIiLi KpaiHWU. BUKOpMCTaHHA perpeciiHuX MeTOAIB [03BOSIMIO BCTAHOBMTU OCHOBHI GaKTopw, WO BNAMBAIOTb
Ha eKCNopTHWI noTeHuian 3epHoBuMX. [loBeaeHo, Wo A0 uux GakTopis, 30KpeMa MOX/IMBO BifHECTU BanoBi obcarm
360py BpOXato, HASIBHICTb Ta KiIbKiCTb MiHEpAIbHUX Ta OPraHiuHMX f06pMB, 3aKyMiBe/bHI LiHX Ha NPOAYKL0 TOLLO.
Moka3aHo CTikKy TpuBany TeHAEHLi0 10 36inblieHHs 06cariB ekcnopTy 3epHoBUX NpoTsaroM 10 ocTaHHiX pokis, ane
BCTAHOBJIEHO, WO 3HAYHUIM eKCNOPTHWMI noTeHuian YKpaiHM MOXe CYTTEBO 3MiHMUTUCA. Lle MOoxe BNAMHYTU Ha CTaH
E€KOHOMIK KpaiH-iMnopTepiB yKpaiHCbKOro 3epHa. [IponoHY€ETHCS 3MEHLWNTM HEraTUBHUIM BNAMB MOX/IMBUX MPUYMH
3aHenaay eKCnopTHOro noteHuiany YKpaiHW WASXOM MOAANbLUIOIO PO3BUTKY TEXHOMOTIM BUPOLLYBaHHS, 36epiraHHs
Ta TPaHCNOPTYBAHHS 3epHOBUX KyNbTyp. [pakTMUHa LLIHHICTb OTPUMAHUX Pe3yNLTaTiB NONSaE Y 3MEHLEHHI HEBU3HAYeHOCTi
Ha PUHKY CiNbCbKOroCcnoAapCbKoi NpoayKuii Ans arponpoMMUCIOBUX T 30BHILLIHBOTOPrOBENbHUX YCTAHOB LWASXOM
BPaxyBaHHS HUMU BMNAUBY OCHOBHMX NOKAa3HMKIB BUPOOHMLTBA Ta €KCNOPTY 3€PHOBUX KYNbTYP

KntouoBi cnoBa: ekcnopT 3epHa, EKOHOMIYHWI aHANi3, BPOXKAMHICTb 3epHOBMX KYNbTYpP, MOCIBHA NOLLA, BUPOLLYBAHHS
nweHuL,
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Abstract. In modern realities, enterprises are the main entity of the economy
performance. However, their role has changed over time, which also led
to changes in the principles of accounting, which in general increased
its importance for achieving the company’s best financial performance.
Thus, it remains relevant to consider the modern features of accounting
in enterprises. In this work, the analysis is carried out in the Republic of
Tajikistan,which is explained both by the economic features of the country’s
development and by its socialist past and relatively short history within
the capitalist mechanism of the state. In addition, the analysis is mainly
focused on the agricultural sector due to its significant role in the country’s
strategic and economic development plans. The purpose of the work was
to assess the current state of management reporting methods in Tajikistan.
The main method used in writing of the article was the analysis, taking
into account the number of considered sources, used to form conclusions,
modeling, graphic and statistical methods. The work described the main
features of management reporting for agricultural enterprises in the
Republic of Tajikistan. The analysis of the structure and main forms that
exist for reporting by the agricultural sector companies showed their low
efficiency. This is due to the volume of provided data, which is not enough
for the effective functioning of the agricultural sector. It was proved that
by introducing some changes in the methods accounting (management)
reporting and improving the data quality in it, it was possible to increase
the level of enterprises competitiveness. Therefore, the work presented
such forms of their reporting that could solve some existing problems. The
work provided new knowledge of the principles of financial reporting, as
well as analyzed the peculiarities of its preparation in the country, therefore
its results can be used practically by the specialists in the respective field
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INTRODUCTION

Accounting plays a huge role in the enterprise function-
ing: this generally accepted set of rules allows not only
for effectively taking into account income and costs,
but also for planning a future development strategy;
monitor current activities (Al-Khasawneh et al., 2014;
Jostan & Alimbudiono, 2020), making it an important
part of maintaining a company’s competitiveness (Jaf
et al., 2020). Accounting methods introduced in a country
play a significant role in the formation of a company’s
operation principles, hence the effectiveness of its
functioning (Gao, 2022). The reason for this is that a
qualitative information analysis about the companies’
activities helps managers to draw conclusions for the
formation of a future development strategy (Oyewo &
Ajibolade, 2019). The accounting report also plays an
important role in the economy development of states
as a whole, because it allows assessing the degree of
enterprises development for subsequent decisions in
macroeconomic policy and monitoring their activities
(Randriamiarana, 2015).

This work examines the level of management
and accounting reporting of agricultural enterprises of
the Republic of Tajikistan. In general, this industry is of
great importance for the country development due to its
economic and strategic components. In the first case, the
reason is the high sector share in the economic develop-
ment of the country,and in the second case the universal
role of developing one’s own agriculture in the event of
various global shocks and crises (Alpatova et al., 2021).
Therefore, it is still relevant to consider the features of
accounting reporting to improve the companies’welfare
in the agricultural sector in the Republic of Tajikistan.

Asignificant number of scientists have been en-
gaged in the consideration of this and related topics.
Works that studied the interaction features between
management and accounting reporting and the com-
petitiveness level of enterprises became important for
conducting this research. This, in particular, was the ar-
ticle by A.Y. Othman (2020), which analyzed the role of
management accounting practices in terms of achieving
competitive advantages by a company using the em-
pirical example of Iraq. In the study, the author con-
ducts a qualitative statistical analysis of the selected
variables and generates recommendations for companies
in accounting to achieve better results. S.J. Braim (2020)
worked on the same issue in the research on the role
of management accounting in the company’s deci-
sion-making process. They point to the interaction be-
tween the quality of reporting with the financial per-
formance of companies, which confirms the importance
of quality reporting in enterprises. New competition
methods among enterprises were studied by V. O'Connell
etal.(2020), pointing to the role of such phenomenon as
competitive intelligence, which allows better building of
future development strategy using data on the compet-
ing enterprises development. Works in which scientists
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studied the interaction of the information availability
and quality when submitting reporting with the level of
subsequent financial performance of companies, have
also become important: among them, A.P. Monteiro
et al. (2020) should be noted.

Thus, the purpose of the work is to analyze and as-
sess the present state of management reporting meth-
ods in the Republic of Tajikistan. The object of the study
is the methods of accounting for enterprises by them-
selves. The novelty of the article lies in a detailed anal-
ysis of the forms and rules of accounting in the country,
especially for companies in the agricultural sector. In
addition, it provides an opportunity to find new prob-
lems in the industry functioning (in terms of reporting),
which is especially relevant, because not many scien-
tists pay attention to them when studying the function-
ing features of the agro-industrial complex in Tajikistan.

MATERIALS AND METHODS

It should be noted that this work analyses, first of all, how
management reporting affects the increase in the com-
panies’ competitiveness in the market.However,the arti-
cle mentions accounting reporting more than once: the
reason for this is that management reporting is an inte-
gral part of accounting. This is described in more detail
below in the work in the diagram. Thus, within the article,
these two concepts can be considered synonymous.

The main information sources in the article were
the existing regulatory legal acts of the Republic of Ta-
jikistan, which made it possible to assess and describe
the modern principles of accounting reporting in the
country. Among them, there are the Album of forms of
primary accounting documentation and reporting for
enterprises and associations (approved by the Ministry
of Finance of the Republic of Tajikistan) (2013), from
which the templates existing in the country for keeping
records of agricultural enterprises activities were taken,
as well as the Order of the Ministry of Finance of the Re-
public of Tajikistan No. 124 “On Approval of the Instruc-
tions on the Procedure for Filling in Forms of Quarterly
and Annual Financial Statements by Business Entities”
(2001). In addition, works of other scientists were im-
portant for the analysis of different views on the manage-
ment reporting role in the company functioning.

When conducting the research, a significant num-
ber of scientific methods were used, however, analysis
should be recognized as the most common one among
them due to the big amount of literature processed for
holding the study. With the help of induction, disparate
data on accounting reporting methods among enter-
prises of the Republic of Tajikistan were processed, and
thus it was possible to draw conclusions about the gen-
eral methodology for its maintenance. Modeling played
an important role, with the help of which the condi-
tions for the enterprises functioning were formed and
conclusions were drawn about what reporting standards




should be for the most effective management of the
company. Thus, abstraction was crucial, and with its
use, the influence of external factors on the enterprises
activities was measured in order to form conclusions.
Although statistical study methods are practically not
used, they are also relevant for this study. Among them,
graphical method should be distinguished, which made
it possible to demonstrate disparate data particles within
one design, thus simplifying their perception and the
formation of main conclusions.

The whole work can be divided into several
stages. At the first stage, the structure and essence of
the accounting reporting system for agricultural and
its features are described and forms for its submission
are shown. The second part of the study presents the
existing and recommended reporting forms in the ag-
riculture field, both to increase the efficiency of enter-
prises and their financial performance, and the level of
competitiveness in general. The article also includes
discussion, review and re-evaluation of the obtained
results based on the work of other scientists.

RESULTS

The current state of the market economy significantly
depends on the achieved level of competitive environment
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based on the information support of the management
system. As it is known, the main role in the informa-
tion support system through reporting is assigned to
the accounting and analytical system, which often de-
pends on proper development and improvement (Gan-
dour, 2021). Its development as an information source
for making managerial decisions in agriculture should
take into account all the specific features, considering
also the technological and organizational structure of
production and management. The main economic infor-
mation source in the accounting and analytical system
is accounting, which summarizes all information into
a single reporting system that serves to make appro-
priate managerial decisions for management, potential
buyers and suppliers, investors and other persons (Ber-
gonia, 2021). The system of accounting and reporting
in agricultural enterprises that exists today does not
fully meet the management requirements through and
by the method of presenting economic and facilities
data, which are excessively detailed. Also, the report-
ing compliance is affected by such factor as insufficient
efficiency in compiling and presenting the necessary in-
formation that affects the effectiveness of made deci-
sions. Accounting systems types and their participation
in management systems is shown in Figure 1.

Accounting reporting system of agricultural organisations

Financial statements  Management reporting

Tax reporting Statistical reporting

Participation in the management process

Cost management,
analysis of budget
implementation,

Investment, financial
condition, financial
results

etc.

competitiveness level,

Microeconomic state,

the subject value in

the macroeconomic
state, etc.

Budget settlements,
planning and analysis of
tax and fiscal policy

Users

Organisational
leadership. Statistical
authorities. Creditors.

Other concerned parties

Organisational

of business units.
Shareholders

leadership. Managers

The Statistical
Agency under
President of
the Republic of
Tajikistan. Statistical
authorities

Tax authorities. Other
government bodies
(pension fund, etc.)

Figure 1. Types of accounting reporting and their participation in the management system of an agricultural enterprise
Source: prepared by the author based on the special literature study (Barfiev, 2019)
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As it can be seen from Figure 1, the main mech-
anism of influence on managerial decisions of an eco-
nomic entity management is organized reporting, which
is formed on the indicators system. Management report-
ing being internalreporting in a structuraland composite
aspect depends on the main user of this reporting form.
In this regard, to make appropriate managerial decisions
in a competitive environment, it is necessary to promptly
and adequately respond to the changes dynamics in the
external and internal environment, and for this the ac-
counting and analytical system, covering the system of
planning, accounting, analysis and control, should have
adaptability and flexibility.An important document char-
acterizing the financial and economic activities of an
agricultural enterprise, as well as other organizations, is
the financial statements, which consist of the approved
Order of the Ministry of Finance of the Republic of Ta-
jikistan No. 124 “On Approval of the Instructions on the
Procedure for Filling in Forms of Quarterly and Annual
Financial Statements by Business Entities” (2001). The
standard financial statements composition of an agri-
cultural enterprise, as well as other management forms,
covers such forms as: balance sheet (statement of finan-
cial position), statement of financial and economic activ-
ities results (profit and loss statement), cash flow state-
ment, statement of owners’ equity (Vavrek et al., 2021).

The methodological basis for the preparation
and presentation of financial statements by both an ag-
ricultural enterprise and other economic entities of a
market economy is regulated by the relevant regulatory
legal acts, as well as national financial reporting stan-
dards (NFRS) for organizations that do not have a public
interest and International Financial Reporting Stan-
dards (IFRS) for enterprises and organizations of public
interest. In terms of compiling these types of reporting,
as well as in those of the availability of a regulatory
methodology in modern conditions, almost all econom-
ic entities compile and submit financial statements, in-
cluding agricultural ones, in addition to dehkan (farm)
enterprises, which can submit accounting reporting in
a simplified system. The modern economy puts its prin-
ciples before the managerial personnel and, with the
improvement of methodological and practical aspects
causes specialists to carry out, in addition to maintain-
ing mandatory accounting (financial) accounting, main-
taining management (internal) accounting, the main
product of which is management reporting aimed at
providing information to the management system of an
economic entity. Considering the problems of organizing
and maintaining management accounting in different
economy sectors, the main emphasis is made primarily
on the organization industry specifics. Such a statement
can also be attributed to the preferences and requirements
of users, which are often managers and management of
an economic entity.

In the managing system of the economic activity
of agrarian formations and their competitiveness, the
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indicators that are properly adapted to the relevant man-
agement purposes become more important. It should
be noted that when managing competitiveness, at some
time, financial purposes fall to the background com-
pared with capturing the sales market and increasing
consumer demand for the products presented to them
(Alsoboa, 2015). However, in making this statement, it
should be remembered that excessive market capturing
can lead to a significant level of financial loss for the
farmer, that is, loss (O'Hara & Oldfield, 1986). There-
fore, to move financial indicators to a secondary plan,
the management of an entity should at least ensure
the achievement of the breakeven point, and it in turn,
will ensure the successful functioning of the farmer in a
strategic aspect (Barfiev, 2019). Achievement of set tasks
is ensured on the basis of the use of reliable and com-
prehensive information from management reporting.
Reporting aimed at managing competitiveness should
characterize not only the achieved results of the finan-
cial, economic and production activities of an economic
entity, but also to some extent reflect the forecast of
ongoing measures aimed at ensuring the growth of the
competitiveness level. Considering this statement from
the point of view of a terminological concept, the sug-
gested management report can be classified as a “report
with references to the future” that is, it is a report that to
some extent covers forecast, current and past indicators.

To argue that agricultural enterprises do not
properly maintain an accounting and reporting system
is not entirely fair, because in addition to the general
forms of financial reporting, they also submit additional
forms that reflecting industry characteristics reveal cer-
tain specific features of the agricultural business. These
forms belong to the specialized AIC reporting forms and
consist of nine separate forms (Fig. 2), each of which re-
flects certain information about the entity’s activities.
They are approved by Order of the Ministry of Finance
of the Republic of Tajikistan No. 124 “On Approval of
the Instructions on the Procedure for Filling in Forms of
Quarterly and Annual Financial Statements by Business
Entities” (2001).

The forms of specialized reporting shown in
Figu 2 are submitted by agricultural enterprises to their
higher branch departments, in this case, this is the Min-
istry of Agriculture of the Republic of Tajikistan. Com-
pilation of these specialized reporting forms allows
the management of an economic entity use the indica-
tors reflected in them. Each of the forms presented in
Figure 2 plays an important role in the preparation of
the general enterprise reporting, because it displays a
separate component of its activities. Containing certain
information, they provide management personnel with
a certain opportunity to make appropriate managerial
decisions. Considering the process of making of mana-
gerial decisions in terms of certain procedures, they are
in contact with economic and financial analysis, which
serves as the main information source (a kind of basis)




for making managerial decisions. The textbooks given
by specialists it is assumed the use of IFRS as the ba-
sis for managing or, most likely, improving the financial
condition of an economic entity,and for agricultural en-
terprises, first of all, it is the use of IFRS 41 “Agriculture”
aimed at assessing and reporting biological assets.With
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taking these standards as the basis for the preparation
of financial statements, and in the future, in the man-
agement of competitiveness for the conditions of the
Republic of Tajikistan, difficulties will arise, and they
will require appropriate clarifications,amendments and
additional forms of financial and economic reporting.

form No. 5 - AIC “Number of employees (collective farmers) funds allocated for consumption”

FORMS OF SPECIALISED AIC REPORTING

form No. 6 - AIC “Key performance indicators of the enterprise (organisation)”
form No. 7 - AIC “Sales of agricultural products”
form No. 8 — AIC “Main production costs”
form No. 9 - AIC “Production and cost of crop production”

form No. 11 - AIC “Availability, flow and depreciation of fixed assets”

form No. 13 - AIC“Production and cost of animal production”

form No. 15 - AIC “Animals availability”

form No. 16 - AIC “Production balance”

Figure 2. Specialized reporting forms for AIC enterprises
Source: prepared by the author based on the Album of forms of primary accounting documentation and reporting
for enterprises and associations (approved by the Ministry of Finance of the Republic of Tajikistan) (2013)

Taking advantage of the management account-
ing definition aimed at implementing the development
strategy of an agricultural enterprise, as well as its con-
tribution to the management system, it can be noted
that the end result is the development and presenta-
tion of various forms of management reporting, which
is based on adapting the value chain to meet the needs
of its users. Based on this, it can be noted that internal
management reporting is aimed at the management
system, and to meet its needs it is necessary to develop
the most optimal management reports that contribute
the management system to manage competitiveness.
The concept of management reporting development
refers to the form of management reporting preparation,
which may include articles, the indicators of which play
a key role in making managerial decisions. To manage
the enterprise competitiveness in the developed man-
agement reporting, it is necessary to take into account
the possibility of collecting, systematizing and reflecting
financial and non-financial information. Considering
the direction of the strategic functioning and develop-
ment of an agricultural enterprise, management report-
ing can only be effective and efficient if it provides the
possibility of implementing analytical procedures, or
providing comparative indicators of the achieved re-
sults. To ensure the analytical process in the structure
of management reporting connected with ensuring the

management of competition and competitiveness of
an agricultural enterprise, it is necessary to include
planned indicators of the possibility and prospects for
development, and for comparability with other sector
subjects, the actual indicators of the enterprise position
in the industry, etc.

The formation complexity of management re-
porting of an agricultural enterprise is based on its di-
versity, the conditions and rules for the formation of
management information, and, as noted above, on the
target focus of this reporting’ users, as well as on the
possibility and development of the information that
makes up the reporting indicators. Management report-
ing is determined by many parameters, but its main task
is to form such reporting package that would reflect the
business structure and meet the information require-
ments of management. It is connected with the enter-
prise activities, forms a kind of unique product which
is the result of management accounting, and contains
its own specific features. Despite the lack of uniform
regulatory requirements in the preparation of manage-
ment reports and those fragmentations, their data can
be systematized together in accordance with a system
of certain regulatory rules. The most optimal form of
management reporting aimed at accounting for the
manufacturing products costs which is reflected in the
following Table 1 are analyzed below.
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Table 1. Form for main production cost

Planned indicators

Actual indicators

Total for main

Including for production

Total for main |  Including for production

Cost elements .
production

crop
production

production animal

production

animal
production

crop
production

Labor costs with contributions to
social insurance and social security

Material costs included in the
production cost (including: seeds and
planting material

Feed

Mineral fertilizers

Petroleum products

Electrical energy

Fuel

Spare parts

Payment for services and work
performed by third parties and other
material costs

Depreciation of fixed assets

Insurance payments

Other costs

Total cost for main production

Source: prepared by the author based on the Album of forms of primary accounting documentation and reporting for
enterprises and associations (approved by the Ministry of Finance of the Republic of Tajikistan) (2013)

The form presented in Table 1 as a form of man-
agement reporting connected with the production costs
of the main production of agricultural products cannot
fully disclose the costs, and the presented table summa-
rizes the costs by types (sub-areas) of agricultural produc-
tion. However, agricultural production covers the crop and
animal production areas, managers are required to make
appropriate management decisions for each production

area separately, and sometimes for certain types of prod-
ucts (Lal, 2020). The management of the agricultural prod-
ucts competitiveness requires the development of such
management reporting form that would reflect in detail
the cost value and the output products quantity, consider-
ing the presented report preparation connected the pro-
duction and production cost of both the crop and animal
production industries, which is shown in Tables 2 and 3.

Table 2. Production and cost for crop production

Including
. Actual Lab
Line e Total costs, abor
Crop code cuttivation somoni payments Se&istiind Fertilizers Fuelsand | Management Depreciation
area, ha with P ng lubricants expenses P
material
accruals

Source: prepared by the author based on the Album of forms of primary accounting documentation and reporting for
enterprises and associations (approved by the Ministry of Finance of the Republic of Tajikistan) (2013)

Table 3. Production and cost for animal production

Including
Average Total costs
Animal types | Line code livestock, somont Labour Fuelsand | Management -
heads payments Feed . Depreciation
with accruals lubricants expenses

Source: prepared by the author based on the Album of forms of primary accounting documentation and reporting
for enterprises and associations (approved by the Ministry of Finance of the Republic of Tajikistan) (2013)
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The forms of management reporting presented
in Tables 2 and 3 are quite sufficient to manage the
competitiveness level in terms of value. They reflect the
output products, both in quantitative and value terms.
But it should be noted that the system for managing the
production process and sales of products in any economy
sector requires, first of all, efficiency. Any managerial
decisions should be made very promptly and clearly,
because in a competitive environment every minute is
worth its weight in gold for an enterprise,and timely in-
formation provided to the management system becomes
the basis for making appropriate managerial decisions.

DISCUSSION

In general, the way in which a company’s reporting is
formed can greatly influence its competitiveness level.
Thus,A.Y.Othman et al. (2020) in their work on manage-
ment accounting practices write that standards are often
unable to keep up with the changing pace in business
practices. This reduces the indication of both the report
itself and hinders enterprises in conducting their activi-
ties. Thus, the company’s reporting standards should be
universal,variable and changeable, which will allow the
business constantly adapting to new business realities.
It will also reduce the need for permanent changes
to reporting standards. Their research shows that in
the studied enterprises, accountants play a significant
role in a strategy development to increase the com-
petitiveness of enterprises, and the statistical study of
the scientist indicates an existing positive correlation
of the statistical impact of management accounting
on achieving competitive advantage. Other scientists
confirm this idea. In particular, SJ. Braim (2020) writes
that management accounting variables are positively
correlated with each other,which means that improving
one of the management accounting variables will lead
to improvement in others. In addition, scientists note the
existing correlation between management accounting
variables (information collection, information process-
ing, management accounting reports quality and infor-
mation transfer) and decision making, which, however,
strongly depends on the company’s ability to collect re-
liable information and process it. All this information
confirms the concept that the role of accounting and
reliable information in it is very high to increase the level
of the company’s competitiveness.

Interesting thoughts are reflected by V. 0’Connell
et al. (2020), as they note the importance of another as-
pect of management, namely competitive intelligence.
This becomes especially relevant in countries with de-
veloped capital markets, where companies that enter
the market are forced to make their reporting available
to absolutely everyone. In their opinion, the daily ac-
tivities of a modern financial reporting service require
the collection, synthesis and analysis of huge data
amounts from both internal and external sources. Thus,
high-quality reporting can increase not only the level
of competitiveness of an individual enterprise, but also
improve the competitive environment in the entire market
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as a whole, because managers will have all available
information about the development of competitors’ en-
terprises and thus change their own development strat-
egy. It should be noted that the role of management
and accounting reporting in the process of company
management is primarily that it allows assessing the
available financial information about the enterprise
state, which provides for making quality decisions: in
turn, incorrect development of the principles for filing
and reporting can distort information, and therefore
harm the company in the long run, given the likely er-
roneous decisions made by its managers in the future.

In general, analyzing the indicators system of
each form of specialized AIC reporting noted in the work,
it can be noted that they are more suitable for man-
agement reporting. Each form contains the information
that is necessary for a more rational analysis and man-
agement of the economic entity’s activity. But it should
be noted that in relation to the management of costs
and results of a specific industry, they are sufficient, but
in relation to the competitiveness level, the question
arises about the information quality stated in the re-
ports. As stated by M.J. Imhof et al. (2018), this results in
some companies adopting stronger policies to protect
confidential information from competitors. A.P. Mon-
teiro et al. (2020) generally agree with this in their work,
in which they consider the impact of information sys-
tems and non-financial information on business perfor-
mance. Some disadvantages of the reporting system in
Tajikistan that were noticed in the work should be not-
ed: it can be said that in the financial and management
reporting systems aimed at agricultural enterprises that
were mentioned previously, information (article) reflect-
ing the state of affairs connected with using biological
assets. In connection with the role of this assets type
for business conducting in agriculture, it is concluded
that for a better data representation in reporting, these
articles should be added in their subsequent revisions.

Considering the abovementioned forms of spe-
cialized reports of enterprises in the sphere of agricul-
tural production, as the basis for preparation, in a gen-
eralized form, the results of management accounting,
management reporting for the purposes of competitive-
ness management, individual groups of indicators can
be combined into a single management report, which
will possibly characterize the following main objects of
management accounting. By reading the work of E. Mar-
folla (2016), the following objects of management ac-
counting can be distinguished: indicators on the main
resources state of the enterprise (labor, material, current
and non-current); on the capital state of an economic
entity (own and borrowed); on the state and results of
economic processes performed by an economic entity,
including income and expenses; on the results of ac-
tivities of such main aspects of the flow of funds of the
enterprise such as: current; financial and investment
activities. The grouping of the constituent indicators
of management reporting allows determining the main
data connected with the management system of the
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agricultural producer competitiveness, which is pri-
marily based on the cost indicators connected with the
production of a particular type of product. It should be
noted that other scientists in their works state other
methods of improving operation of enterprises with the
reporting. In particular, VV. Galautdinova (2019) writes
about the role of introducing of management reporting
automation, because, in her opinion, this allows for vari-
ably planning of business decisions for a sufficiently long
horizon period, as well as reduce the costs of an enterprise
in the long term, with which is hard to disagree.

In general, scientists note the significant problems
that exist in the economy of Tajikistan connected with
the insufficient level of its competitiveness: PK. Azimov
and A.V. Babkin (2011) emphasis on it in their research,
where they indicate that the country is only at the be-
ginning of the path for building a competitive economy.
Scientists state to significant prospects for increasing
the competitiveness of the country’s economy, in par-
ticular through development assistance to small and
medium-sized enterprises. However, in Tajik economic
thought, little attention is paid to the problems of ac-
counting and management reporting in the country, more
describing the possibilities of supporting enterprises
with the help of government intervention or increasing
their innovation level, which is a negative indicator and
suggests that the topic needs further detailed review.

CONCLUSIONS

The work described how the accounting reporting sys-
tem in the Republic of Tajikistan operates for companies
in the agricultural sector. In addition, it was shown what
main forms of filling this reporting existed in the country

and what their features were. By analyzing these forms
and the reporting structure in general, it was shown that
such structure had its own disadvantages, which did not
allow achieving a sufficiently high level of enterprises
competitiveness in the agricultural sector in Tajikistan.
In particular, they are not detailed enough for agricultur-
al companies, as they do not have separate sections for
considering the types of crops and animals available at
the enterprises. Therefore, in the article, other reporting
options were suggested for companies in the agricul-
tural sector, which would better provide information to
managers due to the greater abundance of data in them
and not much greater complexity of their submission.

It was established that by improving the reporting
level, it was indeed possible to improve the enterprises
competitiveness level, which was very important for Ta-
jikistan, given the long country’s Soviet legacy and only
emerging entrepreneurship institution. Particular at-
tention is paid to the role of information to increase the
competitiveness level of any enterprise, because man-
agers should have a sufficient amount of reliable data
to make informed decisions for the enterprise develop-
ment. This is the role of high-quality submission of ac-
counting, namely management, reporting. However, it is
also important to pay attention to the needs of manag-
ers and take into account their reporting requirements.
This makes the reporting process particularly complex
and time-consuming, but important for increasing the
competitiveness of all enterprises and the economy as
a whole. Promising for future study is the development
of possible methods for improving accounting records
in Tajikistan to increase the efficiency of the country’s
enterprises.
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NinBMLEHHA PiBHA KOHKYPEHTOCNPOMOXHOCTI
3a AonoMorolo ynpaB/liHCbKOI 3BiTHOCTi Ha NiANPUEMCTBaX arpapHoOro CeKTopy

Kob6inbaxoH Xywsaxsoaa

TamXUUbKMIA HALIOHANbHWIA YHIBEPCUTET
734025, npocn. Pypaki, 17, M. QywaHbe, Pecnybnika TafXukncrTaH

AHoTauif. Y cyyacHux peanisix niLnpueEMCTBa € OCHOBHWUM CYB'€KTOM (YHKLiOHYBaHHS €KOHOMiKu. [poTe 3 Yyacom
iX ponb 3MiHMNAc, WO NPU3BENO A0 3MiH Y NPUHLMMNAX BeLeHHs Byxrantepcbkoro 06aiky, aki B LinoOMy NigBULLMAM
MOro 3Ha4YeHHA AN AOCATHEHHS HalKpawmx hiHaHCOBUX pe3ynbTaTiB AisnbHOCTI nignpueMcTaa. OTXe, 3anULIAETHCS
aKTyasbHUM pO3MIsA Cy4acHUX 0cobnunBocTelt BeaeHHs byxrantepcbkoro 06niky Ha nianpuemMcTaax. Y AaHin pobori
aHani3 nNpoBoamMTbCS Ha npuknaai Pecnybnikn TamKMKUCTaH, WO MOSICHIOETLCS K EKOHOMIYHMMU 0COBIMBOCTAMM
MexaHi3My aepxasu. KpiM Toro, aHanis B OCHOBHOMY 30CepeyKeHUIA Ha arpapHOMY CEKTOPi Yepes MOoro 3HavHy posib
y CTpaTeriyHmMx Ta eKOHOMIYHMX MNaHaxX po3BUTKY KpaiHW. MeToo poboTu Byno OUiHMTM NOTOYHMI CTaH METOAIB
yNpaBniHCbKOi 3BIiTHOCTI B TamxunKknctaHi. OCHOBHMM MeTOAOM, BUKOPWUCTAHUM MPU HAMUCaHHI CTaTTi, 6yB aHanis, 3
YPaxyBaHHAM KiNbKOCTi pO3MSHYTUX OXepes, BUKOPUCTaHUX 418 GOpMYBaHHS BUCHOBKIB, MOAENIOBAHHS, rpadiyHMi Ta
CTAaTUCTUYHUI MeToaM. Y poBOTi ONMCAHO OCHOBHI 0COBMBOCTI YyNPaBAiHCbKOT 3BITHOCTI ANS CiNlbCbKOrOCNOAaPCbKUX
nianpuemcrs B Pecny6niui TamKnMKncTaH. AHani3 CTpyKTypY Ta OCHOBHUX (OPM, LLO iCHYIOTb AN1S 3BITHOCTI NiANpUEMCTB
arpapHoro CekTopy, NoKasae iX HU3bKy eeKTUBHICTb. Lie NoB'a3aHO 3 06CAroM HafaHUX LAHUX, SKUI € HEAOCTATHIM
ons epekTMBHOrO PYHKLIOHYBaHHS arpapHoro cektopy.[loBefeHo, Wo 3a paxyHOK BHECEHHS NEBHUX 3MiH Y METOAUKY
CKNafaHHga ByxrantepcbKoi (ynpaBniHCbKOI) 3BITHOCTI Ta NiABULLEHHS SIKOCTi AaHWUX Y Hili MOXHA NiABULIMUTY piBEHD
KOHKYPEHTOCMPOMOXHOCTI MignpueMcTB. ToMy B pobOTi 3anponoHOBaHO Taki GopMM ix 3BIiTHOCTI, ki Mornun 6
BMPIWMTK Oesiki icHytoui npobnemu. PoboTa Hagana HOBI 3HaHHS NPO NMPUHLUMMIM GiHAHCOBOT 3BITHOCTI, @ TAKOX
npoaHanisyBana ocobnmnBoCTi ii CKNafaHHA B KpaiHi, TOMY ii pe3ynsTaTi MOXyTb 6YTW BUKOPUCTAHI Ha MpaKTuui
daxiBUAMM Y BiANOBIAHIN ranysi

KniouoBi cnoBa: ynpaeniHHA CiflbCbKMM FOCNOAAPCTBOM, PiBEHb KOHKYPEHTOCNPOMOXHOCTI, ByXrantepcbka 3BiTHICTb,
NiANPUEMHULTBO, EKOHOMIKA TafXXMKUCTAHY
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INTRODUCTION

In recent years, the agricultural economy is becoming
more and more popular among several other areas of
the economy, starting another round of qualitatively
new cyclical development. The reaction of various state
and international institutions, professional communities
of investors, and the population confirm the trend of in-
creased interest in this industry. Therefore, agricultural
enterprises and agro-industrial formations in modern
conditions must develop state-of-the-art intellectual-
ized and computerized systems of anticipatory man-
agement, which can be an effective tool on the way
to achieving complex, short- and long-term goals of
economic development.

Among scientists, there is still no consensus on
the definition of the concepts of “anticipatory manage-
ment” and “anticipatory team” and their significant in-
fluence on the effective management of the enterprise
(Kistion, 2019). Thus, V. Morozov & Sova (2020) consider
anticipatory management as a type of anti-crisis man-
agement, which covers the financial activities of the en-
terprise and is aimed at the prevention and prevention of
crisis phenomena, as well as the use of chances of oper-
ating conditions. In contrast, Poberezhets and Klymen-
ko (2019) consider it as management, which is aimed at
forming a complex of management decisions regarding
the effective and rational functioning of the enterprise
under the conditions of external and internal threats.

However, there are studies that show that the
development of anticipatory management has a signif-
icant impact on the further development of the enter-
prise. In the works of Scott Graffin et al. (2011), V. Miro-
shnichenko and N. Tanklevska (2019), special attention
is focused on the need for effective management of
financial potential, due to several problems of antic-
ipatory management. Thus, these tasks represent the
basis for managing the financial potential of the enter-
prise. Scientists also considered conceptual approach-
es to managing the financial potential of an enterprise
based on anticipatory management. The work of these
authors carries not only the theoretical validity of the
importance of anticipatory management but also prac-
tical value, which consists in the application of the pro-
posed conceptual approaches to the management of fi-
nancial potential based on anticipatory management in
practical activities, which will allow for quick detection,
response and prevention of crisis situations. Therefore,
today, the formation of anticipatory teams is a signifi-
cant advantage for every enterprise that wants to maxi-
mize its own profit and occupy a leading position in the
market, which is constantly undergoing changes.

A significant number of scientists are engaged in
the study of this topic and related issues. B. Kaminska (2018)
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in her works analysed the features of anti-spacious
management on the potential of enterprises and rec-
ognized the special importance of its further research
and development. V. Komunyar (2022) was engaged in
modelling anticipatory trade at agricultural enterprises.
He highly appreciated the role of anticipatory manage-
ment in modern agriculture, but he paid little atten-
tion to the theoretical basis of this concept. After all, its
complete understanding makes it possible to fully apply
its capabilities in practice. Therefore, the theoretical
principles of anticipatory management are reflected in
the works of: J. Derbyshire (2017), R. Poli (2017), V. Ro-
gov (2018), S. Melnyk (2020), I. Petruk (2021), V. Yanchuk
(2018), Thakral & T6 (2021) and others. In their works,
scientists tried to reveal the concept of "anticipatory
management” in more detail and characterize its signifi-
cance for socio-economic development. It is also worth
noting the works of Z. Harbar and V. Horynska (2021),
in which researchers pay attention to the formation of
the anticipatory management mechanism at agricul-
tural enterprises. As for ways to ensure the economic
stability of agricultural enterprises using anticipatory
management, this opinion is revealed in the works of
O. Butkova (2020).

Olaniran et al. (2020) highlighted the importance
of the process of identifying weak signals that affect
the enterprise. As a result, the structure of the crisis
communication centre using the model of anticipatory
management was proposed. This structure will be able
to play a role in determining the most necessary re-
sources for anticipatory management.

Furlanetto & Poli (2018) demonstrate the differ-
ence between uncertainties and risks. After all, risks al-
Llow for calculating probabilities, when uncertainties do
not have such an opportunity. Therefore, by distinguish-
ing these concepts, enterprises will be able to build a
correct strategy for preventing the emergence of crisis
situations. In turn Kerem (2017), T.T. Binh (2022), Gasca
& Schindel (2022), Glaister & Gold (2022) in their
works explore the importance of feedback between
management and employees from the perspective of
anticipatory management. These scientific works pro-
vide an understanding of the importance of the contri-
bution of team supervision. That is, the strengthening
of the culture of responsibility, the involvement of other
employees in the development and implementation
of anticipatory management, reporting mechanisms
and their effective interaction change the landscape
of surveillance and monitoring, which will significantly
strengthen preventive stimulation and expectations of
the quality of surveillance and monitoring functions in
the future. In contrast to the above, T. Merritt (2002)
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focused attention not on the concept of “anticipatory
management’, but revealed the concept of a ‘road map”
of anticipatory management, which can become indis-
pensable in every enterprise. Its development and im-
plementation are no less important than the formation
of an anticipatory team.Thus, by having a clear and un-
derstandable action plan, employees who are involved
in the anticipatory team will be able to understand
their goals and step-by-step actions.

In their research, these scientists tried to develop
various methodological approaches to the development
and implementation of anti-discharge management in
the activities of enterprises. The authors' conclusions
are indeed very important for the formation of antici-
patory management at enterprises, but little attention
has been paid to the concept of an “anticipatory team”,
which is the component responsible for managing crisis
situations.

Therefore, based on the above, the purpose of
this study is to justify the importance of anticipatory
management implementation in the management of
agricultural enterprises through the introduction of an-
ticipatory teams, which was caused by the destabiliza-
tion of the external and internal environment in the
conditions of the russian-Ukrainian war. To achieve this
purpose, the following tasks were set: definition of the
concept of “anticipatory team”; consider and analyse
the main indicators of the activity of the agrarian in-
dustry; determine the main crisis situations from the
beginning of a full-scale invasion; to propose basic pro-
posals for eliminating crisis situations.

THE IMPORTANCE AND IMPACT
OF ANTICIPATORY MANAGEMENT

The crisis is considered to be the events, most of which
the enterprise can foresee, having an anticipatory team
of specialists. The anticipatory team (AT) is a group of
specialists who direct their actions on minimizing or
completely eliminating risks in the company’s activ-
ities. A coordinated anticipatory management team
allows the enterprise solving the following tasks: to
ensure the maximum contribution of managers and
various specialists of the company to Association for
Computing Machinery (ACM); to support the readiness
of people in the company to make efforts and even
sacrifice their own interests to solve the problems of
the crisis; to accumulate additional resources for diag-
nosis and identification of organizational weaknesses
and their elimination; to ensure the development of
documents, templates, booklets, procedural formats
and other materials necessary for effective communi-
cation with the media and stakeholders that will be
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needed during a crisis; to attract consultants and orga-
nize training for managers and specialists concerning
behaviour during a crisis.

Miller's “Transforming the Future: Anticipation
in the 21t Century” (2018), which explores and defines
the theory and practice of forecasting around the world,
fully conveys the true importance and impact of antici-
patory management in today's world. The author uses
the concept of “Literacy of the Future” as a tool for de-
fining anticipatory systems. This is an important ele-
ment because the future is not a constant value and
over time every field, from social sciences to everyday
life, undergoes changes, which in turn affects the finan-
cial success of enterprises. Thus, R. Miller fully discloses
the concept of anticipatory management but does not
give recommendations regarding anticipatory teams,
on which this type of management should be built.
After all, a full understanding by entrepreneurs of the
importance of anticipatory management is only one of
the components of securing leading positions in the
market. Knowledge of the essence, meaning, functions
and main composition of anticipatory teams is the basis
that enterprises must possess.

Also, it is worth noting that scientists such as
N. Podluzhna et al. (2020) and Pavlovski (2017) provided
a detailed description of the effectiveness of antici-
patory management, which should be integrated into
all areas of corporate management. According to these
scientists, the formation of a complex of anticipatory
measures will ensure a more rational and less expen-
sive management. Thus, based on the research of the
above-mentioned scientists, it will be useful to study
and analyse in more detail the meaning and impact
of anticipatory teams on the activities of enterprises,
which are a component of these measures.

TYPES AND FACTORS OF CRISES

Analysing the types of crises, one should not forget
about the force majeure circumstances that cannot
always be predicted: for example, natural disasters,
emergencies, war etc. (Fig. 1). The military aggression
against Ukraine is classified as a “force majeure situa-
tion”, but its consequences can be predicted if the com-
pany has qualified specialists and uses anticipatory
management, according to O.V. Kovalenko (2014). This
statement is supported by the fact that the prerequi-
sites for a full-scale russian-Ukrainian war date back
to 2014, and the most critical signals regarding the
possible start of a full-scale war were observed in the
autumn of 2022. Based on this, the company's anticipa-
tory team should minimize losses from the occurrence
of such a crisis.
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> Financial crisis occurs when a company experiences a drop in demand for its offering: be it
a product or a service. This usually leads to the inability to repay debts

Personnel crisis. If an employee or anyone else associated with the company is engaged in
unethical or illegal activity or conduct. This can happen in or outside the workplace and can be
related to work or personal life. It has a bad effect on the company's reputation

\4

Organizational crisis. The company has offended its customers in some way by doing something
that has or may affect them negatively. For example, the transfer of personal information about
customers to the third parties without agreement can lead not only to the destruction of
reputation, but also to significant financial losses

Types
of crises

\4

Natural crisis. Hurricanes, earthquakes, floods, and winter storms are the examples of natural
disasters that can damage or destroy the office space (or anyarea used by a company).In addition
to a blow to the company's finances, it can lead to a partial or complete stoppage of business

\4

Global crisis. It is something that affects the world or several countries in general, such as a
pandemic or a war. It is difficult to prepare for such a crisis, so it is usually complex. However,
this does not mean that it should not be taken into account

\4

Figure 1. Types of crises that can probably happen to the company
Source: compiled by the authors based on data from Bakertilly (2022)

Considering the factors of the onset of the cri-
sis in the activity of the enterprise plays an important
role in effective and successful functioning. Therefore,
the analysis of these factors in wartime and peace-
time is an important component. If examine the crisis

phenomena which the company may face daily in
peacetime, then when having the AT and adaptive
management, the business entity has all the opportu-
nities to occupy a leading position in the market of the
relevant industry (Fig. 2).

Factors of the crisis onset

/!

N,

External:
1. War
2. Political and economic instability.
3. Corruption.
4.The country's loss of investment attractiveness.
5. Legislative regulation.
6. High tax rates.
7. Presence of strong competitors.

Internal:
1. Outdated technology and equipment.
2.There are no reserve funds in the event of a crisis.
3. Unqualified staff and management, not interested
in organizing trainings for professional development.
4. Unfavorable psychological climate at the
enterprise.
5. Lack of motivation for staff.

Figure 2. The main factors of the crisis onset in the agricultural enterprises of Ukraine

Source: compiled by the authors based on own development

If management can control and eliminate inter-
nal factors as arise and thus avoid a crisis, then when
it comes to external factors, in this case, the compa-
ny can only adapt to them, with the aim of causing
negative crisis consequences. That is why the use of
anticipatory teams at enterprises is of such great im-
portance because their main task is to prevent possible
external and internal factors of the onset of a crisis.
Timely detection of a crisis is the key to the successful
functioning of the enterprise.

ANALYSIS OF AGRICULTURAL INDICATORS
Before starting the research and a detailed analysis
of the use of anticipatory teams in agricultural enter-
prises, it will be useful to consider the main indices of
the activity of the agricultural sector of Ukraine, which
determines its competitiveness. Namely, indicators of
cultivated areas, rates of growth (decrease) of exports
and imports, and volumes of production of agricultural
crops, which will give a general understanding of the
situation.

Scientific Horizons, 2022, Vol. 25, No. 12
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According to the Figure 3, there is a clear tendency
to decrease the export of agricultural products by 34% in
the first half of 2022 compared to the first half of 2021.This
situation has had a negative impact on the incomes of the
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world population, as the prices of food products have in-
creased significantly.Also, the decrease in the rate of export
of agricultural products leads to a food crisis, which in turn
causes other negative consequences for the world society.
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Figure 3.Rates of growth (decrease) in the export of goods (in % compared to the corresponding period of the previous year)
Source: compiled by the authors based on data State Statistics Service of Ukraine (2022)

The volume of import was 80.9%, and the defi-
cit that arose in the country was tried to be compen-
sated by substitute goods. The export-import cover-
age ratio is 0.90 (0.96 in the first half of 2021). This
decrease in the import of goods during the period

of hostilities is reflected in the shortage of certain
goods, although efforts are being made to compen-
sate with substitute goods. However, import is one
of the components of the effective and smooth func-
tioning of the market.
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Figure 4.Rates of growth (decrease) in the import of goods (in % compared to the corresponding period of the previous year)
Source: compiled by the authors based on data from State Statistics Service of Ukraine (2022)

According to the statistical data, the sown areas
in 2022 amounted to 28,387.5 thousand hectares. In
the first half of 2022, the occupiers controlled approx-
imately 22% of Ukraine's agricultural land. Thus, ac-
cording to approximate data, now there are 22,142.25
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thousand hectares left for the use of Ukrainian farm-
ers. Before the full-scale war, Ukraine supplied 46% of
world oil exports, 9% of wheat exports, 17% of barley
exports, and 12% of corn exports on world markets
(see Figs. 5-6).
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Potatoes
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Fruit and berry crops
Grapes

40 400

Sukhetska et al.

34093.4
845703.6
164398.4
29600.8
2129951
98346.2
50533.4
98346.2
59470.5
20640.7 2021
23534
4000

40000 400000

Figure 5. Production volumes of agricultural crops in 2021, thousand dt*
Source: compiled by the authors based on data from State Statistics Service of Ukraine (2022)
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Figure 6. Sown areas of agricultural crops in 2022 (by region), thousand ha*
Source: compiled by the authors based on data from State Statistics Service of Ukraine (2022)

At the same time, the experts predict that the har-
vest in 2022 will be much smaller than in 2021, but larger
than expected, considering the military aggression. In
particular, the forecast for a sufficient wheat harvest is
at a level of 19 million tons. In general, the harvest of
grain and oilseed crops in Ukraine in 2022 is expected
a level of 65-70 million tons, which, under a positive
scenario, will be about 70% of the 2020-2021 index.

According to the forecasts of the Ministry of
Agrarian Policy and Food of Ukraine, there may not be
enough warehouses to store the harvest in autumn,
which poses another challenge to the farmers. It cannot
also be eliminated within the specified time limit. Thus,
studying the production indices of agricultural enter-
prises in 2022, it is definite that the negative forecasts
of experts are confirmed, which will directly affect the
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profitability of producers and indirectly on consumers due
to the increase in the cost of food products (Ovcharuk,
2022). Therefore, according to the obtained data, it can
be concluded that the year 2022 became a challenge
for every farmer because many crisis situations arose
that had to be dealt with in the short term. It becomes
obvious that the issue of forming anticipatory teams in
agricultural enterprises is not just relevant, but a neces-
sary means of forecasting and overcoming all possible
crises.

ANALYSIS OF THE SHARE OF COMPANIES
WITH ANTICIPATORY TEAMS

With the beginning of the full-scale russian-Ukrainian
war, Ukrainian agricultural enterprises faced a number
of problems for which they were not prepared. Accord-
ing to statistics provided by the EY company, by the be-
ginning of 2022, only 74% of enterprises had the antic-
ipatory teams. Other manufacturers are on the verge of
bankruptcy. The increase in the share of enterprises that
began to form such teams’ dates back to 2020, when
the world faced the COVID-19 (Fig. 7).

80 74
68 o 66
55
43
30
2020 2021 2022

Figure 7. The share of Ukrainian companies that have anticipatory teams, %
Source: compiled by the authors based on data from LIGA360 (2022)

One can assume that the tendency of increase
of this percentage will continue in the future. The end
of active phase of war, although it will stop the growth
of crisis, but will not get rid of them completely; it may
take decades to restore economic stability. Thus, enter-
prises should already adapt activities to the new condi-
tions of existence using anticipatory teams.

THE ESSENCE OF ANTICIPATORY TEAMS

As stated above, most scientists in their writings sin-
gle out the very concept of “anticipatory management”
forgetting about its main component - the team.
Therefore, in contrast to this, in the scientific works
of D. Burrus (2018), it is proposed to consider the
very concept of an “anticipatory team”. The similarity
of opinions makes it possible to rely on the works of
the specified scientist in this study. It is worth noting
that the main idea of the scientist's works, which is
supplemented in each subsequent work, is “An organi-
zation that involves waiting: can turn changes into an
opportunity and an advantage”. That is, according to
the scientist’s opinion, the enterprise should become
anticipatory, in which the strategy of the transition of
the organization from reactive to anticipatory thinking
is proposed, so that changes create opportunities and
progress, not chaos, and without understanding the
concept of “anticipatory team”it is impossible to do this.

For corporations or large companies with many
branches, it makes sense to create a permanent

Scientific Horizons, 2022, Vol. 25, No. 12

anticipatory team. Medium-sized companies can com-
bine some positions into one or delegate responsibili-
ties to one or more employees. A small business should
think through a plan of action in case of crises and
make a list of the third-party specialists to whom they
can turn. The scientists distinguish three types of antici-
patory management teams (Hliebova, 2015).

Regional teams are the regional emergency
management groups that monitor local needs in a
crisis. If the company has an extensive business with
the offices in different cities or regions, this team will
manage to overcome the consequences of the crisis
that affect the region. This type of team is usually
consisting of people who already live and work in
the region. Emergency response team is the team
that works with the crisis there where it happened.
If it is in another city or country, they go there. This
team includes field workers, assigned workers and
local officials. Business support teams manage the
impact of the crisis on the business as a whole. This
team often consists of employees, who ensure that
all management plans are implemented to resolve
the crisis. Business support teams can include em-
ployees from several different locations and offices
(Elexa et al., 2019).

To understand what kind of specialists are
needed in the anticipatory management, the structure
of the main team of anticipatory headquarters should
be considered (Fig. 8).
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Figure 8. The structure of the main team of the Anticipatory Headquarters
Source: compiled by the authors based on data from A. Dudareva (2019)

In the Figure 8, the basic structure for forming an
anticipatory team is shown. The agricultural enterprises
can use this structure as a model for the further forma-
tion of ATs at the enterprises, with its further improve-
ment, if necessary. When forming the structure of the
headquarters of the anticipatory management team,
took into account the three stages of the crisis and the
tasks that will be performed by the employees of the AT
(Butkova & Kravchenko, 2021):

1. A period of stability - crisis prevention: moni-
toring the state of the enterprise, forecasting potential
risks and developing preventive measures;

2.The period of crisis aggravation - countermea-
sures: detailed diagnosis of the situation, development
of an anti-crisis plan, distribution of responsibilities be-
tween responsible persons and monitoring of compliance
with the plan;

3. “Aftermath” or crisis completion - “correction
of mistakes”: analysis of the crisis impact on the com-
pany’'s activities, assessment of the effectiveness of the
anti-crisis team, “learning lessons” for countering crises
in the future.

The functions of the anticipatory team, depending
on its composition, can be as follows (Dovhan, 2013):

ensuring the financial stability of the company during a
crisis situation; implementing solutions aimed at sup-
porting employees affected during the crisis, relocating
employees; communicating with the employees, part-
ners, and media; assessing physical damage at objects;
solving issues related to insurance reimbursements;
ensuring uninterrupted operation of the company’s IT
infrastructure; cooperating with local and national law
enforcement agencies; assessing of risks, the legality of
anti-crisis plans and their legal consequences.

RESEARCHING NEW CHALLENGES
AND FINDING SOLUTIONS

The war in Ukraine causes an extremely difficult crisis
situation for the economy of the country and the world
as a whole, at the same time, the existence of other cri-
sis factors also determines the need for the creation of
anticipatory teams. First of all, this is due to the fact that
the micro- and macro-environment are not a constant,
but a space that daily undergoes changes and influences,
to which it is necessary to be ready or react quickly if the
business entity wants to remain competitive in the future.
Therefore, agricultural enterprises are currently facing a
considerable number of problems in their activities (Fig.9).

Crisis situations since the beginning of a full-scale invasion

1. Elimination of the VAT refund mechanism from the export of products.
2. Lack of a stable logistics corridor.
3.Rising energy prices.
4. Occupation of a part of agricultural land. Lack of stability of the land market.
5.Land tax in the occupied territories.
6.Absence of regulations regarding the mobilization of equipment.
7.Shortage of employees,due to the active mobilization of workers of technical specialties from the agrarian sphere.
7. Lack of extension of state guarantees to the bank.
8. Impossibility to harvest due to mining of territories or burned equipment.
9. Expropriation of business by the “new government”.
10. Partial or complete destruction of crops and storage facilities, etc.

Figure 9. Risks and crises arising from the beginning of the aggressor’s full-scale invasion of Ukraines
Source: compiled by the authors based on data from A. Dykun (2022)
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The above-mentioned risks and crises, which have
become relevant for agricultural producers since the
beginning of the full-scale russian invasion of Ukraine,
require the immediate formation of an anticipatory man-
agement mechanism. Therefore, it was offered the fol-
lowing suggestions for solving these problems:

1. It is worth introducing electronic queues at
the border and in logistic hubs in order to stabilize the
logistics corridor.

2. Energy prices are an acute problem for every
farmer. The use of flexi tanks, which can be filled with
diesel and installed in grain trucks when the latter return
from Europe to Ukraine after shipping grain, will partially
help to relieve the energy tension in the country.

3. To solve the problem of paying taxes in the
occupied territories, it is necessary to provide a clear
definition of the term “occupied territories” at the legis-
lative level as its absence forces agricultural producers
who have left cultivated lands to pay land tax for them.

4. Regarding the unjustified mobilization of
equipment, there is a need to establish standards at
the legislative level.

5. The problem of agrarians, namely the lack of
state guarantees to the bank can be solved only by ex-
tending the state guarantee system until the moment
when producers sell products and receive payments
under the terms of the contracts.

Solving these problems requires the involvement
of specialists at the state level as well as consultants
from international organizations. Therefore, offer the
creation of an anticipatory team of donors for Ukraine,
which would be appropriate to include: investors, in-
ternational creditors, representatives of the Ministry of
Agrarian Policy and Food of Ukraine, companies pro-
ducing related products for the agricultural industry and
scientists. It is this combination of specialists that will
allow the development of effective measures to restore
the volume of domestic agricultural production and elim-
inate the food insecurity that exists in the world today.

The formation of anticipatory teams at the level
of agricultural enterprises will provide an opportunity

for producers to quickly respond to crisis situations,
while it will be appropriate to apply the recommen-
dations developed by the Anticipatory Team of donors.
Of course, the creation of anticipatory teams is an im-
portant step to securing enterprises from the onset of
new crises. However, in times of war, businesses must
also change their approach to business as a whole.

Therefore, agricultural entrepreneurs, first of all,
should reformat their view on the business processes
development, taking into account the new conditions.
It is also worth considering that if large enterprises
and holdings have the financial opportunity to create
an anticipatory department or team, small and medi-
um-sized enterprises do not have such an opportunity
and need support. In this situation, the recommenda-
tions developed by the Anticipatory Donor Team will
be appropriate.

CONCLUSIONS

In the conditions of a high level of dynamism and
uncertainty of the agrarian enterprises functioning,
anticipatory management is a relevant type of man-
agement activity that improves resource, information
and time provision of the process of making various
anticipatory management decisions regarding the use
of opportunities or elimination of threats to activity.
Therefore, the formation of anticipatory teams is an
urgent need of every enterprise, which will protect it
from possible crises.

An approximate structure of the advanced head-
quarters is proposed, and its main functions are defined.
The agricultural enterprises can use this structure as a
model for the further formation of AT. At the same time,
the recommendations developed by the Donor Antici-
patory Team will also be relevant. Prospects for further
research of anticipatory management after the begin-
ning of the full-scale invasion of the aggressor country
into Ukraine is becoming increasingly important, as its
skilful application will allow agricultural enterprises
maintaining production volumes, thus avoiding the
preconditions for the onset of the global food crisis.
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Hanpsamu Ta peKoMeHgauii nignpmeMcrTeam
Loao NoaonaHHA KPU30BUX CUTYaLin 3 BUKOPUCTAaHHAM aHTUCUNATUBHUX KOMaHA,

Kpicrina BiktopisHa Cyxeubka, Jlioamuna lNMetpisHa AnboLukiHa,
AHacTtacia BaneHtuHiBHa MoBuaHI0K, IHHa MukonaiBHa HoBak, HiHa ikumiBHa Mitennb

YMaHCbKMIM HaLiOHaNbHWUI YHIBEPCUTET CaAiBHMLTBA
20300, Byn. IHcTUTyTCbKA, 1, M. YMaHb, YKpaiHa

AHoTauig. AHTUCUMNATVMBHE YNPABAiHHS BiAirpae BXIUBY posib Y SKICHOMY QYHKLIOHYBAHHI Ta pO3BUTKY NiANPUEMCTBA, WO
3YMOBJIHE aKTYasbHiCTb AOCIIKEHHS 06paHOi NpobneMu. MeToro CTaTTi € 0BrpyHTYBaHHS BaXK/IMBOCTI BUNEPELKYBAIbHOMO
MeHeMKMEHTY B YNPaBAiHHI CilbCbKOrOCNOAAPCHKUMU MiANPUEMCTBAMU Yepe3 BNPOBAIKEHHS B OpraHi3aLliinHy CTpyKTypy
BMMNepe;KyBaNbHUX KOMaHA, Wo 6yno BUKAMKAHO AecTabini3ali€lo 30BHILWHBOrO Ta BHYTPIWHbLOIO CEPeLOBMULLA B
YMOBax poCiNCbKO-YKPaiHCbKOT BiiHW. Y npoueci A0CNiAXEHHS BUKOPMCTAHO 3araflbHOHAYKOBI Ta CreLuianbHi MeToaum:
aHani3y Ta cuMHTe3y, abcTpakTHO-NOTiYHMIA. [locnigkeHo BUAM KPU3OBUX CUTYALLIM, SKi MIMOBIPHO MOXYTb TpPanuTmCs 3
NiaNPUEMCTBOM. BU3HaUeHO OCHOBHI YMHHUKM HAaCTaHHSA KPU30BUX SIBULL, Y CiNbCbKOroCnoAapCbKux MiAnpUEMCTBAX
Ykpainu. OcobnmBy yBary npupaineHo Hacnigkam pociicbkoi BilCbKOBOI arpecii. [lpoBefeHO aHani3 OCHOBHWMX
NMOKA3HMKIB AiSNIbHOCTI CiNlbCbKOrOCNoAapCbkMX NiANpUEMCTB. BU3HaYeHO YacTKy YKpaiHCbKMX KOMMAHIM, SKi MaloTb
aHTUKPU30BI KOMaHAM. BKa3aHo Ha akTyanbHiCTb GOPMYBaHHS aHTUCUMNATUBHUX KOMAHL, B CiSIbCbKOrOCNOAapCbKMX
NiANPUEMCTBAX, LLO € HEOOXiAHMM 3aC060M NPOrHO3YBaHHS Ta NMOAOAHHS BCiX MOX/MBUX Kpr30BUX siBuLL, ChopMoBaHO
6a30BYy CTPYKTYpYy aHTMKPWU30BOi KOMaHAM NianpueMcTBa. BusHayeHo, WO BUPilLEHHS Cy4acHUX Kpu30BMX Npobnem
notpebye 3anyyeHHs haxiBLIB SK Ha AepPXKaBHOMY piBHi, Tak i KOHCYNLTAHTIB MiXXHAapOAHWX OpraHi3auii. PekomeHaoBaHo
CTBOPOBATM aHTUCMNATMBHI KOMaHAWM Ha PiBHI CilbCbKOroCcnofapcbkmx NiANpUEMCTB, WO HaAACTb MOXMBICTb BUPODHMKaM
OMepaTMBHO pearyBaTM Ha KPW30Bi CWTyalii, JOpevyHUM Oyae BNPOBafXXeHHS peKOMeHAaALi, po3pobneHux
QHTUCUNATMBHOK KOMaHAOK AOHOPIB. TaKMM YMHOM, faHe AO0CNIAXKEHHS MPUBHOCUTL HOBI 3HAHHS WOAO cneumdiku
(dYHKLiIOHYBaHHS BUNEPeaKYBaNbHUX KOMaHA Ta MAE NPaKTUYHY LiHHICTb AN YKPATHCbKMUX CiNlbCbKOrOCNOAapCbKMX
NiANPUEMCTB Y NOAONAHHI HACNIAKIB KPU3OBUX CUTYaLIN, Y TOMY YMCAI POCIMCbKO-YKPATHCbKOI BiiHU

KntouoBi cnoBa: aHTMCMNATUBHE YNPaBAiHHS, KPU30BI CUTYaLLii, BiliHA, KPU30Bi KOMaHAM, arpapHi nignpuemMcraa
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