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Selecting Cultivars and Using Drip Irrigation
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Article’s History: Abstract. For the agricultural sector, there is a current trend of expanding the
Received: 18.10.2020 range of vegetables. Modern agricultural production is impossible without
Revised: 03.12.2020 the cultivation of legumes - a cheap source of vegetable protein and one of
Accepted: 18.12.2020 the important links on which depends the balance of organic matter in the

soil. The purpose of the study conducted in 2019-2020 was to investigate the

cultivar specifics and the influence of drip irrigation on the growth and yield
Suggested Citation: of vegetable beans and the development of a symbiotic system. The research
Yatsenko, V. (2020). Optimisation of  involved field, laboratory, statistical, and calculation-analytical methods.
the vegetable bean production process ~ Studies have indicated that the use of drip irrigation contributed to an
by selecting cultivars and using drip  earlier emergence of seedlings,a reduction in interphase periods,and earlier
irrigation. Scientific Horizons, 23(12),  arrival of vegetable products by 4-7 days, depending on the cultivar. The
7-17. weight of green beans increased by 35.9-41.9 g, depending on the cultivar.
Yields of green beans increased by 3.5 t/ha (32.1%) in Karadag cultivar,
3.6t/ha(31.3%) in Windsor cultivar,and 4.2 t/ha (39.2%) in Ukrainian Sloboda
and Windsor cultivars.Among the experimental variants, the most productive
cultivar on the dry-farming lands was the Ukrainian Sloboda, and on irrigated
lands - Belarusian, Ukrainian Sloboda, and Windsor. The results indicate that
the most developed nodulation apparatus was established in the Ukrainian
Sloboda cultivar, where the largest mass was developed, but nodules on the
plant were small (0.9 g on dry-farming lands and 1.3 g on irrigated lands). In
general, drip irrigation contributed to the improved development of legume-
rhizobial symbiosis of vegetable bean plants. The mass of the nodules on the
drip irrigation increased by 0.3 g/plant regardless of the cultivar, and their
amount increased by 1.5-9.0 pcs/plant. The presented results give an idea
of legume agrocenosis functioning and the impact of irrigation on the main
quality indicators of the product. Further research lies in the examination
of the modes (rates, timing, multiplicity) of irrigation and their impact on
the productivity of vegetable bean plants
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INTRODUCTION

One of the most important problems of Agriculture in
Ukraine nowadays is the shortage of vegetable protein,
equal to animal protein. Beans are an important source
of biological nitrogen in agriculture, the importance of
which has increased in the conditions of environmental
degradation and lack of nitrogen fertilisers. The share of
biological nitrogen in the nitrogen balance is very small
and amounts to approximately 5%, and if appropriate
conditions are created for the functioning of the legume-
rhizobial system, it can increase up to 30%.

In the context of increasing the cost of anthro-
pogenic resources and environmental tensions, alter-
native approaches to the development of agricultural
technologies based on the concept of biologisation of
agriculture and providing it with a resource-saving and
sustainable development direction are required to en-
sure the sustainable functioning of the agroecosystems.
Based on this, the selection of bean varieties and their
cultivation with drip irrigation is an urgent problem of
horticulture and agricultural production in general.

Beans are a genus of annual herbaceous plants
in the legume family. Beans belong to the order Fabales
(ordo Fabales Nakai),Legume family (Fabaceae), Faba Medik
genus, which is represented by two types: Pliny beans (F.
Plinina Trabut.) and horse beans (F. Bona Medik.) (syn. Vicia
faba L., Faba vulgaris Moench., Faba sativa Bernh.). Vicia
faba major, coarse-grained (the mass of 1000 grains reaches
2500 g), also called beans or vegetable beans, are used
in horticulture [1; 2].

In the modern world, the nutritional relevance of
bean seeds increases with a high nutritional value [3].
Among vegetable crops, these are the leaders in protein
and amino acid content. Beans in technical ripeness are
a valuable food product. In this phase, beans contain
6-15% of protein (up to 35% in mature seeds), 4.2% of
carbohydrates, including 2.6% of sugars,as well as a large
amount of mineral salts, mainly potassium, calcium, phos-
phorus, magnesium, sulphur, and ferrum. Green beans
are rich in B vitamins, which play an important role in
preventing aging and sclerosis. Grains contain 1% of
fibre, 0.7% of ash,and 80% of water. In terms of calories,
beans are 3.5 times more nutritional than potatoes and
6 times more nutritional than corn [4; 5].

The saturation of the crop rotation with beans helps
to improve the structure of the soil and its mineral com-
position. After harvesting legumes per 1 ha, 20-70 cent-
ners of root and crop residues remain in the soil, which
contain 45-130 kg of nitrogen, 10-20 kg of phosphorus,
and 20-70 kg of potassium. Nitrogen-fixing nodules
are formed on the roots, but not all formed nodules fix
nitrogen from the air equally intensively. Bacteria that
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form small nodules, as a rule, fix little nitrogen or do not
fix it at all [6]. When favourable conditions are created
for legume-rhizobial symbiosis, legumes can fix an average
of 120-140 kg/ha of nitrogen [7; 8].

Today,when growing vegetables,optimisation of
theirrigation regime is of paramount importance. It de-
termines the efficiency of the technology and the quality
of the yield, total costs, the need for water and energy
resources [9; 10]. The experience of advanced farms and
data from research institutions show that good man-
agement practices and optimal irrigation regime con-
tribute to the development of high and stable yields of
vegetable crops [11-13]. It is widely acknowledged that
irrigation costs and plant productivity vary depending
on irrigation methods. Therefore, drip irrigation is prom-
ising in the cultivation of vegetable crops [14]. Drip
irrigation is more efficient than other types of irrigation,
both in terms of crop yield and water savings [15].

With proper agricultural technology, there is an
increase in the yield of many crops: lettuce [16]; sugar
beet [17; 18]; watermelon [19]; onions [20], and beans [21].
Beans are usually grown without irrigation, but in unstable
climate conditions, drip irrigation becomes a necessity
and can considerably improve the efficiency of cultivation
technology [22-24].

The purpose of this study is the identification of
cultivar features of the development of a high level of
green beans yield under drip irrigation and the develop-
ment of a nodulation apparatus of plants in the forest-
steppe conditions of Ukraine. For the first time in the
conditions of the forest-steppe of Ukraine, experimental
data related to the development of a commercial crop
of vegetable beans with drip irrigation were obtained.

MATERIALS AND METHODS

The studies on the technology of growing vegetable
bean cultivars in the conditions of the Right-bank forest-
steppe of Ukraine were conducted in 2019-2020 on the
experimental field of the Department of horticulture of
the Training Scientific and Production Department of
the Uman National University of Horticulture according
to a scheme that included eight options. The scheme of
the two-factor experiment included the following culti-
vars of vegetable beans: Karadag st (standard), Ukrainian
Sloboda, Belarusian and Windsor, which were grown
without irrigation and with drip irrigation, maintaining
soil moisture at the level of 80% to the technical ripe-
ness of beans. The experiments were performed by the
method of randomisation. The experiment is repeated
four times. The area of the experimental section is 10 mZ.
Beans were sown on April 5in 2019 and April 10in 2020,
according to the 60x10 cm scheme.




The soil of the experimental section is podzolic
heavy loamy black soil with a humus-accumulated hori-
zon (humus content of about 1.5%) with a thickness of
40-45 cm; pH (salt) - 6.65.The ploughing layer contains
108.7 mg/kg of easily hydrolysed nitrogen (according
to Kornfield); 59 mg/kg of labile phosphorus (accord-
ing to Chirikov); 120.5 mg/kg of exchange potassium
(according to Chirikov). The volume mass of the soil is
1.26-1.34 g/cm?, the lowest field moisture capacity is
16.2% in the ploughing and 14.6% in the subsurface
layers [25].

In the experiment, records and observations were
made according to generally accepted methods:

1.The area of leaves was calculated by cutting, the
amount of leaves, pcs/plants. in the phase of technical
ripeness (harvesting) [26].

Yatsenko

2.Yield accounting was carried out by the method of
section weighing during the period of technical ripeness
in accordance with the UNECE DSTU FFV-27:2007 [27].

3.The average weight of beans and green bean fruits
was determined according to the generally accepted
method [26].

4.The dry matter was identified by drying at t°® 105°C
according to DSTU 7804:2015 [28];

5. Protein content - by the Keldal method according
to DSTU ISO 5983-2003 [29];

6. The amount and mass of rhizobia on plant roots
were determined by the method of G.S. Posypanov [30].

Weather conditions (Fig. 1) during 2019-2020 dif-

fered in the main indicators, so the effectiveness of the
study was evaluated objectively, and the data obtained
are reliable.
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Figure 1. Key indicators of climatic conditions for the growing season of vegetable beans (2019-2020)
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RESULTS AND DISCUSSION

The studied cultivars of vegetable beans belong to the
mid-ripening group. The conducted studies have iden-
tified that the processes of growth and development of
bean cultivars during the growing season differed slightly
depending on the cultivar and irrigation.

On average of two years, the duration of the pe-
riod from sowing seeds to the emergence of seedlings
ranged from 10-17 days. In cases with drip irrigation,
the duration of this period was reduced by 4-5 days for
Karadag, Ukrainian Sloboda and Belarusian cultivars; for
Windsor cultivars, the specified period was reduced by
seven days relative to the variant of dry-farming lands.

Theinterphase period of bean development-beanfilling
was unchanged under irrigation and lasted 10 days for
the Ukrainian Sloboda, Belarusian,and Windsor cultivars,
and 11 days for the Karadag cultivar. From the filling of
beans to period of technical ripeness, seven days passed
in all experimental versions. Drip irrigation contributed
to an earlier arrival of products, and therefore to the
reduction in the growing season of plants by 4-7 days.
The standard Karadag cultivar with drip irrigation re-
duced the growing season of plants by seven days, the
Belarusian cultivar - by six days, the Ukrainian Sloboda
cultivar - by five days, and the Windsor cultivar - by
four days (Table 1).

Table 1. Duration of interphase growing seasons of vegetable beans depending on the
cultivar and irrigation (2019-2020)

Duration of interphase periods, days

" c
— [ c ! ;9 §
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Average for 2019-2020

Karadag st 16 27 30 15 11 7 105
Dry-farming | Ukrainian Sloboda 15 26 30 15 10 7 103
land” Belarusian 16 27 30 15 10 7 102
Windsor 17 25 31 13 10 7 97
Karadag st 11 22 27 15 11 7 98
Drip Ukrainian Sloboda 11 22 27 15 10 7 98
irrigation Belarusian 11 21 27 14 10 7 9%
Windsor 10 20 29 14 10 7 93

Note: * - control, st - standard

The results of biometric analysis established that
growing vegetable beans on irrigation contributes to an
increase in plant height by 4.7-12.2% relative to the vari-
ants on dry-farming land. Thus, on average of two years,
plants of the Ukrainian Sloboda, Belarusian, and Windsor
varieties cultivated on dry-farming lands were consid-
erably higher compared to the control by 11.7,10.0, and
12.8 cm (p=<0.05 = 2.71 cm). When cultivating beans with
irrigation, the difference increased to 14.8, 13.0, and
19.2 cm, respectively.

On average of over two years, the amount of shoots
on one plant cultivated with irrigation increased by
17.3-30.0%, or 0.7-1.0 pcs/plant with p<0.05=0.17 pcs/plant.
A considerable intervarietal difference was observed in
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Belarusian and Windsor cultivars on dry-farming land
+0.4-1 pcs/plant, Belarusian and Windsor with irrigation
systems +0.7-0.9 pcs/plant; in other cultivars, the increase
in this indicator was inconsiderable.

On average by cultivars, the leaf area of vegeta-
ble bean crops increased by 21.2-24.9% over two years
with drip irrigation. Ukrainian Sloboda and Belarusian
cultivars formed a leaf area smaller than the control by
1.0 and 1.7 thous. m%*/ha on dry-farming land (p<0.05=
1.31 thous. m%/ha). On irrigation, the Ukrainian Sloboda
and Belarusian cultivars were marked by a decrease in
this indicator by 1.5 and 1.9 thous. m?/ha. The Windsor
cultivar formed a bigger leaf area of 0.3 and 1.0 thous.m?/ha
than control (Table 2).
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Table 2. Plant growth and formation of the leaf area of vegetable beans depending
on the cultivar and drip irrigation

Variant Height of Amount of Leaf area
plants, cm shoots, pcs./plant thous. m?/ha
Karadag st 63.5%2.12 3.1+0.14 27.3+1.47
Ukrainian Sloboda 75.2%2.47 3.2%0.14 26.3%1.75
Dry-farming land*
Belarusian 73.5%2.12 3.5+0.00 25.6+1.98
Windsor 76.3%2.33 4.0+0.07 27.5+1.48
Karadag st 66.5%2.12 3.8+0.21 33.4+1.55
Ukrainian Sloboda 81.2%£5.23 3.9+0.14 31.9%0.71
Drip irrigation
Belarusian 79.5%6.36 4.5+0.07 31.4+0.64
Windsor 85.6%4.66 4.7%+0.35 34.4+1.70
Results of statistical processing

A 1.29 0.07 0.50

B 1.92 0.10 0.79

HIPys AB 2.71 017 1.31

V% 15 12

Note: * - control, st - standard

The amount of beans on average of two years
increased on variants with drip irrigation by 47.8% for
the Belarusian cultivar, by 50% for the Karadag and

Ukrainian Sloboda cultivars,and by 62.5% for the Windsor
cultivar relative to the variant without irrigation, which

was considerable (p<0.05 = 0.50 pcs/plant) (Table 3).

Table 3. Morphometric parameters of vegetable beans depending on the cultivar and

drip irrigation

Variant Amount of Amount of seeds, Articulation height
beans, pcs/plant pcs/bean of the 1t bean, cm
Karadag st 13.0£1.41 2.3+0.14 13.0+1.41
Ukrainian Sloboda 12.0%0.00 2.4%0.21 14.6+0.49
Dry-farming land*
Belarusian 11.5%0.71 2.5+0.00 12.0+0.00
Windsor 12.0%0.00 2.3x0.14 9.9+0.14
Karadag st 19.5%0.71 2.8+0.28 13.7%0.42
Ukrainian Sloboda 18.0%0.00 3.0+0.00 14.8+0.35
Drip irrigation
Belarusian 17.0£1.41 3.8%0.21 12.3%0.49
Windsor 19.5%0.71 3.7%0.35 11.0%0.00
Results of statistical processing
A 0.22 0.06 0.13
HIp B 0.35 0.09 0.22
05 AB 0.50 012 0.31
v, % 23 22 14

Note: * - control, st - standard

Intervarietal difference was substantial in all vari-
ants. Thus, during dry-farming cultivation, the amount
of beans in the Ukrainian Sloboda and Windsor culti-
vars was less by 1 pcs/plant regarding the standard. For
the Belarusian cultivar, this indicator was less than the

standard by 1.5 pcs. With drip irrigation conditions, the
difference between the variants increased. Thus, in the
Ukrainian Sloboda cultivar, a smaller amount of beans
was noted relative to the standard by 1.5 pcs/plant, in
Belarusian cultivar - a decrease against the Karadag
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standard cultivar by 2.5 pcs. (p<0.05=0.12 pcs.), the
Windsor cultivar formed the same amount of beans as
the standard. Similar results were obtained by Ashenafi
and Makaria [31], where a considerable difference in
the number of beans on the plant was noted. According
to this, Evol et al.[32] and Tafer et al.[33] indicated that
the amount of beans on a plant primarily depends on
the cultivar.

The possibility of mechanised harvesting depends
on the articulation height of the first bean. Thus, when
growing with irrigation, the articulation height of the
first bean increased by 0.2-1.1 cm relative to variants
without irrigation. This phenomenon mainly depended
on an increase in the length of internodes. Consider-
ably higher values of this indicator against the standard
were characterised by the Ukrainian Sloboda cultivar,
where the articulation height of the first bean was
higher by 1.6 and 1.1 cm (p<0.05=0.31) against the con-
trol cultivar on dry-farming land and drip irrigation. In
the Belarusian and Windsor cultivars, this indicator was
less than the control by 2.6-2.5 and 2.1-1.3 cm.

Drip irrigation contributed to a considerable
increase in the mass of green beans on the plant by
35.9-41.9 g/plant with p<0.05=4.02 (Table 4). Thus, the

Belarusian cultivar had a lower bean mass compared to
the Karadag cultivar by 1.9 g/plant for cultivation on
dry-farming land and higher mass by 4.1 g/plant with
irrigation. In Ukrainian Sloboda cultivars, this indicator
prevailed over the control by 1.6 and 7.2 g, respectively,
according to cultivation methods. In the Windsor cultivar,
the mass of green beans increased by 3.4 and 4.0 g/plant
according to the variant. Crop yield is the most important
indicator of the effectiveness of cultivation technology.
With drip irrigation, the commercial yield indicator in-
creased by 3.5-4.2 t/ha (p<0.05=0.46), or 31.3-39.2%.Thus,
the Ukrainian Sloboda cultivar had a higher yield than
the control cultivar by 0.2 t/ha on dry-farming land and
by 0.8 t/ha with irrigation. The Windsor cultivar had a
yield higher than the control by 0.4 and 0.5 t/ha, accord-
ing to the growing method. The Belarusian cultivar was
characterised by a lower yield compared to the control
by 0.2 t/ha on dry-farming land and a higher yield by
0.5 t/ha with irrigation (Table 4).

From the results above, it is evident that Karadag
and Belarusian cultivars have a better response to im-
proved growing conditions (drip irrigation). Protein
content with drip irrigation increased by 12.8-16.5%,
depending on the cultivar (Table 5).

Table 4. The mass of green beans and yield of vegetable beans depending on the cultivar and
drip irrigation

Mass of green

Yield of green

. + * +
Variant beans, g/plant *toC beans, t/ha *tost
Karadag st 92.0+9.98 0 11.0%1.20 0
Ukrainian Sloboda 93.6%9.13 1.6 11.2+1.10 0.2
Dry-farming land*
Belarusian 90.1+5.86 -1.9 10.8%0.70 -0.2
Windsor 95.4%6.33 3.4 11.5%0.76 0.4
Karadag st 127.9+10.14 0 14.6%1.16 0
Ukrainian Sloboda 135.1¢11.56 7.2 15.4%1.32 0.8
Drip irrigation
Belarusian 132.0+12.78 41 15.0%1.46 0.5
Windsor 131.9¢791 4.0 15.0£0.90 0.5
PResults of statistical processing
A 1.80 - 0.20 -
B 2.85 - 0.33 -
HlFos 4B 402 - 0.46 -
V. % 19 - 16 -

Note: * - control, st - standard
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Table 5. Protein and dry matter content in green beans depending on the cultivar
and drip irrigation

. Protein content, . Dry matter .
Variant % *to st content, % *tost
Karadag st 10.2+0.28 0 13.0+1.17 0
Ukrainian Sloboda 10.9+0.14 0.7 13.3+1.13 0.3
Dry-farming land*

Belarusian 9.4%0.28 -0.8 12.6+0.70 -0.4

Windsor 13.4+0.42 3.2 13.3+0.68 0.3

Karadag st 11.6%0.85 0 11.0+0.42 0

Ukrainian Sloboda 12.3+0.71 0.7 11.5+0.42 0.5

Drip irrigation

Belarusian 10.9+0.92 -0.6 11.3+0.42 0.3

Windsor 15.5+2.12 3.9 11.7+0.35 0.7

Results of statistical processing

A 0.19 - 0.16 -

B 0.30 - 0.25 -

HlPss AB 0.42 - 0.36 -

v, % 16 - 8 -

Note: * - control, st - standard

Thus, when cultivated on dry-farming land, the
protein content of the Windsor cultivar was considerably
higher relative to the standard (3.2% at p<0.05=0.42%),
in the Ukrainian Sloboda cultivar, the protein content
increased by 0.7%, and in the Belarusian cultivar, the
content was 0.8% less than in the Karadag cultivar.
When cultivated with irrigation, the Windsor bean cul-
tivar accumulated more protein than the Karadag cul-
tivar by 3.9%, the Ukrainian Sloboda cultivar — by 0.7%,
and the Belarusian cultivar - less than the control by
0.6%. Growing beans with drip irrigation contributed to
a considerable reduction in the dry matter content by
1.3-2.0% (p<0.05=0.36). The lower dry matter content

relative to the Karadag cultivar was characterised by the
Belarusian cultivar - 0.8 on dry-farming land and 0.3%
higher with irrigation. The Ukrainian Sloboda cultivar
had a higher dry matter content by 0.3 and 0.5% ac-
cording to the growing method. The Windsor cultivar
surpassed the Karadag cultivar by 0.3 and 0.7% according
to the growing method.

The studies of the development of the nodulation
apparatus have shown that the cultivation of beans with
irrigation contributed to a considerable increase in the
mass of nitrogen-fixing nodules (rhizobia) from 34.2%
in the Ukrainian Sloboda cultivar to 114.9% in the Belar-
usian cultivar at the level of p<0.05=0.03 g/plant (Fig. 2).

" == The amount of nodules, The mass of nodules, o
% 70.0 pcs/plant - g/plant A0
3 600 f \ 120 2
o
e 500 f N 1.00 3
58 400 * N 1080 £
5 300 $0.60 ©
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Dry-farming land” Drip irrigation

Figure 2. The development of the nodulation apparatus of vegetable beans depending on
cultivars and drip irrigation

Results of statistical processing
A
HIP B

05
AB
Note: * - control, st - standard

Amount of nodules Mass of nodules
0.58 0.01
0.93 0.02
1.31 0.03
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During the cultivation on dry-farming land, the
standard Ukrainian Sloboda cultivar most considerably
prevailed by weight of nodules (+34.8%), the difference
was slightly lower for Windsor cultivar (+19.1%). The
Belarusian cultivar formed lower masses of rhizobia by
66.7% compared to the Karadag cultivar. During the cul-
tivation with irrigation, the same trend continued, but
the difference between the variants decreased. Thus,
Ukrainian Sloboda cultivar and Windsor cultivar formed
rhizobia larger in weight by 21.4 and 13.3% relative to
Karadag standard cultivar, the Belarusian cultivar had
rhizobia 51.9% smaller in weight. Growing beans with
drip irrigation contributed to a considerable increase
in the number of rhizobia on the plant. Thus, Karadag
cultivar increased their number relative to the variant
without irrigation by 5.7%, Ukrainian Sloboda cultivar -
by 16.4%, Belarusian cultivar - by 16.3%, and Windsor
cultivar - by 46.7%. During the cultivation on dry-farming
land, Ukrainian Sloboda and Belarusian cultivars formed
by 28.5 and 8.7 pcs./plant more nodules relative to the
Karadag cultivar, and the Windsor cultivar - less by
13.0%. During the cultivation with irrigation, Ukrainian
Sloboda and Belarusian cultivars formed by 36.0 and
13.0 pcs./plant more nodules relative to the Karadag
cultivar, and the Windsor cultivar - less by 8.2%. This
means, the response of plants of Karadag cultivar was
more positive to the growth of rhizobia, which helped
to reduce the difference between the variants.

CONCLUSIONS

Thus, it can be stated that cultivating beans with drip
irrigation improves the growth processes of plants,

increases crop productivity, and improves soil conditions
for the next crop by accumulating biological nitrogen
in the ploughing soil layer. Cultivation of beans with
drip irrigation contributed to an earlier arrival of products
by 4-7 days, which in turn will be affecting the cost of
production and profitability of production.

When cultivating beans with drip irrigation, the
number of shoots on one plant increased by 17.3-30.0%,
or 0.7-1.0 pcs/plant, the leaf area of plants increased
by 21.2-24.9%, and the number of beans increased on
variants with drip irrigation by 47.8% for the Belarusian
cultivar, by 50% for the Karadag St and Ukrainian Sloboda
cultivars,and by 62.5% for Windsor cultivar - relative to
the variant with no irrigation.

Drip irrigation contributed to an increase in the
mass of green beans on the plant by 35.9-41.9 g/plant,
and the indicator of commercial yield increased by 3.5-
4.2 t/ha, or 31.3-39.2%. The crude protein content with
drip irrigation increased by 12.8-16.5%. Analysis of the
data obtained indicates that drip irrigation contributes
to an increase in the level of fulfilment of biological
potential, which is especially high in Ukrainian Sloboda,
Belarusian, and Windsor cultivars.

The cultivation of beans with drip irrigation con-
tributed to a considerable increase in the number of
nitrogen-fixing nodules on the plant by 34.2-114.9%
and their mass by 5.7-46.7%, which, accordingly, in-
creased the concentration of biological nitrogen in the
soil. Cultivating beans with drip irrigation contributes
to a substantial improvement in the formation of the
legume-rhizobial system, which has a positive effect on
the concentration of biological nitrogen in the soil.
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OonTuMizauiga npoayKuilHoro npouecy 606y oBo4YeBOro LUASIXoM Ao060py CopTiB i
3acToCyBaHHS KpanJIMHHOIO 3pOoLUeHHS
Bauecnas BacunboBuu SueHko

YMaHCbKMIM HaLiOHANbHUI YHIBEPCUTET CaAiBHMLTBA
20300, Byn. IHcTMTYTCbKA, 1, M. YMaHb, YKpaiHa

AHortauiq. [Ing ranysi 3eMnepobcTBa akTyanbHa TEHAEHLiS PO3LUMPEHHS aCOPTUMEHTY BMPOLLYBAHHS OBOYEBMX
KynbTyp. CyyacHe CinbCbKOrocnogapcbke BUPOOHMLTBO HEMOXMBE Be3 BUpOLLYBaHHS 6060BUX KynbTyp — AELIeBOro
[Kepena pOC/AMHHOro 6ifnka i OAHIEl 3 BaXIMBMX NAHOK, BiA [KOi 3aneXuTb 6anaHC OpraHivyHoOi pevyoBMHM B
rpyHTi. MeTol pocnigxeHs, wo nposoaunucs y 2019-2020 pp., 6yno BUBYEHHS COPTOBMX 0COBAMBOCTEN i BNIMB
KPamn/jMHHOIO 3pOLUEHHS Ha PicT i ypoxaiHicTb 606y oBoveBoro ta GopMyBaHHS CMMBIOTMYHOI cucTemu. [ns
[OCNiAXeHb BUKOPUCTOBYBAIM NOMbOBI, 1aBOPATOPHI, CTaTUCTUYHI | pO3paxyHKOBO-aHaNiTUYHI MeToau. [poBeaeHi
LOCNIOKEHHS Aanu 3MOry BCTAHOBMTM, WO 3aCTOCYBAHHA KPANJIMHHOMO 3pOLIEHHS CNpuano Binbll paHHiW nosBi
CXOAiB, CKOPOYEHHI0 Mixda3HMX nepiofiB i Gifbll paHHbOMY HAAXOMAXKEHHIO OBOYEBOI NPOAYKLUii Ha 4-7 p#i6
3aneXHo BiA copTy. Maca 3eneHux 606iB 3poctana Ha 35,9-41,9 r 3anexHo Big, copTy. YpoxKaliHicTb 3efeHnx 606iB
3binbwyBanacs Ha 3,5 7/ra (32,1 %) y copty Kapagaar, 3,6 7/ra (31,3 %) y copty Bina3opceki Ta 4,2 7/ra (39,2 %) y
coptiB YkpaiHcbki cnobiaceki i Binazopcbki. Cepen, AoCNigHUX BapiaHTIB HaWbinbL BpoXaliHUM Ha Borapi 6ys copt
YKpaiHCbKi cnobiacbki, @ Ha 3poweHHi — binopycbki, YkpaiHcbki cnobiacbki Ta BiHasopcbki. Pe3ynbtati BKkasyoTh,
O HaMbINbL PO3BUMHYTUI HOAYNAUIMHMI anapaT GopMyBaBcs y copTy YKpaiHCbki cnobincbki, oe dopmysanacs
Hanbinbwa Maca, npote ApibHUx Bynbbouok Ha pocauHi (0,9 r Ha 6orapi Ta 1,3 r Ha 3pOoLUEHHI). 3arafioM KpananHHe
3POLLEHHS CNPMSNI0 MNOKpALLLEHOMY pO3BUTKY 6060B0-pr306ianbHOro cMMbiosy pocamH 606y oBoveBoro. Maca 6ynbbo4ok
Ha KpanjiMHHOMY 3poLleHHi 3pocTana Ha 0,3 r/pocn. He3anexHo Bif COPTY, @ iX KinbkKicTb — Ha 1,5-9,0 wT./pocn.
MpepcTaBneHi pe3ynsTaTv 4AKOTb YSBAEHHS MPO QYHKLiOHyBaHHS 6000BOro arpoueHo3y Ta BM/MB 3pOLUEHHS Ha
OCHOBHI IKiCHI NOKa3HWMKM NpoayKTy. [loaanblui AOCNIAKEHHS NONAra0Tb Y BUBYEHHI PEXMMIB (HOPM, CTPOKIB, KpAaTHOCTI)
3POLUEHHS Ta iX BMJIMB HA NPOAYKTUBHICTb poCInH 606y 0BOYEBOro

KniouoBi cnoBa: 6ioxiMiuHi NokasHMKKM, Maca 3eneHnx 606iB, HOLYNALIMHKUIA anapaT, ypoXanHicTb 3eneHux 606is
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INTRODUCTION

The most important functions of the forest stand for
society are health-improving and recreational. Recreation
of Ukraine's population can take place on most forested
areas that are suitable for their functional purpose and
forest-growing conditions. One of the forest categories,
which is entrusted with the function of health improve-
ment and recreation of the population, is recreational for-
ests. Forests of this category can be located both within
and outside populated areas, which is requlated by the
relevant decree [1]. According to this document, the
areas of green belts (GB) and recreational forest plots
are established depending on the natural zone, forest
cover, and population size of the corresponding locality.

The analysis of the concepts of “green belt” and
‘complex urban green belt” with variants of interpreta-
tion by many scientists was carried out by I. Kuzyk [2].
The researcher noted that the category “‘urban green
belt” should be understood as forest stands outside the
city. Today, the structural elements of the urban green
belt are recreational forests and forestry enterprises. In
forest management, the forest-park part of the GB has
been allocated under conditions of high anthropogenic
loads since 1961, and the forestry part - since 1928 [3].
The areas of forests that belong to the latter are more
remote from the city limits and belong to the so-called
“restricted forests”, in which principal use felling (PUF)
can be carried out. Sections of the recreational part of
the GB are classified as “special-use forests”, which ex-
cludes the possibility of PUFs. In addition, the forests
of both types differ in the age gradations of the age
groups of tree species, since the exploitable age of the
main forest-forming species in recreational forests is
10-30 years higher [4].

The key role in identifying the green belt around
a city is played by the distance of forest areas from its
border [5]. Due to the large distance to wooded areas, a
large number of cities in the Steppe zone of Ukraine ac-
tually do not have green belt forests. As a rule, with the
growth of forest cover, there is also a tendency to the
increase of suburban forest areas. However, population
density [6; 7], accessibility to wooded areas [8; 9], and
the industrial load of cities [10] play a very important role
in determining the area of green belts both in Ukraine
and abroad. Air pollution in many major cities of the
world, which is caused by the growth of the number of
vehicles and the development of industry, increasingly
negatively affects the microclimate of cities, which
poses serious challenges in the design of the so-called
‘green frame” [11; 12]. Another serious problem in the
development of urban green belts is ecological and cli-
matic changes, which in recent decades have increasingly

1. Siruk and Yu. Siruk

manifested themselves in the Eastern European region,
in particular in the form of temperature anomalies [13].
A fairly large number of research papers by both
Ukrainian researchers and scientists from neighbouring
countries are devoted to the study of the structure of
forests in the urban green belts [14-16]. In Ukraine, the
main studies mainly concerned the green belts of large
cities of the Forest-steppe [17-19] and Polissya regions
[20-22]. Regarding the Zhytomyrska Oblast, which has
significant areas of recreational and health-improving for-
ests, unfortunately, recent studies were very limited [23].
Due to the lack of information on the character-
istics and structure of forest sites in the green belt of
Zhytomyr city, the purpose of the study was to carry out
appropriate research.To achieve this goal, the following
tasks were set: to investigate the distribution of forest
sites by area, to determine the species, typological, and
age structure of plantings, to find out the presence of
berry fields, hotbeds of medicinal plants, the features
that can affect the recreational use of territories in the
context of forestry and recreational parts of the GB.

MATERIALS AND METHODS
The materials for the study were the forest inventory
data of three forestry enterprises: SE “Zhytomyrske LH”,
SE “Zarichanske LH”, and SE “Pulynskyi lishosp APK” as
of 01.01.2016. Information on forest management was
obtained and analysed using the VO “Ukrderzhlisproekt”
inventory database using the SQL Server and “Lisovpo-
riadnyk” software tools in accordance with the instruc-
tions [24]. At the first stage of the study, the analysis of
forest management data was carried out separately for
each forestry enterprise. All sections of the forest fund
of forestry enterprises within the Zhytomyrska Oblast
were taken into account. Filtering of database information
was carried out by grouping the areas of green belts by
a certain indicator. The analysis was carried out in the
following sequence: categories of protectability of rec-
reational forests; categories of sites of the forest fund;
features of sites; forest sites (species, typological, and
age structure); non-forest sites (types of hayfields and
swamps, the degree of their overgrowth with woody
and bush vegetation), berry fields and medicinal plants
(types, coverage areas). First, the search was carried out
for areas of the forest fund within two categories of
protectability that form the urban green belt: “the for-
estry part of green zones” and “the recreational part of
green zones”. For plots within the corresponding func-
tional part of suburban forests, the areas of forest and
non-forest plots were determined. Among the forested
areas, the distribution of areas by predominant tree species,
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forest site types, and age groups was determined. The
intensity of economic operations in the forests of both
parts of the GB was determined by the share of certain
categories of un-forested areas. Among the non-forested
areas, only swamps and hayfields were analysed. The
types of swamps, the predominant vegetation, the degree
of overgrowth of trees and shrubs, and their species
composition were determined. Regarding hayfields, the
main users, types of land, quality, condition, degree of
overgrowth, and species composition of tree and shrub
vegetation were determined.

The analysis of the features of subcompartments,
the presence of berry bushes and medicinal plants was
carried out within the forest fund of both parts of the
GB. Out of the total area of land plots that had certain
special characteristics, only 23 categories of features
that can potentially affect the recreational use of the
territory (both positively and negatively) were logically
filtered out. The total coverage areas of medicinal and
berry plants were determined by the percentage of their
projective coverage in a particular area.

RESULTS AND DISCUSSION
Within the Zhytomyrska Oblast and the city of Zhytomyr,
there are more than 44 thousand hectares of forest
plots, of which 33.4 thousand hectares belong to recre-
ational and health-improving forests. About 25.98 thou-
sand hectares of recreational and health-improving for-
ests within the administrative district are subordinated
to SE “Zhytomyrske LH” (Berezivske, Bogunske, Kora-
belne, Levkivske, Stanishyvske and Trigirske forestries);

3.36 thousand hectares belong to SE “Zarichanske LH”
(Zarichanske and Korbutivske forestries) and about
4.08 thousand hectares belong to SE “Pulynskyi lishosp
APK” (Zhytomyrske forestry).

Within the city limits of Zhytomyr, there are only
18 hectares of forest areas (Bogunske forestry), which
belong to forests within localities. The remaining rec-
reational forests of the Zhytomyrska Oblast form the
green belt of the Zhytomyr city. Among suburban for-
ests, the plots that belong to the forestry part of the GB
predominate in terms of area — 19.37 thousand hect-
ares (58%). The area of recreational forests themselves
(the forest-park part of the GB) is about 14.04 thousand
hectares (42%).

The structure of forest sites in different parts of
the green belt differs, which is caused by forestry activities
in the forestry part. The use of PUFs in these forests causes
the appearance of cut area (2.2%) and, accordingly,
free-growing plants (2.5%). In the forestry part of the
GB of Zhytomyr, the share of forest vegetation is about
89%, including 50% of artificial origin. Non-forest areas
are dominated by swamps (2.0%), other non-forested
areas (1.6%) and hayfields (0.6%). The distribution of
areas by compartment categories differs most from the
general part of the GB in SE “Zarichanske LH”, which is
conditioned by the use of a significant part of the ter-
ritory for military purposes and the presence of signifi-
cant areas of non-forest areas (more than 300 hectares),
including the most developed network of unpaved
roads (Table 1).

Table 1. Distribution of forest areas in the forestry part of the GB by compartment categories

SE “Pulynskyi lishosp

SE “Zhytomyrske LH” SE “Zarichanske LH” . Total
Compartment categories APK
Area, ha % Area, ha % Area, ha % Area, ha %
Paved roads 24.7 0.2 - - - - 24.7 0.1
Swamps 379.8 24 6.3 0.7 2.1 0.1 388.2 2.0
Other non-forest lands - - 308.2 32.1 - - 308.2 1.6
Reclamation canals - - 0.6 0.1 - - 0.6 0.0
Decorative glades - - 43 0.4 - - 43 0.0
District boundaries - - - - 8.7 0.3 8.7 0.0
Glades - - 5.3 0.6 2 0.1 7.3 0.0
Economic and

administrative buildings 17 0.0 B - N - L7 0.0
Dirt roads 375 0.2 21.4 2.2 7.5 0.3 66.4 0.3
Failed plantations 2.4 0.0 - - 0.0 2.4 0.0
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Table 1, Continued

SE “Pulynskyi lishosp

SE “Zhytomyrske LH” SE “Zarichanske LH” Y Total

Compartment categories APK
Area, ha % Area, ha % Area, ha % Area, ha %
Cuttings 404.7 2.6 - - 21.5 0.8 426.2 2.2
Forest borders 20.6 0.1 1.7 0.2 - 0.0 22.3 0.1
Electric lines 9.6 0.1 3.2 0.3 - 0.0 12.8 0.1
Communication lines 0.9 0.0 - - - 0.0 0.9 0.0
Forest plantations 8,190.3 52.2 418.2 436 1,023.8 376 9,632.3 49.7
otands with an artificil 11 0.0 53 06 - 00 6.4 0.0
Natural stands 57744 36.8 171.4 17.9 1,621.6 59.5 75674 39.1
Free-growing plantations 472.5 3.0 - - 20.3 0.7 492.8 2.5
Lakes 1.5 0.0 - - - 0.0 1.5 0.0
Pastures and grasslands 3 0.0 - - - 0.0 3 0.0
Plantations 30.3 0.2 - - - 0.0 30.3 0.2
Compartment lines 135.5 0.9 2.6 0.3 2.4 0.1 140.5 0.7
bli“::g;ii‘ﬁezlj;téngies 17 0.1 - - 141 05 311 02
Rivers 6.6 0.0 - - - - 6.6 0.0
Arable land 31.6 0.2 0.5 0.1 - - 321 0.2
Forest nurseries 0.9 0.0 - - - - 0.9 0.0
Gardens 1 0.0 - - - - 1 0.0
Estates 31.3 0.2 0.3 0.0 - - 31.6 0.2
Hayfields 100.5 0.6 8.4 0.9 - - 108.9 0.6
Ponds 73 0.0 0.3 0.0 - - 7.6 0.0
Streams 1 0.0 2 0.2 - - 3 0.0
Total 15,687.7 100 960 100.0 2,724 100 19,371.7 100

Source: calculated based on forest inventory materials as of 2016 using the relational database of VO “Ukrderzhlisproekt

The most active forestry management is estab-
lished in SE “Zhytomyrske LH” which is confirmed by
the share of temporarily forested areas, namely cuttings
and free-growing plantations. In the recreational part
of the green zone, there is a correspondingly higher
share of forested areas - 91%, but cuttings (0.8%) and
free-growing plantations (0.8%) are less common due
to the low-intensity farming. Artificial plantings, as in
the forestry part of the GB, natural stands predominate
in terms of area (57% vs. 34%). The swampiness of the
territory of recreational forests is insignificant - about
1.4%. The road network is slightly better developed
than in the forestry part, which is confirmed by almost
twice the share of dirt roads — 0.7%. The best developed
road network is the territory of forest parks, which is
subordinate to SE “Zarichanske LH” - 2.8%. At the same
time, within the recreational part of this enterprise

»

there are significant areas of non-forested land - 2.6%.

Among non-forested areas, hayfields and swamps
can be used for recreational purposes to a certain extent.
About half of the hayfields in the suburban forests of
Zhytomyr are used for hay harvesting. Most of these lands
are dry (52%), the rest are swampy and floodplain (24%
each). The vast majority of land areas (59%) are clean,
but the share of land overgrown with shrubs and woody
vegetation is 30%.About 11% of the land area has a bumpy
structure.The percentage of overgrowth of hayfields with
shrubs and trees is mainly from 5% to 35%. Most of the
areas are overgrown with black alder (Alnus glutinosa (L.)
Gaerth.), common birch (Betula pendula Roth.) and wil-
lows — Salix caprea L., S. viminalis L. and S. Triandra L.
As for swamps, most of them are low-lying (83%), the
share of areas of transition and upper swamps is sig-
nificantly smaller (16% and 1%, respectively). According
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to the type of vegetation, swamps in the suburban area
are mainly sedge and sedge-sphagnum, the participation
of which is 73% and 22 %, respectively. The vast majority of
swamps in suburban forests are overgrown with shrubs
(shrubby willows) and trees up to a third of their area.

Table 2. Areas of land plots within the recreational and health-improving forests of SE “Zhytomyrske LH’,

Large areas of land in suburban forests have certain
characteristics that significantly affect their recreational
assessment and use. For example, in SE “Zhytomyrske LH”
such plots cover more than 6.5 thousand hectares (Table 2).

»

which have special characteristics for recreation, ha

Site features Recreational forest part of the GB Forestry part of the GB
Used for public recreation 1.4 3.0
Rocky outcrops on the area 0.9 11.8
Plantings of different ages 48.6 1111
Stand density is uneven 554.9 1,259.5
Stand composition is heterogeneous 229.5 1,297.8
Monument of the garden art of local significance - 0.6
The area is cut by small ravines - 175
Place of memorable events - 1.5
The compartment contains
Bio-meadow 4.0 255
Overlook 49 11
Feeder 122 78.7
Small swamps 330.8 1,529.2
Small glades 174.9 224.7
Anthills 270.3 137.3
Badger burrows 1.5 -
Vacation site 29.7 9.5
Drinking source 121 -
Alkali soil 5.6 30.6
Artificial bird nests 8.4 68.4
Ancient tree - 27.6
Monument - 31
Black stork habitat - 0.2
Fly camp for livestock - 5.5
Total 1,691.9 4,844.2

Source: calculated based on forest inventory materials as of 2016 using the relational database of VO “Ukrderzhlisproekt

Some features of land plots negatively affect
their patency and stability, for example, the presence
of small swamps and ravines. A number of special char-
acteristics that are associated with hunting, attracting
and preserving avifauna can be effectively used in the
design of functional zoning and ecological and educa-
tional routes. The most valuable in recreational terms
are the forest plots that are used for recreation of the

Scientific Horizons, 2020, Vol. 23, No. 12

”

population,compartments with the presence of overviews,
sources of drinking water, monuments, landscaping ele-
ments, ancient trees, and small monuments of landscape
art, places of memorable events. The total area of such
plots at the enterprise is more than 480 hectares, while
they are represented both in the recreational and in the
forestry parts of the FGM of Zhytomyr.

Due to the fact that the GB of Zhytomyr covers




a significant territory, which is located on the border
of the natural zones of Polissya and Forest-steppe, the
typological structure of forest sites is quite diverse.
Forests of the forestry part of the GB differ from forest
parks in richer forest-growing conditions. In forests of
this category of protectability, 22 forest site types are
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established, among which the most common are wet
hornbeam-oak-pine sudubrava (C;hoP) - 16.6%, wet
hornbeam dubrava (D,hO) - 15.5%, wet hornbeam sudu-
brova (C;hO) - 14.6%, fresh hornbeam-oak-pine sudu-
brava (C,hoP) - 14.6%, and wet oak-pine subor (B,oP) -
14.6% (Table 3).
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Table 3. Typological structure of suburban forests in Zhytomyr

Forestry part Recreational forest part
Forest type

Area, ha % Area, ha %

AP - - 324 0.2
AP 84.9 0.5 99.6 0.8

AP 04 0.0 - -
B,oP 1,757.5 9.7 3,859.1 29.3
B,oP 2236 123 875.5 6.6
B,oP 61.9 0.3 27.8 0.2
B.bP 51.9 0.3 23 0.0
D,hO 1,030.8 57 390.5 3.0
D,hO 2,829.6 15.5 296.8 23
D,BA 59.4 0.3 1.9 0.0

D,hO 29.2 0.2 - -

D,BA 17.5 0.1 - -
G,hO 710.9 39 217.2 1.6
C,hoP 2,653.1 14.6 3,869.8 294
S,hpO 0.5 0.0 26.6 0.2
C;hO 2,659.3 14.6 522.1 4.0
C,hoP 3,016.4 16.6 2,314 17.6
C,hp0O 4.8 0.0 68.9 0.5
C,BA 842.6 4.6 544.1 4.1
C,ho 11 0.1 121 0.1
C,hoP 22.6 0.1 7.2 0.1

C.bP 0.7 0.0 - -
C,BA 120.7 0.7 11.9 0.1
Total 18,201.7 100 13,179.8 100

Source: calculated based on forest inventory materials as of 2016 using the relational database of VO “Ukrderzhlisproekt”

If the forestry part is characterised by the domi-
nance of wet edatopes, the share of which is 59%, then
fresh conditions are more typical for the recreational
part of the forest (61%). In total, 19 site types were found
in recreational forests. The most common types of forest
are C,hoP - 29.4%, fresh oak-pine subor (B,dP) - 29.3%,
and C;hoP - 17.6%.

The species composition in the forestry part of the
urban green belt differs by three enterprises. For example,

oak stands predominate in SE “Zhytomyrske LH” (48%),
in SE “Zarichanske LH” and SE “Pulynskyi lishosp APK” -
pine stands predominate (70% and 54%, respectively).
In general, in the forestry part, common oak (Quercus
robur L.) prevails on 40% of forested areas, Scots pine
(Pinus sylvestris L.) — on 35%, common birch (B. pendula
Roth.) - on 12%, black alder (A. glutinosa (L.) Gaerth.) -
on 6%, other species - by 7% (Fig. 1).
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Figure 1. Distribution of forest areas of Zhytomyr by predominant species, ha.
A - forestry part of the GB, B - recreational forest of the GB

The recreational part of forests significantly differs
from the forestry part in terms of species composition.
In forests of this category of protectability, Scots pine
prevails on 61% of the land area, common oak - 27%,
white birch and black alder - 5% each, other species -
2%. The share of oak stands in recreational forests is
higher in SE “Zhytomyrske LH” (30%) and SE “Zarichan-
ske LH” (25%), relative to SE “Pulynskyi lishosp APK”, oak

stands here cover only 6% of the area. The age struc-
ture of forests in different parts of the GB has certain
differences. According to the distribution areas by age
groups, the share of young stands in recreational for-
ests is very small - 3.5% against 9.2% in the forestry
part. Furthermore, in the forests of this part of the green
belt, the share of areas of ripening stands is almost twice
as high (Table 4).

Table 4. Age structure of suburban forests in Zhytomyr

Forestry part Recreational forest part

Age groups
Area, ha % Area, ha %
Young stands of the 1%t class 619.2 3.6 129 1.0
Young stands of the 2™ class 972.1 5.6 326.1 2.5
Average age of stands 7,245.1 421 7,296.3 57.0
inSangfnagheeifaiziTStibn 38811 226 2,5973 187
Ripening stands 2,671.7 15.5 889.5 6.9
Ripe stands 1,376.5 8.0 1,482.8 11.6
Overripe stands 440.4 2.6 285.1 2.2
Total 17,206.1 100 12,806.1 100

Source: calculated based on forest inventory materials as of 2016 using the relational database of VO “Ukrderzhlisproekt”

But the share of stands of average age is higher
in the recreational forest by more than 11%. In the rec-
reational part of the GB, the share of ripe and overripe
stands is slightly higher. The age structure in the con-
text of enterprises also has significant differences. In
SE “Zhytomyrske LH” in recreational forests, the share
of ripening, ripe, and overripe stands is significantly
higher, but in other enterprises, there are younger and
average-aged forests.

The latest forest inventory data on the accounting
of berries and medicinal raw materials in the suburban
forests, on the example of SE “Zhytomyrske LH”, sug-
gests that within the urban green belt, there are more
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than 430 hectares of plots with the presence of berries
and about 190 hectares of plots with medicinal plants.
In recreational forests contain almost 208 hectares of
plots with berry fields, among which their uneven dis-
tribution is observed on an area of 157 hectares. In the
Forestry part of the forests of the green zone of the
enterprise, the area of plots with berry fields is almost
224 hectares. As for plots with the presence of medic-
inal plants of industrial importance, their area in the
recreational part of the GB is more than 103 hectares
(among them almost 36 hectares with uneven distri-
bution of plants), in the forestry part - 76, including
41 hectares with uneven distribution of plants on the




territory. Berry bushes are represented by only two
types of plants - blueberries (Vaccinium myrtillus L.) and
wild strawberries (Fragaria vesca L.) at the same time,
wild strawberries are present only in the recreational
forests (Fig. 2).

The projective coverage of strawberries on plots
varies from 10% to 20% and averages about 16%. Blue-
berry coverage in recreational forests is almost twice as
large. As a rule, blueberries cover within 10-30% of the
area of plots, on average at the level of 19%. The area
of land overgrown with blueberry plants in the forestry
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part of the green belt is much larger, while berry fields
cover from 5% to 50% of the land area. As for medicinal
plants, the growth of 8 plant species of industrial sig-
nificance has been observed in the suburban forests of
SE “Zhytomyrske LH”. At the same time, the coverage areas
of these plants are larger in recreational forests (Table 5).

The most common types of medicinal plants in the
recreational forests are common yarrow and St. John's
wort,and in the forestry part of the green zone - calamus
root and Stinging nettle.

Blueberries

Recreational part

Forestry part

Figure 2. The area of berry fields in the GB of SE “Zhytomyrske LH”

Table 5. Areas of coverage of medicinal plants within SE “Zhytomyrske LH’, ha

Medicinal plants Recreational for-est part Forestry part
Common yarrow (Achillea millefolium L.s.) 4.4 0.72
St.John's wort (Hypericum perforatum L.) 3.13 0.4
Stinging nettle (Urtica dioica L.) - 242
Calamus root (Acorus calamus L.) 1.46 3.59

Erect cinquefoil (Potentilla erecta L.) 0.78 -

Wormwood (Artemisia absinthium L.) 1.22 1.32
Immortelle (Helichrysum arenarium L.) 1.39 1.32
Total 12.38 9.77

Source: calculated based on forest inventory materials as of 2016 using the relational database of VO “Ukrderzhlisproekt”

CONCLUSIONS
The area of suburban forests in Zhytomyr is more than
33.4 thousand hectares, among which the plots of the
forestry and recreational parts of the green belt cover
19.37 and 14.04 thousand hectares, respectively, which
corresponds to the current standards. The distribution
of forest areas by site category, including the species,
age, and typological structure of stands in both parts
of the green zone have differences. This is due to both
forest-growing conditions and different forest man-
agement regimes. The share of forested areas in rec-
reational forests is 2% higher due to the insignificant
participation of free-growing plantations and cuttings,

which are significantly higher in the forestry part of the
green belt. By age, the recreational forests are on average
slightly older, which is the result of a special farming
regime. Due to the fact that the areas of the forestry part
are more spatially dispersed, their typological and spe-
cies structure is more diverse. Richer forest conditions
in these stands have caused a greater species diversity
of trees and a greater proportion of megatrophic plants
in the species composition.

In both parts of the city's green belt, there are
about 480 hectares of land with existing facilities and
features that have a significant impact on the recreational
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use of the surrounding area. More than 67 hectares are
occupied by plots with various levels of landscaping,

two zones. Only in suburban forests within SE “Zhy-
tomyrske LH” blueberries and strawberries occupy an

more than 235 hectares with habitats of rare animals
and birds, and with existing biotechnical facilities. Plots
with berry fields and medicinal plants of industrial sig-
nificance are equally represented in the forests of the

area of about 671.1 and 121.8 thousand m?, respectively.
As for medicinal plants, their coverage area is about
221.5 thousand m2
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CTpYKTYypa AiNnsgHOK nicoBoro ¢oHAy 3eneHoi 30HM MicTa XXutomupa
IpuHa MukonaiBHa Cipyk, Opii BiktopoBuu Cipyk

Monicbkni HauioHaNbHWI YHiBEPCUTET
10008, 6-p Crapui, 7, M. Xutomup, YkpaiHa

AHoTauif. Micto XXMToMUp € OfHUM i3 HaceneHux NyHKTIB YKpaiHK, Ske MA€ BeNUKI MAOLL JliCiB 3eneH0i 30HM. Y 3B%3Ky
i3 BiACYTHICTIO aKTyanbHOI iHTErpoBaHOi iHPOpMaLLii LWOoA0 XapakTepUCTUKM NPUMICBKMX NiCiB MicTa, Y10 NpoBeaeHO
aHanis nicoBoro GoHAY TPbOX MiANPUEMCTB, NiICOBI MAaCUBM SKUX BNACHE 11 YTBOPIOKOTb 3e/IeHY 30HY. 3@ pe3y/bTaTaMu
aHanisy nicoBnopsgHoi iHhopmauii 6yno BM3HayeHo, Wwo 6a13bko 58 % nnol NpuMMICbKMX NiCiB HanexaTtb A0
nicorocnoaapcbkoi YacTUHM. BianosifHO, YacTka naoLw, 4iNSHOK NiCONApKOBOT YaCTUHM 3e1eHOI 30HM MiCTa CTAaHOBUTb
42 %. Ons KOXHOI 3 YaCTUH ByNo 34iMCHEHO PO3NOAIN M/OLL AiNSHOK 33 KaTeropiaMu, nepeBakatounMm Nopoaamm,
rpynamu BiKy, TUNaMM ficy, HasBHICTI0O ocobnmBocTen y Buainax. [LingHku niconapkis npeancraBneHi 34ebinblioro
MOKPUTMMM NTICOM TEPUTOPISMM, HacTKa sikux carae 91 % npotu 89 % y nicorocnogapcbKii YacTuHI. 3a BIKOM AepeBOCTaHM
y niconapkax € AeLo CTapwmnMn. BctaHoBNEHO, WO NOPOAHA i TMNOJIOriYHA CTPYKTYpa NiciB 060X 30H BiApPi3HAETbCS.
JTicopoCNMHHI YMOBM Yy NiCOroCNofapchbkii YacTUHI NiCiB 3en1eHoi 30HM € HaraTlwmMu, WO 3YMOBWMIO BWUIINEHHS
6inbLUOi KiNbKOCTI TUMIB Nlicy, pi3HOMAHITHIWWIA NOPOAHMIA CKNAL HACALXKeHb, NepeBaXKaHHa Ly60BMX AepeBOCTaHIB.
3aranoM y NpUMIiCbKMX Jlicax BCTAHOBMAEHE 3apOCTaHHS AEPEBHO Ta YarapHMKOBOK POC/IMHHICTIO MNOHAA, TPETUHY
naow, ciHoxaTen i 6inbwe nonoBuHM BONIT, BHACNIAOK iX nepecuxaHHs. [poBeaeHo po3nogin naoL, CiHoXaTten i
60T 32 TMNaMM Ta BUKOPUCTAHHAM. [10 BUAINIB i3 BaXX/MBUMM ANs pekpeaLii 0CO6MBOCTAMMU BiAHECEHI LiNSHKM
i3 HasBHICTIO BMAOBMX TOYOK, AKEpen NMUTHOI BOAW, MOHYMEHTIB, efieMeHTiB 61aroycTpoto, BikOBUX AepeB, APiOHMX
ransiBuH,6ioTeXHIYHNX OOEKTIB,a TAKOX ypOUMLLa, IKi € NaM9TKaMU Cal0BO-NApPKOBOro MUCTELTBA, MiCLLAMM MAM 'STHUX
NOAIN, MiCLSAMM NOCENEHHS piaKICHUX TBapMH i NTaxis. [locnigxeHo, Wo B ficax 3efeHoi 30HN M. KUTOMMpA € 3HaYHI
naowWi AiNSHOK 3 HasBHMMMU frigHMkamu (430 ra) Ta NikapCbKMMK pOCAMHAMKM NMPOMMUCIOBOrO 3HayveHHs (179 ra).
ArifHWMKM NpencTaBneHi anwe YOPHUYHMKAMM Ta CYHUYHMKAMM, MPOEKTUBHE NOKPUTTS SKMX Bapite B Mexax Big 5
0o 35 %.Hapani € nepcnekTMBHUMM AOCNIAXKEHHS LWOA0 BU3HAYEHHS PiBHS peKpeaLimHOro BUKOPUCTAHHS LiNSHOK,
SKi MatoTb LiHHI ANg pekpeauii 0cob6iMBOCTI, eneMeHTH BnaroycTpoto Ta arigHUKm

KntouoBi cnoBa: niconapku, kateropii 4insHOK, NOPOAHUI CKAAA NiCiB, TMNONOriYHA CTPYKTYpPa, MOLW,i AriAHUKIB
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INTRODUCTION

Any population of animals, including birds, contains a
certain number of recessive harmful genes that arise
as a result of mutational processes and are called the
‘genetic burden”. As a consequence of its existence, ab-
normal individuals can be found in any batch of one-
day-old birds. An even greater number and variety of
them are found during the autopsy of incubation waste.
According to G.K. Otriganiev et al.[1],among the “dead-
in-shell” and “late dead” obvious abnormal individuals
make up 3-4%. Some of the abnormal individuals die at
an earlier age, in the first days of incubation. The fre-
quency of various anomalies in the early stages in some
cases reaches 7-10% [2]. On average, it is estimated that
5% of embryos that die during incubation are abnormal.
In addition, most deformities of embryonic aetiology
are inherited as a recessive trait, and therefore their
frequency increases with closely related breeding [3-5].

To prevent harmful recessive mutations from
spreading in a particular group of animals, it is necessary
to organise genetic control (monitoring) for the manifes-
tation of pathology in animals [6-8].To develop effective
methods for eliminating the genetic burden from poultry
populations, special importance is attached to anatomical
pathology analysis, which acts as an integral part of the
genetic monitoring of harmful mutations [9-10]. Thus,
for example, according to the anatomical autopsy of in-
cubation waste from eggs that were stored for a long
time, the number of different degenerations is found to
be higher than the standard indicators. The number of
acrania and ectopia also increases [11]. It was also es-
tablished that among late dead poultry from eggs with
a long keeping period, the number of embryos with dou-
bled limbs (legs and wings), double and multiple degen-
erations increase. Other researchers were also engaged
in research aimed at studying the expression of genetic
mutations in farm animals of various species [12-16].

This issue becomes particularly relevant when
preserving the small genetic resources of poultry of
various species since it allows controlling and taking
timely measures to eliminate “harmful genes” from a
limited poultry gene pool. This will make it possible
to identify individuals who carry lethal and semi-lethal
genes, the further use of which should be abandoned
in order to reduce the genetic burden in the population
and achieve a real, genetically determined increase in
reproduction rates. Since there are few scientific publi-
cations on genetic monitoring for the detection of he-
reditary defects in the development of poultry embryos
of the Ukrainian gene pool, such research is of particular
importance.

The genetic burden can be mutational, balanced,
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and transient. Mutational burden occurs as a result of
mutation of the dominant allele A into recessive a. The
more often this process occurs, the more saturated the
population is with the allele a. Selection counteracts
population saturation with recessive alleles, eliminating
them through homozygous genotypes aag, as the least
adaptable. The general genetic burden is formed by the
total effect of the genetic burden of individual loci [17].

According to the existing classification, it is pro-
posed to divide genetic mutations according to the de-
gree of their penetrance: lethal genes that cause 100%
death of organisms; sublethal genes (semi-lethal) that
cause the death of 50-90% of individuals; sub-vital genes
that cause death in less than 10% of individuals [18].
Most lethal genes in poultry are recessive, but the sci-
entific literature describes cases of pathological forms
of both dominant and incompletely dominant nature.
Lethal and semi-lethal anomalies are mainly associated
with the transition to a homozygous state of mutant re-
cessive genes. This means that the parents of abnormal
animals are heterozygous carriers of these mutations [19].
The main danger for animal populations is represented
by lethal mutations (lethals), which, being in a heterozygous
state, can persist for many generations until they disap-
pear due to the death of heterozygous carriers or in the
case of infertility of homozygous animals with a lethal
gene [20].

The purpose of the study was to identify the spec-
trum and frequency of hereditary genetic defects in embryo
development in meat and egg chickens and turkeys in
order to establish the level of genetic burden in various
species of poultry populations of the Ukrainian gene pool.

MATERIALS AND METHODS
The study was conducted in 2018 in the laboratory of
breeding, technology, and innovation management of
the state experimental poultry breeding station of the
National Academy of Agrarian Sciences. The object of
the study was chickens of meat and egg productivity
of the gene pool flock (subpopulation G1 - with black-
striped plumage, subpopulation G2 — with white plumage,
subpopulation G3 - with golden plumage, subpopulation
G4 - with mottled plumage, subpopulation C - with silver
plumage), turkeys of the initial lines (paternal line 5,
maternal line 6) of the Kharkiv crossing of the middle
type.All poultry is kept on the experimental farm “Pres-
ervation of the state gene pool of poultry” of the State
Research Station of Poultry of the National Academy
of Agrarian Sciences: meat and egg chickens in a cage
battery of 6 heads per cage, turkeys on deep unchanged
bedding of 20 heads per section. Feeding is carried out




with full-fledged mixed feed in accordance with the type
and age of the bird.

The total number of dead-in-shell embryos of meat
and egg chickens of five subpopulations was 365 pieces,
turkeys of two lines — 231 pieces. During the productive
period, the incubation eggs of chickens and turkeys are
subjected to an incubation process to produce daily young
animals. At the end of the incubation process of eggs of
meat and egg chickens and turkeys of the initial lines 5
and 6 of the Kharkiv crossing,dead-in-shell embryos,the
so-called “late dead”, were selected among the egg incu-
bation waste. Using a scalpel, the egg shell was broken
and the dead-in-shell embryo was taken out with tweezers.
Visual examination of the embryos identified morpho-
logical disorders in the skeletal structure, as well as various
imbalances in individual body parts. Morphological and
anatomical hereditary defects of chicken and turkey
embryos were identified during anatomical pathology
examination of incubation waste in accordance with a
known method [21]. The description of identified anom-
alies of embryo development was carried out in accordance
with the classification of R.Soames [5]. The level of genetic
burden in each group of birds studied was determined
as the proportion of detected anomalies in the develop-
ment of embryos to the total number of them studied.
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RESULTS AND DISCUSSION
The spectrum and frequency of hereditary genetic de-
fects in embryo development in chickens of the studied
groups are shown in Table 1.

In chickens of subpopulations G1 and G2,among
birds of all the studied groups, a wide range of morpho-
logical anomalies of embryo development were found.
The triple anomaly “exencephaly + crossed beak + 4 legs”
was found with the predominant frequency in black-striped
chickens among the examined embryos (40.0%). At the
same time, white chickens most often had the “Donald
Duck”anomaly (with a frequency of 53.8% among other
detected defects). With a high frequency (20.0-30.8%),
this bird had such mutations as “exencephaly’, ‘crossed
beak”, “shortened maxilla”. Other detected anomalies in
meat and egg chickens of the G2 subpopulation had
the same low frequency of occurrence - 7.1%. The level
of genetic burden in chickens of the G1 subpopulation
was set at 6.85% (Fig. 1), not exceeding the maximum
allowed value (8.0%). At the same time, in white chickens,
the level of genetic burden (8.72%) was higher than this
indicator and therefore requires attention in terms of
taking breeding and genetic measures to identify and
eliminate “defective” genes carriers from the breeding
process.

Table 1. Frequency of occurrence (%) and spectrum of developmental anomalies
of embryos of meat and egg chicken populations

Group Code
Anomalies

G1 G2 G3 G4 C

“Exencephaly” 20.0 30.8 333 100.0 0.0

“Crossed beak” 20.0 0.0 0.0 0.0 0.0
“Shortened maxilla” 20.0 0.0 0.0 0.0 33.3

“Donald Duck” 0.0 53.8 0.0 0.0 0.0

4 legs 0.0 7.7 33.3 0.0 0.0
“Exencephaly + shortened maxilla” 0.0 0.0 0.0 0.0 66.7
“Exencephaly + crossed beak” 0.0 77 333 0.0 0.0
“Exencephaly + crossed beak + 4 legs” 40.0 0.0 0.0 0.0 0.0
Number of examined dead-in-shell embryos, pcs. 73 149 50 58 35

The number of anomalies, pcs. 5 13 3 2 3
Level of genetic burden, % 6.85 8.72 6.00 345 8.57
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Subpopulation of meat and egg chickens
Figure 1. The level of genetic burden in the studied groups of chickens, %

In chickens of the G3 subpopulation, three anom-
alies were found among the examined dead embryos (‘ex-
encephaly’, 4 legs, ‘exencephaly + crossed beak”) with the
same frequency of manifestation of 33.3%. The level of
genetic burden in this bird is low - 6.00%. Only 1 anomaly
‘exencephaly” was found in birds with mottled plumage.
The level of genetic burden is minimal among the studied
groups of meat and egg chickens - 3.45%.

In meat and egg chickens with silver plumage,
two cases of the double mutation “exencephaly + short-
ened maxilla” and one “shortened maxilla” were found
among the examined dead embryos. The frequency of
manifestation of the first mutation was 66.7%, the sec-
ond - 33.3%.The level of genetic burden in chickens of
this group reached 8.57%, which is considered the max-
imum allowed, above which it is necessary to carry out
breeding measures to eliminate lethal genes from the

chicken population. It is worth noting that in chickens
of different subpopulations, similarity in the spectrum
of manifestation of hereditary embryonic developmental
anomalies was noted. Thus, ‘exencephaly” was detected
in chickens of all the studied populations, except for
subpopulation C. The frequency of occurrence of this
mutation is quite high - 20.0-100.0%. Embryos with a
shortened maxilla were found in chickens with black-
striped and silver plumage with a 20.0-33.3% frequency.
Four legs were found in chickens of subpopulations G2
and G3 with a frequency of manifestation of 7.7-33.3%.
The double mutation “exencephaly + crossed beak” was
detected in birds with white and golden plumage with
a frequency of 7.7-33.3%. The spectrum and frequency
of hereditary genetic defects in embryo development in
turkeys of the initial lines of the Kharkiv crossing are
shown in Table 2.

Table 2. Frequency of occurrence (%) and spectrum of developmental anomalies
of embryos in turkeys

Line
Anomalies
Paternal 5 Maternal 6
“No beak” 50.0 -
“Giant eyes” 50.0 -
“Eye reduction” - 50.0
“Exencephaly” - 50.0
Number of examined dead-in-shell embryos, pcs. 106 125
The number of anomalies, pcs. 2 2
Level of genetic burden, % 1.89 1.60
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In turkeys of the paternal line 5, among the ex-
amined dead-in-shell embryos, 2 morphological anom-
alies of embryo development were found - “no beak”
and ‘giant eyes”. These anomalies occurred with the
same frequency - 50.0% each. The level of genetic bur-
den in turkeys of the initial paternal line of the Kharkiv
crossing is low - it is set at 1.89% (Fig. 2), not exceeding

2
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the maximum allowed value (8.0%). This does not pose
a threat to this bird population. In turkeys of maternal
line 6, among the examined dead-in-shell embryos with
the same frequency of occurrence (50.0% each), 2 hered-
itary malformations were detected - ‘eye reduction” and
‘exencephaly”. The level of genetic burden is generally
insignificant at 1.60%.

1.5 4

0.5 -

5 Turkey line 6

Figure 2. The level of genetic burden in the studied turkey lines, %

Consequently, the established low level of genetic
burden (1.60-1.89%) in turkeys of the initial related
forms of the Ukrainian Kharkiv crossing indicates a low
share in the heredity of the used breeders of hidden
carriers of “defective” genes. At this stage, the preser-
vation of the gene pool of birds is not threatening its
further breeding. From the obtained experimental data,
it can be concluded that breeding turkeys of each line
“in itself” does not contribute to the accumulation and
consolidation of “harmful genes” in their gene pool.

CONCLUSIONS
1.The widest range of morphological anomalies of em-
bryo development was found in meat and egg chickens
of subpopulations G1 and G2. The triple anomaly “ex-
encephaly + crossed beak + 4 legs” was found with the
predominant frequency in black-striped chickens (40.0%).

White chickens most often had the “Donald Duck”

anomaly (with a frequency of 53.8% among other de-
tected defects).

2.In chickens of the G3 subpopulation, three anom-
alies were found among the examined dead embryos

(‘exencephaly”,4 legs, ‘exencephaly + crossed beak”) with
the same frequency of manifestation of 33.3%. Only
1 anomaly “exencephaly” was found in birds with mottled
plumage. In meat and egg chickens with silver plum-
age, two cases of the double mutation “exencephaly +
shortened maxilla” and one “shortened maxilla” were
found among the examined dead embryos.

3. Among the studied subpopulations of meat and
egg chickens of the Ukrainian gene pool, the lowest
level of genetic burden (3.45%) was determined in the
group of chickens with mottled plumage, while the
highest (8.72%) was identified in white chickens.

4.In turkeys of the paternal line 5,among the ex-
amined dead-in-shell embryos, 2 morphological anom-
alies of embryo development were found - “no beak”
and ‘giant eyes”. Turkeys of maternal line 6 also had
2 hereditary malformations - ‘eye reduction” and
‘exencephaly”.

5. In Turkeys of the initial Kharkiv crossing lines,
the level of hereditary burden is low (1.60-1.89%), which
is not of threatening importance for breeding poultry in
closed populations.
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CnapKoBUM TArap y cinbcbKkorocnogapcbKoi NTULi
pPi3HUX BUAIB YKpaiHCbKOro reHodpoHAay
Bikrop MaBnosuu XBocTuk

IHCTUTYT po3BeneHHs i reHeTuku TBapwmH imeHi M.B. 3ybusa HAAH
08321, Byn. MorpebHska, 1, c. YybunHcbke, YkpaiHa

AHoTauifl. AKTYanbHICTb AOCNIIKEHHS NOBY3aHA 3 HEOOXiAHICTIO NOCTIMHO MPOBOAMTU MATONOr0-aHATOMiUYHWMIA
aHani3 3arnbnmnx emOpioHiB SK HEBIAEMHOI YaCTMHW TEHETUYHOIO MOHITOPUHIY LWKIAAMBUX MYyTaLiN, 3aBOSKM
YOMY MOX/IMBE 3HUXKEHHS PiBHS TEHETUYHOro TAraps y reHonyni CifbCbKOrocnoaapcbkoi ntmui. [ocnigxeHHs
NpOBeAEHO Ha Ci/lbCbKOrOCMOAAPChKilM NTULi Pi3HMX BUAIB YKPAIHCbKOrO reHOMOHAY: KypsX M'CO-S€YHOr0 Hanpamy
NPOAYKTUBHOCTI, iIHAMKAX BUXIOHUX POAMHHMX NiHIM Kpocy XapKiBCbKMit. MeTolo poboTn ByNo BU3HAUYUTKU CNEKTP i
4aCTOTy NPOSIBY CMALKOBUX FEHETUYHUX LePEKTIB pO3BUTKY EMOPIOHIB Y CyXONYTHOI NTULi Pi3HUX BUAIB, BCTAHOBUTU
piBeHb reHeTuyHoro Taraps. CnekTp i 4acToTy NposBy MOPMONOriYHMX Ta AHATOMIYHUX CMALKOBMX BaL eMOpioHiB
Kypen Ta iHAMKIB BCTAHOB/IOBAAW MpPWU MATONOro-aHaTOMiYHOMY OBCTeXeHHi Biaxoais iHKybauii. [pu BizyanbHoMy
ornaai 3arnbnux eMOpioHiB BM3HAYanM MoOp@OnoriyHi nopyweHHs y OyaoBi CKeneTy, a TaKOX Pi3Hi aAmMcnponopuii
OKpeMMX MOro 4acTuH. Y Kyper cybrnonynsauiv 3 YopHO-CMyractuM i 6innm 3a6apBneHHAM onepeHHs), cepes, NTULi BCiX
LOCNIDKEHUX TPYN, BUSBNEHO HAWLUMPLUWIA CnekTp MOpPdONOriYHMX aHOMani po3BUTKY eMOpPIOHIB. Y M'CO-SIEYHUX
Kypen i3 3010TUCTUM 3abapBNEHHSIM OMepPeHHS cepef, 06CTeXeHUX 3arnbnux eMOpioHiB BUABNEHO TpU aHOManii
3 O HAKOBOK 4acToTO MposBy 33,3 %. Y nTuui 3 psbuM 3a6apBNEHHAM ONEpeHHs1 BUSBNEHO NiMle 1 aHoManito
«ek3eHuedaniay». Y nTuui 3i cpibnactum 3abapeieHHSIM onepeHHs cepep, 06CTeXXeHUX 3arnbamx eMopioHiB BUSIBNEHO
[Ba BMMNAAKM NOABIMHOI MyTauii. PiBeHb reHeTMYHOro Taraps y AOCAIAXKEHUX Cybnonynauisax M'aco-s€4HUx Kypew
3HaX0AMBCA Y Mexax 3,45-8,72 %.Y ntuui i3 6inmM i cpibngcTMM onepeHHsM Lien NokKasHMK ByB BULLMM 33 MAaKCMManbHO
[LOMYCTUME 3HAYEHHS, TOMY HEOOXiAHO 34,iCHIOBATH CENEKLLIMHI 3aX0AM WOoA0 eNiMiHaL,ii NeTaNbHUX FeHIB 3 LMX Nonynsuji
Kypen.Y iHamKiB 6aTbKiBCbKOI NiHii 5 Ta MaTepUHCBKOI NiHiT 6 Kpocy XapKiBCbkuiA cepef, 00CTexXxeHUX 3aBMepx eMOpioHIB
BUSIBNEHO N0 2 MopdO/oriyHi aHoManii po3BUTKY eMOpioHiB. PiBEHb rEHETUYHOrO TAraps y iHOMKIB POAMHHUX GOPM
Heucokuit — 1,60-1,89 %, L0 He NepeBULLYE MAKCUMaNbHO AonycTume 3HadeHHs (8,0 %). Lle ceigumTb Npo HEBMCOKY
[OM0 Yy CNAAKOBOCTI BUKOPUCTAHMX NAIAHMKIB MPUXOBAHUX HOCIiB «aedeKkTHMX» reHiB. Ha uboMy eTani 36epexeHHs
reHodoHAY NTULL He NpeLCTaBASE 3arpO3/IMBOro 3HAYEHHS 414 ii NOAANbLOro po3BeaeHHs

KnrouoBi cnoBa: M'Co-9€4HI Kypu, iIHOMKU KpoCy XapKiBCbKUI, yKPaiHCbKMIA reHODOHS NTULi, aHOManii, reHeTUYHUIA
Tarap
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INTRODUCTION
In modern agriculture, irrigation systems are used not
only for spreading water, but also for the application of
fertilisers, insecticides, herbicides, fungicides, etc. The
use of such technologies ensures even distribution and
accurate placement of chemicals regardless of weather
or field conditions, reduces the use of machinery, reduces
soil compaction, and minimises operator contacts for
mixing and dosing potentially hazardous materials. The
cost of applying pesticides by pestigation is about one-
third of the cost of conventional application methods [1].

In areas with long periods of draught, irrigation is
the most important means of increasing crop produc-
tivity. It promotes the development of a denser herb-
age, changing the microclimate in the crop, reduces the
temperature in the soil layer and increases the humid-
ity and duration of leaf moisture, thus creating better
conditions for the development of pathogens and con-
tributing to their epiphytotic development. Irrigation
affects the development of diseases by creating condi-
tions that become more favourable for infecting plants,
promotes sporulation and plays an important role in
the spread of certain pathogens [1-3].

In accordance with the development of the dis-
ease, during irrigation, spores of the pathogen spread
to neighbouring plants with water droplets, irrigation
water, contributing to the development of epiphytotics.
Plant pathogens identified from water resources include
17 species of the genus Phytophthora, 26 of the genus
Pythium, 27 other genera of fungi, 8 types of bacteria,
10 viruses. Contaminated irrigation water is the main, if
not the only, source of late blight inoculum for nursery
gardens of fruit and vegetable crops [2-4]. In addition,
irrigation promotes the development of diseases that
require a warm, humid climate. In particular,the appearance
of angular leaf spots, anthracnose, powdery mildew, fire
blight of beans, black rot and melon anthracnose, fire
blight of strawberries, late blight and bacterial diseases
of tomatoes, black leg in cruciferous crops increases [4-10].
Irrigation also affects pests directly or indirectly. The
use of water-charging irrigation allows regulating the
number of soil pests, such as caterpillars, cut worms,
bean aphids and others. The application of sprinkling
irrigation contributes to the washing away and mass
death of insect-like pests, namely aphids, leafhoppers,
flea beetles. In addition, due to the improvement of the
microclimate in plantings and optimisation of physiologi-
cal processes in plants during irrigation, losses of the final
crop due to damage by phytophages are minimised [11].

Changes in the soil moisture regime promote
the development of leaf diseases and root rot, contrib-
ute to the spread of hygrophilic pest species, such as
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wireworms, corn borers, leaf aphids, ground beetles,
grass sawflies. At the same time, there is a decrease in
the number of locusts, bread beetles, and turtle beetles,
which belong to xerophilous pest species. Therefore,
by conducting irrigation by various methods, it is pos-
sible to directly or indirectly influence the number of
different groups of phytophages and minimise their
harmfulness on agricultural crops [2; 11]. Consequently,
irrigation not only changes the ecological conditions of
crop cultivation, but also modifies existing phytopatho-
cenoses and entomocomplexes, while having a com-
plex and multi-vector impact, which requires significant
changes in protection technologies, the development
of new methods for controlling harmful organisms. At
the same time, the toxic load on the environment and
humans is reduced, due to the fact that pesticides in
drip irrigation conditions dissolve in water better than
with conventional technologies. Therefore, the drift of
the irrigation mixture to other non-target zones has a
less toxic effect, and therefore, less pollutes the envi-
ronment [12].

In particular, the use of such technologies sig-
nificantly increases the production of vegetable products
and reduces their cost. The use of herbicides together
with irrigation water is usually effective for weed control,
namely in the zone of moistening with irrigation water.
Consequently, herbigation through irrigation systems is
particularly effective in conditions of insufficient mois-
ture. The movement of herbicides used in irrigation
systems mainly depends on solubility, absorption, and
volatility [13].

To date, the AEPA (American Environmental Pro-
tection Agency) has registered a large number of insec-
ticides for use in drip irrigation on many crops. Their use
together with irrigation water for drip irrigation provides
more effective control of insect pests, compared to tra-
ditional leaf treatment, because due to root absorption,
the drug is more evenly distributed throughout the
plant. For vegetable crops, 1-2 single applications of
insecticides by pestigation provide effectiveness at the
level of several treatments by conventional methods. It
was found that a single injection of chlorantraniliprole
through a drip system was responsible for the effec-
tiveness of 4 foliar treatments with lambda-cyhalothrin
pyrethroid to control caterpillars that damage toma-
toes [12]. G. Gidiou, T. Kuhar, J. Palumbo, D. Schuster [14]
showed that 2 injections of chlorantraniliprole into the
drip irrigation system had the same effectiveness as
7 standard leaf treatments, which amounted to 2 treat-
ments with acephate (Orthene 97; United Phosphorus,
Inc., Kingdom of Prussia, Pennsylvania) and 5 treatments
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with indoxacarb (Avaunt 30WDG; EI DuPont de Nemours,
Inc., Wilmington, Delaware) to control the corn worms
on bell peppers.

Fungigation is a common practice for controlling
fungal diseases in regions where irrigated agriculture
is widely used. In closed irrigation systems, fungigation
is most often limited to the use of systemic fungicides
to control soil pathogens. However, to control diseases
affecting aboveground parts, I. Katz, A. Cunha, A. Sousa,
and E. Herdani [15] showed that the use of fungiga-
tion can effectively reduce the development of grey rot
on ornamental plants. J. Araujo, E. Furtado, H. Filho, and
A. Lombardi [16] found that the introduction of fun-
gicides with irrigation water during drip irrigation ef-
fectively protects tomatoes from diseases. Thus, the
selection of a modern range of chemicals that can be
effectively used in chemisation against certain harmful
organisms is now one of the most relevant areas of drip
irrigation and requires studies in different soil and climatic
zones of Ukraine.

The purpose of the study is to identify promising
active substances of pesticides for use in drip irrigation
and develop schemes for their application.

MATERIALS AND METHODS
Field experiments to determine the effectiveness of
the use of certain groups of pesticides in drip irrigation
were conducted during 2017-2018 in the conditions of
the dry steppe of Ukraine at experimental sites in SE
“DH Brylivske” of the Institute of Water Problems and
Land Reclamation of NAAS of Ukraine. Soil character-
istics of the experimental site: dark chestnut sandy
loams, humus content 1.24-1.63% (low humus), ph 5.8
(reaction close to neutral). The application of the stud-
ied preparations took place on a drip irrigation system,
a multi-year irrigation pipeline of the Panplast FL 16

mills type, the level of pre-irrigation humidity - 85-75%
of the lowest soil moisture capacity by crop development
phases. The introduction of pesticides in the conventional
way was carried out using a knapsack motor sprayer
Oleo-Mac AM190.Working fluid consumption is 350 l/ha.

Tillage and technology of growing experimental
crops are generally accepted for drip irrigation condi-
tions in the dry steppe subzone of Ukraine. Drip irriga-
tion schemes were developed to investigate the use of
pesticides to protect row crops: corn, tomatoes and soy-
beans. The weather conditions of the growing seasons
2017-2018 were relatively favourable for the growth
and development of experimental plants, and the lack
of moisture reserves in the soil was compensated by
drip irrigation (Table 1). During the growing season of
corn, tomatoes, and soybeans, the average temperature
was higher by +1.84°C (2017) and +3.3°C (2018), and
productive precipitation was received almost 2.0 times
less or-105.2 mm (2017) and +3.7 mm (2018).

Weeds were counted on fixed model sites with a
size of 1 m2 (100x100 cm). Repetition - 4 times. Records
of the effectiveness of herbicides at the experimental
sites were carried out 14 days and 28 days after the in-
troduction of drugs. The ground mass of annual gram-
ineous and dicotyledonous weeds was determined on
the 28" day after treatment. The effectiveness of in-
secticides and fungicides was studied at experimental
sites with a size of 100 m? (10x10 m), the placement
is randomised in four repetitions [17]. The calculation
to determine the effectiveness of fungicides were car-
ried out before the first treatment; 10 days after the
first treatment; before the second treatment; 10 days
after the second treatment. The number of registered
plants - 10 pcs. in four repetitions. The development
and spread of diseases were determined at the exper-
imental site.

Table 1. Characteristics of weather conditions of the growing season 2017-2018
(Khersonska Oblast, Oleshkivskyi district, Pryvitne village (SE “DH Brylivske” IWNPLR NAAS)

Vegetative season 2017, months

Main - g _E' 5 Total ff)r
indicators E 5 g —=>" % qE, g s veget.a tion
< = 3 2 2 EX g period
K E
H 0,

Air temperature, °C 108 158 202 208 219 166 1768

a) long-time annual average
b) in 2017 101 149 217 235 251 21.8 19.52
Precipitation, mm 28 38 46 40 33 28 213.0

a) long-time annual average
b) in 2017 9 44 222 326 0 0 107.8
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Table 1, Continued

Vegetative season 2017, months

-
Main - g8z Total for
indicators T 5 g = 2 ES TS vegetation
g = 3 2 S 225 period
= gIE
. R
Air humidity, % 71 68 64 60 54 66 63.83
a) long-time annual average
b) in 2017 700 652 641 595 522 59.1 61.68
Vegetative season 2018, months
Main - E 53 Total ff)r
indicators T 5 g = ! E ¢ 2 vegetation
-3 = 3 3 3 £2g period
SIE
i 0
Alr temperature, °C 108 158 202 208 219 166 177
a) long-time annual average
b) in 2018 152 195 219 229 255 21.0 21.0
Precipitation, mm 28 38 46 40 33 28 213.0
a) long-time annual average
b)in 2018 00 128 82 1121 620 15.6 216.7
. e
Air humidity, % 71 68 64 60 54 66 63.8
a) long-time annual average
b) in 2018 52 47 45 54 44 67 51.5

Studies of the effectiveness of protection systems
were conducted on corn plant hybrids DKS 5276. Sowing
scheme - 70+70x15 cm, plant density - 95.24 ths. pcs/ha.
Irrigation of plots was carried out by drip irrigation, the
level of pre-irrigation humidity - 85-90% of the lowest
moisture capacity of the root-bearing soil layer (layer -
0-75 cm).In total, 29 vegetation irrigations were carried

out during the growing season of corn with a rate of
135 to 165 g*/ha (irrigation rate = 4,400 m>3/ha). The
timing of vegetation irrigation was determined by the
strain gauge method. Chemical protection of corn at
the experimental site was carried out according to the
scheme presented in Table 2.

Table 2. System of chemical protection of corn at the experimental sites in SE “DH Brylivske” INPLR NAAS

Vegetative stage

on the BBCH-scale* Object

Active ingredient Consumption

rate, l/ha
00 Annual dicotyledonous and gramineous Pendimethalin, 330 g/l 3.0-6.0
weeds
00 Annual gramineous and some annual S-metolachlor, 960 g/l 1.0-1.6
dicotyledonous weeds
00 Annual gramineous and dicotyledonous Acetochlor, 900 g/l 15-3.0
weeds
51-53; 60-61 E“mgf)i‘:rmm Imidacloprid, 150 g/l+lambda-cyhalothrin, 50 g/l 0.12-0.14
. Fusarium, stem rust, . . )
16-18; 39-42 helminthosporiosis Pyraclostrobin, 62.5 g/l+epoxiconazole, 62.5 g/l 1.5-1.75
. Fusarium, stem rust, . )
16-18; 39-42 helminthosporiosis Azoxystrobin 120 g/l+tebuconazole 200 g/l 1.0-1.2

Note: ™ - European coding system for phenologically similar development stages of all monocotyledonous and dicotyledonous
plant species (BBCH-scale) [18]
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The objects of study were: beet moth (Loxostege
sticticalis) and European com borer (Ostrinia nubilalis Hb.).
The caterpillars were counted once in 2 days visually
and by shaking each plant on a white gauze cloth. In
addition, the calculation was carried out by counting
wormholes in the stems, damaged stems were opened
along and caterpillar records were made. The number
of registered plants - 10 pcs. in four repetitions.

The objects of study of the effectiveness of fungi-
cides were: helminthosporiosis (Helminthosporium spp.),
fusarium (Fusarium spp.), stem rust (Puccinia sorghi).
Studies of the effectiveness of soybean crop protection
systems were conducted on the Oksana variety. Scheme

of sowing on experimental plots 15+15x11 cm, plant
density - 605-610 ths. pcs/ha. Irrigation of plots was
carried out by drip irrigation, the level of pre-irrigation
humidity - 90-80% of the lowest moisture capacity of
the root-bearing soil layer (layer - 0-30 cm; 0-40 cm -
according to the phases of plant development). In to-
tal, 35 vegetation irrigations were carried out during
the growing season of soybean with a rate of 120 to
149 m>/ha (irrigation rate = 4,650 m3/ha). The timing of
vegetation irrigation was determined by the strain gauge
method.

The system of chemical protection measures for
soybeans is shown in Table 3.

Table 3. System of chemical protection of soybean at the experimental sites in SE “DH Brylivske” IWPLR NAAS

Vegetative stage Object

Active ingredient Consumption

on the BBCH-scale” rate, l/ha
00 Annual gramineous and dicotyledonous Acetochlor, 900 g/l 15-3.0
weeds
00 Annual dicotyledonous and gramineous Pendimethalin, 330 g/l 3.0-6.0
weeds
00 Annual gramineous and some annual S-metolachlor, 960 g/l 1.0-2.0
dicotyledonous weeds
51-53; 60-61 Bean pod borer, tobacco thrips Imidacloprid, 200 g/l 0.2-0.25
. Powdery mildew, stem rust, septoria, . .
51-53; 60-62 Pyraclostrobin, 62.5 g/l+epoxiconazole, 62.5 g/l 1.5
anthracnose
X Powdery mildew, stem rust, septoria, .
51-53; 60-62 Azoxystrobin 120 g/l+tebuconazole 200 g/l 1.0-1.2

anthracnose

Note:* - European coding system for phenologically similar development stages of all monocotyledonous and dicotyledonous

plant species (BBCH-scale) [18]

The objects of study of the effectiveness of insec-
ticides were: bean pod borer (Etiella zinckenella),tobacco
thrips (Thrips tabaci). Caterpillars Etiella zinckenella were
counted in the BBCH phase 51-53. Thrips Thrips tabaci
were counted by visual examination of soybean plants.
The objects of the study to determine the effectiveness
of fungicides were: powdery mildew (Erysiphe communis
f- glycine), stem rust (Uromyces sojae) septoria (Septoria
glycines), anthracnose (Colletotrichum glycines).

Herbicides were tested on tomato plants of the
Lampo F1 hybrid. Scheme of planting tomato plants -

152+152x20 cm, plant density - 32.89 ths. pcs/ha. Ir-
rigation of plots was carried out by drip irrigation, the
level of pre-irrigation humidity - 80-90-75% of the
lowest moisture capacity of the root-bearing soil layer
(0.20-0.30-0.35 m by phases of plant development). In
total, 36 vegetation irrigations were carried out during
the growing season with a rate of 80 to 130 m3/ha (ir-
rigation rate = 3,700 m3/ha). The timing of vegetation
irrigation was determined by the strain gauge method.
The system of chemical protection measures for tomatoes
at the experimental site is shown in Table 4.

Table 4. System of chemical protection of tomatoes at experimental sites in SE “DH Brylivske” IWPLR NAAS

Vegetative stage Object

Active ingredient Consumption

on the BBCH-scale” rate, l/ha
00 Annual dicotyledonous and gramineous Pendimethalin, 330 g/t 3.0-6.0
weeds
00 Annual gramineous and some annual S-metolachlor, 960 g/l 1.0-2.0
dicotyledonous weeds
19-22; 30-34 Colorado potato beetle, tomato and Imidacloprid, 200 g/1 0.2-0.25

melon aphids
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Table 4, Continued

Vegetative stage Object

Active ingredient Consumption

on the BBCH-scale” rate, l/ha
19-22;30-34 Colorado potato beetle, tomato and Thiamethoxam, 240 g/l 0.07-0.09
melon aphids
19-23; 51-53 Late blight, Alternaria blight, septoria Pyraclostrobin, 50 g/kg+metyram, 550 g/kg 2.0
19-23; 51-53 Late blight, Alternaria blight, septoria Azoxystrobin, 250 g/l 0.6

Note:* - European coding system for phenologically similar development stages of all monocotyledonous and dicotyledonous

plant species (BBCH-scale) [18]

The objects of research on the effectiveness of
insecticides were: Colorado potato beetle (Leptinotarsa
decemlineata), aphids (Aphidoidea). Pest records were
carried out at the stages of larval, adult, and reproduc-
tive stages of insect development. Accounting for the
number of Colorado potato beetles (Leptinotarsa dece-
mlineata) was carried out per one tomato bush, the eco-
nomic threshold of harmfulness is 10% of the bushes
inhabited by adults and larvae with a number of more
than 10 individuals per tomato bush. Accounting for the
number of tomato (Macrosiphum euphorbiae) and melon
aphids (Aphis gossypii) was carried out per 100 leaves
of tomato plants, the economic threshold of harmfulness
is 10 individuals per 100 leaves of tomato plants. The

objects of study on the effectiveness of fungicides were
the pathogens of late blight diseases (Phytophthora in-
festans), alternariosis (Alternaria solani), septoria (Septoria
lycopersici).

RESULTS AND DISCUSSION

Technologies for the use of pesticides in drip irrigation
involve the use of chemical components that are character-
ised by translaminar and acropetal movement through
the plant and have a systemic nature of the action.As a
result of the analysis of literature sources [13-16], the
following active substances were selected according to
the mechanism of action on harmful organisms (Table 5).

Table 5. Active substances of pesticides promising for use with drip irrigation

Insecticides Fungicides Herbicides

Chlorpyrifos Azoxystrobin Bromoxanil
Zeta-cypermethrin Pyraclostrobin Acifluorfen
Methyl parathion Fluopyram Lactofen
Gamma-cyhalorin Boscalid Atrazine

Karbofuran Fluoxystrobin Chlorosulfuron

Acetamiprid Chlorothalonyl

Flonicamide Copper sulphate

Imidacloprid Ciproconazole

Thiamotoxam

Methyl thiophanate

Spinosad Bacillus pumulis (Ballad PLUS preparation)
. Bacillus subtilis QST 713 strain (Serenade ASO
Permethrin .
preparation)
Esphenvalerate
Cyflutrin
Bifentrin

Lambda-cyhalothrin

Source: compiled by the authors based on analytical data [13-16]

As evidenced by previous studies, on vegetable
crops, in particular carrots and onions, the use of fun-
gicides of strobilurins and triazoles groups is most ef-
fective against a complex of diseases [19]. It was found

that fungicides of the strobilurin group not only reliably
protect crops from a complex of diseases and preserve
a significant share of the crop, but are also cost-effec-
tive, and also have a pronounced physiological effect,
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which consists in more active use of nitrogen by plants
and countering adverse environmental factors. Thus, in
carrot crops, the use of mixtures of fungicides Signum
VG and Skor 250 EC reduced the development of alter-
nariosis by 93%, powdery mildew - by 60%, under this
condition, the yield increased by 49%, and the yield of
marketable products — by 30%. It is shown that under
irrigation conditions, the optimal time for treatment
against fungal diseases of onion, carrot, and soy leaves
is the period of appearance of the first symptoms of the
disease. Pathogen detection and monitoring, and bio-
logical and economic thresholds, are essential tools for
integrated protection and should be a priority in future
research. Experiments should be conducted in combina-
tion with the introduction of pesticides in a coordinated
and integrated approach, since they are interrelated
components.

Studies were conducted in 2017, involving the
following factors: various options for applying soil
herbicides, systemic fungicides and insecticides, doses
of applying plant protection products to improve the
technology of applying pesticides under drip irrigation
conditions, which would allow using the full potential
of drip irrigation methods for row crops. The conducted
studies of the effectiveness of herbicides have shown that
preparations with the active substance S-metolachlor
(960 g/1) with consumption rates of 1.0 and 1.6 l/ha
are the most promising in irrigation conditions against
monocotyledonous annual weeds and show low phyto-
toxicity on row crops with a consumption rate of 1.0 l/ha
and an average phytotoxicity of up to 4 points with a
consumption rate of 2.0 l/ha.

It was found that the introduction of herbicides
with active substances acetochlor (900 g/l) with consump-
tionrates of 1.5 and 3.0 l/ha and pendimethalin (330 g/l)
with consumption rates of 3.0 and 6.0 l/ha with irrigation
water has certain disadvantages: weak drift over the
entire area of sowing and phytotoxicity for cultivated
plants. On corn, with irrigation water and using tradi-
tional application technology, insecticides with active
ingredients imidacloprid, 150 g/l+lambda-cyhalothrin,
50 g/l with consumption rates of 0.12 and 0.14 l/ha

provided an effective action against stem moth in the
range of 75.3-84.7%. On soybeans and tomatoes, prepa-
rations with the active substance imidacloprid, 200 g/l
with consumption rates of 0.2 and 0.25 l/ha had an ef-
fectiveness of 69.8-83.2% and 67.9-82.7%, respectively.
On tomatoes, a higher efficiency was noted during treat-
ment with thiamethoxam, 240 g/l (consumption rates
of 0.07-0.09 l/ha) - 67.1-86.6%. Phytotoxicity was not
observed. Fungicides with active ingredients pyraclos-
trobin, 62.5 g/l+epoxiconazole, 62.5 g/l with consumption
rates of 1.5 and 1.75 l/ha and azoxystrobin 120 g/l+te-
buconazole 200 g/l with consumption rates of 1.0 l/ha
and 1.2 l/ha on corn showed high effectiveness against
pathogens of fusarium and helminthosporiosis. At the
experimental soybean sites, these drugs also showed
good effectiveness of 60.9% and 70.3%, respectively,
against septoria at maximum consumption rates. When
applying the fungicides pyraclostrobin, 50 g/kg+metyram,
550 g/kg (consumption rate 2.0 l/ha) and azoxystrobin,
250 g/l (consumption rate 0.6 I/ha) with irrigation water,
their sufficiently high technical effectiveness against
pathogens of late blight (48.6% and 50.8%) and alternary
fungus (42.7% and 47.3%) was established on tomatoes
that were grown by seedling method and phytotoxicity
was not detected.

The results obtained showed that one of the
significant disadvantages of applying plant protection
products with irrigation water is the limitation of the
application time by irrigation regimes. Therefore,a com-
bined scheme for the protection of row crops was applied,
which provides for preventive treatment in a short time
by conventional methods, depending on the phytosanitary
situation of crops (Table 6). The results of the analysis
of the final crop of experimental plots showed that the
greatest effectiveness against the main pathogens on
corn, tomatoes, and soybeans was observed with the
combined method of applying pesticides according to
the developed schemes. The use of this method of ap-
plication provided an increase in yield in the range of
3-4% compared to other methods of application due to
the share of the preserved crop (Table 7).

Table 6. Systems of protection of row crops (Khersonska Oblast, Oleshkivskyi district,
Pryvitne village (SE “DH Brylivske” IWPLR NAAS, 2018)

Crop Conventional Pestigation Combined
Soil herbicides Soil herblc;;:lt?s;iioonnventlonal
Corn Systemic and contact Soil herbicides pestigat .
. . L L Insecticides:
Soybean insecticides Systemic insecticides . L
. . . conventional+pestigation
Tomatoes Systemic and contact Systemic fungicides L
- Fungicides:
fungicides

conventional+pestigation
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Table 7. Influence of various systems of protection of row crops on yield (Khersonska Oblast, Oleshkivskyi district,
Pryvitne village (SE “DH Brylivske” IWPLR NAAS, 2018)

Crop Protection system Yield, t/ha Increase in yield, %
Control 14.65 -
Conventional 18.49 27.0
Corn
Pestigation 18.26 254
Combined 18.76 28.8
Control 4.84 -
Conventional 5.96 231
Soybean
Pestigation 5.67 171
Combined 6.12 26.4
Control 72.61 -
Conventional 96.38 32.7
Tomatoes
Pestigation 95.23 31.2
Combined 98.81 36.1

Thus, the combined scheme of protection of row
crops would allow producers to use pesticides more ef-
fectively by pestigation and expand the range of effective
preparations that are applied by spraying if additional
crop treatments are needed.

CONCLUSIONS
Studies of the effectiveness of applying herbicides with
irrigation water have shown that preparations with the
active substance S-metolachlor (960 g/l) and consump-
tion rates of 1.0 and 1.6 l/ha are the most promising in
irrigation conditions against monocotyledonous annual
weeds and show low phytotoxicity on row crops. Sig-
nificant effectiveness against stem moth on corn was
found in insecticides with active substances imidacloprid,
150 g/l+lambda-cyhalothrin, 50 g/l with consumption
rates of 0.12 and 0.14 |/ha in the range of 75.3-84.7%.
On soybeans and tomatoes - preparations with the ac-
tive substance imidacloprid, 200 g/l (consumption rates
of 0.2-0.25 I/ha). On tomatoes, the greatest effectiveness
against the Colorado potato beetle and aphids was
found when applying thiamethoxam with irrigation water,
240 g/l (consumption rates of 0.07-0.09 l/ha). High effec-
tiveness against pathogens of fusarium and helminth-
osporiosis of corn was observed when pyraclostrobin,

62.5 g/l+epoxiconazole, 62.5 g/l (consumption rate 1.5-
1.75 l/ha) and azoxystrobin 120 g/l+tebuconazole 200 g/l
(consumption rate 1.0-1.2 [/ha) were applied with irriga-
tion water. These drugs also showed good effectiveness
on soybeans against septoria at maximum consumption
rates. On tomatoes, the fungicides pyraclostrobin, 50 g/kg+
metyram, 550 g/kg (consumption rate 2.0 l/ha) and
azoxystrobin, 250 g/l (consumption rate 0.6 l/ha) were
found to have a fairly high technical efficiency against
pathogens of late blight and alternariosis.

As a result of the conducted experiments, it was
established that one of the significant disadvantages
of the pestigation method is the limitation of the time
of application of plant protection products by irrigation
regimes. The tested combined scheme of protection of
row crops, which provides for preventive treatments in
a short time by traditional methods, depending on the
phytosanitary situation of crops, the use of this method
of application provided a yield increase of 3-4% compared
to other methods. Therefore, further studies on improv-
ing the method of pestigation on row crops should be
aimed at optimising and developing the combined ap-
plication of plant protection products depending on
changes in the phytosanitary condition of crops.
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OCo6/IMBOCTI 3aXMCTy NPOCaNHUX KyNbTyp B YMOBaX 3POLUEHHS

®epnip CrenaHoBuuy MenbHuuyk?, Onbra AHaToniiBHa MapueHko?,
AHppiii Metpoeuu LLaTkoBCbKMit?, Irop OnekcaHapoBuy KoBaneHko?
NepxxaBHe nignpueMcTeo «LleHTpanbHa nabopaTopis IKOCTi BOAM Ta IPYHTIB»
[HCTMTYTY BogHMX npobnem i Meniopauii HAAH Ykpainu
08324, Byn. Hayku, 1, c. Topa, Kuiscbka 061., YkpaiHa
2[HCTUTYT BOAHMX NpobneM i Mmeniopauii HAAH YkpaiHu
03022, Byn. BacunbkiBcbka, 37, M. Kuig, YkpaiHa

AHoTauif. 3polWeHHS He TiNbKM 3MIHIOE eKONOriYHI YMOBM BUPOLLYBAHHS KyNbTypu, ane M MoaudiKye HasiBHI
(}iTONATOLEHO3M M EHTOMOKOMIIEKCH, CMPABAAKOYM KOMIMIEKCHUI | PI3SHOBEKTOPHMIA BMNJIUB, LLO NOTPeDbYE iCTOTHUX
3MiH Y TEXHOMOTISAX 3aXMCTY, PO3P0O6KM HOBUX METOAIB KOHTPOJIHO LWKiAMBUX OpraHi3MiB. Baxknneum € 4obip cyyacHoro
ACOPTUMEHTY XiMIYHUX PEYOBMH, Ki MOXIMBO e(eKTUBHO BMKOPUCTOBYBATM Y XiMi3auii. MeTolo pocnigxeHb 6yno
BM3HAUMTK NEPCNeKTUBHI ANS 3aCTOCYBAHHS 3@ KPANJMHHOIO 3pOLUEHHS [ilo4i peyoBUHM NeCTULMAIB i po3pobutu
CXeMM ix BHeceHHs. [MonboBi focniaM Wono BU3HAYEHHS e(PEeKTUBHOCTI BUKOPUCTAHHS MEBHWMX Fpyn NecTuuuais
33 KPanJauHHOIo 3poLieHHs npoBoaunmcb B ymoax Cyxoro Creny YkpaiHu. BHeceHHs [ocnigKyBaHUX npenapartis
BifOYyBaNoOCh Ha CUCTEMi KPAMIMHHOIO 3poLlueHHs. [Ins nnaHyBaHHSA AOCNILXKEHb i3 BUKOPUCTAHHSA NeCcTMUMAIB 33
KpanJnHHOIO 3poLLeHHs Bynn po3pobneHi CxeMu 4518 3aXMCTY NPOCANHUX KYNbTYP: KYKYpYA3M, ToMaTiB i coi.BigibpaHi
Lito4i peyoBUHM, SIKi XapaKTepu3yloTbCsl TPAHCIAaMiHAapHMM Ta akpomneTaibHUM PyXOM MO POCAWHI, MalOTb CUCTEMHUIA
Xapakrtep 4ii i BucokoedekTMBHI Mif 4ac 3aCTOCYBAHHSA Y TEXHOMOFIAX KPANJMHHOMO 3pOLeHHs. PO3rnsaHyTo, Wo
O[LHMM i3 BaroMmx Hefo/NiKiB BHECEHHS 3aC00iB 3aXMCTY POC/IMH i3 MOMMBHOK BOLOK € 0OMEXEHHS CTPOKiB BHECEHHS
NOMMBHUMU pexumamu. Haveuwa edekTMBHICTb NPOTM OCHOBHMX MATOreHiB crnocrepiranacb Npu KOM6GiHOBaHOMY
€nocobi BHECEHHSA NeCTMUMAIB 3rifHO 3 po3pobneHnMm cxeMmaMu. Takuii cnocib nepepnbavae 3acToCyBaHHS NeCTULMAIB
pa3oMm i3 MOMMBHOK BOAOK Ta LOAATKOBY 06pob6Ky XiMiYHMMM nNpenapaTamu TpagmuinHUMKM METOAAMM BHECEHHS
YyNpoJoBX BereTauii. 3i cBOro 60Ky Lie A03BOJSIE NPOBECTM NpodiNakTUUHI 06pOBKKN y CTUCT TEPMiHM Ta KOperyBaTu
TepMiHM 06pobOoK 3anexHo Bif, GiTocaHiTapHOI cuTyauii

KntouoBi cnoBa: KpananHHe 3pOLLIEHHS, XiMi3aLig, KyKypya3a, Cos, TOMaTH, ePEKTUBHICTb NeCTULMAIB, BPOXKAMHICTb
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Abstract. The study of the forest ecosystem as an integral part of the erosion
preventive system is related to a number of issues. The forest is the most
powerful and effective tool in the prevention of soil erosion, droughts, and
hot winds, as well as an environmental stabilising factor in general. Human
forestry activities in the fight against the drying of coniferous plantations
from an outbreak of mass reproduction and spread to large areas of stem
pests under the influence of a complex of ecological and climatic factors, is
one of the serious factors disrupting the structure of the forest biocenosis.
The search for alternative solutions to the localisation of this problem
requires a detailed study of the behaviour of the most common bark
beetles of coniferous trees in climatic and environmental conditions that
developed during 2011-2020. During the period of active temperatures
in 2019, namely from the second decade of April to the third decade of
October, work on stationary supervision and laboratory field work was
carried out to solve the problem of localisation of stem pests of Polissya
and Forest-steppe pine plantations. Methods of laying out trap trees and
pheromone traps were used. In practice, the pest did not inhabit trap trees
and only a few representatives in very small numbers and entomophages
fell into traps. Instead, it inhabited healthy trees where the catchers were
located. It was established that from the scientific and practical standpoint,
the studied regularity of pine drying centres is clearly confined to highways
and timber roads, as well as the area of distribution of relevant species of
stem pests and weakening zones of pine stands in some areas for other
reasons. It is proved that to preserve the ecological potential of coniferous
plantations and reduce the negative impact of xylophagous insects, it is
necessary to design preventive and biological methods of control of the
main stem pests of coniferous trees
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pheromone monitoring, Polissya, Forest-steppe
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INTRODUCTION

Scientists seek to solve the problem of pine engraver
beetle foci on coniferous plantings, but for millions of
years of its existence and constant development, nature
has created its own strategies for anatomical and chemical
protection [1-6] and methods of controlling to maintain
the balance of its processes [1; 7-9]. People always
interfere and disrupt this balance by creating artificial
plantings to meet their own needs.Ecological and climatic
factors [2; 3] contribute to mass reproduction and, as a
result, to an increase in the population of harmful insects.
For their part, coniferous plantations, weakened due to
high temperatures and other important factors,are subject
to destructive effects and, as a result, are a good food
base for coniferous pests. Controlling stem pests of co-
niferous plantations is one of the important aspects of
preserving their ecological potential.

During 2018, in the forest stands of the Polissya
zone, namely Zhytomyr Regional Department of Forestry
and Hunting (hereinafter - Zhytomyr RDFH) foci of Ips
engraver beetle were found on an area of 28.8 thousand
hectares. Due to the pressure of natural factors reg-
ulating the pest population (entomophage activity,
improvement of climatic and hydrological conditions of
common pine growth, etc.) and measures taken to improve
the sanitary condition at the beginning of 2019, the
area of plantings damaged by bark beetle in Zhytomyr
RDFH decreased to 5.8 thousand hectares or by 7.2 times
compared to 2017 [10-12].

As is shown in the analysis of mensurational char-
acteristics of pine stands that died as a result of dam-
age by stem pests of the bark beetle family and were
eliminated by continuous sanitary cutting, high-quality
pine stands of 60-120 years old that grew in fresh con-
ditions (B2, C2) are most damaged. The general trend in
age is the inability of the root system of premature and
mature pine stands to transform (adapt) under changing
climatic factors [10-13]. The situation that has developed
with the drying of pine stands in the region can lead to
such negative changes in forestry [14-17]:

— reduction of cutting volumes of developing forest
stands;

— reduction of the overall density of forest stands;

— provided that the trend of drying continues, the
age structure of stands will change with a further decrease
in the volume of estimated felling.

The problem of mass drying of coniferous plan-
tations caused by stem pests has a global nature [7; 18;
19]. The study of the features of damage by coniferous
pests, the dynamics of their number and dissemination
of species has been covered in a number of scientific
publications of both Ukrainian and foreign expertsin this
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field. In particular, by V.L. Meshkova [20], M.M. Padiy [13],
M.M. Rimsky-Korsakov [21], PA. Gaichenya [22],
E.G. Mozolevska [23], BJ. Benz [21], R. Linakowski [24],
E. Christiansen [25], B. Vermelinger [26], Y. Yamaoka [27],
J. Muller [28], J.A. Byers [29; 30], T. Noma [31]. Foreign
scientists’ studies on this issue are the result of a deep
study of features of the development and reproduction
of stem pests on coniferous trees against the background
of modern ecological and climatic changes [32].

To preserve the ecological potential of coniferous
plantations and determine methods of controlling stem
pests, it is necessary to study in more detail the features
of populations of this group of pests, their dissemination,
behaviour, and nutrition features of imago of different
generations based on the results of stationary monitoring,
pheromone monitoring of pests and their natural enemies.

The main objectives of this paper are:

1) study of the development features of bark beetle
pest populations, their dissemination, behaviour, and
nutrition features of imago of different generations;

2) pheromone monitoring analysis of pests on co-
niferous trees (Ips accuminatus, Blastophagus minor, Ips
sexdentatus, Ips typographus) and their natural enemies
within Polissya and Forest-steppe;

3) study of the reasons for the expansion of the
harmful insects’ food base;

4) design of preventive methods and methods of
controlling the main stem pests of coniferous trees to
preserve their ecological potential.

The purpose of the study is the development and
scientific substantiation of strategic methods for con-
trolling the main stem pests of coniferous trees in order
to preserve their ecological potential.

MATERIALS AND METHODS
To substantiate the features of the development of bark
beetle populations, obtain objective quantitative data
reflecting the state of damaged plantings and the dy-
namics of the pest population, methods of exploratory
forest pathological examination, stationary monitoring,
and detailed forest pathological examination of stem
pest foci were used [33]. Ground exploratory (visual)
survey is carried out along computation lines (clearances,
forest roads and trails, and sometimes route lines that
are set by compass in such a way as to enter all sections
with the advantage of the main forest-forming species).
All areas, the damage of which is reported in forestry,
are also inspected, in particular: in forest management
materials; in the record book of pests and diseases, in
alarm sheets and the acts of their inspections which are
formed by forestries, informing about the emergence of
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the pests and diseases foci in the forest; in the acts of
surveys for the current and previous years, their results;
in cartographic materials characterising the sanitary
condition of plantations, the spread of pests and diseases,
forest protection measures and their effectiveness; in
materials of the autumn inventory. Computation lines
and detected foci of pests and diseases are plotted to
the duplication of the forest plantation plan.The results
of the survey enter the journal of forest pathologies.

Stem pests are also divided into two phenological
groups according to the time of a forest stand attack or
unprotected products: spring and summer. Among the
most common stem pests, the spring group includes lesser
pine shoot beetle, Ips engraver beetle, six-toothed bark
beetle, spruce bark beetle. The summer phenological
group consists of secondary and related generations of
the Ips engraver beetle, six-toothed bark beetle, spruce
bark beetle. Detailed monitoring is carried out from the
moment of detection of an outbreak of mass reproduc-
tion to its complete attenuation due to the death or im-
provement of plantings. Detailed control of stem pests
is divided into two stages:

1) accounting for the condition of plantings and
current pathological decline;

2) accounting for the number and state of popula-
tions of the most important harmful insects.

When determining the phase of the focus, the
researchers were guided by the ratio of trees of different
state categories, the amount of current pathological loss
and the number of stem pests, comparing them with
the same indicators inherent in a healthy forest. With
detailed supervision, biological control is carried out
over the development and overall survival of individual
most dangerous pest species, for which data from the
analysis of model trees, current surveys are used, control
trap trees are laid out, or beetle catch data is evaluated

with pheromone traps. Especially dangerous is the second
generation of spruce bark beetle, six-toothed bark beetle,
Ips engraver beetle, and others.

The use of pheromones for monitoring is advis-
able in the general system for detecting foci of forest
stem pests and monitoring their development. Since
pheromones are biologically active substances, there
is a danger of provoking the emergence of new foci.
They should be used strictly in accordance with the in-
structions, recommendations of manuals, and under the
strict control of the Forest Pathology Service. During
laboratory and field studies, to determine the concen-
tration of bark beetles and emergence periods during
the growing season of 2019 (from April to October), the
method of “trap (model) trees” and laying out “pheromone
traps” IBL-3 (Ipsodor pheromone dispenser) was used.
During the application of these methods, mass collec-
tion of material in the form of pest imagos and ento-
mophages was carried out, which led to partial locali-
sation of the focus in the study area.

RESULTS AND DISCUSSION

Features of the development of bark beetle foci

During the survey of spruce and pine stands in Polissya and
Forest-steppe, it was identified that recently they have
been functioning in radically changed forest-growing
conditions, as evidenced by the analysis of a complex of
characteristics of habitats and the actual state of vege-
tation. During field work, certain patterns of distribution
and development of foci have also been established. In
the vast majority of cases, drying spreads from the focus
in the northern and western directions. The first younger
generation is quite healthy and strong, which allows it
to spread over a long distance (from 3 to 30 km). Due to
this, it is impossible to predict the territory of dissemi-
nation of the population (Fig. 1).

Figure 1. Drying of pine stands damaged by Ips engraver beetle
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The second younger generation is somewhat
weaker and usually inhabits adjacent plantings. It was
established that in the vast majority of cases, the spread
of the focus mostly coincides with the western and
northern directions (up to 30-40 m from the wall of an
existing focus), in the eastern and southern directions it
is less frequent and less intense (up to 5-10 m) [10-12;
32; 34-35].

The zone of active dissemination of the focus
is characterised by the predominance of trees of the
third-fourth state categories, the crown of which is at
the initial stage of drying and is characterised by a change
in the colour of the needle-foliage (blanching of colour

e ] — Ly

Figure 2. Branch fall in the zone of active focus dissemination under the projection of the crown of
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”

intensity, flavescence), branch fall and “shorn shoots
under the crowns of trees, frass on the stems of freshly
populated trees as a result of the vital activity of the Ips
engraver beetle and pine shoot beetle, as well as frass
of spruce bark beetle in the spruce stands [10-12; 32-35].

A branch fall in the area of active focus dissem-
ination under the projection of the crown of freshly
populated trees and Ips engraver beetle imago present
in it indicates a high concentration of the pest in the
plantings. The identified feature should be taken into
account by forest protection workers during the exam-
ination and planning of appropriate sanitary and health
measures (Fig. 2).

freshly populated trees and Ips engraver beetle imago present in it

Features of development of Ips engraver beetle foci:
1.1ps engraver beetle and other stem pests are in con-
stant symbiosis with a number of pathogenic fungi [36],
which, getting into the wood tissues of living trees, lead
to their drying out and a rapid decrease in the commercial
quality of wood. That is, in addition to irreversible en-
vironmental losses, forestry and the state suffer large
material losses.

2. The process of pine stands drying does not stop,
so it is gaining signs of an ecological disaster. According
to forecasts of scientists, forest protection specialists,
and foresters, the area of damaged plantings will only
increase in the coming years. This is confirmed by the
results of analysis of forest pathological examinations
and entomological samples for determining quantitative
and qualitative indicators of populations of such stem
pests: Ips engraver beetle,six-toothed bark beetle, lesser
pine shoot beetle in pine forest stands of Zhytomyr,
Khmelnitsky, and Vinnytsia regions.

3.0ne of the main criteria for assessing the qualitative

state of the stem pest population is the reproduction
energy, which makes it possible to characterise the dy-
namics of development and spread of stem pest foci.
Thus, according to the authors’ own analysis of model
trees,the reproduction energy of the Ips engraver beetle
ranges from 1.4 (average) to 2.3 (strong) in the spring
and summer period. In the autumn and winter period,
it averaged up to 1.9, which corresponds to an average
degree and allows stating that at the time of the exam-
ination, the foci of this type of pest have certain signs of
decreasing activity. Additionally, this fact is confirmed
by the average length of the collective feeding tunnels.
Thus, if in previous years the average length was from
12 to 16 cm, in some places up to 20 cm, already at the
end of 2018, the average length decreased to 4-6 cm
(short tunnels), which allows talking about a decrease
in the fertility of females. There is also a certain decrease
in the number of females per 1 mating chamber - from
8-12 pcs.in previous years, up to 4-6 pcs.at the end of 2018.
In general, these are favourable signs of a decrease in
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quantitative and qualitative indicators of Ips engraver
beetle populations. But at the same time, the negative
effect of stem pest foci also manifested itself with the
onset of the growing season in 2019, taking into account
the previous scale of drying out and the accumulation
of a large amount of pests in previous years. The overall
qualitative and quantitative state of the populations of
these pests is influenced by a number of factors, both
related to economic activity, and biotic and abiotic -
climatic conditions of the autumn and winter period of
2018-2019, the activity of diseases, entomophages [10-12;
32; 34; 35].

Results of pheromone monitoring

Also, during the year, laboratory and field work was
conducted to solve the problem of foci localisation by

laying out trap trees and pheromone traps IBL-3 (Ipsodor
pheromone dispenser) in plantings bordering with those
damaged by bark beetles. Pheromone surveillance did
not reflect the real picture of the pest’s vital activity in
plantings — in practice, bark beetles did not inhabit trap
trees and only a few representatives fell into traps in
very small numbers. Instead, it populated healthy trees
where pheromone traps were located. The fact is that
at the time of laying out trap trees and traps, the pop-
ulation of stem pests was in the active phase of the
outbreak - qualitative and quantitative indicators were
actively growing, and, as a result, the beetles were dis-
oriented,and the presence of pheromone in the traps was
minor, compared to its concentration in the air. A similar
situation developed in Polissya and Forest-steppe for
all representatives of the bark beetle family (Fig. 3-8).
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Figure 3. The results of pheromone monitoring on the occurence of Ips engraver beetle imago (Ips acuminatus).
State enterprise “Malynske LG’, Malynske forestry as of 01.10.2019
Source: developed by the authors based on their own research
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Figure 4. The results of pheromone monitoring for the occurence of six-toothed bark beetle imago (Ips sexdentatus).
State enterprise “Malynske LG’, Malynske forestry as of 01.10.2019
Source: developed by the authors based on their own research
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Figure 5. The results of pheromone monitoring for the occurence of ant beatle imago (Thanasimus formicarius).
State enterprise “Malynske LG’, Malynske forestry as of 01.10.2019

Source: developed by the authors based on their own research
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Figure 6. The results of pheromone monitoring on the occurence of Ips engraver beetle imago (Ips acuminatus).
State enterprise “Slavutske LG’, Golytske and Komarovske forestries as of 20.08.2019.
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Figure 7. The results of pheromone monitoring for the occurence of six-toothed bark beetle imago (Ips sexdentatus).
State enterprise “Slavutske LG’, Golytske and Komarovske forestries as of 20.08.2019

Source: developed by the authors based on their own research
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Figure 8. The results of pheromone monitoring for the occurence of ant beatle imago (Thanasimus formicarius). State
enterprise “Slavutske LG’, Golytske and Komarovske forestries as of 20.08.2019
Source: developed by the authors based on their own research

Another important factor is the indicator of the
number of entomophage imago - ant beetle (Thanasimus
formicarius) - per unit of drying pine forest area and the
frequency of occurrence of the species (constant pres-
ence) in all drying foci. It was established that the great-
est number and frequency of occurrence is observed in
the drying foci of pine forests affected by bark beetles.

After analysing the general forest pathological and
sanitary conditions of coniferous plantations, a certain
pattern of occurrence of pine drying foci was identified,
which are concentrated along highways and roads laid
in the forest and along which the harvested wood is
transported. Furthermore, the distribution area of the
main types of stem pests lies within pine stands weak-
ened by specific harmful factors. These are the following
types of stem pests: Ips engraver beetle (/ps acuminatus)
and the lesser pine shoot beetle (Blastophagus minor).
Theyare characterised bythe attack of the tree crown top.
They are most common in the plantings of eastern and
south-eastern Zhytomyr region. In these plantings, the
crowns of trees are weakened by chronic foci of needle-
eating insects, snowbreaks, and suffer from overheating
of the thin bark zone of tree stems of plantings thinned
as a result of selective sanitary cutting. The northern
and north-western parts of the region “suffer from root
rot (pine fungus and honey mushroom), changes in the
hydrologic regime due to frequent droughts, mining,
and fires, have a weakened root system and crown, are
distinguished by the simultaneous type of pest colo-
nisation, and are damaged mainly by the six-toothed
bark beetle (Ips sexdentatus), in combination with the
above” [34].

Signs of degradation of pine stands “due to the
dissemination of stem pests with subsequent damage
by tracheomycosis is the intensive nature of drying of
the forest stand (group and entire), the spread of drying
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from South to North, that is, first of all, trees die on the
most exposed to light edges, forest walls, and cutting
areas, as well as trees that are adjacent to the active
drying foci from the North. The areas of drying foci
vary from 0.1 to 2.0 ha” [34]. Thus, the ultimate cause
of drying out of scots pine trees is a complex of fac-
tors, namely the reproduction and spread of stem pests
(mainly bark beetles) and pathogens of tracheomycosis
(ophiostomy fungi), which are their integral part [10].
The species composition and rate of reproduction of
forest insects depend on the quality and physiological
state of plantings and forestry, on climate fluctuations,
on the volume of insect predators and parasites, on the
presence of insectivorous birds, and a number of other
environmental conditions.

The state of the forest biocenosis in the context of an
outbreak of mass reproduction of stem pests

The main conditions and factors affecting the life of
insects and the development of biocenoses are divided
into two main groups:

1) abiotic factors — temperature, humidity, light, soil
conditions [1];

2) biotic factors - the influence of the surrounding
organic world.

For each type of insect, and especially for each
stage of their development, there is a certain favourable
temperature, or optimum, according to which the vital
activity of an organism (nutrition, metabolism, vagility,
reproductive activity) is most intense. The more the
temperature deviates from the optimum, the less fa-
vourable it becomes for physiological processes in insect's
body. This explains the ability of bark beetles to produce
several generations a year instead of one, but there are
exceptions. Thus, for example, a lesser pine shoot beetle
always gives one generation. This constancy of the cycle is




explained by the species specificity of the insect, which
has historically developed under the influence of natural
selection.

Humidity, which is present in the bark and wood
of a tree, affects the development and metabolism of
insects that live in the wood. The dryness of the envi-
ronment increases the loss of water by evaporating it
from the surface of the body of an insect imago, or by
breathing movements through the spiracles, especially
during an increase in temperature. The limits of optimal
humidity in different insects and their stages are different:
some bark beetles develop well on the sunlit sides of
tree stems not avoiding strong drying of the damaged
tree (Ips engraver beetle, six-toothed bark beetle); other
species need shaded sides with a high moisture content
for their development (lesser pine shoot beetle) and
quickly die when the bark dries up [14; 18]. The influ-
ence of climate on the dissemination of insects is quite
substantial. Heavy precipitation and lack of sunny days
limit the development of insects. Most species appear
in large numbers during droughts and begin to disappear
during the rainy season, especially when the latter are
accompanied by a decrease in temperature.

The relation of pests to tree species and the nature
of the forest stand may vary:

— polyphage group;
- selective;
— a single-species group.

Stem pests of coniferous species can change their
belonging to groups depending on the insect's habitat
and changes in external conditions, especially if there is
insufficient food supply during mass outbreaks; for ex-
ample, the spruce bark beetle (a single-species group)
often inhabits pine trees if there is not enough spruce
suitable for its development. Quite often, there is a com-
petition between species for existence, which sometimes
has a strong impact on the number of this species, its
reproduction, and further existence in the biocenosis.
But predatory, parasitic beneficial insects (entomophages),
and insectivorous birds have a greater impact on the
number of pests. Only ants of one anthill destroy up to
100 thousand insects per day. One of the serious factors
that disrupt the structure of the forest biocenosis is human
economic activity. Improper forestry activities directly
lead to the development of harmful entomofauna.

Strip cuttings, which were practised in the past,
were almost always accompanied by an increased at-
tack of pests on them. A similar pattern is observed
during selective cutting when most of the stock is ex-
cessively cut down, and thereby the growth conditions
of the remaining forest stand are being dramatically
changed. The number and dissemination of harmful
insects are increasing most rapidly in forests, where
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cutting operations are continuously conducted without
compliance with sanitary requirements. If timber har-
vest and felling residues are left in the forest for the
summer period, the attacks of harmful species increase
sharply. In such conditions, many species of bark beetles
and longhorn beetles, which usually inhabit felled forest,
attack growing trees.

It is worth remembering that in mixed forests, the
mass spread of pests is less frequent, and the resistance
of such complex forest stands affected by insects is
much greater. Therefore, artificial clean plantings (espe-
cially coniferous monocultures) periodically suffer from
the reproduction of harmful insects [34].

CONCLUSIONS

The above data of exploratory forest pathology survey,
stationary, and pheromone monitoring allow designing
preventive and other methods of controlling the main
stem pests of coniferous trees in order to preserve their
ecological potential, namely:

1. Create a single national electronic database
for accounting for foci of forest pests and diseases with
the possibility of its constant updating, filling, and
correcting data by representatives of forest pathology
enterprises.

2.All cuttings in plantings damaged by stem pests
of the bark beetle family must be carried out before
April 1 (before the emergence of stem pests). The cut
timber must be barked, the bark and felling residues
burned since the vast majority of the pest (wintering)
is concentrated under the bark of trees. The order of
cutting should be as follows:

— first of all - plantings damaged in the second
half of the year, where the largest mass of the pest is
concentrated (this will also help preserve the technical
quality of forest products);

— plantings damaged at the beginning of the year;

— dead standing trees of previous years.

3. Provide for a set of measures to prevent the
movement and storage of unbarked (untreated with
pesticides) forest products in the period from April 1 to
November 1. Strictly prohibit the uplift of bark to the
territory of forest stands from the facilities of processing
and storage of forest products.

4. Implement a set of measures for introducing
the use of pheromone preparations against Ips engraver
beetle, six-toothed bark beetle, and lesser pine shoot
beetle into forestry production in order to control their
number.

5. Introduce machines and mechanisms into for-
estry production for disposing of felling residues in cut-
ting areas.

6. Conduct experimental treatment of forest stands
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with insecticides using aerosol technology (GARD) and
motor sprayers of the “SOLO” and “STIHL" types to reduce
the number of stem pests and mycosis vectors in the foci
(during the period of emergence and additional nutrition).

7.Consider the possibility of using drone aircraft
to quickly detect foci of drying out and other damage,
determine their coordinates and previous areas using

GIS technologies.

8. Use of stationary fire-preventing video surveil-
lance to detect foci of drying.

9. Develop guidelines for forestry of pine stands
damaged by stem pests based on the accumulated
experience of recent years, supported by the results of
experiments.
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MopyLlueHHA CTPYKTYpU 6ioueHo3y nicy nig gielo ctoB6ypoBux LWKIAHMKIB Ta MeToau
KOHTPOJIO iX YNCEeNbHOCTI
CeimnaHa OnekcaHppiBHa JloriHoBa, [puropiit CunbBecTpoBuY Xa€ubkui

BiHHMUbKMIA HALIOHANBbHWIA arpapHuUiA yHiBepCuTeT
21008, Byn. CoHa4Ha, 3, M. BiHHMUS, YKpaiHa

AHoTauif. JocnigpkeHHs NicOBOi €KOCMCTEMM, SK HEBILEMHOI CKMAAOBOI 4YacTMHW NPOTMEPO3iMHOI CUCTEMM,
NMoB’3aHe 3 HM3KO NWTaHb. Jlic € HaMbINbW MOryTHIM i Ji€EBMM 3ac060M y 60pOTbOI 3 epO3i€tD I'PYHTIB, MOCYXaMMu
i CyXOBiIMM, @ TAaKOX EKONOTiYHMM CTabiNni3ytouMM YMHHMKOM 3aranom. Jlicorocnogapcbka LisNbHICTb NOAUMHM B
60poTbbi 3i BCMXAHHAM XBOMHMX HACa[Xeb Bif, Cnanaxy MacoBOrO PO3MHOXEHHS i PO3MOBCIOAXEHHS Ha 3HAYHI
TepuTopii CTOBOYpPOBUX LIKIAHMKIB Mif BMJIMBOM KOMMIEKCY €KONOro-KAiMaTUYHKNX HAKTOPIB, € OAHMM i3 CEPUO3HMX
(akTopiB, WO MOPYLIYKOTb CTPYKTYpY GioueHo3y nicy. MNowyk anbTepHaTMBHMX pilleHb NIoKanisauii uwiei npobnemu
BMMAra€ [OeTaJibHOro BMBYEHHS MOBEAIHKM HAMMOLIMPEHILLMX KOPOifiB XBOMHUX MOpiA OepeB y KAiMaTUYHMX Ta
€KONOTiYHMX YMOBAX, WO cknanucb B nepion 3 2011 no 2020 poku. Y nepiog, aktmeHMx TemnepaTyp 2019 poky, a came
3 |l nekaom kBiTHS fo 11l mekaau XOBTHS, MPOBOAMAMCE pOBOTM NO CTaLioOHapHOMY Harngay Ta 1abopaTopHO-NObLOBI
poboTM 3 MeTow BUpilleHHs nNpobnemu 3 nokanisauii ocepenkiB KOMMeKCcy CTOBOYPOBMX LWIKiIGHWKIB COCHOBMX
HacapxeHb [Monicca Ta Jlicocteny. BukopucToByBanucb MeToauM BMKIAAKM NIOBYMX AepeB i GepOMOHHMX NacTok.
Ha npakTuui WKigHWK He 3acensB NIOBYMX AEPEB i NOTPANAAIM Yy NacTKM Nue NMOOAMHOKI NpeacTaBHUKKM B OyXe
Manin KinbkocTi Ta eHToModarn. HatomicTb BiH 3acenunB 340pOBi AepeBa BUAINIB, Ae 6ynM po3TalloBaHi YI0BAOBaYi.
Bu3HaueHo, L0 3 HayKOBO-MPAKTUUYHOI TOUYKM 30pY AOCNIAXKYBaHA 3aKOHOMIiPHICTb BUHUKHEHHSI OCEPELIKiB BCUXAHHS
COCHM YiTKO MpUypoYeHa A0 aBTOMOBINbHUX LWNSXIB | TICOBO3HUX [JOPIr, @ TAKOX apeany NOLMPEHHS BiANOBIAHUX
BMLiB CTOBOYPOBMX LIKIAHWKIB i 30H 0CabNeHHs COCHOBMX AEPEBOCTAHIB HA OKPEMUX TEPUTOPISX 3 iHLUMX NPUYMH.
[oBeneHo, wo 3aans 36epexeHHs eKONOriYHOro noTeHLiany XBOWHMX HACaZXKeHb i 3MEHLUEHHS HEeraTMBHOrO
BMNMBY KOMax-kKcunodaris HeobxiZHO 3anpoekTyBaTi NpodinakTMyHi Ta bionoriyHi Metoan 60poTb6U 3 FONOBHUMM
CTOBOYPOBMMMU LLUKIAHMKAMM XBOMHUX NOpiL AEPEB

KntouoBi cnoBa: eHToModaru, XBoHi HacaaXeHHs, CTalioHapHWiA Harnaa, GepoMoHHMI Harnag, Moniccs, Mlicocten
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INTRODUCTION

An increase in acreage, which according to the State
Statistics Service of Ukraine [1] amounted to 27.97 mil-
lion hectares at the end of 2020, has a great anthro-
pogenic impact on the environment. Thus, according
to the source [2], agriculture accounts for 23% of the
world's total anthropogenic greenhouse gas emissions.
Apart from this, there are direct and indirect carbon
dioxide emissions upon energy consumption in agri-
cultural production processes. Indirect greenhouse gas
emissions into the atmosphere occur during electricity
consumption by installations that are used in various
agricultural processes. Thus, referring to the Law of
Ukraine “On the Fundamental Principles (Strategy) of
the National Environmental Policy of Ukraine for the
period up to 20307 it is necessary to use renewable en-
ergy sources to reduce carbon dioxide emissions. Elec-
tricity consumption from such sources should provide
17% of total electricity consumption in 2030 [3].

One of the most important processes in agricul-
tural production is post-harvest grain processing. The
main component of this process is grain drying. Grain
drying, for its part, is one of the most energy-intensive
post-harvest processes. It accounts for up to 70% of op-
erating costs in the current lines of post-harvest grain
processing [4; 5].

The use of a low-temperature grain drying pro-
cess reduces the use of energy for drying grain. This
drying method is used in aerated bins. In agriculture
of Ukraine, active ventilation bunkers are used at com-
plexes and post-harvest grain processing points. They
are designed for pre-drying and storage of freshly picked
grain before the main drying, cooling of grain after
high-temperature drying, temporary and long-term stor-
age. In aerated bins, the grain is dried with air. At the
same time, the air in the bins is heated by an electric
heater. Today, various types of aerated bins are used in
agriculture. Such bunkers use electric heaters with a
capacity from 2.3 to 49 kW.The capacity of the bins ranges
from 1.5 to 50 tonnes of grain, depending on the type
of bins [6; 7].

To reduce carbon dioxide emissions into the at-
mosphere, it is necessary to solve the issue of using
alternative energy-saving technical and technological
solutions upon post-harvest grain processing. Thus, the
use of solar and wind energy is a possible way to reduce
greenhouse gas emissions, as well as increase the reli-
ability and energy saving for grain drying in active ven-
tilation units. The use of technical means that convert
such energy into electricity is rational, since the period
of post-harvest grain processing in the territorial and
time interval coincides with a considerable intensity

Berlinets

of solar radiation and wind speed. In addition, the use
of these types of energy combined to meet the needs
of low-temperature drying increases the reliability of
such a process and increases the economic efficiency
of agricultural production. Thus, it is advisable to use
hybrid photovoltaic/wind power systems to power aerated
bins. The use of these systems reduces greenhouse gas
emissions into the atmosphere, thereby increasing the
environmental efficiency of post-harvest grain processing.
The purpose of this study was the efficiency im-
provement of the post-harvest grain processing through
the use of hybrid photovoltaic-wind power systems.

MATERIALS AND METHODS

To preserve the high quality of agricultural products
with minimal greenhouse gas emissions into the en-
vironment, modern environmental conditions of the
post-harvest grain processing were selected. Therefore,
pursuant to the Law of Ukraine “On the Fundamental
Principles (Strategy) of the National Environmental Pol-
icy of Ukraine for the period up to 2030" reduction of
the load on the environment, reliability of power sup-
ply (autonomy) and reducing its cost should be carried
out using hybrid photovoltaic/wind power systems for
powering active ventilation bunkers. The selection of
hybrid photovoltaic/wind power systems for typical ac-
tive ventilation installations is based on the calculated
parameters of energy flow, stochastic characteristics of
meteorological conditions for a given territory, as well
as their absence; zoning and cost of electricity, cost of
equipment and duration of low-temperature grain dry-
ing. Statistical meteorological data on solar and wind
energy receipts in the Kyivska Oblast were collected
in the branch State Archive of the Hydrometeorological
Service of Ukraine for 11 years. The duration of the
low-temperature grain drying process was determined
by the Hakkila calculation method.

Next, to ensure an increase in the efficiency of
post-harvest grain processing, namely low-temperature
drying in aerated bins, it is necessary to determine the
efficiency criteria based on which the use of hybrid
photovoltaic/wind power systems will be compared.
Based on sources [3; 8], the main efficiency criterion is
the environmental criterion. This criterion quantitatively
reflects the amount of greenhouse gases released into
the environment, which decreases upon the use hybrid
photovoltaic/wind power systems (HPWPS) during low-
temperature grain drying. This criterion acts as a direct
environmental effect, which indicates the amount of
CO?% emissions, that can be eliminated in case of elec-
tricity consumption not from the electric grid, but from
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a hybrid photovoltaic/wind power installation. The cal-
culation of the direct environmental effect of reducing
greenhouse gas emissions from electricity consumption
is calculated as follows:

Eee = (RCO2 'VVgen ! K) - (RCO2 'VVgen) (1)

where w.. is the total electricity consumed for grain
drying, kWh; K is the coefficient of used power of aerated
bins from the network (K<1); R,2 is the national coef-
ficient for CO? emissions for the production of 1 kWh of
electricity, kg (R;o2= 1,227 kg CO*/kWh) [9].

Thus, to calculate the direct environmental ef-
fect, it is necessary to determine the total electricity
consumed for low-temperature grain drying and deter-
mine the required level of autonomy. In addition, along
with the direct environmental criterion, one can also
indicate an indirect environmental effect. It is based on
the absence of any costs for preventing morbidity of
the population as a result of a decrease in the quality
characteristics of air and the cost of compensating for
the consequences of global warming [10].

RESULTS AND DISCUSSION
The environmental effect is determined by comparing
the basicversion of the heat energy source —a mains-op-
erated electric air heater, as well as a new version - an
HPWPS and mains-operated electric air heater. For the
basic version, the BV-25 aerated bin was chosen, which

is equipped with a 25-kW electric air heater, and for the
new version - the same bin with the same power of the
electric air heater, but operated by an HPWPS.

To determine the environmental efficiency criterion
for reducing greenhouse gas emissions during electric-
ity consumption, the authors calculated the amount of
electricity consumed during low-temperature grain dry-
ing. To determine the amount of energy consumed by
active ventilation during low-temperature grain drying,
it is necessary to identify the duration of aeration and
the total power consumption of installations [11-13]:

W= Pt @
where JP__ is the total power consumption of installa-
tions, kW; t is the duration of aeration, h.

The total power consumption is calculated as the
sum of the power consumption of all electrical installa-
tions. Thus, if one bin (with one three-phase asynchro-
nous electric motor) is used for aerated-bin low-tem-
perature grain drying, then its power consumption is
defined as follows [14; 15]:

zpmst:\/.?'U'I'COS¢=\/3'P-COS(p (3)

where R is the electric motor power, kW.

Calculated data on the amount of electricity con-
sumption during low-temperature grain drying in aerated
bins are presented in Table 1.

Table 1. Power consumption during low-temperature drying, kW

Duration of low-temperature drying, h

Number of bin loads

0 40 60
1 0 500 1,000 1,500
3 0 1,500 3,000 4,500
6 0 3,000 6,000 9,000
9 0 4,500 9,000 13,500

Analysing the results of calculating electricity
consumption during post-harvest grain processing, it is
evident that the amount of electricity consumed directly
depends on the amount of grain and the duration of
aeration itself. One bin load equates to 25 tonnes of grain.
Thus, upon drying 225 tonnes of grain, which equates to
9 bin loads and the duration of low-temperature grain
drying is 60 hours, which is added for each bin load, the
amount of energy consumed will equate to 13,500 kWh.

Scientific Horizons, 2020, Vol. 23, No. 12

Equation 1 is used to calculate the direct envi-
ronmental effect of reducing greenhouse gas emissions
during electricity consumption. Table 2 presents the re-
sults of the amount of greenhouse gas emissions into
the atmosphere from electricity consumption at different
levels of autonomy of the hybrid photovoltaic/wind
power system. These data are the result of calculating
the first half of Equation 1.




Berlinets

Table 2. The amount of carbon dioxide emissions into the atmosphere from electricity consumption
at different levels of autonomy, kg

Number Duration of low-temperature drying, h Duration of low-temperature drying, h
Autonomy level of bin Autonomy
loads 0 20 40 60 level 0 20 40 60
0 0 0 0 0 0 0 0 0
1 0 613.5 1,227 1,840.5 0 490.8 981.6 1,472.4
Without HPWPS 3 0 1,840.5 3,681 5,521.5 K=0.2 0 1,4724 29448 44172
6 0 3,681 7,362 11,043 0 2,944.8 5,889.6 8,834.4
9 0 5,521.5 11,043 16,564.5 0 44172 88,8344 13,251.6
0 0 0 0 0 0 0 0 0
1 0 368.1 736.2 1,104.3 0 2454 490.8 736.2
0.4 3 0 1,1043  2,208.6  3,312.9 K=0.6 0 7362 14724 2,208.6
6 0 2,208.6 44172  6,625.8 0 1,4724 29448 44172
9 0 3,3129  6,625.8 9,938.7 0 2,208.6 4,4172 6,625.8
0 0 0 0 0 0 0 0 0
1 0 122.7 2454 368.1 0 0 0 0
0.8 3 0 368.1 736.2 1,104.3 K=1 0 0 0 0
6 0 736.2 1,472.4  2,208.6 0 0 0 0
9 0 1,104.3 2,208.6 3,312.9 0 0 0 0

The table 2 demonstrates that during the increase
in the autonomy of using hybrid photovoltaic/wind power
systems to power low-temperature grain drying in aer-
ated bins, the amount of CO? emissions is substantially
reduced. According to calculations, the volume of emis-
sions amounts to 16,564.5 CO? kg when the aerated bin
is powered from the mains and 3,312.9 CO? kg at 20%,
the bunkers are powered from the grid and 80% are

powered from a hybrid photovoltaic/wind power system.
Under the condition of full autonomy; i.e., 100% powered
by HPWPS, emissions amount to O.

Table 3 presents the theoretical calculation of the
reduction of greenhouse gas emissions depending on
the duration of low-temperature aeration, the amount of
dried grain (bin loads) and the levels of power supply au-
tonomy from the hybrid photovoltaic/wind power system.

61

Table 3. Reduction of CO? emissions depending on the autonomy level, the amount of dried grain,
and the duration of low-temperature grain drying

Duration of low-temperature drying, h
Autonomy level Number of bin loads
20 40 60
1 -122.7 -245.4 -368.1
3 -368.1 -73%6.2 -1,104.3
K=0.2
6 -73%6.2 -1,472.4 -2208.6
9 -1,104.3 -2208.6 -3,312.9
1 -245.4 -490.8 -736.2
3 -736.2 -1,472.4 -2208.6
K=0.4
6 -1,472.4 -2,944.8 -4,417.2
9 -2208.6 -4,417.2 -6,625.8
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Table 3, Continued

Duration of low-temperature drying, h
Autonomy level Number of bin loads
40 60
1 -368.1 -736.2 -1,104.3
3 -1,104.3 -2208.6 -3,312.9
K=0.6
6 -2208.6 -4,417.2 -6,625.8
9 -3,312.9 -6,625.8 -9,938.7
1 -490.8 -981.6 -1,472.4
3 -1,472.4 -2,944.8 -4,417.2
K=0.8
6 -2,944.8 -5,889.6 -8,834.4
9 -4,417.2 -8,834.4 -13,251.6
1 -613.5 -1,227 -1,840.5
3 -1,840.5 -3,681 -5,521.5
K=1
6 -3,681 -7,362 -11,043
9 -5,521.5 -11,043 -16,564.5

Results of reduction of CO? emissions depending
on the autonomy levels of the aerated bin power supply
from the hybrid photovoltaic/wind power system indi-
cate that the use of such systems in post-harvest grain

-18000

processing reduces greenhouse gas emissions from-122.7
to-16,564.5 CO? kg. Figure 1 demonstrates the dynamics
of reducing emissions with a duration of 60 hours and
different amounts of aerated bin loads.
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Figure 1. Dynamics of reducing greenhouse gas emissions with a low temperature grain drying time of
60 hours and different amounts of aerated bin loads

The above dynamics graphically illustrate that the
more grain is dried, the less greenhouse gas emissions
are produced during post-harvest grain processing, and,
as a result, its efficiency increases. in addition, the re-
duction of these emissions depends on the autonomous
power supply of aerated bins.

CONCLUSIONS
An increase in grain production leads to an increase in
the energy consumed upon post-harvest grain process-
ing. At the same time, such energy includes electricity.
The consumption of electricity leads to indirect emis-
sions of carbon dioxide into the atmosphere. Thus, to
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reduce these emissions, it is rational to use hybrid pho-
tovoltaic/wind power systems for powering aerated bins
upon post-harvest grain processing, namely low-tem-
perature grain drying.

To compare environmental efficiency, it was de-
termined that the criterion for the efficiency of using
hybrid photovoltaic/wind power systems to improve
low-temperature grain drying is a direct environmen-
tal criterion for reducing greenhouse gas emissions
upon electricity consumption. It was established that
the environmental effect of reducing carbon dioxide
emissions depends on the levels of autonomy of the
use of hybrid photovoltaic/wind power systems and the
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amount of electricity consumed during low-tempera- can reduce greenhouse gas emissions from 122.7 to
ture grain drying. It is theoretically calculated that the  16,564.5 CO? kg for low-temperature drying of grain
use of such systems to power active ventilation bunkers ~ from 25 to 225 tonnes of grain per year.
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EkonoriyHa edpeKTUBHICTb Npouecy nicnaséupanbHoi 06po6Ku 3epHa nig yac
3acTocyBaHHA KOM6iHOBaHUX ¢OTOBIpOEeHEPreTUYHUX CUCTEM

Mukona MukonaitoBuu bepniHeupb

AN «LeHTpanbHa nabopatopis SKOCTi BOAM Ta IPYHTIB» |HCTUTYTY BOAHUX Npobnem Ta
meniopauii HAAH Ykpainu
08324, Byn. Hayku, 1, c. Topa, Kuiscbka 06n., YkpaiHa

AHoTauif. B ymoBax 36inblueHHsI BUPOOHMLITBA 3€pHOBMX | 3epHOO060BMX KyNbTYyp 3POCTAE M KiNbKiCTb eHeprii,
BMKOPWCTAHOI Nif Yac iXHbOI Nicns36mMpanbHOi 06po6KK,a,0mKe,36iNbLYTbCS BUKUAM NAaPHUKOBMX ra3iB 3a CNOXKMBAHHS
Ta BUpPOOHMLTBA Takoi eHeprii. Ockinbku npouec nicnasbupanbHoi 06pobKku 3epHa € OLHUM 3 EHEPrOEMHUX NPOLIECIB
Y BUPOOHMUTBI CiflbCbKOrOCNoAapcbkoi NPOAYKLi, 8 HAlbiNbLie BUKOPUCTAHHSI eHeprii B LLbOMY MpoLLeci NpUMnajac Ha
CYWiHHS 3epHa, TO METO [aHOi pobOTH € 3MEHLLEHHS BUMKMIB NMAPHUMKOBMX rasiB Npu CNOXWBAHHI enekTpoeHeprii
B npoueci nicnssbupanbHoi 06pobKM 3epHA WASAXOM 3aCTOCYBAHHS KOMBIHOBaHUX (OTOBITPOEHEPreTUYHUX CUCTEM
ons 3abe3neveHHs NoTpeb npoLecy HM3bKOTEMMEPATYPHOrO CYLLiHHS 3epHa. YCTaHOBKAMM, SIKi BUKOPUCTOBYHOTb TaKMii
npouec, € OyHKepy aKTUBHOIO BEHTUIIHOBAHHS. XXMBEHHS TaKMX CUCTEM Bi[L €NeKTpOMepeXi CynpoBOOXYE HenpsiMi
BMKMOWM BYINEKUCIONO rasy Bif CMNOXWMBAHHA €NeKTPpUYHOI eHeprii. BCTaHOBMEHO, WO OOHMM i3 LWASXIB 3HUXEHHS
BMKUAOY TaKUX rasiB, a TakoX 3abe3neyeHHs HadiMHOCTI Ta eHeproedeKTUBHOCTI Ha HM3bKOTEMMEpPaTypHY CYLLKY
3epHa B YCTAHOBKAX aKTUBHOIO BEHTU/IIOBAHHS € BUKOPWCTAHHS eHeprii BiTPYy Ta COHAYHOrO BMMPOMIHIOBAHHS.
[Ons nopiBHAHHS eKoNoriyHoi edeKTUBHOCTI Oyno BU3HAYEHO, WO KpUTEpieEM edeKTUMBHOCTI 3aCTOCYBaHHS
KOMBiHOBaHMX GOTOBITPOEHEPTETUYHUX CUCTEM A9 NiABULLEHHS NPOLLECY HM3bKOTEMMNEPATYPHOrO CYLLiHHA 3epHa
€ NPSAMUIA €KONOTIYHMIA KPUTEPI 3HMXKEHHSI PiBHS BMKWIIB MAPHWKOBMX rasiB NMpM CMOXMBAHHI €NeKTpoeHeprii.
BcTaHoBNEHO, O €KoNoriyHuin edeKT Bif, 3MEHLUEHHS BUKMAIB BYITIEKUCIONO a3y 3aleXuTb Bif, piBHIB aBTOHOMHOCTI
3aCTOCYBaHHS KOMOiIHOBaHMX (DOTOBITPOEHEPreTUYHUX CUCTEM i KiNIbKOCTi CMOXWTOI enekTpoeHeprii B mpoueci
HU3bKOTEMMNEPATYPHOr0 CYLIiHHSA 3epHa. TeOpeTMYHO pO3PaxOBaHO, LLO [ANS >KMUBMEHHS OyHKepiB aKTUBHOIO
BEHTU/TIOBAHHS 3aCTOCYBaHHS TaKMX CUCTEM MOXE 3MEHLIMTM BUKMAM NApHUKOBKX rasiB Bia 122,7 no 16564,5 kr CO?
33 HM3bKOTEMMEPATYPHOrO CyLWiHHS 3epHa Bif 25 a0 225 T 3epHa B pik. [1pakTMYHA LiHHICTb AaHOT po6oTK nonsrae
Y 3MEeHLUEeHi BMKWMAIB NMapHWKOBMX rasiB Mif 4Yac HM3bKOTEMMEpPaTypHOro CYLIiHHS 3epHa LUISXOM 3aCTOCYBaHHS
KOMBiHOBaHWX POTOBITPOEHEPTETUUYHUX CUCTEM

KntouoBi cnoBa: BigHOBNOBaNbHI AXepena eHeprii, HU3bKoTeMNepaTypHe CYLiHHS 3epHa CiibCbKOrocnoaapcbke
BMPOOHMLITBO, EKONOTIYHMIA KpUTEPIN
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INTRODUCTION

The instability of the consumer market of Ukrainian
goods cannot ensure compliance with the requirements
of regulatory documentation for fibrous products and
contribute to improving the level of its quality. The na-
tional economy of the country is weak, it is influenced
by various social, political, and economic factors. At
the same time, along with the aggravation of compe-
tition for the consumer in the market, the lack of clear
norms and rules in regulatory matters, the loss of the
raw material base for industry, and the unwillingness of
the state to develop high-tech sectors of the economy
complicates its general crisis state. With the growth of
the global economy in society, the issues of providing
the population with high-quality food and non-food
environmentally friendly safe goods, which, along with
other products, have a certain set of valuable functional
properties, come to the fore.

Today, to dominate the Ukrainian and interna-
tional consumer markets of goods, it is necessary to have
a clear strategy for the development of the enterprise, a
certain well-developed system of processing raw mate-
rials, in which it would be possible to program clear ac-
tions in advance in the direction of saving material and
labor resources, improving the quality of final products,
reducing costs for production transitions and developing
the image of a modern high-tech manufacturer [1].

Creating such a brand takes time, and most im-
portantly - significant investments in the development
of advanced technologies and equipment. Today, in the
context of environmental disasters and the spread of
pandemics, it is especially valuable to promote the
eco-brand and form the foundations of eco-branding.
According to S. M. Ilyashenko, “environmental branding
should be considered as a complex process of develop-
ing an environmental brand and maintaining voluntary
communication between consumers through a stable
and reliable set of product differences, offering high
quality and satisfaction of needs, attracting the atten-
tion and interest of manufacturers, and sustainable so-
cial responsibility to prevent negative impacts on the
environment” [2].

Promotion of new ideas, expansion of the inno-
vative component in the manufacture of new safe prod-
ucts, which cover a wide range of activities, including
product modification, provides an opportunity to ensure
the commitment of consumers to the chosen eco-brand
and maintain a reliable link between the preservation
of the environment and the economic development of
society [3].

The development of an eco-brand and eco-brand-
ing for a Ukrainian manufacturer is quite a significant
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tool in the struggle for consumers. This facilitates access
to new and developed markets for goods whose modern
product quality requirements are strictly regulated and
strict, especially when it comes to safety and environ-
mental properties [4; 5].

At the same time, outdated technologies, global-
isation, the contradiction of the provisions of regulatory
regulation of economic activity, the crisis in the financial
sector do not allow the state to actively influence the
quality of goods and the cleanliness of the environment.
In such business conditions, special attention should
be paid to the environmental component of Ukrainian
and imported goods from abroad, since low-quality and
counterfeit products, in addition to financial losses in
the absence of objective information support, can be
dangerous for consumers and the environment. In such
a situation, it is necessary to develop a radically new
concept of eco-social policy in the country.

The analysis of monographic studies [2; 6] and
research papers [7; 8] indicates that in recent years
technological, commodity science and economic aspects
of the establishment,and assessment of the level of en-
vironmental safety of raw materials and products, have
been widely discussed. At the same time, the issues of
increasing the quality requirements and environmental
requirements for textile raw materials, individual stages
of textile production and textile products themselves are
also raised [9].

The need to address the issues of greening tex-
tile materials of the main groups of non-food products
is dictated by the need to bring the production of
any type of Ukrainian goods to compliance with the
requirements of international environmental standards,
harmonise the system of Ukrainian environmental
standardisation in accordance with international and
expand the product range relative to modern consumer
demand. Currently, in the international relations market,
the level of environmental safety of goods has become
one of the main factors determining the level of its
competitiveness [10; 11].

Therefore, for Ukraine, which is rapidly moving
towards deepening its activities with the European
Union, this is especially important and relevant. This
issue requires the creation of innovative products that
meet the market requirements of developed countries
and have certain properties that give it competitive ad-
vantages in the fight for the consumer.Thus, the purpose
of the study is to define directions and technologies for
forming markets for safe goods based on the development
and distribution of eco-branding of products obtained
as a result of processing oil flax.




MATERIALS AND METHODS

During the study, experimental samples of equipment
for extracting fibre from the stems of the flax straw
were designed and manufactured, with the help of which
the processes of breaking were analysed and factors
that significantly affect the processing of bast-fibre raw
materials were identified. Based on the planning of ex-
periments with matrices of rotatable planning of the
second-order according to Box's plans, the relationship
between the technological parameters of the processing
of the stem mass and the quality and quantity of the
obtained fibre was determined.

To conduct experimental studies on the processing
of bast raw materials, oil flax straw of the Pivdenna Nich
variety was used, which was prepared using roll-to-roll
technology in the climatic conditions of the SE EF Askani-
yske in the Khersonska Oblast. The preparation of flax
straw was carried out using dew-retting technology,and
studies on the processing of bast raw materials were
carried out under the same conditions for preparing the
material for processing. In the process of processing bast
raw materials, precise control was carried out over the
process of mechanical processing of stem material by
sampling raw materials and instrumental measurement
of indicators of separation of the fibrous layer from wood,
breaking load, fibre yield, maximum permissible content
of shives and garbage impurities. To check the quality
properties of bast raw materials and fibrous products,
the methods of regulatory documentation specified in
DSTU 4149-2003 “Flax straw. Technical specifications”,
DSTU 5015-2008 “Short linen fibre. Technical specifi-
cations”.

General scientific and specific research methods
were used in the course of the study. To determine the
quality properties of samples of raw materials used in
the manufacture of environmentally friendly products,
the study compared the length and thickness of the
stems, the color of the straw, the fibre content, its flexi-
bility and breaking load. To determine the nature of the
influence of technical and technological parameters for
setting up the operation of equipment during the pro-
cessing of flax stems, an analysis of changes in the ini-
tial characteristics of the fibre was carried out. A graphical
method and methods of mathematical statistics were
used to process the obtained experimental data and as-
sess changes in the content of impurities in the fibrous
product during the raw material processing, determine
the percentage of fibre yield and the average weight-
length relation of fibres. Mathematical planning of the
experiment allowed obtaining regression models of the
raw material processing, and the abstract-logical method
provided a theoretical generalisation of the findings and
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the generation of conclusions. The results obtained in-
dicate the possibility of expanding the range of products
based on the stems of bast crops.

RESULTS AND DISCUSSION
Analysis and generalised assessment of the impact of flax
on the economic, social, and environmental development
of Ukraine
When forming an overall industrial development strategy
aimed at creating environmentally friendly products, it
is necessary to adhere to methods of preserving the
valuable properties of raw materials at various produc-
tion stages using innovative technologies and equipment
for their implementation. Today, flax is almost the only
renewable source of cellulose textile raw materials on
the European continent. The fabric made from linen is
characterised by significant elasticity, strength and
moderate hardness, durability, and resistance to rot.
Linen clothing has a positive effect on the emotional
and physical state of a person, increases resistance to
various ailments and contributes to maintaining health.
Today, technical linen products are indispensable in var-
ious industries, especially those related to construction,
textile, defence, automotive and other areas of Ukrainian
economy. Notably, the range of doublings and nonwovens
fabrics made of flax, including dressings and medical
cotton wool, is not only not inferior in their properties
to similar products made of cotton, but sometimes exceeds
them [12].

Natutal flax components have different functional
properties and can be used simultaneously in various
sectors of the light industry. The use of flax components
requires, in addition to a comprehensive study of the
exceptional safe qualities of fibre, also the study of the
safe component of mixtures of flax with other types of
fibres that are used in the manufacture of goods for vari-
ous functional purposes.With this approach, it is possible
to most rationally substantiate the areas of application
of the expanded range of updated materials of flax. The
use of oil flax components in the light, pulp and paper
industries, construction, and medicine requires partial
and comprehensive economic, technological, social and
environmental substantiation. Considering the areas of
such research, Ukraine should develop a radically new
concept of an ecosocial policy for the development of
the state.

Bast-fibre plants are among the most important
industrial crops that are of great national economic impor-
tance. Despite the significant development of the chem-
ical industry towards obtaining fibre products, the value
of such crops as sources of fibre production, especially
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environmentally friendly ones, does not decrease, and
in some areas of the national economy the need for
them is quite high and tends to increase. The fibres of
bast crops are located in the stems, consist of a large
number of elongated cells. Bast crops are difficult to
process, as a result of harvesting processes, seeds and
stem material of straw or trusts are obtained separately,
which are formed into special packaging - rolls or piles.
The efficiency of fibre production in modern conditions
cannot be ensured without the use of machines with
low metal and energy intensity, which indicates the
inexpediency of using existing overall technological
equipment at Ukrainian enterprises.

In Ukraine, among the group of bast-fibre crops,
which includes: flax, hemp, ambary, abutilon, nettle, jute,
ramie — mainly the flax and hemp are cultivated. The
climatic conditions that have developed on the territory
of Ukraine allow growing these plants and get fairly
high yields of seeds and fibre. The composition of these
crops includes about 75-90% cellulose, 1-3% lignin,
and as a result of their processing, strong fibres up to
10 mm and more are obtained [13]. According to sta-
tistics on the volume of flax fibre production over the
past century, it is clear that the position of Ukraine in
the world, as one of the leading producers, has changed
to an outsider [9]. Trends in recent years indicate an
increase in the acreage of flax, but this valuable crop is
not used enough on an industrial scale. This is mainly
due to the greater prevalence, technological advance-
ment in the processing of flax and socio-economic cir-
cumstances that have developed in Ukraine and the
world. The decline in the production of flax fibre is due
to changes in the structure of Ukrainian business, in-
significant innovation activity of enterprises, lack of in-
centives, noticeable technical and technological lag of
the Ukrainian textile industry from the major countries,
increased energy and material consumption, labour in-
tensity of production, lack of working capital and low
organisation of economic activity.

The main countries whose natural and climatic
zones allow growing flax are: France, China, Ukraine,
Russia, Belarus, Poland, India, the Baltic states, etc. Ac-
cording to the food and Agriculture Organization of the
United Nations (FAO), currently about seven million
hectares of flax are sown annually in the world [14].
The main trend of the last ten years in the development
of the global flax complex is the desire of countries to
increase the share of flax among other fibres and deep-
en the degree of its processing. Due to its natural prop-
erties, products made from both long flax and oil flax
and their processed products are in demand both in the
domestic and foreign markets of Ukraine [13; 15]. By
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the middle of the 20 century, the sown area of flax was
about 100 thousand hectares, which indicates a sufficient
prevalence of this crop in Ukraine. With the change in
the climatic conditions of growing flax, the areas of its
cultivation were reformatted, the main regions were the
south-eastern regions of Ukraine, namely: Zaporizka,
Dnipropetrovska, Khersonska and Mykolaivska oblasts.
Trends in recent years indicate an increase in
acreage for this crop, but it is worth noting that flax is
stillinsufficiently used on an industrial scale in the man-
ufacture of various types of goods. Today, there is prac-
tically no deep processing of Ukrainian flax in Ukraine,
and there are very few producers of finished products.
The main consumer of oil flax in the light industry are
the Kirovograd twine and rope factory and the Kharkiv
rope factory, in the food industry - 0JSC “Nizhinsky Zhi-
rovyi Kombinat”, pharmaceutical - “Liktravy”, chemical -
LLC “Factoria” In addition, the companies “Zhytomyrskyi
Lyon” and “Galereya Lyonu” use the fibrous product of
oil flax in the manufacture of insulation materials, “Lin-
tex” - in construction and in the automotive industry as
sound and noise insulation materials. This is mainly due
to the greater prevalence, technological advancement
in the processing of flax and socio-economic circum-
stances that have developed in Ukraine and the world.
With the growth of export prospects for the sale
of oil flax seeds, the issue of processing significant
volumes of stem material of this crop arose. There is
simply not enough capacity in Ukraine for processing
significant volumes, especially given that the state of
processing equipment is in an extremely neglected state.
Only a small number of manufacturers use suitable equip-
ment. Technological equipment of plants for primary
processing of bast plants is currently unsuitable, since
it is physically and morally obsolete. Today, the produc-
tion of fibre products in Ukraine requires the develop-
ment of innovative technologies and advanced efficient
equipment that can improve the quality of a safe com-
mercial product, its environmental friendliness, expand
the range of popular goods, and give the country inde-
pendence in the supply of estimated raw materials.

Research on obtaining oil flax fibre and expanding the
range of environmentally friendly products

In order to spread the production of oil flax, expand the
range of environmentally friendly products and eco-brand
in Ukraine, a study was conducted on the introduction
of modern design ideas for obtaining fibrous products
that can meet the requirements for its use in various
industries. Current trends in in-depth processing of bast
fibre material have significantly affected the scope of
its use. Short fibre is much more widely used in the




textile industry, in the production of various textiles,
modern composite materials, flax cotton, bat wool, in-
sulation materials, etc. [16]. All this has caused changes
in the technologies of collecting and obtaining fibre
products aimed primarily at resource conservation and
safety of use [17]. Therefore, the study used the tech-
nology of obtaining the same type of fibre, which is less
expensive compared to conventional and improves the
overall processing culture of the agricultural plant.

The development of technological equipment
and nodal connections for efficient processing of oil flax
without dividing it into long and short fibres simplifies
technological processes for collecting raw materials and
further mechanical processing, provides an opportunity
to increase equipment productivity and improve working
conditions in production. The possibility of forming the
uniform type of raw materials significantly reduces the
cost of its collection, preparation, transportation, and
processing, which reduces the metal and energy intensity
of equipment and reduces the cost of the resulting fi-
brous products. For the effective application of the tech-
nological line for processing flax straw with a chaotic
arrangement of stems in the mass, the study used the
developed effective nodal connections of the scutching
part of the machine, which allows obtaining uniform
purified fibre from the stem material, without shives and
other non-fibrous impurities. The Pivdenna Nich variety
of oil flax was taken for experimental studies.
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The combination of innovative technical and
technological developments included a method that
consists of unwinding rolls on roll rewinders, breaking
with rollers of various types with the passage of processes
of pulling, scutching and cleaning of bast fibre material
from impurities on swingling machines at the end of raw
material processing. In accordance with the developed
method, straw stems are formed in the breaking part of
the unit, the raw layer is scraped and thinned using disc,
plank, and comb-type cleaning rollers. The cleaning effi-
ciency of raw materials is ensured by the complex inter-
action of the developed components with the swingling
and vibrating device installed between the breaking and
scutching machines. In this case, the process of scutching
is carried out with the simultaneous action of beater
bars and knives installed on the scutching drum [18].

The essence of the developed device is explained
in Figure 1, which shows the technological scheme of
an experimental unit for obtaining the uniform fibre
from oil flax, where |/ - packaging unwinding part;
Il = drying part; /Il - ball forming part; /V - breaking
part; V - swingling part; V/ - scutching part. The following
equipment was used: 1 - decoiler; 2 - drying machine,
if necessary; 3 - spiked roller; 4 — breaking machine
with a pair of rolls of increased diameter; 5 — breaking
machine; 6 - pre-cleaning swingling machine with a
vibrating device; 7 - scutching nodes; 8 - swingling
machines equipped with a vibrating device [18].

Poael

SJ 5 6 7
/ Il Il v 4

Vi 4 Vi 4

Figure 1. Technological scheme of an experimental unit for obtaining the uniform fibre from oil flax, where | - packaging unwinding
part; Il = drying part; Il - ball forming part; IV - breaking part; V - swingling part; VI - scutching part. The following equipment
was used: 1 - decoiler; 2 - drying machine, if necessary; 3 - spiked roller; 4 - breaking machine with a pair of rolls of increased
diameter; 5 - breaking machine; 6 - pre-cleaning swingling machine with a vibrating device; 7 - scutching nodes; 8 - swingling

machines equipped with a vibrating device

The Pivdenna Nich oil flax is sent to decoiler 1
and then to drying machine 2. From the drying node, the
stem material is fed evenly through the spiked roller 3
to the first pair of rollers 4 of the breaking machine 5
of the considered device. Due to the increased diameter,
these rollers provide retraction of the flax straw with
various physical and mechanical properties. Next, the
raw material goes to a set of rollers of the breaking ma-
chine 5. Due to the use of developed rollers, paralleli-
sation and ordering of stems take place during scutch-
ing, and intensive breaking with simultaneous scraping,
stretching and thinning of the raw layer is carried out.

After that, the washed and partially cleaned layer of the
flax straw is sent to the pre-cleaning swingling ma-
chine 6, which is equipped with a vibrating device. The
raw material is enriched, ordered, and the shives and
other non-fibrous impurities are further removed [19].
In the future, the prepared raw layer is fed to the
scutching node 7, where an intensive process of cleaning
the fibrous mass from the shives takes place. At the
same time, considering the initial condition and quality
of the flax straw, it is possible to adjust the intensity of
raw processing by changing the size of the gap between
the beater bars and scutching knives, as well as between
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the grid and the scutching drum of the scutching node 7.
After the scutching, the fibrous mass enters the swindling
machine equipped with a vibrating device 8. Due to its
use, the final cleaning of the fibre from foreign impurities
takes place [19].

The complex interaction of meat Rollers of vari-
ous types during the kneading of the stem layer of the
trust with a shaking and vibrating device during the
shaking of raw material, which is carried out between
the processes of crumpling and tipping, allows for pre-
liminary cleaning of the fibrous mass from free fire formed
during the passage of raw material through the meat
machine, and other non-fibrous impurities.

The use of a swingling machine with a vibrating
device after the scutching removes the remaining
shives from the fibrous product. The vibrating device

of the needle conveyor leads to additional vibrations
of the fibrous mass, so that the shives are intensively
separated, which increases the efficiency of cleaning
the fibrous product. Double processing of linen material
with a scutching node and a swingling machine are used
to obtain the fibre with the lowest content of foreign
impurities.

As a result of processing the Pivdenna Nich flax
straw, fibre of varying degrees of purity was obtained
depending on the condition of the flax raw material, the
number of processing transitions, and the adjustment
parameters of processing equipment. Thus, depending
on the above factors, due to mechanical processing of
the stem material of flax, a different yield of the final
product and its characteristics were obtained (Tables 1; 2).

Table 1. Yield of fibre and shives processing products from the Pivdenna Nich flax straw after
mechanical processing of the stem material

Processing cycle

Output of processed products, %

Fibre Shives in fibre Shives + irreversible waste
Incomplete straw processing cycle 17.57 477 77.66
Complete straw processing cycle 17.44 2.62 79.94

Table 2. Properties of the fibrous product from the flax straw of the Pivdenna Nich variety at different
stages of processing

Processing cycle

Breaking load of the fibre, daN

Properties of the fibre product

Fibre output, % Shives content, %

Incomplete straw processing cycle 16.09

17.57 4.77

Complete straw processing cycle 15.14

17.44 2.62

According to an incomplete processing cycle of
the stem material,the obtained fibre has lower values of
quality indicators than that of fibrous products obtained
when passing a layer of flax raw materials through all
nodes of the experimental unit. At the same time, the
quality properties meet the requirements of regulatory
documentation for the production of doublings, non-
woven fabrics, cotton batting, geotextiles and can be
used in the construction and automotive industries as
fillers, reinforcing and heat-insulating materials, for
stuffing upholstered furniture and mattresses. It should
be noted that when choosing the scope of use of fibre
products, the value of the average weight-length of fibre
is also considered. The distribution of the resulting fibre
from flax of the Pivdenna Nich variety along the length
obtained by mechanical processing of straw indicates
the presence of a significant number of short fibres (Fig. 2).
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Average fibre
length 50 mm;
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31%

Figure 2. Fibre length distribution diagram of the
Pivdenna Nich variety of oil flax straw
Source: authors' personal research

Analysis of the study results indicates that in
the case of full-cycle mechanical processing of flax
straw of the Pivdenna Nich variety, the obtained fibre,
in addition to doublings and nonwoven fabrics, also




meets the requirements of regulatory documentation
for the production of textile materials, sanitary and hy-
gienic, cellulose-containing products. Thus, the devel-
oped technical and technological solutions allow pro-
cessing the oil flax straw, expanding the scope of its
functional purpose, which strengthens the position of
using this crop as a raw material in the manufacture
of environmentally friendly types of non-food products.

The combination of ecological properties of oil
flax with the properties of other constituent materials
to spread environmentally friendly characteristics in the
designed products and prevent environmental pollution
due to disposal of products can be an actual contribution
to the design of a new possible assortment composition
of modern safe products that will take a worthy place
in the distribution of the eco-brand in the consumer
market of the country.

CONCLUSIONS
In the context of fierce competition, globalisation, liberal-
isation of markets and a changing external environment,

Berezovsky et al.

those enterprises that quickly implement modern trends
in the production of safe goods will be effective. The
creation of high-quality safe products should take place,
first of all, through the development of flax-containing
materials with new properties and modern product designs
based on advanced technical solutions, preserving the
original valuable characteristics of plant raw materials.
It is under such conditions that it is possible to increase
the level of competitiveness of environmentally friendly
products, spread eco-branding among producers, and
provide the Ukrainian market with cheap renewable
raw materials that would meet the growing demand of
consumers in eco-products in both manufacturing and
nonmanufacturing activities.

The development of the consumer market of
environmentally friendly food and non-food products
made from oil flax components, which are able to meet
the growing demand of consumers in eco-products in
various areas of activity,can become a prerequisite for a
long-term strategy for the establishment and expansion
of eco-branding in Ukraine.
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Bnnue eKo6peHAY NbOHY OMiMHOro Ha PO3BUTOK BUPO6GHMULTBA 6e3neuHoi npoaykKuii

lOpiit BceBonopoBuu bepesoscbkuitl, TeraHa OnerisHa KysbMiHal,
TetaHa OnekcaHapisHa MauieBuy?

1XepCcoHCbKMI1 HaLiOHANIbHUIA TEXHIYHUI YHiIBEpCUTET
73008, bepucnaBcbke Wwoce, 24, M. XepCoH, YKpaiHa

2XepCOHCbKMI fiepKaBHMUIA arpapHO-EKOHOMIYHUI YHiBEpCUTET
73006, Byn. CrpiTeHCbKa, 23, M. XepCoH, YKpaiHa

AHoTauif. Y cyyacHMX yMOBax KOHKYPEeHTHOi 60opoTbbu ekobpeHn BUCTYMA€E OAHIEK i3 OCHOBHMX MepenymMoB
eeKTMBHOIO po3BMTKY roCNoAapCTBa KpaiHW. Y HeCcTabinbHiM EKOHOMIYHIM cuTyalii nepedopmaTyBaHHS CycninbCTBa
YKpaiHM NpOX0oAMTb HAATO MNISBO, NPOBAeMM LWBMAKO HAPOCTAKOTb, YMM Be33anepeyHo KOPUCTYIOTbCS HelobpoyecHi
rpaBLii HA CMOXMBYOMY PMHKY TOBapiB. Y CTaTTi pO3rNS4a€eTbCst HANPAM BHYTPILLHbOTO Ta CBITOBOrO TOBAPHMX PUHKIB,
BKA3YETbCSI HAa HEOOXIiAHICTb pO3BMTKY PUHKY €KOMOriYHO Be3neyHMxX TOBApiB HA OCHOBI IbOHY ONIAHOTO, MONIMLLIEHHS
SKOCTi JIbOHOBMICHOI MPOAYKLii BHAaCNiAOK BUKOPUCTAHHS NepefoBMX TEXHOMONiM Ta iHHOBALIMHOIO 06nagHaHHS.
MeTooamMu [AOCNIAKEHHS CTanu: MOHOrpadivyHMi, NOPIBHAHHSA, aHani3, MaTeMaTU4YHe MAaHYBAHHA Ta rpadivyHui.
Bu3HaueHo, L0 OCHOBHO NepefyMOBO CTASION0 PO3BUTKY KpaiHM B yMOBaXx rnobanisalii EKOHOMiKM, 0OMeXeHOCTi
pecypciB i pO3BMTKY TEXHOJIONM € 3aCTOCYBAHHA €KOOPeHAMHry. 3 MeTol NiABULLEHHS edeKTUBHOCTI NpoLeciB
06pobKM BONOKHUCTOrO MaTepiany po3pobneHo cnocib nepepobKM ONIMHOIO NbOHY, KM LO3BONMSIE PO3LUMPUTH
ACOPTUMEHT MPOAYKTIB MepepobKM TpecTu JIbOHY OJIIMHOrO Ta CTBOPUTM 6e3BiaxoaHy TexHonorito. Po3pobneHo
Cnoci6 ofepaHHS OAHOTMMHOrO BOJIOKHA 3 NIyOOBONIOKHUCTUX KYNbTYP, SIKUM HAZAE MOX/MBICTb nepepobnatu
cTebna NboHy oNiHOro. NepcnekTMBM BUKOPUCTAHHA NPEACTABNEHUX TEXHIYHUX | TEXHONOTIYHNX PO3POOOK MOXYTb
CNpuaTM MoaepHisauii nepepobHOi ranysi nerkoi NpoMMCNOBOCTI, ii MOAANBLLIONO PO3BUTKY, PO3LUMPEHHS PUHKY
YKpaiHu, 36ibLlIeHHI0 poBoUMX MiCLb | 3ay4eHHI0 BUCOKOKBANidiKoBaHMX (axiBLIB Yy BiANOBiAHY chepy, NiABULLMTH
KOHKYPEHTOCNPOMOXHICTb YKPAiHCbKOI NPOAYKLii Ha CBITOBOMY PUHKY

KniouoBi cnoBa: Tpecta, BONIOKHO, KOHKYPEHLLiSl, HEBONIOKHWUCTI AOMILLKU, MbHI BanbLi, TiNanbHWIA By30/, Bibpytoumnit
npucTpin
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INTRODUCTION

Modernity is described by many issues, the rapidly in-
creasing number of which demands timely and ade-
quate solutions from humankind. In the conditions of
a changing and unpredictable present, there is a need
to ensure the safety of humanity and the environment
of its functioning. Therefore, it is logical and timely to
actualise research on practical issues of protecting the
humankind and the environment of its functioning. This
subject is also very relevant for modern Ukraine. The
increased attention to this subject is evidenced by the
fact that over the past 1.5-2 decades, a considerable
number of studies by Ukrainian and foreign specialists
have already been developed; many of these articles
are conditioned by different angles of such research, when
researchers address the same category from different
standpoints.

An insight into the subject area of publications
on national security proved that research concerns its
various structural components, to the list of which re-
searchers (generalisation of scientificapproaches in this
regard is provided in [1]) include: political, economic,
state, social, socio-cultural, demographic, information,
technological, environmental, humanitarian, military,
defence, public, fire, environmental, food, epidemic, and
financial safety. Specific components of national secu-
rity become more or less relevant in view of a certain
scenario of factors affecting them. It is worth paying at-
tention to the statements of experts on this matter,who
noted the current growth of environmental risks for the
development of national economies, while the actual
economic and political risks have become secondary in
importance [2].

Environmental issues are fundamentally based
on the so-called ‘green economy” and “‘green develop-
ment”. Back in 2012, Cameron Allen (UN Sustainable
Development Division) prepared a document that ad-
dressed the green economy issues and examined the
experience of developing and implementing green
growth strategies in different countries. He pointed out
that political priorities should include reforming the
system of economic incentives, promoting the devel-
opment of sustainable investment infrastructure and
promoting investment in natural capital [3, p. 6]. The
development of environmental security of the country
is defined by the Law of Ukraine “On the Fundamen-
tal Principles (Strategy) of the National Environmental
Policy of Ukraine for the Period up to 2030" which
makes provision for the introduction of international
standards of environmental management systems in
enterprises and companies, which will contribute to the
development of the environmental management system
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and the implementation of international environmental
initiatives in Ukraine [4]. However, despite the demand
for these studies and related reforms, numerous issues
remain unresolved, even with some unidentified issues
concerning the application of a systematic management
approach for effective implementation of reforms and
achievement of the intended results. Considering the
economic interests of stakeholders, there are no studies
of the ecosystem approach in science.

Thus, the purpose of this study was to investigate
the structuring of the national security system with the
allocation of environmental and economic subsystems
in it, the implementation of constructive and critical
analysis of the main opinions and positions of research-
ers on the essence and areas of applying the ecosystem
approach in solving the problem of ensuring environ-
mental security, the justification of the management
approach to the use of economic methods as the basis
for further development and the essential content of
the ecosystem approach. The authors of this study set
the following tasks: to investigate the developments of
researchers regarding the structuring of national and
environmental security systems and related areas of
scientific research; to determine the essence and devel-
opment of the ecosystem approach and the practice of
its application; to “chart the contours” and justify their
vision of the essence of the ecosystem approach based
on the concept concerning the consideration of the
economic interests of all subjects relating to or taking
part in ecosystem development, and with the division
of the latter into subjects and objects of management,
as well as the development of methods for influencing
the latter (objects) by the former (subjects).

METHODOLOGICAL REASONING

Classical and special methods of scientific cognition
were used in this study. To identify the essence of en-
vironmental security, the study used a systematic ap-
proach, which makes provision for its consideration,
firstly, as a system element of a larger system (namely,
national security), and, secondly, as a complex ecological,
extensive system, which, for its part, includes internal
system components. Functional and subject components
were identified as internal components requiring the use
of a system-matrix approach. A systematic approach also
allowed combining research on the environmental and
economic components of security, as well as determining
the critical points of their intersection.

The systematic approach is associated with the
objective necessity of employing the classification
method, which was applied in this study to determine
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the classification components of the national security
system. The portfolio (matrix) research method was
used to provide a compelling development of the en-
vironmental security format. This allowed presenting
the environmental security system as a matrix with two
parameters — functional and subject.

The paper focused on the environmental and
economic components of safety and their mutual impact.
It is this influence that determined the use of factor
analysis, which allowed evaluating their causation. The
interdependence and interrelation between them sug-
gested that further development of the ecosystem ap-
proach is possible only if these components are inte-
grated. The integrative combination of environmental
and economic components of security has led to the
need and possibility of applying a transdisciplinary ap-
proach,that is, the transfer of research methods from one
scientific area to another. Notably, in this case, this ap-
proach is based not so much on classical transdisciplinary
transfer, but on an essential integrative combination.

Consideration of the integrated ecological and
economic system in this study was based on the mod-
ern theory of management, and, in particular, on the
correlation of the managing (as the economic subsys-
tem is perceived by the authors) and the managed (as
the ecological subsystem is perceived by the authors)
subsystems, where attention is focused on the fact that
the management is improved at a more dynamic pace.
This underlies the statement on the primary importance

of applying economic incentives to the influence of the
managing subsystem on the managed one, that is, con-
sideration of the economic interests of the latter.

The content analysis method was used to identify
the essence of the ecosystem approach category, which
allowed comparing its interpretation by different authors.
Furthermore, heuristic and associative methods were
also used in the development of an original definition
and interpretation of the essence of the ecosystem ap-
proach, considering the economic interests. The com-
bination and mutual influence of two components in
the ecological and economic system implied the need
to monitor economic and environmental development
and their comparative analysis, which is theoretically
formed by the so-called decoupling method, the func-
tion of which is to maintain the gap between economic
growth and to reduce the anthropogenic load on the
environment [5, p. 31].

RESULTS AND DISCUSSION

Systematic relationship of environmental and economic
components in the structure of national security

The national security system constitutes a sophisticated,
complex, and interconnected combination of a consid-
erable number of conditionally separate subsystems. The
authors generalised the types of subsystems of national
security, demonstrating the structural place of each of
them in the hierarchical security systems and highlighting
the connecting role of scientific security (Fig. 1) [1].
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Figure 1. Structuring of the national security system with identification of the place of environmental and
economic subsystems in it

Source: developed by the author V.M. Antonenko
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Narrowing down the scope of the study and
focusing on the environmental and economic compo-
nents of security, the authors had to properly identify
them. Notably, the environmental component of a secu-
rity system cannot be separated from the other compo-
nents of this system. Most importantly, according to the
authors, it is worth focusing on the systemic relation-
ship between environmental and economic security. In
the specialised literature, the term “ecosystem” can be
interpreted both from the standpoint of environmental
and economic content, and, consequently, has a systemic
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combination into a unified security system.

The study considered their connection through
the managerial aspect. From the standpoint of classi-
cal management, the management has managing and
managed subsystems, between which the purposeful
influence of the former is exerted on the latter.Applying
the transdisciplinary method of transferring manage-
ment elements to the essence of the security system,
the authors considered the economic subsystem to be
the managing one, while the environmental subsystem
is the managed one (Fig. 2).

Economic subsystem — management subject

Purposeful influence

Environmental subsystem - management object

l

Managerial factors (human

l

Natural resource factors

resources)

f

Economic interests

(natural resources)

)

Environmental status and
development

Figure 2. Mechanism of influence of the economic system on the environmental one

Source: developed by the author V.M. Antonenko

Such a statement certainly requires scientific
evidence and an appropriate explanation. The fact is
that the environmental security system, according to
the authors, makes provision for the study of both purely
physical problems of nature management (natural
resources, their state and development), and human
factors (developers and performers of environmental
programmes, projects, performance of functions, envi-
ronmental measures, etc.), which, due to the presence
of their personal economic interests, can treat and react
to the purposeful influence on the environmental system
differently.

Research of environmental security as an object of
management

Environmental security is a complex concept, and there-
fore is studied by researchers in various functional and
subject formats. Functional formats, according to the
authors, can be called precisely functions in ensuring
and maintaining such security, that is:

— development of an appropriate strategy;

— organisation of infrastructure for its practical im-
plementation;

— environmental risk management, establishment
and implementation of standards, limits, quotas, pay-
ments for special use of natural resources and fines for
environmental pollution;

- planning and organisation of work on the sparing
use of natural resources, keeping records of their reserves
and consumption volumes;

— environmental control, etc.

The fundamentally functional interpretation of
environmental security is officially defined by the Law
of Ukraine “On the Fundamental Principles (Strategy)
of the National Environmental Policy of Ukraine for the
Period up to 20307 [4] and is stipulated in the Regulation
“On the State Environmental Inspectorate of Ukraine” [6].
In particular, the above law sets important strategic tasks
to strengthen the efficiency and effectiveness of these
functions, namely:

- “strengthening institutional capacity to plan, mon-
itor, and evaluate the effectiveness of environmental
policy implementation;

— introduction of environmental accounting to eval-
uate the effectiveness of policy and management;

— provision of scientific and informational and in-
novative support for the managerial decision-making
process;

— strengthening the ability of environmental man-
agement to conduct comprehensive monitoring of the
state of the natural environment and state control con-
cerning environmental security, rational use, reproduction,
and protection of natural resources;

— differentiation of functions for environmental
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protection and economic activities for the use of natural
resources;

— ensuring a clear distribution of powers concerning
environmental protection at the state, regional,and local
levels;

— improvement of personnel policy and professional
training of specialists in the system of environmental
protection and nature management” [4].

The subject format concerns the consideration
of the management of natural resources of a certain,
particular type: land, namely landscape resources, for

example: [7-10]; water resources, specifically marine and
river ecosystems [11-13]; forests, namely wood and plant
resources [14-16]; atmospheric air, even bees [17]. A
combined, i.e., functional-subject approach to ensuring
the functioning of the environmental security system
is developed by special departments and assigned to
particular executors. Thus, the environmental security
system in the understanding of the authors can be pre-
sented as a combined matrix, which unites functional
and subject formats (Table 1).

Table 1. A combined matrix that unites the functional and subject formats of
an environmental security system

Parameter

Natural resources

Functions Land

Water Atmo:iprherlc

Forest Other

Environmental strategy development

Environmental infrastructure organisation

Environmental risk management

Establishment and implementation of stand-
ards, limits, quotas, payments, and fines

Planning and organisation of sparing use of
natural resources

Accounting for reserves and consumption of
natural resources

Environmental control

Source: developed by the author V.M. Antonenko

It is clear that for each type of natural resources,
all the functions listed in the figure must be performed.
In general, environmental measures should contribute
to improving the environmental situation, positively af-
fecting the state and development of the ecological sys-
tem, but the authors also emphasised that all functions
can be implemented only through the involvement of
specialists - their executors, who would perform them
if they have their personal economic interests (see Fig. 2).

For example, relevant state or public institutions
are involved in the development and implementation
of environmental strategies for any natural resources;
therefore, it is appropriate to evaluate the results of
their work and form their remuneration depending on
the implementation of the corresponding strategies.
The introduction of standards, limits, quotas, payments,
and fines should take place in such a way that the per-
sons for whom restrictions or payments are established
are economically incentivised in sparing environmental
security activities, that is, that the size of such economic
levers of influence is economically tangible for them.
Therewith, environmental control requires bringing to
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justice all violators of established environmental stan-
dards; moreover, to increase the probability of their de-
tection and prosecution, regulatory authorities should
receive sufficient remuneration so that they are not
tempted, for example, to engage in any illegal corruption
activities.

Thus, the mechanism of influence on environ-
mental security is based on the economic interests of
all stakeholders. As a matter of fact, this position re-
quires a revision of the essence of the current and fairly
common ecosystem approach to the study of natural
resource management in the specialised literature.

Research and meaningful development of the category
‘ecosystem approach” with the inclusion of the human
factor

The officially recognised interpretation of the term “eco-
system approach” was adopted and introduced in 2000
at the V Conference of the parties to the Convention on
Biological Diversity [18]. Withing the framework of the
development of this Concept, decision V/6 “Ecosystem
Approach” was adopted in 2000, the annex to which




contains a description of the ecosystem approach (Sec-
tion “A"): “ecosystem approach means an integrated
management strategy for land, water and bioresources
that ensures their conservation and sustainable use on
an equitable basis. It is based on corresponding sci-
entific methodologies covering all levels of biological
organisation, including the main processes, functions, and
relationships between organisms and the environment” [19].

As the above interpretation of the essence of the
ecosystem approach suggests, there is no express and
specific mention of the obligation to consider both the
human factor (executors of functions) and their economic
interest in the qualitative and effective performance of
these functions. This, according to the authors, is some-
what erroneous and in practice can provoke failures
in the functioning of the system under study. Notably,
this aspect largely concerns the Ukrainian reality rather
than the European or American one, since the under-
development of the functional content of the system
under study and the lack of adequate performance of
these functions in Ukraine is a generally recognised fact.

Therewith, considering economic issues relating
to the green economy, Cameron Allen wrote: “It is import-
ant to conduct an informed analysis of policy measures,
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identify major trade-offs and synergies between eco-
nomic, environmental, and social goals, and use this
information to establish policy priorities. An important
component of this is cost-benefit analysis, which re-
quires adequate information about the costs associated
with policy implementation” [3, p. 30]. In other words,
the researcher emphasised the need to consider economic
goals and interests, as well as to analyse costs and ben-
efits upon implementing environmental policies.

As the analysis of specialised literature has shown,
at present, apart from the ecosystem approach, such
synonyms as ‘ecosystem management’, “management

» &«

based on the ecosystem approach”,“ecosystem-oriented
approach”, “ecosystem management approach”, “inte-
grated approach” are also used. Furthermore, some re-
searchers focus on highlighting, for example, an eco-
system approach to fisheries, integrated river basin
management, or integrated marine and coastal man-
agement. According to the authors, the essence of the
ecosystem approach lies not in the use of new terms or
names of natural resources, but rather in the mechanism
of management involving economic interests. Only a
few authors dare to somehow include the human factor
in the concept of an ecosystem approach (Table 2).

Table 2. Content analysis of ecosystem approach definitions with the inclusion

of the human factor

Author(s)

Definition

M.A. Deineha [20, p. 132-133]

The ecosystem approach is a tool that allows considering the relationships within ecosystems
with other systems and people for whom ecosystems are a place of residence and a means
of subsistence. The ecosystem approach relates to how the use of ecosystems by a person is
affected by their functioning and productivity. Ecosystem approach includes people... human
needs are associated with the biological capacity of ecosystems to meet these needs

N.M. Nechyporenko [12, p. 34];
I.B. Hobyr [21, p. 249]

The ecosystem approach is based on a new integrated approach, which involves a continuous
comprehensive understanding of the essence of ecosystems, the products and services they
provide, as well as support, with the participation of people, their productivity. The ecosystem
approach recognises that people with their socio-cultural diversity form an integral and active
component of ecosystems

N.V. Dehtiar [13]

Upon determining the state of an ecosystem, attention is often focused only on the biological
components of ecosys-tems, while others include the functioning of the ecosystem or
aspects of physical, human, and economic dimen-sions. The ecosystem approach constitutes
a methodological framework for justification of management decisions made by economic
entities in the process of designing development strategies and forming planning methods

Ye.P. Suietnov [19, p. 199]

The ecosystem approach is designed to guarantee a fair distribution of all benefits derived from
the use of biodi-versity, among all people at the local, state, regional, and global levels

K.P. Smith, AT.F. Bernard,
A.T.Lombard, K.Y. Sink [22, p. 11]

The idea of a socio-ecological system stems from an ecosystem approach to management,
which considers the social benefits of rendering ecosystem services, as well as effects of human
pressure on the integrity of marine ecosystems

Note: The bold text highlights the proof that human participation and economic interests (benefits) are considered to
form an integral and active component of ecosystems
Source: developed by the author V.M. Antonenko
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It is the human factor, based on the economic
interests and benefits of people (as consumers of eco-
system services, managers in the environmental sphere,
or executors of environmental functions), that will
contribute to the effective functioning and long-term
development of environmental systems. In this sense,
the ecosystem approach can have the following defi-
nition: it is an integrated system method of ensuring
the effective functioning and long-term development
of ecosystems, including natural resources and human
factors (consumers of ecosystem services, managers in
the environmental sphere, or executors of environmen-
tal functions), which is based on consideration of and
attracting the economic interests of stakeholders as
the main economic method of exerting influence by the
managing system on the managed one.

Effective functioning and long-term development
of ecosystems is possible only if economic growth is
outperforming compared to the accumulation of envi-
ronmental issues, which relates to decoupling - the
gap between economic growth and reduction of the
anthropogenic load on the environment [5, p. 31]. Ursula
von der Leyen, President of the European Commission,
quite aptly refers to the need for humankind to ensure
this gap between economic growth and the anthro-
pogenic load: “the European green course is our new
growth strategy. It shows how to change our way of life
and work, production and consumption so that we live
healthier and make our business more innovative. We
will help our economy become a global leader by moving
quickly” [23]. Such a vector in the development of eco-
systems should also be a reference point for Ukraine.

CONCLUSIONS

From the standpoint of a systematic approach, national
security, has a structured hierarchy wherein all its com-
ponents occupy a certain systemic place, among which
environmental and related economic components are
becoming increasingly more relevant. Their combination
into a single ecosystem (meaning the integration of
ecological and economic subsystems) is considered as
an objective basis for the existence of effective factors
for its efficient functioning and solving pressing envi-
ronmental issues. Management of this integrated system
is based on the fact that the economic subsystem acts
as a managing subsystem, while the environmental sub-
system acts as a managed subsystem.

In the ecological system, researchers quite fre-
quently include exclusively natural resources that can-
not directly respond to managerial actions stemming
from the management subsystem, since management
teams can only be perceived by people. Therefore, the
environmental system should include both natural and
human resources (consumers of ecosystem services,
managers in the environmental sphere, or executors of
environmental functions). Moreover, proceeding from
the theory of management and the necessity of apply-
ing incentives, consumers of environmental services,
managers in the environmental sphere, or executors of
environmental functions should be economically inter-
ested in the effective functioning of the environmental
system. It is the economic method of management that
is based on the economic interests of stakeholders that
is most effective. Thus, the authors corrected the defi-
nition of an ecosystem approach, which, in contrast to the
generally accepted one, includes a managerial aspect,
namely considering the economic interests of participants
that ensure the functioning of ecosystems.
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EKOCUCTEMHUM NiAXia Yy KOHTEKCTI ynpaB/iHHS
©KOHOMiYHUMM iHTepecaMm

BaneHTMHa MukonaiBHa AHTOHeHKO!, OneHa MukonaiBHa CyxiHa?

1[loHeubKMI HaLiOHaNbHWI TEXHIYHMI YHIBEPCUTET
85300, nn. LUnbaHkoea, 2, M. NokpoBCbK, YkpaiHa

2|HCTUTYT EKOHOMIKM MPUPOAOKOPUCTYBAHHS
Ta CTanoro po3suTKy HauioHanbHOi akagemii Hayk YkpaiHu
01032, 6-p Tapaca LLeByeHka, 60, M. Kunis, YkpaiHa

AHoTauif. AKTYanbHiCTb TEMM CTaTTi 3yMOB/IEHA HEOOXIAHICTIO MOLWYKY WASXiB BUPilLEHHS NpobiemMn eKkonoriyHoi
6e3nekn Ta 3abesneyeHHs ePEKTUBHOMO yrnpaBAiHHA Her. MeTow AoCNigKeHHS Oyno CTPYKTYpyBaHHS CUMCTEMM
HalioHanbHOi 6e3nekn 3 BUAINEHHAM EKOMOTiYHOI i €KOHOMIYHOI MiACMCTEM, KOHCTPYKTUBHWIA i KPUTUYHWUNA
aHani3 OCHOBHMX NOMNSAIB Ta NO3MLIMA BYEHMX LWOAO CYTHOCTI Ta HanpsiMiB eKOCUMCTEMHOMO MiAXOAY Y BMPILUEHHI
npobnemMu ekonoriyHoi 6e3neku, NoaanblUMi PpO3BUMTOK EKOCUCTEMHONO NiAXOAY HA OCHOBI €KOHOMIYHMX METOLIB
ynpasniHHa. JocnigxkeHHs 6a3yeTbC HAa BUKOPUCTAHHI CUCTEMHOIO Ta MaTPMYHOIO MiAXOAiIB, METOAIB Y3araNbHEHHS,
MOJE/IIOBAHHSA, aHaNi3y Ta CUHTE3Y, KOHTeHT-aHanisy. [loBeneHo, WO CUCTEMA HaUiOHanbHOI 6e3neku BKIIHYAE,
30KpeMa, eKOoJIoTiYHYy Ta €KOHOMIYHY MiACMCTEMM Ta WO MiX UMMM NigcucteMaMm OBGEKTUBHO iCHYE BHYTPILLHIN
CUCTEMHMIA 3B30K, KM MpU NPaBUIbHOMY BUKOPUCTAHHI Mae 3abe3neuntn edekTuBHe (YHKLIOHYBaHHS Ta
po3BUTOK 060X nigcucteM. OKpecneHo (QYHKLIOHANbHO-NpeaMETHY MATPULIKD CUCTEMU E€KONOTiYHOI Be3nekw, wo
cnpusiTMMe cucTeMaTtm3auii pisHUMX Hanpamie y i AOCHigKeHHI. BCcTaHOBNEHO, WO 3 No3uuin Teopii ynpasaiHHA
€KO/IorivyHa MiacMcTeMa BM3HAYAETLCS K KEPOBAHA, @ €KOHOMIYHA — K Kepytoua; a ynpaB/iHHA 3abe3nevyeTbcs
TUM, L0 NepLia MA€E Y CBOEMY CKNIAAi He TiibKM NPUPOAHI, @ M NIOACHKI pecypcu (CMOXMBAYiB €KOCMCTEMHUX NOCAYT,
yNpaBniHLIB B €KONOTiYHii chepi UM BMKOHABLIB eKonoriyHnx dyHkuin). ObrpyHToBaHo, Wwo Ang edeKTMBHOro
BMPILLEHHS €KONOTiYHMX NpobaeM HeobXigHO BpaxoBYBaTM EKOHOMIYHI iHTEpeCH TaKMX NtOAEN, OCKITbKM EKOHOMIYHI
iHTepecu € OCHOBOK EKOHOMIYHOro (HanedeKkTUBHIWOro) MeToay ynpasniHHA. [MpakTMUHA LiHHICTb AOCNIAXKEHHS
nonara€e y po3pobui eKOHOMIYHOro MeToAy YNpaB/fliHHA CUMCTEMOK EeKOJIOTiYHOi H6e3nekn Ta o6rpyHTyBaHHI poni
€KOHOMIYHMX iHTepeCiB, WO CNpUITUME NPAKTUYHOMY BUPILLEHHIO EKONOTIYHUX NpobneM B YKpaiHi

KniouoBi cnoBa: HaujioHanbHa 6e3neka, ekonoriyHa npobnema, eKOHOMIYHA 6e3neka, ynpas/liHHS eKOMoriYHOo 6e3neKoto,
npupoaHi pecypcu
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Abstract. The relevance of the study was conditioned by the fact that the
fulfillment of the banking system potential can ensure positive structural
changes in the Ukrainian economy. The purpose of the study was to analyse
the state and trends in the development of the banking system of Ukraine
in terms of its impact on the structural reform of the national economy. In
the course of this study, statistical analysis methods were used (to analyse
the state and dynamics of the country’s banking system development) and an
analogue method (to identify the degree of influence of the banking system
development on structural changes in the economy). It was proved that the
effective functioning of the banking system is the key to successful economic
development of the national economy, namely its reform. It was demonstrated
that a mechanism for redistributing financial resources and funds operates
through the banking system, so they are mobilised and attracted to economic
circulation in those sectors of the economy that need it most. The study
summarised the state and trends in the banking system development as
prerequisites for fulfilling its potential in the structural reform of the national
economy. As a result of analysing the state and trends in the banking system
development,both positive and negative features were identified. It was proved
that in Ukraine, at the current stage of the national economy development,
the banking system has been cleared of low-liquid and conditionally fictitious
banking structures, the volume of assets, namely highly liquid ones, is growing,
as well as the loan portfolio of banks is improving along with their financial
results, liquidity,and solvency, resistance to currency shocks are increasing, and
bank lending to the economy is reviving. It was demonstrated that the Ukrainian
banking system is described by certain systemic shortcomings, primarily a high
level of concentration of bank capital and deposits in the largest banks, as well
as state-owned banks in a number of segments of the banking sector in terms
of the number of structural divisions, ATMs, terminals, active payment cards.
There is a tendency to weaken the penetration of the banking sector into the
economy, especially in terms of affordable lending to individuals and strategic
sectors of the economy. The practical value of the study lies in the fact that
the identified shortcomings in the development of the banking system and
its impact on structural reforms allowed determining the strategic areas for
improving state regulation in this area

Keywords: economic development, performance indicators of banks, volume of
financial resources, lending to the economy, systemic shortcomings




INTRODUCTION

The institutional elements of the banking system of
Ukraine were developed and functioned as part of the
financial system of the USSR, and in late 1991 - early 1992,
Ukrainian commercial banks were re-registered, which,
in fact, marked the beginning of the banking system
development of the young state. At the present stage
of development of independent Ukraine, the banking
system has undergone numerous evolutionary changes,
both qualitative and quantitative. It is natural that at
each of these stages, the impact of the development
of the banking system on the functioning and develop-
ment of the national economy, its real sector, and the
formation of changes in basic structural characteristics
was different both in areas and nature. At first, it was
to support business entities in the transition to a mar-
ket-based management system by providing them with
a set of banking services, capital placement and insurance,
and business lending.

In accordance with the strengthening of the
banking system, the supply of banking products and
services,as well as its role in the national economy, has
also evolved. The crises of 2008-2009 and 2014-2015
became pivotal for both banking and the Ukrainian
economy. When both the financial and real sectors of
the economy failed, which,among other things, confirmed
the yet insufficient maturity, power, and development of
the banking sector and its inability to perform functions
relating to the stabilisation of the national economy,
the development of its financial and economic stability,
resistance to external and internal risks and threats, fi-
nancial and economic shocks.

Thus, the National Bank of Ukraine introduced
the policy of increasing transparency, activity of opera-
tions with derivatives, reducing the share of borrowed
funds in the structure of bank capital and at the same
time the introduction of a stimulating soft monetary
policy of activation and dynamic development of lend-
ing by banks to enterprises and their innovation and
investment projects, the development of microlending
for small and medium-sized businesses as a neces-
sary condition for structural reforms of sectors of the
Ukrainian economy. These steps became critical for the
development of the modern Ukrainian banking system.

In general,in recent years,more and more studies
of Ukrainian researchers have appeared in the economic
literature, using various standpoints to cover the issues
of structural reform of the Ukrainian economy in general
and the banking sector in particular. Thus, I. Ivashchuk
and A. lvashchuk noted the areas of transformation of
the banking system in their research [1], ways to improve
the efficiency and competitiveness of the banking sector
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became the subject of research by Ya.l. Tchaikovsky [2],
G.T. Karcheva [3], promising vectors of development of
banking credit activity and its impact on the real sec-
tor of the economy were investigated by O.V. Gasi and
V.I. Klimenko [4], O.S. Irshak and l.Ya. Leshchuk [5]. Rel-
evant issues of the banking system functioning and en-
suring banking security of the state in the context of the
information economy development, its digitalisation
and development of non-cash payment infrastructure,
the cryptocurrency market and electronic credit plat-
forms were covered in the studies by S.A. Kuznietsova,
T.M. Bolhar, Z.S. Pestovskaya [6], V.V. Glushchenko,
D.M. Soloviov [7], M.l. Zveriakov, LV. Zherdetska [8],
A.l. Hulei [9], D.M. Hladkykh [10], V.A. Kornovska [11],
0.l. Tkachenko [12], M.M. Bil, O.P. Mulska [13], T.H. Vasylt-
siv, VV. Boyko, S.S. Hrynkevych [14-15]. In general, these
studies justified the role and place of the banking sys-
tem of Ukraine in the implementation of national eco-
nomic interests at a high scientific level, but the issue
of evaluating the potential of the banking sector in the
context of systemic reform of the Ukrainian economy
remains understudied.

The purpose of this study was to generalise the
state and trends in the development of the modern
banking system of Ukraine as prerequisites for fulfilling
its potential in the structural reform of the national
economy.

MATERIALS AND METHODS

The theoretical and methodological framework of this
study included fundamental and applied studies of
Ukrainian researchers concerning the investigation of
the state and trends in the development of the banking
system of Ukraine, considering its elements, functions,
and potential in ensuring economic growth. A set of
general scientific and special methods and techniques
was used to solve the analytical problems of this study,
namely:

1) analysis, synthesis, comparison, structural analysis -
upon identifying the main trends of generalising indi-
cators of the banking system development in Ukraine
regarding the quantitative and structural composition
of the banking system; the network of banks, financial
organisations and their institutions; internal, attracted
funds of banks; participation of foreign capital in the
bank's activities; financial results (income, expenses,
and profit of banks; balance of credit resources and
their use, etc.;

2) graphical and tabular - for compelling represen-
tation of the study results, evaluation and analysis of
processes in the banking system of Ukraine;
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3) generalisation and abstraction - upon forming
conclusions about the positive and negative aspects of
the current state of the banking system development
and determining its possible impact on the structural
reform of the economy.

The information basis of the study included sta-
tistical data of the National Bank of Ukraine, monographic
and fundamental studies of Ukrainian researchers, as well
as analytical calculations performed during the study.

In this study, the authors developed an original
methodology for analysing the impact of the functioning
and development of certain segments of the national
economy on stimulating structural changes and reforms.
In particular, the authors' methodology makes provi-
sion for the implementation of economic and analytical
calculations, as a result of which, using the method of
strategic management, a matrix is built, the left part of
which is built in accordance with the method of SWOT
analysis, but is based on positive and negative aspects
of, on the one hand, the state of development, and, on

176 176 180

176

the other hand, the trends in the country's banking
system development. The right-hand part of the ma-
trix projects the results obtained on the conclusions in
the context of their impact on the structural reform of
the national economy of the country. It is this approach
that allows justifying the most accurate and balanced
management decisions in the context of not only stim-
ulating the growth and improving the efficiency of the
banking system, but also the most complete use of the
potential of these processes for structural reform of the
country's national economy.

RESULTS AND DISCUSSION
Dynamics of institutional and organisational elements of
the banking system of Ukraine
Researchers monitoring and analysing the state and
trends in the development of the banking system of
Ukraine tend to identify several stages in the evolution
of the banking system of Ukraine (Fig. 1).

180

160

2011 2012 2013 2014 2015

M Active banks

m Banks with foreign capital

« (I T T W T W A B

2016 2017 2018 2019 2020

Banks with 100% foreign capital

Figure 1. Number of operating banks in Ukraine as of January 1, 2011-2020

Source: compiled by the authors based on [16]

At first glance, a decrease in the total number
of banks from 180 units as of January 1, 2014 up to
75 units as of January 1, 2020 appears to have weakened
the potential of the banking system of Ukraine. Since
the positive consequences of the so-called ‘great
cleansing” are to strengthen the confidence of depos-
itors in the preservation of their funds, the direction of
financial resources by banks to lend to the real sector
of the economy, in particular in the segment of small
and medium-sized businesses, the growth of the volume
of available credit resources, the localisation of capital
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in the internal market as opposed to its withdrawal
abroad, increasing the level of stability of banks to fi-
nancial and macroeconomic shocks, the growth of the
overall effectiveness of monetary policy, which is im-
plemented by the National Bank of Ukraine.

In 2020, there were 75 operating banks in Ukraine,
including 35 banks with foreign capital, of which 23 units
with one hundred percent foreign capital. If during
2011-2020 the total number of banks in Ukraine de-
creased by 2.3 times, the number of banks with foreign
capital decreased by 36.4%, and with one hundred




percent foreign capital increased by 15.0%. Notably,
between 2016 and 2020, the number and the share
of banks with one hundred percent foreign capital in
Ukraine increased (by 6 units and 35.3%, respectively).
This, against the background of a certain stabilisation
of the number of operating Ukrainian banks, is evidence
of increased sustainability, as well as an increase in the
transparency of capital and the banking system, which
closely correlates with the further development of the
potential of the country’'s banking sector.

This is also confirmed by decline in the rate of
reduction in the number of solvent banks. For example,
if in 2014 there were 16 insolvent banks in the country
(10.9% of their total number), and in 2015-2014 the
number of solvent banks decreased by 30 units or by
20.4%, then in 2020-2019 is decreased only by 1 unit.
The number of state-owned banks - 5 units — has remained
unchanged over the past four years, and their share in
the total number of banking structures in 2014-2020
increased by 2%. At the same time, state-owned banks
remain one of the largest on the market and, accordingly,
have a fairly significant influence on the activities of
enterprises and economic processes that take place in
the country,in its production complex,and in the internal
consumer market.

In 2014-2020, the structural ratios relative to
the number of foreign and private banks changed to
a certain extent. Thus, the share of foreign banks in
2014-2020 increased by 10.02%, while the share of pri-
vate banks decreased by 12.01%. This indicates a higher
sustainability and stability of foreign banks' activities
against the background of relatively weak viability of
Ukrainian private banks. Consequently, the growth in
the number and share of more financially capable bank-
ing structures, on the one hand, can be considered a
positive trend. However, on the other hand, an increase
in the share of foreign capital in the banking system
can threaten banking security, undermining the foun-
dations of the country’s financial and economic security.

In this regard, special attention and status are
given to monitoring the level and structure of foreign
capital in the country's banking system to ensure timely
monitoring of the negative trends and processes asso-
ciated with the dependence of the banking system on
large non-resident banks, possible withdrawal of capi-
tal abroad, and monopolisation of certain segments of
banking services.

The negative aspect of forming the potential of
the banking sector in terms of structural reform of the
national economy can be attributed to the reduction
in the number of structural divisions of banks, which
was typical for Ukraine during 2013-2020 and led to a
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deterioration in banking coverage of the country, its ter-
ritories, population, and business entities. In addition,
the rate of decline in the number of structural divisions of
banks has become almost commensurate with the rate
of decline in the total number of banks in the country,
which is evidence of a deterioration in the institutional
and economic capabilities of banks, because with a de-
crease in their total number, the number of structural
divisions should grow and in place of banking struc-
tures that went bankrupt or left the market for other
reasons, branches of existing solvent banks should
‘come”, but this did not happen. Thus, stagnant trends
in the deformation of the network of banking structures
at the present stage of the country's development still
take place and this objectively worsens the ability of
the system to properly serve both the population and
businesses in terms of capital allocation and obtaining
proper credit resources.

Thus, if in 2013 there were 19.3 thousand units
in Ukraine, by 2020, this indicator decreased to the level
of 7.3 thousand units, which was 2.6 times less [16]. In
2019-2020 alone, the number of structural divisions of
banks decreased by about 700 units (by 8.7%). Notably,
the reduction in the number of structural divisions of
banks has become typical for both state-owned banks,
and PJSC CB PrivatBank, foreign, and private banks.
However, this is mainly due to a particularly active re-
duction in the number of structural divisions directly in
the segment of private banks. In particular,in 2013-2020,
the indicator here decreased by 8.0 thousand units, and
in relative terms — 5.4 times, which is substantial. Con-
sequently, the share of structural divisions of private
banks, which in 2013 exceeded 50.0%, by 2020 decreased
to 24.7% (the reduction was 26.1%). This, on the one
hand, is a consequence of the ‘“cleansing” processes in
the Ukrainian banking system, but at the same time in-
dicates a deterioration in the capabilities of the private
bank segment to provide full system service for the na-
tional economy.

Another notable aspect is the presence of an ex-
tensive network of structural divisions of state-owned
banks, which, together with a considerable share of
structural divisions of PJSC CB PrivatBank, indicates a
certain hidden monopolisation of the network of banking
structures. After all, 5 state-owned banks (6.8% of the
total number) as of 2020 accounted for 56.2% of the
total number of structural divisions of banks [16].

Unfortunately, the tendency to reduce the number
of structural divisions of banks has become inherent in
all regions of Ukraine without exception, which has fur-
ther complicated the issue of fulfilling the potential of
the banking system in structural reform of the economy
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at the regional and subregional levels. In particular, the
highest rates of decline in 2016-2020 were typical for
such regions of the country as Zakarpatska Oblast (35.7%),
Kyivska Oblast (36.6%),and Cherkaska Oblast (34.2%) [16].
The functioning of structural divisions of banks in Do-
netska, Zhytomyrska, Luhanska Oblasts and the city of
Kyiv remained more stable. In these regions, the rate of
decline did not exceed 20%. According to the largest
number of structural divisions of banks per 100 thou-
sand people, the authors can distinguish the cities of
Kyiv, Odeska, Poltavska, Dnipropetrovska, Zaporizka,and
Kharkivska Oblasts.

The presence of trends towards a certain monopo-
lisation of the Ukrainian banking sector is also confirmed
by data on the development of banking infrastructure,
namely the number of ATMs and payment terminals.
Thus, in 2013-2020, there was a clear tendency to
increase the number of ATMs and terminals of state-
owned banks (by 2.3 times) and the number of terminals
of PJSC CB PrivatBank (by 70.9% in 2020-2016) [16].

As a result of these trends, as of 2020, a situation
was formed when the share of PJSC CB PrivatBank in
the total ATM network was 56.6%, and of state-owned
banks - 21.8%; the corresponding indicators in the total
network of terminals were 58.3% and 19.5% [16]. At the
same time, the total share of foreign and private banks
in the ATM system in 2020 dropped to 21.6%, and pay-
ment terminals - to 20.9%. On the other hand, the po-
sition of the private banking sector in the segment of
active payment cards has also strengthened. Although
the share of private banks in terms of the number of ac-
tive payment cards issued in Ukraine in 2020 was only
13.0%, for 2016-2020 the indicator increased 2.4 times

(from 2.1 million units to 5.0 million units) [16]. Therewith,
the share of private banks increased by 6.5%.

The position of state-owned banks remains stable
in this segment of banking services. Thus, despite the
fact that the share of this group of banks in terms of the
number of active payment cards in 2016-2020 slightly
decreased (by 3.1%), the number of active payment cards
did not change and amounted to 6.5 million units. The
authors also noted the growth of the positions of PJSC
CB PrivatBank against the background of their weak-
ening in the group of foreign banks. Thus, in 2020, the
share of PJSC CB PrivatBank in the total number of ac-
tive payment cards increased to 57.3%, while the share
of foreign banks decreased (by 6.4%); the number of active
payment cards issued by foreign banks decreased from
6.2 million units up to 4.9 million units (the reduction
was 21.0%). It can be summarised that, on the one hand,
the high quality of payment card service, as well as the
innovation of consumer banking services in the system
of PJSCCB PrivatBank,contributes to improving the level
of quality of public service. However, monopolisation of
any sphere in the short or long term leads to negative
consequences and does not contribute to competition
as one of the important and integral features of the
structural reform of the national economy of the country
and its financial system.

Volumes, structure, and sources of formation of bank assets
in Ukraine

The possibilities of the banking sector in terms of raising
capital, as well as lending to the national economy, are
largely evidenced by trends in changes in the volume
and structure of assets and liabilities of banks (Table 1).

Table 1. Assets of commercial banks of Ukraine as of January 1, 2011-2020

Growth rate, % /

Absolute
Years .
deviations
Indicators (+/-)
. 2020/ 2020/
2011 2013 2015 2017 2018 2019 2020 2019
Assets, billion UAH 9421 11272 13167 12563 1,3364 13608 14945 1586 109.8
Loans granted, billion UAH 7550 8153 1,0064 10059 1,042.8 11186 1,033.5 1369 924
Share of loans in assets, % 80.1 72.3 76.4 80.1 78.0 82.2 69.2 -10.9 -13.1
Loans granted to business entities, g0 2 ¢09) 8026 8471 8703 9194 8220 1617 89.4
billion UAH
Share of loans granted to business ;5 ;4,794 842 835 822 795  +122 26
entities, %
Loans granted to individuals, 1865 1618 1790 1574 1709 1966 2068 1109 105.2

billion UAH
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Table 1, Continued

Growth rate, % /

Absolute
Years N
deviations
Indicators (+/-)
., 2020/ 2020/
2011 2013 2015 2017 2018 2019 2020 2011 2019
Share of loans granted to persons, % 24.7 19.9 17.8 15.7 16.4 17.6 20.5 -4.7 +2.4
Share of overdue loans in the total 9.6 77 212 237 545 529 484  +3838 45
amount of loans, %
Reserves for active bank operations  148.8  141.3 204.9 484.3 516.9 555.9 492.1 3.3 88.5
Share of reserves in assets, % 1579 1254 15.56 38.55 38.68 40.85 32.93 +17.1 -7.9
Share of reserves in loans, % 19.71 17.33 20.36 48.15 49.57 49.70 47.61 +27.9 -2.1

Note: * - data as of September 2020

Source: compiled by the authors according to the data from [17-18]

In particular, the growth of assets objectively ex-
pands the ability of banks to lend to business entities
and the population. In this regard, it is positive that in
all years of the 2011-2020 period (except 2015), an in-
crease in the volume of banks' assets was considerable.
In 2011-2020, the indicator increased by more than
UAH 0.5 trillion, or by 58.6%. Notably, the growth of
bank assets in 2016-2020 is mainly typical for private
banks (by 52.8%) and PJSC CB PrivatBank (by 52.3%).
The volume of assets of state-owned banks also increased
(by 25.1%). While the total amount of assets of foreign
banks for the analysed period of time remained virtually
unchanged (UAH 612 billion against UAH 604 billion).

If the situation with PJSC CB PrivatBank concerned
its artificial recapitalisation, then the increase in total
assets of private banks can be considered as a positive
phenomenon, which will help expand their capabili-
ties in terms of increasing the volume of activities and
increasing the level of its financial and economic and
commercial efficiency. The increase in net assets in this
segment of the banking system (in 2017-2020) ensured
the preservation of the corresponding share of net assets
of private banks. Thus, at first, after the nationalisation
of PJSC CB PrivatBank, the share of net assets of private
banks in 2016 decreased to 29.7%, but as of 2020 it
increased to 35.9%.

The structure of net assets of the banking sector of
Ukraine by components is also described by certain dis-
advantages. In 2016-2020, the weight of such a source
of net asset formation as internal governmental bonds
(hereinafter referred to as “the IGB”) considerably in-
creased - from 19.3% in 2016 to 29.0% in 2020. This
has its advantages and disadvantages. As for the short-
comings from the standpoint of the state's macroeco-
nomic policy, these are one hundred percent guarantee
obligations of the state to repay them, and, consequently,
the need to divert an extensive financial resource to these

purposes, in particular to cover financial risks, high
maintenance costs (as compared with other sources of
formation of net assets of banks), the lack of receipt of
personal income tax to the budget, etc. Given the above,
the tendency to reduce the share of loans of business
entities in the structure of net assets of banks can be
evaluated negatively. The indicator in 2016 was 38.0%
and by 2020 it decreased to the level of 25.3%.

The positive trend is the growth of the share of
funds of the NBU and other banks (from 14.2% in 2016
to 18.2% in 2020) and the share of loans to individuals
(from 6.0% in 2016 to 8.4% in 2020). Raising funds from
these and some other sources is more reliable and eco-
nomical for the subjects of the country's banking sys-
tem, and, consequently, allows forming a less cost-in-
tensive and more competitive banking product for both
businesses and the population, implement a number
of programmes and projects concerning the support of
the structural reform of the country’s national economy.
The authors summarised that the banking system of
Ukraine generally operates with sufficient amounts of
financial resources to provide financial and credit support
to the economy, because considerable amounts of funds
are in correspondent accounts of banks with the NBU
and other banks, invested in interbank loans, IGB, NBU
certificates of deposit. The lion's share of these funds
could be used for long-term lending to investment and
innovation projects of subjects of the real sector of the
national economy, qualitative development of consumer
lending, and expanding the capacity of the internal market.

The banking sector of Ukraine is monopolised at
a fairly high level. This conclusion is confirmed by the
considerable shares of the largest banks in the net as-
sets of the country’'s banking sector. Thus, in 2020, the
share of the largest bank was 20.6% and by 2016 this
indicator increased by 3.0%. Evidently, this situation
not only discourages proper competition, hinders the
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complete fulfilment of the banking system's potential
for economic growth, but the banking system itself
requires structural reforms. The segments of deposits
of individuals remained quite concentrated both as of
2020 and especially during 2017-2019 (with the value
of the Herfindal-Hirschmann index up to 1,000, which
corresponds to a weakly concentrated environment, the
indicator value of total assets ranged from 1,581 to
1,738 in 2016-2020. At the same time, the value of the
concentration indicator in the net asset segment is also
approaching 1,000.

Trends and problematic aspects of Ukrainian bank lending

To a certain degree, the growth of bank assets has be-
come one of the factors and prerequisites for increasing
the volume of bank lending. However, its growth rate
has not become equal and comparably stable. Thus, in
2011-2020, the volume of loans granted increased by
36.9%, and in certain years (2013, 2017, and 2020) was
lower than in the previous year [16]. This led to a decrease
in the level of lending (to the amount of bank assets)
(by 10.9%) in 2020, when the indicator was 69.2%, com-
pared to 2011 (81%).

Notably, the reduction in absolute values and
growth rates of lending volumes was more typical for
the individual segment. Thus, with the overall growth
in the volume of loans granted to individuals (by 10.9%
in 2020-2011), the share of such loans decreased (by
4.7%) [16]. While the share of loans granted to business
entities for the same time period increased (by 12.2%).
As of 2020, the ratio between the shares of lending to
legal entities and individuals was 79.5% to 20.5%. Con-
sequently, there are grounds to conclude on the dete-
rioration of the banking system’s contribution to struc-
tural changes relating to stimulating internal consumer
demand, increasing the level of purchasing power of
the population and improving its accessibility to goods
and services, especially for investment purposes, and
improving the quality of life.

Another negative aspect is related to the low
volume of lending to the national economy, which
was largely conditioned by the limited assets of banks,
since the share of loans in assets remained quite high.
Therewith, as of January 1, 2019, the assets of Ukrainian
banks in foreign currency (USD) amounted to 36.4%,
and as of January 1, 2020 - to 32.9% [16]. Thus, despite
the reduction in the share of banks' assets in foreign
currency, the level of this indicator is still quite high.

It is worth paying attention to the increase in
the level of overdue debt on loans in the total amount
of loans, which is evidence of insufficient solvency of
borrowers, on the one hand, and a certain discrepancy
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between the credit conditions and the capabilities of
business entities regarding timely repayment of the
loan body and servicing interest on loans, on the other
hand. Thus, as of January 1, 2019, the share of overdue
loan debt in the total amount of loans increased to
more than half - 52.9%. In 2020, the indicator, although
it decreased to 48.9%, further signalled the preserva-
tion of a critically high level of overdue credit debt [16].
State-owned banks continued to predominate in terms
of problem loans (49.3%), while private banks continued
to have a moderate level of problem loans (18.6%). The
share of overdue debt on loans from foreign banks was
considerably higher - 32.5%.

The deterioration of the quality structure of bank
lending is also evidenced by an increase in the level
of reserves in both assets (by 17.1 percentage points
in 2011-2020) and loans (by 27.9 percentage points) of
banks.Thus, starting from 2020, there has been a definite
tendency towards an improvement in the situation and
a gradual decrease in the level of provisioning of credit
operations by banks. Thus, the share of problem loans
in the banking system of Ukraine remains substantial,
but does not generate critical risks and threats, since
the level of coverage of such loans by reserves exceeds 95%.

State and structure of bank liabilities in Ukraine

As for a factor of weakening the potential of the bank-
ing system in ensuring economic growth and structural
reforms, the authors considered it to be the structure
of liabilities, namely with an emphasis on the financial
stability of banks in Ukraine. As of 2020, the structure
of banks' liabilities continued to occupy a fairly high
share of such a source of financial resource formation
as funds of individuals - 36.9% or UAH 552.6 billion.
At the same time, in recent years, banks' attraction of
funds from business entities has also been actively in-
creasing. If the share of this source of liability formation
in 2011 was 15.3%, then in 2020 it was 33.3%; the total
amount of capital raised by banks from business entities
for the analysed time period increased 3.5 times.

In general, this trend is positive, but it should be
supplemented and developed towards improving the
structure of funds of the population and business enti-
ties attracted by banks, because today there is a meagre
share of funds that are distributed for a long time, for
example, more than 2 years. Accordingly, this makes it
impossible for banks to fully develop long-term lending
programmes for enterprises in the real sector of the na-
tional economy. Thus, the most important task for the
Ukrainian authorities is to restore the deposit market,
especially in terms of attracting long-term financial re-
sources in the national currency.




The structure of liabilities in the banking system
of Ukraine is dominated by the share of state-owned
banks, which, on the one hand, indicates a high level of
ability of these structures to attract financial resources,
and, on the other hand, can serve as a factor of a low-
er level of their financial stability, growing dependence
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on debt obligations, increasing potential threat of a
general destabilising impact on the country’s financial
system. In 2013-2020, the share of state-owned banks
in the liabilities of banks in Ukraine increased from
16.96% to 34.33%, and in absolute terms, the amount
of liabilities increased 2.8 times (Table 2).

Table 2. Volumes and structure of liabilities by bank groups in Ukraine in 2013-2020

Growth rate, % /

Years Absolute deviations
Indicators (+/)
" 2020/ 2020/
2013 2014 2015 2016 2017 2018 2019 2020 2013 2019
Total, billion UAH 1,085 1,130 1,151 1,133 1,173 1,205 1,293 1,500 138.3 116.01
State"’wgﬁ‘l’i:j”ks’ UAH  4g4 243 338 399 423 430 474 515 28 108.7
Share of state-owned 1696 2150 2937 3522 3606 3568 3666 3433  +174 23
banks, %
PrivatBank, UAH billion n/a n/a n/a 206 234 171 188 240 116.5 127.7
PrivatBank's share, % n/a n/a n/a 18.18 19.95 1419 1454 16.00 -2.2 +1.5
Foreign banks, UAH billion 231 357 406 376 357 353 372 442 191.3 118.8
Share of foreign banks, % 2129 3159 3527 3319 3043 2929 2877 2947 +8.2 0.7
Private banks, UAH billion 670 530 407 149 150 251 260 302 451 116.2
Share of private banks, % 61.75 46.90 35.36 13.15 12.79 20.83 20.11 20.13 -41.6 +0.03

Note: * - data as of September 2020
Note: * * - until 2016

Source: compiled by the authors according to the data from [17-18]

At the same time, against the background of growing
obligations of state-owned banks, they do not perform
their inherent functions and tasks regarding financial
support for the implementation of structural reforms that
are strategically important for the national economy (in
particular, in terms of public-private partnership projects,
strategically important industries, modernisation of the
public sector, etc.). Notably, the volume of liabilities of
foreign banks increased quite significantly (by 91.3% in
2020-2013). Due to this, their share in the structure of
liabilities increased by 8.2%. A certain increase was also
inherent in the obligations of PJSC CB PrivatBank, which
in 2016-2020 increased by 16.5%, but at the same time
the share of PJSC CB PrivatBank even decreased by 2.2%.

Thus, there was an evident decrease in the par-
ticipation of private banks in the formation of obligations
of the Ukrainian banking system, when the volume of
such banks in 2013-2020 more than halved, and their
share decreased by 41.6%. Again, this trend has both
positive (a decrease in the level of financial dependence
of private banks) and negative (a shortage of financial

resources for resuming long-term lending projects to
the economy) aspects.

Deposits in the banking system: Trends and causes of
instability
It has already been noted that both the volume and
growth rate of deposits of individuals in the banking
system of Ukraine are insufficient and constitute of the
main factors in the development of a shortage of financial
resources of banks, which could be used to expand and
increase the quality of bank lending programmes for the
population and the real sector of the national economy.
Therewith, the structure of deposits of individuals
by bank groups in Ukraine did not change much during
2013-2020. If at the beginning of the analysed period
64.5% of individual deposits were attracted by private
banks, then in 2020 the total share of private banks and
PJSC CB PrivatBank was 49.0% (Fig. 2). If the indicator for
PJSC CB PrivatBank remained mostly constant during
2016-2020,then, accordingly, the share of private banks
for the analysed period decreased by about 15%.
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Figure 2. Structure of individual deposits by bank groups in Ukraine as of December 31, 2013-2020*

Note: * - data as of September 2020
Source: compiled by the authors based on [17-18]

From 2013 to 2020, the share of state-owned banks
in the structure of deposits of individuals considerably
increased, namely by 24.6% (from 3.3% to 27.9%). The
share of foreign banks in the structure of deposits of
individuals changed insignificantly, which fluctuated
at the level of 22-26% on average. Thus, among the
guidelines of national policy, it is important to single
out the incentivisation of the restoration of household
confidence in making deposits in the country's banking
system, especially in terms of developing deposit pro-
grammes of private and foreign banks.

The role of bank lending in the Ukrainian economy

Despite the presence of numerous critically negative
aspects of functioning and crisis phenomena in the
Ukrainian banking system, which hinder the fulfilment
of its potential in restoring economic growth and im-
proving certain basic structural features of the national
economy, the key parameters of the state of banking
security in Ukraine are threatening, but still not critical,
which indicates the available opportunities to improve
the situation in the area under study. But in recent years,

the situation has substantially worsened according to the
indicator “share of gross loans to business entities in GDP”.
This indicator is a stimulant and is considered accept-
able when its limit value is at least 30%. Until 2016,
the indicator value was in an acceptable range and,
starting from 2017, the level of bank lending coverage
of the corporate sector of the economy began to de-
cline rapidly, reaching 20.5% in 2020, which is negative
and indicates the extremely low role of bank lending in
the formation of financial support for the functioning
and, more importantly, the development of the national
economy.

The conclusions drawn absolutely correlate with
data and trends concerning the level of penetration of
the banking sector in the national economy of Ukraine.
Notably, the values of all of the indicators presented in
Table 3, in 2013-2020 worsened, and the role of bank
capital in the economy, respectively, weakened. For
example, the level of net loans of business entities in
the country's GDP decreased to 11.0% in 2020, when in
2013 the figure was 42.6% (Table 3).

Table 3. Indicators of the level of penetration of the banking sector in the
national economy in Ukraine in 2013-2020

Absolute
Years deviations
Indicators (+/)
. 2020/ 2020/
2013 2014 2015 2016 2017 2018 2019 2020 2013 2019
Gross loans to business entities / GDP, % 47.7 51.7 41.8 35.5 29.0 25.8 20.7 20.5 -27.2 -0.2
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Table 3, Continued

Absolute
Years deviations
Indicators (+/7)
2013 2014 2015 2016 2017 2018 2019 2020* 22%21%/ 22%21(;/

Net loans to business entities / GDP, % 42.6 447 30.9 20.0 15.1 13.3 10.4 11.0 -316 +0.6
Gross loans to individuals / GDP, % 12.4 13.1 8.8 6.6 5.7 5.5 5.2 5.5 -6.9 +0.3
Net loans to individuals / GDP, % 9.5 9.1 4.8 3.2 3.1 3.2 3.6 3.7 -5.8 +0.1
Funds of business entities / GDP, % 17.0 17.8 17.6 173 14.3 121 13.2 16.0 -1.0 +2.8
Funds of individuals / GDP, % 291 254 202 183 160 143 139 166 -12.5 +2.7

Note: * — data as of September 2020
Source: compiled by the authors based on [18]

The level of penetration of the Ukrainian bank-
ing sector in lending to individuals has decreased even
more. Thus, in 2013-2020, the level of gross loans to
individuals to GDP decreased by 6.9%, falling to 5.5%.
Similar indicators for the level of net loans to individu-
als to GDP were 5.8% and 3.7%.That is why it is not nec-
essary to assert a sufficient contribution of banks to fi-
nancial support for both the population and businesses,
and this should be considered an obstacle to fulfilling
the potential of the banking system in ensuring struc-
tural changes and shifts in the national economy. As a
result, banks did not provide an increase in the capital
used by Ukrainian business entities. If in 2013 the share
of business entities' funds to GDP was 17.0%, then by
2020 it has not considerably changed, having decreased
by 1.0% - to 16.0%. But the level (to GDP) of individual
funds experienced a substantial reduction: from 2013
to 2019, there was an annual decrease in this indicator
as a whole by more than half (from 29.1% in 2013 to
13.9%in 2019).1n 2020, there was an increase in the level
of funds of individuals to the country's GDP. However,
the value of the indicator was 12.5% less than at the
beginning of the analysed period.

Notably, these trends were to a large extent due
to the high cost of servicing bank lending, which led
to a decrease in the demand of both the population
and businesses for bank loans. Conversely, the result of
the active policy of the NBU, focused on reducing the
discount rate, was a revival in demand for bank loans
and a return to the trend towards increasing the vol-
ume of bank lending to the national economy. Thus, the
weighted average annual rate on NBU refinancing op-
erations in 2011-2019 (with some exceptions typical
for 2012-2013) was mostly unstable and excessively
high, for example,in 2015 it amounted to 25.22%, while
in 2020 it dropped to 6.21%.

Changes in the NBU discount rate were de-
scribed by almost similar trends: with relative stability

in 2011-2013,in 2014-2015, it increased mainly due to
the need to contain the negative consequences of the
political and economic crisis of 2014-2015, in particular,
to curb the growing inflation. Starting in 2019, after a
certain stabilisation of the political and economic situ-
ation,the NBU launched a policy focused on reducing the
discount rate to revive economic development, which the
authors of this study regarded positively in the context of
stimulating structural changes in the national economy
of Ukraine. Accordingly, in 2019 alone the NBU reduced
the discount rate five times, which allowed lowering its
level from 18.0% to 13.5%, and in 2020 there were four
further stages of rate reduction, while as of June 12,2020
it was fixed at 6.0%.

Further effective reduction of the NBU discount
rate is impossible without systemic reforms primarily in
the areas of the judicial system and proper protection
of creditors' rights, shadowing, and de-offshoring of the
economy, increasing the level of capital transparency
and solvency of the corporate sector, the development
of the mortgage and real estate market, which would
considerably minimise the financial risks of bank lend-
ing and the financial system of the country in general.
In 2011-2020 there was a fairly close correlation be-
tween the direction and dynamics of changes in the
NBU discount rate and the average monthly interest rate
on loans and deposits. As a result, the average rates on
loans of business entities (in national currency) as of
October 2020 decreased to 9.6% per annum (for foreign
currency loans - to about 5.0% per annum), and for loans
to individuals - to 30.9% per annum. Thus, the cost of
bank credit resources, especially for the population, re-
mains excessively high. But it is also high for businesses,
when, for example, in the EU countries, subjects of the real
sector of the economy can receive long-term investment
loans at 1.5-1.6% per annum.

The transition from the crisis to gradual financial
and economic development, as well as building up the
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potential of the banking system of Ukraine, gives grounds
to assert an improvement in the financial results of
banks, typical for 2018-2020, which became especially
relevant after the crisis of 2014-2015,the consequences
of which were especially noticeable in 2015, when the
total loss of banks was estimated at UAH 159.4 billion.
In the same year, a critically negative decline in the
quality of the banks' loan portfolio led to almost the
largest deductions to reserves in the recent history of
Ukraine (UAH 198.3 billion).

In fact, 2015 was also described by the lowest
value of net interest income of banks - UAH 39.1 billion.
In the following years, the difference between total in-
terest income from credit operations, operations with
securities and derivatives and the total amount of ex-
penses for paying interest on deposits and borrowed
funds of banks began to grow, reaching UAH 78.9 billion
in 2019, which was 60.7% more than in 2013 and 8.1%
more than in 2018. Notably, the situation with net com-
mission income of banks in Ukraine during the analysed
period was more stable and the difference between
the commissions and fees received by banks, as well
as the commissions and fees paid by them for services
received, improved in almost all years of the period under
study. From 2013 to 2019, the indicator increased from
UAH 21.0 billion to UAH 44.0 billion (by UAH 23.0 billion
or 2.1 times).

By 2019, banks' contributions to reserves sub-
stantially decreased, which is evidence of a gradual in-
crease in the quality of the banks' loan portfolio and
an increase in the financial and economic efficiency of
the country’'s banking sector in general. As a result, the
growth of banks' net profit was natural, which was typi-
cal for 2018 and 2019 and continued in 2020, although
with a lower growth rate compared to 2019. In partic-
ular, the profit of banks in the third quarter of 2020
exceeded the same indicator in the second quarter of this
year, but was about 20% less than in the corresponding

quarter of the previous year. Thus, the recovery and
growth of the revenue-generating capacity and profit-
ability indicators of the banking sector of Ukraine is a
direct evidence of the strengthening of its potential in
ensuring both structural changes and economic growth
in general. But this requires the implementation of a
balanced incentivising national policy that would coor-
dinate the economic interests of banks regarding their
further development and the state in terms of the posi-
tive impact of the functioning of the banking sector on
structural changes.

Thus, it is necessary to address the fact that there
are certain structural flaws directly in the processes of
growth of financial and economic efficiency in the analysed
sector of the economy, which also require their elimina-
tion or settlement. This refers, for example, to the fact
that in 2020, more than half (52.2%) of banks' profits
were received by only one bank - PISC CB PrivatBank.
The value of the indicator was UAH 7.2 billion, while
the total profit of all other banks was only UAH 6.6 billion.
The positive aspect can be attributed to the increase in
the bank adequacy ratio during 2016-2020. If the standard
value of this indicator was not lower than 10% in 2020,
its actual value in the banking system of Ukraine was
21.9%. This is evidence of the high level of ability of
banks to fully and timely perform their obligations and
assume the main part of the risk specifically by banks,
and not by their creditors or depositors.

Impact of banking system development on structural
reform of the national economy of Ukraine: Conclusions
for national policy

Thus, at the current stage of socio-economic develop-
ment of Ukraine, the banking system is described by
both positive and negative aspects of the state and de-
velopment trends, which can be regarded as both posi-
tive and negative prerequisites for fulfilling its potential
in the structural reform of the national economy (Table 4).

Table 4. Summary results for the state and trends in the banking system development as prerequisites
for fulfilling its potential in the structural reform of the national economy

Aspects of the development state

Positive

Negative

Conclusions in the context of impact on

structural reform of economy

= Retention of a group of relatively
financially stable, liquid, and solvent
banks with a transparent capital
structure;

= availability of potential reserves of
financial resources for lending to the
economy and the population;

= small proportion of banks at risk;

= high quality of banking supervision in
the country;

= sufficiency of banking sector reserves;
= stability of banking infrastructure
functioning, activation of digital
interaction and online services;

= high level of concentration of bank
capital and deposits in the largest banks;
= concentration of certain banking sector
segments according to the number of
structural divisions, ATMs, terminals, and
active payment cards;

= high level of IGB and insufficiently
rational structure of the banking system's
net assets;

= predominance of state-owned banks'
liabilities in the structure;

= high maintenance costs and the level of
problem bank loans;

= low return on capital, limited net assets
of the banking system;

» Development of financial potential

for the implementation of investment
projects for technological modernisation
of production as a result of stabilisation
and strengthening of the banking system;
» limiting the possibilities of financial
support for economic diversification
programmes, especially in the areas of
small and medium enterprises, research
and development, innovation, smart
technologies, high-tech exports, etc.;

» deformation of the structure of social
capital and conditions of its reproduction;
» incentivisation of shadow forms of
capital formation
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Table 4, Continued

Aspects of the development trends

Positive

Negative

Conclusions in the context of impact on

structural reform of economy

= Cleansing of the banking system from
low-liquid and conditionally fictitious
banking structures;

= growth of banks' assets and loan
portfolio, improvement of its quality;

= growth in the volume and share in the
structure of liabilities of banks of equity
and funds raised from enterprises and
individuals;

= increase in highly liquid assets of banks;
= improvement of financial results and
improving banks' liquidity and solvency;
= strengthening the banking system's
resilience to currency shocks;

= reduction of the NBU discount rate and
interest rates on loans, revival of bank
lending to the economy

= Reduction of private and foreign-capital
banks, their infrastructure elements,
reduction of structural divisions of banks,
which weakens competition and the
ability to service remote territories;

= growth of the share of IGB in the
structure of formation of net assets of
banks;

= reduction of the share of loans of
business entities in the structure of net
assets of banks;

= growth in the level of overdue loans;

= strengthening differentiations in interest
and commission income, profitability
between large and other banks;

= weakening of banking sector
penetration in the national economy;

= deterioration of basic indicators of
national banking security

» Partial de-shadowing of the country's
financial and economic system as a result
of the withdrawal of quasi-legitimate,
affiliated, insolvent banks from the
market;

» limiting the impact on the sectoral
structure of the economy due to

the weakening of specialised banks'
capabilities;

» deterioration of the ratio in the
“domestic production - import” system
due to a decrease in the level of lending
to local producers;

» growth of the share of unprofitable
enterprises, activation of fictitious mutual
settlements and bankruptcies;

» growing imbalances in the balance
sheet: intellectual and human resources
resource of the economy-external

migration of the population due to
restrictions on lending programmes to
individuals, especially young people,
intellectual, and specialised personnel

Source: compiled by the authors

CONCLUSIONS

Thus, the evolution of the Ukrainian banking system
has had both a positive and negative impact on the
development of some critical structural correlations in
the national economy of Ukraine. On the positive side,
it is the stabilisation and development of banks, im-
provement of their performance indicators, withdrawal
of “dishonest” banks from the market, which resulted in
lending to important investment projects of business
structures, as well as the de-shadowing of the country's
financial and economic system.

At the same time, until now, there still have been
more manifestations of negative influence (or at least
“‘non-interference” of the NBU and commercial banks in
changing the situation in numerous structural correla-
tions). This refers to the limited supply practices (due to
the weakening of positions in the market of specialised
banks) of high-quality affordable bank lending pro-
grammesand support forbusiness projectsinthe areas of
strategic development (which can act as growth drivers,
focused on the production of products with a high con-
tent of added value, are new to the global environment)

of economic activities, the creation, attraction,and imple-
mentation of modern advanced technologies, activating
and improving the efficiency of research and technical
work, innovative activity of enterprises, etc.

This also refers to the active use of the government
bonds instrument, which violates the proportions in the
system of capital placement and its further redistribution,
demotivates the growth of deposits and the develop-
ment of other segments of the stock market. The high
cost-intensity of bank lending encourages businesses
to search for and apply shadow capital raising schemes,
transition from a production form of entrepreneurship
to a trade one, which further complicates the prob-
lems of import substitution of the internal market. The
weakening of the banking sector's penetration into
the economy, especially in terms of affordable lending
to individuals, is one of the factors complicating the
self-fulfilment of the young and intellectual part of the
population in Ukraine, the growth of foreign educational,
labour, and even stationary migration abroad.
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CTaH i TeHAeHUii po3BUTKY 6aHKIBCbKOI CUCTEMM B KOHTEKCTi CTPYKTYPHOIro pe¢dopMyBaHHA
HauioHanbHOI EKOHOMIKMU YKpaiHU

Mapra lOpiiBHa bapHa, Hapis MuxaitniBHa PywmwnH

JTbBiBCbKMIM TOProBeibHO-EKOHOMIYHUI YHIBEPCUTET
79005, Byn. Tyran-bapaHoBcbkoro, 10, M. J1bBiB, YkpaiHa

AHoTauif. AKTyanbHICTb TEMM [OCNIOKEHHS MONArae B TOMY, WO peanisauis noteHuiany 6aHKIBCbKOI CcMCTEMM
CNPOMOXHa 3abe3neynTy NO3UTUBHI CTPYKTYPHI 3pYLUEHHS B €KOHOMILi YKpaiHu. MeTol [JO0CNifXeHHs € aHani3
CTaHYy | TeHOEHLIN pO3BUTKY BaHKIBCbKOI cucteMmn YKpaiHu y GOKyCi MOro BRAMBY Ha CTPYKTYpHe pedopMyBaHHS
HaLioHanbHOro rocnogapcTea. Y npoueci A0CNIAKEHHS BUKOPUCTAHO METOAM CTaTUCTUUYHOIO aHanisy (4Nns aHanisy
CTaHy Ta AMHAMIKM pO3BUTKY BAHKIBCbKOI CMCTEMM KpaiHM) Ta aHanorosui mMeton (Ans ineHtTudikauii Mipu Bnausy
pO3BUTKY 6aHKIBCbKOI CMCTEMM HA CTPYKTYPHi 3MiHM B eKOHOMiL,i). OBrpyHTOBaHO, Wo edeKkTMBHE QYHKLIOHYBaHHS
6aHKIBCbKOI CMCTEMM — 3anopyka YCMiWHOr0O EKOHOMIYHOro pPO3BMTKY HALLIOHANbHOI E€KOHOMiKM, 3oKpema ii
pedopMyBaHHS. lNoka3aHo, Wo Yepe3 BaHKIBCbKY CUCTEMY i€ MeXaHi3M nepepo3nofiny diHaHCOBMX pecypciB i
rPOLIOBMX KOLTIB, BiATaK BiAOYBA€ETbCA iX MOBini3aLis Ta 3any4yeHHs B €eKOHOMIYHMI 0BIr y TUX rany3sx eKOHOMIKM,
AKi Hanbinblwe LbOro NOTpebyroTh. Y3arasbHEHO CTaH i TEHAEHLIi po3BUTKY BAHKIBCbKOT CUCTEMM K NEpPesyMOBU
peani3auii ii moTeHuiany B CTpyKTypHOMY pedOopMyBaHHI HaLiOHaNbHOT €KOHOMIKM. Y MiACyMKY aHaNi3yBaHHS CTaHy
i TEHAEHLUIM pOo3BMTKY BAHKIBCbKOT CMCTEMM BUSBEHO iX K MO3UTMBHI, TaK | HEFraTUBHI XapakTepucTuku. [loBeaeHo,
L0 B YKpaiHi Ha CyyacHOMY eTani po3BUTKY HALLIOHaNbHOT €EKOHOMIKM Bifbynocs ounweHHs 6aHKiBCbKOi CMCTEMM Bif,
HW3bKONIKBIAHMX Ta YMOBHO QiKTUBHMX BAHKIBCbKUX CTPYKTYP, 3pOCTAOTh 06CATU aKTUBIB, 30KpEMA BUCOKOJIKBIJHUX,
a TaKOX MOKpALLYETbCH KpeauTHui nopTdenb 6aHKiB, MiABULLYIOTHCS iX (iHAHCOBI pe3ynbTaT, NiKBIOHICTb i
NNATOCNPOMOXHICTb, CTIMKICTb 4,0 BaSIKOTHUX LUOKIB, NOXBABNOETbCS BaHKIBCbKE KpeaMTYBaHHS eKOHOMIKu. [1okasaHo,
Lo AN 6aHKIBCbKOI CMCTEMM KPATHU XapaKTEPHMMM 3a/IMLLAKTLCS HU3KA CUCTEMHUX HELONIKiB NepeayciM BUCOKOro
piBHSI KOHL,EHTpaLii 6aHKIBCbKOro Kanitany Ta Aeno3uTiB Y Hanbinblumx 6aHKax, a TAKOX AepXKaBHMX OAHKIB Yy HU3L,
cerMeHTax GaHKIBCbKOrO CEKTOpa 3a YMCENbHICTIO CTPYKTYPHMX Migpo3Ainis, 6aHKOMATIB, TEPMiHaNiB, akTUBHUX
NNAaTiXXHUX KapToK. BusiBneHo TeHAeHUil0 [0 NocnabneHHs MpPOHWMKHEHHS BaHKIBCbKOrO CEKTOpa B €KOHOMIKY,
0CO6/IMBO B YaCTMHI [LOCTYMHOTO KpeauTyBaHHA (i3vyHMX OCi6 i cTpaTeriyuHux ranyseri eKoHOMiku. [pakTnyHa
LiHHICTb LOCNIAXXEHHS NONSrA€E B TOMY, LLO HA OCHOBI BUSIBNEHMUX HEA0/iKiB PO3BUTKY BaHKIBCbKOI cMCTEMM i ii BNAMBY
Ha CTPYKTYpHi pe@opMu BU3HAYEHI CTpaTeriyHi HAaNpsSMK YA0CKOHANEHHS AEPXABHOMO peryitoBaHHa y Ui cdepi

KniouoBi cnoBa: eKOHOMiUHWUIA PO3BUTOK, MOKA3HMKM AiSNbHOCTI 6aHKiB, 06CarM GiHaHCOBUX pecypCiB, KpeaUTYBaHHS
E€KOHOMIKM, CUCTEMHI HEeJoNiKK
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Features of international economic integration in Latin America

INTRODUCTION

Inrecentyears,theimportance ofinternationaleconomic
integration has continued to grow, as evidenced by the
increase in the number of integration blocs, as well as
their appearance in developing countries and countries
with different economic development levels, etc. It is
advisable to consider the specific features of combining
Latin American countries, given that these are primarily
developing countries, as well as the fact that some of
them belong to the Largest Exporters on the world
market, in particular agricultural products, for example,
Brazil and Argentina. Notably, the Southern Common
Market countries (Mercosur) have reached the highest
economic development compared to other integration
blocs of the continent, as well as high level on the
world stage, so a considerable part of the research
focuses on this association, in particular, K. Caltentler
and F.O. Mora, upon studying Latin American economic
integration, analyse Mercosur [1].

The researchers analyse individual stages of in-
tegration, as well as the development of external trade
and changes in trade policy, etc., while the authors of
this study consider and determine the features of inte-
gration activities of blocs on the entire continent, analyse
the position of individual associations on the world
market, and highlight the integration issues. The inte-
gration of Mercosur and the EU is quite important, espe-
cially given Ukraine's European integration aspirations.
Thus, Y. Oleynik called them “two powerful integration
associations”, and believes that the establishment of a
free-trade zone (FTZ) will lead to a reduction in Mer-
cosur's dependence on the North American Free Trade
Zone and trade advantages, for the EU there will be an
opportunity to develop another centre of a multi-polar
world [2, p. 134]. Notably, K. Caltentler and F.O. Mora
examine the possibility of establishing supranational
bodies in Mercosur, which is typical of the EU, consider-
ing the motives for integration [1]. Hem Ts. Besnet and
D. Pradhan in their research drew conclusion regarding
the prospects for deeper economic integration of the
Mercosur countries [3, p. 107].

S.R.Keichilo analysed the compliance of Mercosur
with regional integration, considering its features, char-
acteristics of member states, etc., compared the bloc with
the EU,and thus concluded that fully clarifying the regional
integration in Mercosur is not possible [4, p. 117]. The
researcher also noted that countries for many years have
not developed harmonised trade rules that could promote
integration [4,p.132].H.K.Besnet and S.K.Sharma, upon
exploring the possibilities of integration in Latin America,
analysed the indicators of the seven largest economies
in Latin America: Argentina, Brazil, Chile, Colombia, Mexico,
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Peru, and Venezuela - and came to positive conclusions [5,
p. 551].J.S. Lima, upon analysing Latin American region-

alism, noted that after the collapse of the Free Trade
Area of the Americas (FTAA), integration has become more

heterogeneous [6, p. 339].

Considering the above, the authors can state
that the Latin American integration is quite relevant,
important, and multifaceted, and the importance of the
given subject is also confirmed by attempts to establish
an FTZ by individual blocs and countries with the largest
integration associations.

METHODOLOGY

The theoretical basis of this paper included studies of
Ukrainian and foreign researchers, as well as statistical
data of international organisations. The study applied
the historical, analysis and synthesis, comparative, graph-
ical, economic, and mathematical methods. Amid the
growing importance of international economic integra-
tion and Latin American countries on the world stage,
the study included the historical aspect of integration
development, as well as the features of individual inte-
gration blocs. Moreover, the fact that developing coun-
tries began to unite in Latin America led to examining
the features of their integration, identifying the individ-
ual stages, the number of member countries in blocs,
etc. and, accordingly, determining the results. The fact
that the economic development level of member coun-
tries is considerable for international integration neces-
sitated an analysis of individual countries and studying
the causes for integration in Latin America, in particular,
considering the consequences of increased production,
as well as the causes for its acceleration in this region.

Noting the development and considerable export
potential of individual integration blocs in Latin America,
the authors determined the share the blocs occupy in
World Trade and compare them. The study analysed the
dynamics of total and intraregional exports and deter-
mines the share of the latter for the purpose of studying
the integration development, using UNCTAD statistics.
The authors compared the commodity structure of ex-
ports of integration blocs based on statistical data from
the international trade centre - the World Trade Organi-
sation and the United Nations.

RESULTS AND DISCUSSION
Evolution and features of integration in Latin America
In Latin America, there are numerous integration blocs:
the Central American Common Market — CACM, the An-
dean Community = CAN, the Caribbean Commonwealth -
CARICOM, the Latin American Integration Association — LAIA,




the Southern Common Market — Mercosur, etc.- which is
typical for other parts of the world, in particular Europe:
the EU, the European Free Trade Association (EFTA), etc.,
as well as Africa: the Economic Community of West African
States (ECOWAS), Central African Customs and Economic
Union (UDEAC), etc. - although the integration level of
their associations is quite different.

Regional integration in Latin America began in
1960, when the Latin American Free Trade Association
(LAFTA) was established, the purpose of which was to
create a common market in Latin America, and this
was perceived as the first step towards the economic
integration of this territory [5, p. 552]. Thus, since the
1960s, integration blocs have been established in Latin
America, as in other regions of developing countries [7,
p. 52], in fact, of developing countries, the countries
of Latin America were the first to unite [8, p. 89]. Thus,
dozens of blocs were established, the number of their
participants varies from 2 to 15; bilateral regional
trade agreements predominate (77.4%), as in the world,
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most agreements were developed on the “South-South”
model [7, p. 54]. Notably, the economic integration in
the Latin American economic and legal literature is
identified with its specific forms [9].

D.O. Labzova, upon considering the economic
causes for the integration of Latin American countries,
notes that industrialisation, which took place before
the 1960s, was largely hindered by economic disunity.
Thus, the internal markets of most countries could not
meet the demand for the products of their enterprises,
in addition, export conditions in conventional external
markets worsened, which became an incentive to expand
intraregional exports [10]. Furthermore, it is noteworthy
that these causes may contribute to the integration of
other countries and should be considered upon conclud-
ing regional trade agreements.

Taking into account the peculiarities of Latin
American integration and the increase in the number of
integration blocs over the decades, it is worth considering
its individual stages (Table 1).

Table 1. Features of Latin American integration according to individual stages

Stage

Period
number

Features
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In 1960, the first agreement was signed - the Latin American FTZ.There was no real integra-tion, and
industrial cooperation was developing. By 1990, the blocs of this region, as well as other integration
associations whose members are developing countries, did not reach the FTZ level due to: low
level of economic development; the one-sided structure of the economy and exports; low level
of infrastructure development; low economic interdependence level. As a result, the focus was on
industrial cooperation within the region (as a tool for improving the economic development level of
member countries), rather than trade liberalisation

Stage 1 1960-1980

Covers the period of the 1990s within the framework of the new regionalism, when the CAN, CARICOM,
CACM blocs held consultations based on new FTZ agree-ments to activate integration; Mercosur is
being formed; until 2000, there were 4 blocs in the form of FTZ or IPU

Stage 2 1990-2000

The shift of emphasis in integration from trade to politics was reflected in ALBA (Bolivarian Alliance
for the Peoples of Our America), UNASUL (Union of South American Nations), which were created for
political purposes, and this was one of the causes for the stagnation of most integration projects in
the region. A special feature is the dynamic development of new blocs, approximately 90% of those
that are currently operating, in particular the Pacific Alliance

mid-2000s - till

Stage 3 date

Source: compiled based on [7, p. 52-53]

Thus, for the successful integration, the economic
development of countries, a high infrastructure develop-
ment level, the structure of the economy and exports, etc.
are of great importance, although an increase in the
economic development of countries is one of the ex-
pected consequences of integration. G.M. Kostyunin and
O.A. Kozlova noted that, as in other regions of devel-
oping countries, integration in Latin America has stim-
ulated trade growth, although the magnitude of this
effect is not as considerable as in blocs that consist of
developed countries [7, p. 64].

Latin American economic development and its significance
in the context of international economic integration

In 2003-2012, Argentina was ahead of most countries
in terms of average annual GDP growth (7.1%), which has
not been observed for almost 100 years, since 1914 [11,
p. 69]. Furthermore, according to P. Yakovlev, modern
processes in Latin America confirm that the 21 century
is a period of historical rise of developing countries [12,
p. 55]. The researcher also believes that the region has
entered the second decade as a constant value of the
concentric system of international relations,as evidenced
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by: Brazil's participation in the BRICS (this grouping
includes Brazil,Russia, India, China, South Africa),as well
as Brazil, Argentina, and Mexico in the G-20 (countries
account for the vast majority of trade and the world's
population), the integration increase in the region in
new forms, the reset of Latin European relations, the
trade and economic orientation of numerous leading
countries towards Pacific Asia, joining APEC (Asia-Pacific
Economic Cooperation).

Notably, in the last decade of the twentieth cen-
tury in Latin America, there were considerable market
reforms of the monetary area, which had ambiguous
financial and macroeconomic consequences. Although
the results of neoliberal theory and practice seemed
rather disappointing, considerable changes were ob-
served at the turn of the millennium. Thus, the crisis,
the largest sovereign debt default in the world's history
in Argentina, and unsettled phenomena in other coun-
tries of the region have led to a re-establishment of
models and content of economic and socio-political
development. This contributed to the development of
economic growth, which provided for: increasing the
role of the state in the reproduction; expanding the
domestic consumer market through a fight against
poverty, increasing the living standard of the majority
of the population; intensive geographical and sectoral
diversification of external economic relations and more
active participation in the system of World Economic
Relations, integration into the global production chains
of Latin American economies; a considerable increase
in the size and number of Latin American private and
state multinational companies, the so-called “trans-lati-
nos” or “multi-latinos” [12, p. 55-56].

Notably, the application of the new model by
leading Latin American countries has led to an accel-
eration of economic growth, which has also become
more sustainable. To a large extent, the dynamics of
economic growth was enhanced by the environment on
world markets, which provided growing demand and
high prices for raw materials and food products, prices
for which doubled on average in 2000-2012. Thus, due
to a combination of external factors and internal efforts,
in 2000-2012, regional GDP grew 2.7 times, while com-
modity exports increased more than 3 times, foreign
exchange reserves increased 5.3 times, and accumulat-
ed foreign direct investment increased 4.5 times. More-
over, Latin American countries have become consider-
able capital exporters in these years. Thus, the foreign
direct investment level of multi-latinos in 2011 exceed-
ed 1 trillion USD, which is 5 times higher than in 2000.
In addition, there was a reduction of the debt burden,
in particular, a considerable reduction in public debt to
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GDP. Moreover, the increase in the importance of Latin
America was also confirmed by solving relevant global
issues, primarily global and energy, because countries
can considerably increase agricultural production and
contribute to ensuring world food security. The rea-
son for this is, for example, that in Latin America in
1990-2011, wheat production increased by 60%, corn —
almost 3 times, rice - twice, soybeans — more than 4 times,
meat - by 144%, cane sugar - by 2.5 times. With the
growth of production, it became possible not only to fill
the internal market more, but also to increase exports,
s0 in 2000-2012, agricultural exports of Latin American
countries increased almost 4 times (from 5 57.7 billion
to.220.4 billion USD). Therewith, the positive experience
of individual countries in the region, in particular Brazil,
in solving the food issue deserves attention [12, p. 56-57].

Although foreign investors do not show a desire
to establish divisions in Latin America that are engaged
in research and development (R&D), the opposite case
can be noted in relation to Brazil, where a number of
Western European companies have established enter-
prises for the development of new technologies (in partic-
ular VolksWagen, Fiat, Ericsson, Siemens), yet compared
to Singapore, India, China, and some other Asian coun-
tries, this form of foreign capital application is quite
limited in Latin America [13, p. 52]. Thus, Brazil stands
out notably from other countries in the region, and the
development of R&D in the country can help it main-
tain a leading position in the future, both within Mercosur
and Latin America, as well as diversify exports, and fin-
ished products.

Latin American countries were not affected by
considerable interstate conflicts as much as European
and Asian ones, since they remained on the “periphery”
of big world politics for a long time [14, p. 182]. That is,
when countries are not at the centre of world politics,
they get fewer benefits, but they are also insured against
significant costs, although commodity and geographical
diversification of trade, diversification of investment are
one of the prerequisites for stability and development.
Therewith, all attention should not be focused only on the
largest importing countries, it is necessary to develop
external economic activity with countries that are lo-
cated on the “periphery”, since this leads to a number of
positive consequences, and they are less affected by the
consequences of global changes.

Although there is an increase in the importance
of Latin American countries on the world stage and
the establishment of integration blocs by them, the
regional associations are characterised by difficulties
in integration. D.V. Romanov notes that there are three
blocs: the Andean Community (which was established




as one of the first in 1969 Ecuador, Peru, Colombia, Chile
and Venezuela), the Central American Common Market
and CARICOM failed to regulate customs and tax policies,
establish close economic ties, while Bolivia, Venezuela,
and Colombia sought to join Mercosur [15, p. 455].

The researchers identify the causes for the accel-
eration of integration in South America: 1) the creation
of more open and larger markets was caused by the
revenue growth from the use of new technologies and
investments, as well as increased competition in trade
(it was obvious that the closed market would lead to a
slowdown in development in all areas); 2) the liberali-
sation of external trade in the late 1980s (the introduc-
tion of single tariffs and the elimination of non-tariff
restrictions created conditions for concluding bilateral
and multilateral agreements on trade liberalisation,
which was impossible in a closed economy. In addition,
the introduction of preferential tariffs and their elimina-
tion in certain sectors of the economy stimulated trade
in the region); 3) a radical revision of integration mech-
anisms in the region [16, p. 387]. Therefore, it is also
advisable to consider these causes and measures upon
concluding regional trade agreements, developing rel-
evant regulatory documents, but it is also necessary to
consider the specific features of each member country,
its participation in other integration blocs, international
organisations, and other factors.

“Open regionalism”: The UN statement

The considerable importance of Latin American coun-
tries and their integration is also confirmed by the fact
that the UN Economic Commission in 1994 (at the 25"
session) introduced the “open regionalism”, which was
based on 9 provisions:

1.Sectoral liberalisation of the markets of goods and
services, differentiated for different countries in time;

2. Large-scale market liberalisation involving as many
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countries as possible, especially those that are conven-
tional partners;

3. To ensure, in accordance with the rules of the
World Trade Organisation, the stability and transparency
of liberalisation;

4. To increase the role of regional institutions in
macroeconomic stabilisation of countries to minimise
the risk of new crises;

5. To protect the national economy, remain out of
moderate protectionist measures against third countries
and gradually switch to joint external tariffs (if necessary);

6. To reduce transaction costs between and within
each country, ensure the convertibility of national cur-
rencies, and sign payment agreements;

7. To promote technology transfer through the signing
of industry agreements;

8.To develop special measures to adapt economically
less developed countries and regions, in particular by
reducing protectionism and providing fiscal incentives
to attract investment;

9. To develop flexible institutional structures to at-
tract the bulk of the population [17, p. 266-267]. The
issue of technology transfer is particularly important, as
it is one of the main prerequisites for economic devel-
opment, especially in modern conditions, as well as the
application of moderate protectionist measures.

External trade trends of individual integration blocs

It is advisable to consider the position of individual
integration blocs on the world market, the development
of their general and intra-regional exports, etc. Notably,
the share of individual Latin American blocs in world
exports is quite low and changed slightly (Table 2), in
particular in 1995-2018 CACM in the range of 0.2-0.3%,
CAN - 0.4-0.8%, CARICOM - 0.1-0.2%, LAIA - 4.1-5.7%,
Mercosur - 1.7-2.4%.

Table 2. Share of individual integration blocs of Latin America in world exports of all goods, %

. Years
InteQ.raiflon N o LN \O ~ 0 [ o ~— ~ [} < 7o) No} ~ <<} o
associations & &8 8 8§ 8 8 8 s §& & ©5 © © © © © b
~ o o~ o o~ o o~ o~ o~ o~ o~ o~ o o~ o~ o~ o~
CACM 02 02 02 02 02 02 02 02 02 02 02 02 02 02 02 02 02
CAN 04 04 05 05 05 06 06 07 07 08 07 07 06 06 06 06 06
CARICOM 01 01 01 02 01 02 01 01 01 01 01 01 01 01 01 01 01
LAIA 4.1 5.2 5.1 53 52 5.2 5.2 5.5 5.6 57 55 5.3 5.2 5.1 5.2 5.2 5.3
Mercosur 1.8 18 21 21 21 23 22 23 24 23 22 20 18 18 18 138 1.7

Source: calculated by the author based on UNCTAD data [18]
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Indeed, Mercosur's share in the global market is
one of the largest compared to other associations, and
it is worth considering the desire to create a free trade
zone with the EU, which is one of the world's largest
importers. Therewith, the exports of all these blocs
increased considerably, in particular, in 2018, com-
pared with 1995, CACM increased 4.5 times, CAN - 5.7,
CARICOM - 3.1, LAIA - 4.8, Mercosur - 3.9 times. Although
during this period, in some years, export volumes were

considerably higher than in 2018, as can be seen from
the example of Mercosur (Fig. 1).

The share of intraregional exports of all blocs
except CAN was not less than 10.5% (CARICOM), and
the maximum values were 21.8% (CACM) and 19.1%
(Mercosur). In 2018, compared to 1995, the total and in-
traregional exports of each specified integration group-
ing increased (Table 3), however, the share of the latter
as a whole increased only in the CACM.
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Figure 1. Dynamics of total and intra-regional exports of all Mercosur goods, 1995-2019
Source: complied by the author based on UNCTAD data [18]

Table 3. Dynamics of domestic and non-regional exports (USD billion), as well as the regional share in the export of
individual integration blocs, %

Integration 1995 2000 2005 2010 2011 2012 2014 2015 2016 2017 2018
associations General export
CACM 9.3 15.4 22.7 31.5 37.8 39.6 40.5 38.7 38.5 41.6 41.6
CAN 21.2 25.5 51.0 100.2 134.9 142.5 132.2 96.6 91.4 109.4 120.5
CARICOM 5.8 8.1 14.7 17.8 232 214 224 17.8 14.5 16.3 18.3
LAIA 209.5 329.4 5371 8355  1032.1 10464 1008.1 8546 824.5 9254 10125
Mercosur 90.7 116.9 220.6 350.3 4458 433.6 386.4 300.9 285.0 3244 352.1
Intraregional exports
CACM 1.5 25 3.9 5.8 6.8 6.9 74 8.0 8.2 8.7 9.1
CAN 1.8 2.0 4.6 79 9.3 10.2 9.9 7.7 7.2 7.9 9.0
CARICOM 0.8 1.3 2.1 2.3 2.7 2.4 2.6 2.1 1.7 1.9 1.9
LAIA 37.5 46.9 79.7 139.9 171.8 1723 152.9 118.4 1074 1224 1294
Mercosur 17.3 211 25.6 51.6 62.5 57.7 51.0 40.1 373 40.9 42.3
Share of intraregional exports in total exports, %
CACM 15.6 16.0 17.2 18.3 17.9 174 18.2 20.8 214 20.9 21.8
CAN 8.5 79 8.9 7.9 6.9 7.2 7.5 8.0 7.9 7.2 7.4
CARICOM 144 15.7 14.4 12.8 11.8 11.2 11.7 12.0 120 114 10.5
LAIA 17.9 14.2 14.8 16.7 16.6 16.5 15.2 139 13.0 13.2 12.8
Mercosur 19.1 18.1 11.6 14.7 14.0 133 13.2 133 13.1 12.6 12.0

Source: complied by the author based on UNCTAD data [18]
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Thus, there was an increase in both total and
intraregional exports, mostly in total, for all trade and
economic associations, except for the CACM. Blocs ex-
port products of different groups (Table 4) and the main
ones are given for CACM, CARICOM, Mercosur, whereas
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agri-food products are among the ten most exported
goods of CACM (edible fruits and nuts, sugar and con-
fectionery, various food products, fats and oils of animal
or vegetable origin), as well as MERCOSUR (seeds and
fruits of oilseeds, meat and edible offal, cereals).

Table 4. Main export goods of the CACM, CARICOM, Mercosur integration blocs

CACM

CARICOM

Mercosur

08 edible fruits and nuts

27 mineral fuels; oil and its distillation
products

27 mineral fuels; oil and its distillation
products

90 optical and photographic devices and
apparatuses

89 vessels

12 seeds and fruits of oilseeds

61 clothing and accessories for clothing,
knitwear

28 inorganic chemical products

26 ores, slag, and ash

17 sugar and sugar confectionery
products

71 natural or cultured pearls, pre-cious
or semiprecious stones

02 meat and edible offal

85 electric machines

29 organic chemical compounds

10 cereals

39 plastics, polymer materials

61 clothing and accessories for clothing,
knitwear

23 food industry residues and waste

21 different food products

84 nuclear reactors, boilers, ma-chinery

87 means of land transport, except rail
transport

I11. 15 fats and oils of animal or vegetable
origin

72 ferrous metals

84 nuclear reactors, boilers, machinery

48 paper and cardboard

86 railway locomotives

72 ferrous metals

61 clothing and accessories for clothing,
knitwear

26 ores, slag, and ash

47 wood mass

Source: compiled by the author based on data from [19]

Therewith, a considerable share is accounted for
by the export of non-agri-food products, as can be seen
from the above data. Notably, the economic integration
development of Latin American countries is character-
ised by two opposing trends, namely: the penetration of
foreign monopolies into blocs is increasing, and on the
other hand, the struggle for economic independence in
the region is worsening [9, p. 2]. V.Ya. Krasilchuk notes:
“integration is one of the key processes of econom-
ic development in Latin America and the Caribbean”.
Therewith, the most essential characteristic features
of internationalisation of economic relations in this re-
gion are: the duration, complexity, and inconsistency of
Latin American integration [20, p. 129]. Although there
are many difficulties, there are positive consequences
of the integration of Latin American countries, and in-
tegration is considered as one of the prerequisites for a
country's economic development.

CONCLUSIONS
Thus, in Latin America, a considerable number of inte-
gration blocs are being created, and for the first time
the developing countries have begun to unite. Mercosur

has achieved the highest development among numerous
integration blocs, but the study suggests that there are
prospects for the development of integration processes
in the region. In addition, the expansion of intraregional
trade became essential for countries, which required
the conclusion of regional trade agreements. It is worth
considering the features of integration in certain pe-
riods, which made it possible to identify its individual
stages. It is advisable to consider the causes for the ac-
celeration of integration (the use of new technologies,
trade liberalisation, etc.), since this can also be applied
to other blocs.

The analysis demonstrated that the share of in-
tegration blocs in world exports is relatively low, yet
one of the highest is observed in Mercosur, whereas asso-
ciations increase the volume of total and intraregional
exports, although the share of the latter in 2018 com-
pared to 1995 mainly decreased, with the exception of
CAN, none of these blocs fell below 10.5% (CARICOM)
and reached up to 20% in some blocs. As for the com-
modity structure of exports, in CACM and Mercosur, a
considerable part is accounted for by agri-food prod-
ucts. Trade policies, development concepts of individual
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countries, and a number of other factors are important  availability of natural resources, the number of people,
for integration development. The development of inte-  the participation of countries in international organisa-
gration in Latin America is essential for the countries tions, the desire to deepen integration and conclude a
of the region and third countries, especially given the = Mercosur FTZ with the EU,and a number of other factors.
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Oco6nuBOCTI MiXXHapoAHOi eKOHOMIUHOI iHTerpauii B JTaTUHCbKiN AMepuui

Hapis BacuniBsHa KpuBeHko

HHLL «lHCTUTYT arpapHOi eKOHOMiKM»
03680, Byn. [epoie 06opoHu, 10, M. Kuis, YkpaiHa

AHoTauif. 3pOCTaHHS 3HAYEHHS Ta KiNbKOCTI iHTErpaLiiHMX yrpynyBaHb NPOLOBXKYETLCS, MPUYOMY YrOAM YKNA[ATbCS
KpaiHaMM yCixX KOHTUHEHTIB. Lle BNiMBaE He nulle Ha pO3BWUTOK iX KPaiH-YNEHIB, ane W Ha TPeTi KpaiHW, 30KpeMa
TOPriBNK 3 HUMMWU. 3HAYHA KiNbKiCTb TOProBE/IbHO-EKOHOMIYHMX 06'€gHaHb ChOpMOBaHA KpaiHamMu JIaTUMHCLKOI
AMepuKH, i xo4a BYeHi JocnimkytoTb nepeaxHo MEPKOCYP, npote [OUINbHO pO3MSHYTM M iHWI yrpymyBaHHS,
NpUYOMY iHTErpauia KpaiH, SKi pO3BMBAKOTHLCS, PO3MOYMHAETLCS caMe B JlaTMHCbKIM AMepuui. MeTow cTaTTi €
[OCNIAKEHHS PO3BUTKY iHTErpaLimH1X npoueci y JIaTMHCbKI AMepuLi Ta 0C061MBOCTEN 30BHILIHbBOT TOPriB/i OKpEMUX
TOProBefibHO-eKOHOMIYHMX 00€aHaHb. Ans ii focarHeHHs 6yno BUKOPMUCTAHO MpaLi 3aKOPAOHHMX Ta YKPaAiHCbKMX
BYEHMX, CTaTUCTMYHI AaHi MiXKHAPOLHMX OpraHi3aLii, a TaKoX MeTOAM aHaNi3y Ta CMHTE3Y, MOPiBHANbHUMA, iICTOPUYHMIA,
rpadiyHnit Ta iH. PO3rnsHyTO NpuYMHKM iHTerpauii B JIaTMHCbKIM AMepuui, Wwo ©6yno 3yMOBIEHO BHYTPILLHIMM
npobaeMamu KpaiH, oKpeMi ii eTanu, 30KkpemMa HaBeAEeHO 0COBNMBOCTI KOXHOIO 3 HMX, @ TAKOX BUSIBJIEHO NepeBaru
iHTerpaduii, Wo cTano pywinHOi CMIoK PO3BUTKY Toprisai. JouinbHO BpaxoByBaTu hakTopu, aKi CNpusnu iHTerpawii
npy YKNagaHHi ManbyTHIX perioHasbHUX TOProBeNbHWX Yrofd, a TAaKOX pPiBEHb PO3BUTKY OKPEMMX KpaiH, WO
{HTErpyloTbCsl, y4acTb iX Yy iHWWX TOProBe/IbHO-EKOHOMIYHMX OO€AHAHHAX, MiXKHAPOAHMX OpraHisauigx Ta iHwWi
dakTopu. Po3paxyHKu LLOA0 HanpsamiB Toprieai nokasanu, wo y 2018 poui, nopisHiotoum 3 1995 pokom, 3aranbHui i
BHYTPIiLUHbOPErioHaNbHMIA €KCMOPT AOCAIIKYBAHUX iHTErpaLiiHUX yrpynyBaHb 3p0OCTaB, NPUYOMY YaCcTKa OCTaHHbOTO
He onyckanacb Huxk4e 10,5 %, 3a BUKNOYEHHAM nuwe AHACBKOrO CMiBTOBAapMCTBA, @ MO OKPEMUX YrpynyBaHHSAX
pocsrana 1 20 %, xo4a NpoTAroM 3a3HayeHoro nepiody Ans 6iNbLWIOCTi TOProBenbHO-eKOHOMIYHUX 06€AHaHb BOHA
3MeHLWmnacb. BpaxoByoum OTpUMaHi pe3ynbTaTH, iCHYHOTb NiACTaBM NPOrHO3yBaTU PO3BUTOK iHTErpaLiMHMX NPOLIeCiB
KpaiH J1aTMHCbKOI AMepuKM, NpoTe BapTO BpaxyBaTW BM/MB BHYTPILIHIX Ta 30BHILLIHIX €KOHOMiIYHMX daKTopiB, a
TAKOX METOAM peryfitoBaHHA Ta aganTauii

KntouoBi cnoBa: perioHanbHi TOProBesbHi Yroau, iHTerpaLiiHi yrpynyBaHHs, TOPriBas, eKCnopT, BHYTPiLIHbOPErioHaNbHUMI
ekcnopt
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INTRODUCTION

A characteristic feature of the global economy of the
20%-21st century is a noticeable transformation of fi-
nancial and economic relations, which are associated
not only with economy globalisation and digitalisation
but also with the emergence of so-called offshores or
offshore jurisdictions. Since the middle of the last cen-
tury, there has been a gradual movement of capital and
financial-economic operations to offshore companies,
which caused economy offshoring. The global economic
community representatives attempt to reduce the tax
burden, which leads to the movement of a substantial
capital share to offshore jurisdictions, where the tax
burden is considerably less or absent. As a result, the
tax payments in the overall structure of the country’s
GDP, and consequently budget revenues, decrease, and
there is a considerable increase in the amount of capital
withdrawn from countries to offshore companies. In
other words, the growth of the economy offshoring level
leads to an increase in tax asymmetry, capital outflows,
and creates numerous threats to the economic security
of both individual states and the global economy. Off-
shoring has become a real phenomenon of the modern
economy.

The main cause for withdrawing capital and fi-
nancial transactions outside of national jurisdictions is
the high tax burden compared to offshore jurisdictions.
Globalisation played an important role in the world econ-
omy offshoring, as well as the liberalisation of economic
policies,and especially the foreign economic policies of
many states, the development of free and open markets,
the free movement of capital and investment contrib-
uted to the intensification of offshoring of national econ-
omies and the global economy. Technological advances,
in particular the development of information and com-
munication systems, and the economy digitalisation in
general, also made a considerable contribution to this
process. Therewith, offshore jurisdictions are developed
for various reasons, mainly states with low indicators
of socio-economic development or depressed territories
that require an influx of investment and capital. Thus,
offshoring as an actively developing process substantially
affects the economies of many countries and the world
economy, international financial and capital markets,
accordingly, affects the financial and economic security
of all states of the world.

Since the beginning of the 90s, an active offshor-
ing of the Ukrainian economy has begun. Considerable
amounts of capital are being withdrawn from the state,
the foreign economic activity with counterparties from
offshore jurisdictions is constantly growing, and a signif-
icant amount of investment in the Ukrainian economy

Scientific Horizons, 2020, Vol. 23, No. 12

comes from offshore companies. Accordingly, there is a
great impact of offshoring on the Ukrainian economy, in
particular on the national economic security. The above
determined the relevance of the chosen research subject
since there is a need to cover the theoretical content of
offshoring, identify its impact on the national economy
and the means to minimise the negative impact on the
economy to ensure the national economic security.

The purpose of the study is to conduct a theoret-
ical analysis of offshoring and its impact on ensuring
national economic security. To achieve this purpose, the
authors outlined the main tasks of the study, namely to
analyse offshoring in the system of national economic
security; to establish the positive and negative conse-
quences of offshoring for the economy; to develop means
to minimise the negative impact of offshoring on the
national economy.

LITERATURE REVIEW

The studies of Ukrainian and foreign scientists cover
the main issues of economy offshoring, shadowing, and
their impact on the national economic security. In Par-
ticular,R. Cabral,A.V.Mollick, E. Sausedo [1] investigated
the relationship and impact of illegal and criminal
transactions on the inflow or outflow of foreign direct
investment. R. Gupta, P. Makena [2], who investigated
the essence and main causes of tax evasion, developed
an alternative theoretical justification for the rela-
tionship between tax evasion and inflation. R.K. Goel,
JV. Sanoris [3] considered the impact of economy off-
shoring and the shadow economy on the economic
growth and development of the state in the long term,
and also identified the main areas for legalising the
economy. R. Hendricks, R. Fernandez [4] analysed the
impact of offshore jurisdictions on the global economy,
studied the scale and consequences of capital outflows
to offshore companies, and predicted the main devel-
opment areas of the global economy. P. Fev, A. Moura,
O. Pierrar [5] investigated the economy offshoring, in
particular the offshoring of the banking sector and the
offshoring impact on financial stability and security.
0.Apostle and A. Pop [6] investigated the impact of cor-
ruption and bureaucracy in post-communist countries
on the spread of neoliberalism, analysed the impact of
ethical motives and tax consulting on the mentality of
taxpayers and on the volume of tax payments. P. Sikka
and H.Wilmott [7] investigated the use of transfer pricing
and its impact on the volume of tax payments, capital
outflows, and financial stratification of the population.
H.M. Argyle-Bosch, D. Ravenda and H. Garcia-Blando [8]
investigated the relationship between e-commerce and




corporate social responsibility and, in particular, the impact
of e-commerce on employee payroll taxation. A. Breezy,
M. Giacomantonio, B.M. Shumpe and L. Manetti [9] an-
alysed the factors influencing the volume of tax pay-
ments and established a considerable influence on this
process of entrepreneur's moral and ethical norms, the
level of their social responsibility, and the level of trust
in the government.

Z.S. Varnali [10] considered offshoring from the
standpoint of security studies and its impact on the
economy. The researcher defined offshoring as an in-
stitutional threat to the national economic security, in-
vestigated means of de-offshorising the Ukrainian econ-
omy as a priority area of security activities. M.I. Karlin,
AV. Borisyuk [11] studied the main jurisdictions within
Europe, Asia, America, and Africa that are considered
offshore, revealed the specific features of the func-
tioning of offshore companies, as well as characterised
the features of the functioning territories and jurisdic-
tions that are offshore according to the legislation of
Ukraine. AV. Lebed, V.A. Garkusha [12] analysed the pos-
itive and negative consequences of offshore activities
using the SWOT analysis methodology, considered the
consequences of non-interference of the state in the
activities of economic entities using offshore compa-
nies, assessed the impact of offshore operations on the
Ukrainian economy and justified the existence of the
main threats caused by the active use of offshore juris-
dictions by Ukrainian businesses. I.S. Lutsenko [13] in-
vestigated methodological approaches to assessing the
level of state tax security and proposed indicators for
assessing the level of tax security, as well as their limit
values. Z. Lutsishin, N. Yuzhanina, and T. Frolova [14]
studied the economic content and essence of offshoring,
the scale and consequences of capital outflow from
the Ukrainian economy to offshore companies, studied
the main schemes for withdrawing capital and money
laundering, considered the state and main issues of the
Ukrainian economy offshoring. E.V. Redziuk [15] stud-
ied the role and scale of offshoring, its impact on the
Ukrainian economy, developed a number of measures
to encourage the return of previously exported capi-
tal to Ukraine. PA. Chernomaz and |.S. Subacheva [16]
investigated offshoring as a separate economic category,
analysed the effectiveness of the methodology for cal-
culating the economy offshoring coefficient and its impact
on the national economic security.

METHODOLOGICAL REASONING
The methodology for studying the theoretical content
of offshoring and developing recommendations for mi-
nimising its negative impact on the economy is based
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on foreign and Ukrainian papers on theoretical and
applied aspects of economy offshoring. The study was
based on a combination of general scientific and special
methods of cognition used to clarify the essence and
features of offshoring in modern globalised economic
systems. The methods of dialectical cognition, theoret-
ical generalisation, and abstraction allowed studying
and clarifying the essence of the term “offshoring”, es-
pecially its perception within security studies. The his-
torical and theoretical analysis allowed identifying the
causes of the origin and development of offshoring. The
system analysis method allowed clarifying the essence
of the terms “offshoring” and “de-offshoring”.

The methods of economic and statistical analysis
enabled the assessment of the scale of financial and
economic operations using offshore jurisdictions, iden-
tifying the amount of capital withdrawn to offshore
jurisdictions of different countries. The induction method
allowed the authors to identify the advantages and
disadvantages of offshoring for businesses. The study
identified the threats that can lead to a high level of
offshoring for the Ukrainian economy by applying the
deduction method. The synthesis method was used to
determine the interrelation between the volume of foreign
direct investment and “round-trip” investment.

Statistical analysis methods and a graphical method
were used to identify the main states-investors in the
Ukrainian economy, regions-recipients of international
direct investment, and the coefficients of economy off-
shoring of various countries. The use of hypothetical
and formalisation methods allowed devloping recom-
mendations for de-offshoring the Ukrainian economy.
The research conclusions were based on the use of the
generalisation method.

The information base of the study comprised sci-
entific papers and other publications of Ukrainian and
foreign researchers, data from the State Statistics Service
of Ukraine, and other statistical organisations.

RESULTS AND DISCUSSION

Genesis of offshoring as a socio-economic phenomenon

There are numerous terms for territories where the tax
burden is very low, compared to other countries, or absent.
Such jurisdictions attract many economic entities, espe-
cially representatives of international business, to place
capital and conduct financial transactions. In particular,
the terms “tax oasis”, “tax paradise”, or “tax haven” are
employed. However, the term “offshore” is most common.
It comes from the English collocation “offshore”, which
means - off the shore, off the limits. Therefore, an off-
shore company is a territory outside of national juris-
diction, where considerably lower taxes are established
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or are completely absent, an area with a rather simpli-
fied form of control and reporting. Accordingly, an off-
shore jurisdiction is a territory (country) that is subject
to preferential tax and business conditions in accordance
with the current legislation. Offshore companies are es-
sentially very similar to free economic zones, but they
differ from the latter in that preferential tax conditions
are usually set for non-resident companies. In free eco-
nomic zones, benefits are enjoyed by resident companies
that engage in economic activities on the territory of the
free economic zone,and in offshore companies, benefits
are enjoyed by non-resident companies that engage in
economic activities outside the offshore zone. However,
according to many researchers, offshore companies con-
stitute types of free economic zones that have their dis-
tinctive features.

Despite the fact that the rapid development
of offshore business occurred in the 1960s and 1970s,
the presence of territories with a preferential tax re-
gime dates back to the beginning of the Common Era.
Many Greek islands around Athens set lower import
and export duty rates than Athens, accordingly, most
of the cargo was unloaded at their ports, and then ille-
gally transported to Athens, where customs tariffs were
too high. Thus, the desire to optimise tax and customs
payments has been inherent in entrepreneurs for a long

time. Subsequently, preferential tax regimes were intro-
duced in Flanders, which almost devastated English
wool merchants, as well as the ones from the US in the
16%-18™ centuries. Many prototypes of offshore com-
panies were created in the “porto franco” form - free
ports. That is, ports where preferential tax conditions
were established. In particular, the “porto franco” status
was granted to such Black Sea ports as Odesa, Feodosia,
and Batumi. Subsequently, in some territories of the
British Empire, especially in the Caribbean, preferential
tax regimes were introduced, accordingly, this list was
substantially expanded and amounted to about 100 ter-
ritories with a preferential tax regime.

The current level of capital flows through off-
shore companies is impressive. In particular, about 10%
of the world's capital is concentrated in offshore com-
panies, more than 50% of world trade passes through
offshore companies [14], according to rough estimates,
the total amount of assets placed in offshore compa-
nies ranges from 21 to 32 USD trillion. According to the
Organisation for Economic Co-operation and Develop-
ment (OECD), approximately one-third of the capital in
the form of deposits is located offshore, which is about
11.5 USD trillion [15]. The volume of capital withdrawal
from countries to offshore companies is also impressive,
in Figure 1 data for the period 1970-2016 are presented.
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Figure 1. The amount of capital withdrawn to offshore jurisdictions in 1970-2016, USD billion

Source: developed by the author based on data from [17]

It is estimated [18] that 89% of the leading
American corporations and 99% of the leading EU corpo-
rations place their structural divisions in offshore juris-
dictions. As for the post-Soviet countries and Ukraine,
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a large share of capital is returned to the country in the
form of investments in various economy sectors, but the
amount of capital accumulated in offshore companies
is also substantial. Business representatives of Russia,




Kazakhstan, and Ukraine store approximately 40% of their
capital offshore. Notably, the same indicator in the United
States and Japan is only 2%, and in the EU - 10% [19].
Ukrainian businesses actively use Cyprus to reduce the
tax burden and withdraw capital. According to experts,
the amount of capital placed in Cyprus reaches about
30 USD billion. Since the beginning of the Russian ag-
gression, more than 500 UAH billion worth of assets
has been withdrawn to Cyprus [15; 21].

Given the growing popularity of offshore compa-
nies, the term “offshoring” is frequently used along with
the term “offshore” in scientific publications and in the
media. However, there is no common approach to defin-
ing this term. A number of researchers consider offshor-
ing as a process that takes place at three levels: at the
micro-level (enterprises), at the macro-level (national
economy), and at the mega-level (global economy) - and
is a set of processes for expanding the list of economic
entities that use offshore jurisdictions to optimise the
economic environment, cooperation, and achieve favour-
able socio-economic and political business conditions,
as well as strengthening their influence on the devel-
opment of the global economy by shadow capital move-
ment across state borders. Such movement is usually
carried out due to transfer pricing, which allows dis-
tributing funds between structural divisions. However,
in practice, such activity is just a legal way to move the
capital to offshore companies to reduce taxation [7].

According to Z.S. Varnali, offshoring is a process
of the negative impact of offshore activities on the na-
tional economy, which manifests itself in the unpro-
ductive capital withdrawal to offshore jurisdictions to
optimise investment conditions, minimise or evade tax-
ation,and launder money. The researcher considers it as a
betrayal of national interests and a threat to the state-
hood of Ukraine [10]. PA.Chernomaz and I.S. Subacheva
interpret “offshoring” as the influence of offshore activ-
ities on the economy, namely the capital withdrawal
through the creation and use of offshore firms to avoid
or minimise taxation. Researchers propose to calculate
the coefficient of economy offshoring, the growth of which
indicates a substantial impact on the economy of offshore
jurisdictions and, accordingly, an increase in threats to
the national economy [16]. In general, the authors of
this study agree with the researchers’ definition of “off-
shoring”, and suggest considering it through the lens of
national economic security and economy legalisation.

Offshoring and national economic security: A mechanism
of interaction

The main causes for the offshoring of the national econ-
omyand a number of post-Soviet economies include the
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ability to protect property and intellectual rights, prop-
erty rights that are violated and cannot be fully secured
by state authorities. In the former Soviet Union, there
is a high level of regulatory and political influence on
business, a high corruption level, numerous raider seizures,
and other violations of rights and freedoms. That is why
offshore companies have become a legal and affordable
way to protect your business from such threats [20].

Therefore, the authors determined offshoring as
the process of moving capital and financial transactions
from national to offshore jurisdictions. The reasons for
this phenomenon may differ,although from the standpoint
of security, the result remains the same - the movement
of capital and financial transactions, which reduces the
tax base in national jurisdictions and reduces tax liabil-
ities, poses a threat to the national economic security.
The reverse process is de-offshoring. Accordingly, the
authors interpret the term “de-offshoring” as the pro-
cess of moving capital and financial transactions from
offshore to national jurisdictions.

Thus, offshoring contributes to the development of
numerous advantages and contains a number of threats
to the business. The advantages of offshoring include:

— low tax burden and simplified reporting system;

— simplified access to international financial markets;

— protection of property and other rights, interna-
tional legal protection against corruption and raiding,
judicial protection in accordance with the provisions of
international law;

— confidentiality of information about business own-
ers and the volume of financial and economic activities,
as well as the protection of such information.

Despite a considerable number of advantages, off-
shoring poses certain threats to business, which include:

— increased attention of fiscal and law enforcement
agencies to enterprises registered in offshore companies;

— state restrictions on the acquisition of assets by
non-residents, the need to obtain licenses for activities;

— state barriers to activities in the field of ensuring
national security and the military-industrial complex;

— deterioration of business reputation due to the use
of an offshore company, the need to prove that the capital
owned by the company was not acquired by criminal means.

Offshoring contributes to the development of
numerous threats not only to business but also to the
state economy, namely:

— reduction of tax revenues and budget revenues;

— capital outflow abroad;

— withdrawal of illegally obtained funds and their
legalisation;

— economy shadowing.

The advantages of offshoring for the state economy

Scientific Horizons, 2020, Vol. 23, No. 12

113



114

Economy offshoring in the national economic security

are the availability of flexible and effective mechanisms
for reinvesting funds in the national economy through
access to the global financial system, as well as the abil-
ity to avoid legal conflicts and protect business structures
in accordance with the provisions of international law.

It is advisable to pay attention to another cause
for the popularity and spread of offshore companies -
favourable conditions for investment and business devel-
opment. Part of the capital withdrawn from the country is

subsequently returned in the form of foreign investment.

Such investments in the modern economy are called
“round-trip” which to a word means “travelling back and
forth”. This term is used in telecommunications to re-
fer to the time required to transmit a signal from the
transmitter to the recipient. Accordingly, “round-trip” are
Ukrainian investments that were previously withdrawn
to offshore jurisdictions, and then returned as foreign
investments. Figure 2 demonstrates the ratio of Foreign
Direct Investment (FDI) and “round-trip” investments in
Ukraine.
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Figure 2. The ratio of foreign direct investment and "round-trip" investments for 2010-2019, million dollars

Source: developed by the author based on data from [24]

In general, reinvestment is an important process
for the Ukrainian economy, since in recent decades such
schemes have become not only common but also the

main source of financing the Ukrainian economy and
ensuring economic development. Figure 3 presents the
main investor countries in the Ukrainian economy.
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Figure 3. Cartographic representation of the countries that invest in the Ukrainian economy, in %

Source: developed by the author based on [22]
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Based on the analysis, the authors conclude that
the main investor in the Ukrainian economy is economic
entities located in Cyprus and the Netherlands - two of
the most famous and popular offshore jurisdictions in
Europe. Accordingly, the objects of investment are Kyiy,
Kyiv and Dnipropetrovsk regions — administrative-ter-
ritorial units, on the territory of which a considerable
share of Ukrainian industrial potential is concentrated.

Upon analysing the dynamics of foreign direct
investment and the dynamics of “round-trip” invest-
ments (Fig. 4). The authors can conclude that there is a
high level of their co-dependence. Solely in 2016 there
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was a relatively weak correlation, in all other years ana-
lysed, the relationship is quite substantial. Thereby, the
dynamics and, to a certain extent, the volume of foreign
direct investment depends on “round-trip” investments.
Thus, the reduction of the “round-trip” investment volume
can lead to a considerable decrease in the total volume
of foreign direct investment, which will substantially
affect the national economic security. Therefore, upon
developing measures to reduce the volume of the
round-trip investment, it is necessary to consider its
security importance at this development stage of the
Ukrainian economy.
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Figure 4. Dynamics of foreign direct investment volumes and “round trip” investments, billion dollars

Source: developed by the author based on [23]

Notably, return on investment and reinvestment
is important to ensure the national economic security
and economy legalisation. In particular, the authors noted
that in some countries the volume of withdrawn capital
considerably exceeds the volume of their external debt
(Fig. 5). In particular, in Ukraine, this ratio (withdrawn
capital / external debt) is 1.29. That is, the volume of

capital withdrawn is 29% higher than the volume of
external public debt. Accordingly, an equally important
area is the return of withdrawn capital to Ukraine, which
makes provision for the introduction of mechanisms for
asset recovery and capital amnesty. Such measures would
contribute to the capital return, economy de-offshoring,
and ensuring the national economic security.
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Figure 5. The ratio of withdrawn capital volume to offshore companies and the country's external debt, billion dollars

Source: developed by the author based on [22]
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Therefore, considering historical aspects and current
trends, offshoring should be regarded not only as a tax
evasion, but also as optimisation of economic activity,
which to a certain extent contributes to business and
economic development. Notably, according to researchers’
studies [9], the tax payment level and the level of tax
asymmetry are influenced not only by tax rates, penal-
ties for non-payment, and tariffs for auditors' services,
but also by moral and ethical values, the level of social
responsibility of an entrepreneur, and the level trust in
the government, the confidence that tax revenues are
used to improve public welfare [9]. Therefore, a high
social responsibility level and trust in the government
contribute to the development of entrepreneurs’ tax
culture, accordingly, the volume of tax revenues in-
creases, and tax asymmetry decreases. Thereby, the low
level of trust in the government and social responsibility
contributes to the economy offshoring. That is why most
international companies and other representatives of
the international business environment use offshore
companies in their financial activities.

Given the development of modern information
and communication technologies, as well as globalisation,
offshoring should also be considered as a consequence
of economic globalisation. Some researchers [8] have
established that globalisation and the digital economy
can have a negative impact on national economic secu-
rity. In particular, e-commerce is a convenient tool for
tax evasion, especially payroll taxation. That is, within
liberalisation of economic systems, capital movement
liberalisation and integration of national economies
into the world economic system, it is very difficult to
prevent capital withdrawal and reduce tax asymmetry,
and offshoring can be considered as a logical follow-up
to globalisation and the development of the world finan-
cial system. Preventing and decelerating offshoring will
be possible only when the difference in the amount of tax
burden in different countries is substantially reduced.

Generally, the economy offshoring is a negative
phenomenon for the national economy, since it greatly
affects and increases the volume of the shadow economy,
yet its spread is caused by other reasons, in addition to
reducing or avoiding taxation. In particular, this refers
to the possibility of the legal protection of Ukrainian
businesses, especially from raiding, avoiding excessive
administrative pressure from fiscal services, and reducing
political pressure on businesses. The deficiency of the
tax system and legislation, a considerable criminalisa-
tion level, and corruption of society and government
led to the rapid national economy offshoring in the
late 1990s and early 2000s. Accordingly, in the authors’
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opinion, these causes for the offshoring growth of the
Ukrainian economy should not be ignored, since without
their solution it is impossible to reduce the level of econ-
omy offshoring, and therefore to legalise the economy.
Economy de-offshoring as a tool for strengthening Ukraine's
economic security

Upon summarising the results of the theoretical analysis,
the authors noted that it is currently essential to de-off-
shorise the economy to legalise it and ensure national
economic security. Notably, offshoring has become a
threat not only to the Ukrainian economy but also to
the economy of many states and to the global economy.
Therefore, in 2013 the OECD developed a plan to blur
the tax base and remove profits from taxation (plan
BEPS), the main task of which is to prevent the flow of
capital to offshore jurisdictions. More than 100 coun-
tries have joined the plan, including Ukraine. It is worth
focusing on four points of this agreement, which are
binding on all participating countries:

— joint counteraction to unfair tax practices;

— prevention of abusing certain provisions of double
taxation treaties;

— harmonisation and optimisation of transfer pricing
documentation requirements;

— development and improving the effectiveness of
mechanisms for resolving disputes between states related
to tax issues.

In general, recognising the importance of com-
pliance with these provisions, the authors will focus on
the main proposals that, in their opinion, will contribute
to the de-offshoring of the economy and its legalisation.
First of all, it is necessary to solve the issues that encour-
age business entities to choose offshore jurisdictions,
in addition to the desire to reduce the tax burden - pro-
tection of property, Intellectual, and other rights violated
in Ukraine, protection of businesses from raiding, access
to effective and reliable financial instruments on the in-
ternational market. Thus, recommendations for de-off-
shoring the economy and ensuring the economic security
of Ukraine include:

1. Improvement of Ukrainian legislation on counter-
ing raiding, protecting property, Intellectual, and other
rights and freedoms of citizens.

2.Improving the market environment of doing busi-
ness, improving the investment level - such measures
should be systematic and include an increase in the
transparency of the judicial authorities, financial in-
frastructure development, restoring the status of the
authorities and government institutions, increasing in-
vestment attractiveness through economic and political
stabilisation in the state.




3. Implementation of regulatory procedures for
controlled foreign corporations. These measures will
make it possible to include the income of resident indi-
viduals who own non-resident companies in gross tax
liabilities. Such measures will also counteract the mi-
gration of capital between companies that are in fact
owned by the same individual.

4. Introduction of a mandatory reporting system
for residents who own businesses outside of national
jurisdictions.

5. Tightening transfer pricing rules, which will limit
the price manipulation for goods and services in financial
settlements made between related parties residents of
different countries.

6. Conclusion of cooperation agreements and agree-
ments on the exchange of tax information regarding a
violation of tax legislation.

7. Countering the money laundering obtained illegally.

8. Development of effective mechanisms for asset
recovery and introduction of capital amnesty, optimisation
of tax rates for capital withdrawal.

9. Strengthening responsibility for violations of tax
legislation and ensuring a fair tax environment for all
economic entities and economy sectors.

Hobela

CONCLUSIONS

To summarise the results of the study, it is worth noting
that the offshoring issues are inherent not only in the
Ukrainian economy but also in the global one. The vol-
ume of foreign direct investment largely depends on
the reinvestment of capital previously withdrawn to
offshore companies - “round-trip” investments. Accord-
ingly, when developing measures to reduce the volume
of “round-trip” investments it is necessary to consider
their security importance for the economy.

In recent years, the international community has
been providing all conditions for de-offshoring of the
economy, which allows assuming that in the future this
issue will be solved both for the global and Ukrainian
economies. To achieve this purpose the conditions stip-
ulated in the plan BEPS must be met and a number of
proposed measures on economy de-offshoring which
provide for improving domestic legislation to increase
the investment level and raiding counteracting must be
taken. Therewith, it is necessary to slightly strengthen
reporting systems, liability for violations of tax legislation,
control over transfer pricing, etc. Considering the volume
of withdrawal and capital in offshore companies, it is
necessary to liberalise the provisions of Ukrainian leg-
islation on capital return and amnesty.
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OdLopu3aLis eKOHOMIKU B KOHCTPYKTi EKOHOMIUYHOI 6e3neKun aepkaBu

Bonoagumup Bonogummuposuu lobena

JIbBiBCbKMI AepyKaBHUI YHIBEPCUTET BHYTPILLHIX CripaB
79007, Byn. lopopoubka, 26, M. JIbBiB, YKpaiHa

AHortauif. Po3rngHyTo 0co6aMBOCTI Cy4acHOro pO3BMTKY EKOHOMIYHUX CUCTEM — iHTEHCMIKALA npoueciB odopm3adii
€KOHOMiKM, WO OOYMOBMKE aAKTYaNbHICTb TEMATMKM OOCNIMKEHHS. MeTa [OCNIOKEHHS MONSrae y 34iACHEHHI
TEOPETUMYHOrO aHanisy odliopu3alii, BCTAHOBMEHHI ii BMNAMBY Ha E€KOHOMiYyHYy 6e3neKky AepxaBu Ta po3pobui
wnaxis geoduwopusaLii eKOHOMiKWM. MeTo40N0riYHOK OCHOBOK AOCAIAXKEHHS CTanu 3arasbHOHAYKOBI i cnevianbHi
MeToAM Mi3HAHHS, 30KpEMA METOAM AiaNeKTUYHOr0 Mi3HAHHSA, TEOPETUYHOIO y3araibHEHHS Ta abcTpakuii, MeToam
€KOHOMIYHOro Ta CTaTUCTMYHOrO aHanisy, iHAYKUIi, AeayKuii Ta cuMHTe3y. Y [oCnigKeHHi npoaHani3oBaHo o6csru
BMBEAEHHS Kanitanis y odpwopu, 06cariB nogaTkoBoi acuMeTpii Ta 06caris odwopmsaLii eKOHOMIK pPi3HMX AepXKaB,
30KpeMa i YkpaiHu. [pyHTYI0uMC Ha AaHMX aHani3y, BKa3aHo Ha 3arpo3nmsi 06carn ohLIopu3allii CydacHOi eKOHOMIKM.
34iMCHEHO TeopeTMYHMIA aHani3 npouecy oduopm3alii B CMCTEMI eKOHOMIYHOI 6e3nekn Aep>kaBu, BCTAHOBNEHO
OCHOBHIi NPUYMHU, MepeBaru Ta HeQoiIKU LbOro NpoLecy A1 eKOHOMIKMU fepxaBu. BuokpeMneHo 0CHOBHI 3arposu,
O CTAHOBUTbL OPLIOPU3aLLia A9 EKOHOMIKM Ta eKOHOMIYHOI 6e3neku aepxasu. COOpMOBAHO BU3HAUEHHS MOHATb
odLlwopm3alis Ta geodliopm3alia i3 BpaxyBaHHAM iXHbOro 6e3MeKoBOro 3Ha4YeHHs. 39COBaHO, WO 3HAYHa YacTka
BMBEAEHMX KaniTaniB NOBEPTAETLCS B EKOHOMIKY [ePXKaBU Y BUMNALI TaK 3BaHUX «round-trip» iHBeCTULin. 3pobaeHo
BMCHOBOK MNP0 HeobXiAHICTb BpaxyBaHHS iXHbOro 06€3MeKOBOro 3HAYEeHHS A5 €KOHOMIKM MPWU 3anpoBaXKeHHI
3aX0[iB LLLOA0 3MEHLWEHHS iX 006cariB. 34iMCHEHO aHani3 CMiBBIAHOWEHHS BUBELEHUX KaniTaniB i 30BHiLLHbOrO 6opry
pi3HUX Aep>aB Ta BCTAaHOBNEHO, L0 YKpaiHa HanexuTb A0 KpaiH-nifepiB 3a LMM NoKa3HUMKOM. Po3pobneHo OCHOBHI
wnaxu fgeodliopusauii eKOHOMiKM YKkpaiHu Ta 3abe3neyeHHs eKOHOMIYHOI Be3nekun fepaBu

KntouyoBi cnoBa: odLiopHa HOPUCAMKLIS, MiDKHAPOAHI (iHAHCOBI pUHKHK, Aeodiopum3alis, kKanitan, iHBecTuuii
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