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Effect of Fertiliser on Changes in Labile and Water-Soluble Forms
of Humus in Short-Term Rotations

Oleh Stasiv, Oksana Kachmar’, Oksana Vavrynovych, Oleksandr Dubytsky

Institute of Agriculture of the Carpathian Region NAAS
81115, 5 Grushevskyi Str., v. Obroshine, Lviv region, Ukraine

Article’s History: Abstract. Mobile (labile and water-soluble) forms of humus are one of
Received: 10.05.2022 the basic components of effective soil fertility and a precondition for
Revised: 11.06.2022 high productivity of crop rotations. As a result of fermentation, these
Accepted: 10.07.2022 forms of humus are mineralised and take part in plant nutrition, and

some of them, being included in mobilisation processes, transition
Suggested Citation: into stable humus substances. Therefore, it is important to investigate

Stasiv, 0., Kachmar, O., Vavrynovych, O., agrotechnological factors for managing their dynamics and redistribution
& Dubytsky, 0.(2022).Effect of fertiliser in the soil environment during the growing season of agricultural
on changes in labile and water-soluble  crops. The purpose of the study: to investigate the effect of complex
forms of humus in short-term rotations. application of mineral and organic (conventional and alternative)
Scientific Horizons, 25(4), 9-17. fertilisers on the change of water-soluble and labile forms of humus
during the growing season of agricultural crops grown in short-term
rotations. The following research methods were used in this study:
field, laboratory-analytical, computational-comparative, mathematical-
statistical. Higher level of labile accumulation (359.59 mg kg of soil)
and water-soluble (11.69 mg kg of soil) humus forms under winter
wheat crops occur when the predecessor of the crop in the crop rotation
is meadow clover. The application of N, P, K. specifically for winter
wheat and 40 t/ha of manure in the conventional fertilisation system
of grain-grass crop rotation contributes to the formation of 529.07
and 20.20 mg kg of soil of the organic substances under study. The
application of N, P, K, and 40 t/ha of manure for corn for grain yields
567.42 and 22.55 mg kg'* of soil, and N, P, K and 40 t/ha of manure for
potatoes yields 543.66 and 21.75 mg kg of mobile compounds humus.
The obtained research results can serve as a basis for the development of
highly efficient environmentally friendly farming systems and can be used
for further scientific research on the development of ways and directions
for managing humus-forming processes in the soil environment

Keywords: humus substances, organic-mineral systems, secondary products,
green manure, multicultural complexes
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Effect of fertiliser on changes in labile and water-soluble forms of humus in short-term rotations

INTRODUCTION
Ensuring food security is a defining priority of the state,
which is based on the conditions of stabilisation and
rationalisation of the use of land potential, improving the
efficiency of the agricultural sector of the economy (Kamin-
sky & Saiko, 2013; Tanchik, 2009; Oliver & Gregory, 2015).

Achieving an elevated level of agricultural pro-
duction productivity by introducing agricultural technol-
ogies of diverse levels of intensity in modern conditions
should be synchronised with strict compliance with the
conditions of environment-stabilising functioning of soil
systems and regimes, ensuring the possibility of preserv-
ing and reproducing soil fertility (Carberry et al., 2013;
Gura & Mnkeni, 2019; Neugschwandtner et al., 2014).

A functional indicator for assessing the safety of
agricultural systems is indicators of the humus state
of the soil cover. The humus complex, being an inte-
grated indicator of soil fertility, represents its energy
potential, nutritional capabilities, directly affects agro-
physical, agrochemical, and physico-chemical proper-
ties, microbiological activity, and erosion resistance
(Wozniak, 2019; Raupp, 2001; Rumpel & Kogel-Knabner,
2011). The amount of humus accumulation in the soil
depends on the ratio between the mineralisation and
humification of organic substances. The primary prod-
ucts of humus-forming processes are mobile (unstable)
organic compounds (water-soluble and labile humus),
which are chemically unstable and under certain con-
ditions, namely with the activation of enzyme systems
and increased oxidative processes, can be mineralised
to both intermediate and final decay products, replen-
ish soil reserves with available forms of plant nutrition
elements and use them for growth, development, and
bio-production. Some mobile organic compounds are
involved in further synthesis processes to form stable
humus (Haynes, 2005). The amount of water-soluble and
labile humus substances varies during the growing sea-
son of agricultural crops (Kopecky et al., 2022; Bongiorno
etal, 2019).

Fertiliser and crop rotation are essential agrotech-
nological factors influencing the formation of mobile
humus forms (Tian t al.,, 2017; Kopecky et al., 2021).

Scientifically based crop rotations, which are mul-
ticultural complexes of plants, are arranged in time and
spatial dimensions in such a way that allows the most
effective use of their biological potential of productiv-
ity and contribute to the optimisation of humus-forming
processes, ensure a deficit-free balance of humus and
nutrients and prevent the phenomena of soil fatigue
and degradation (Kachmar et al., 2019; Van Eerd et al.,
2014). Scientific studies have established that with root
and post-harvest residues of agricultural crops grown
in rational crop rotations, more organic matter enters
the soil environment than with organic fertilisers
(N’dayegamiye et al., 2017). Partial accumulation of
organic matter in the soil occurs even during the period
of active plant development in spring and summer due
to root system regeneration, root secretions, and micro-
biological activity (King & bless, 2017; Campbell et al.,
2000; McDaniel et al., 2014).

Scientific Horizons, 2022, Vol. 25, No. 4

The integrated use of organic and mineral fer-
tilisers constitutes a prerequisite for maintaining crop
rotation productivity, preserving and reproducing soil
fertility. Organic-mineral fertiliser systems ensure the
supply of organic substances to the soil system from the
outside and contribute to increasing the yield of culti-
vated crops, the secondary products of which can serve
as an added source of organic replenishment. How-
ever, in modern conditions, the livestock industry does
not ensure sufficient amounts of conventional organic
fertilisers, and therefore it is crucial to use alternative
sources to replenish organic substances in the soil —
crop secondary products, green mass of green manure
crops (oilseed radish, white mustard, Perko, yellow
lupine, winter rapeseed) (Degodyuk et al., 2012; Triberti
et al., 2016; Bronick & Lal, 2005).

Studies conducted at the Institute of Agriculture of
the Carpathian Region of the National Academy of Agrar-
ian Sciences of Ukraine have established that the com-
plex use of green fertilisers and straw on a low back-
ground of mineral fertilisers is equivalent to manure both
in terms of impact on crop rotation productivity and soil
fertility (Kachma et al., 2020). Thus, the scientific justi-
fication of the areas of activating humus-forming pro-
cesses by rationalising organic-mineral fertiliser systems
in scientifically based crop rotations is critical for envi-
ronmentally safe farming and determines the agronomic
strategy for increasing soil productivity and managing
their fertility.

The purpose of the study: to investigate the dynam-
ics of mobile forms of humus of grey forest soil under
the conditions of experimental modelling of the flow
directions of soil-forming processes under various lev-
els of anthropogenic loads in crop rotations. To achieve
this purpose, the following tasks were set: 1) to investi-
gate the influence of precursors and fertiliser systems on
changes in mobile humus compounds during the growing
season of winter wheat in variety crop rotations for dif-
ferent predecessors; 2) to assess the possibility of accu-
mulation of unstable forms of humus under corn in grain
crop rotation for conventional and alternative fertiliser
systems; 3) to investigate the redistribution of water-
soluble and labile humus for the main phases of potato
development in vegetable rotation at various levels of
anthropogenic loads.

MATERIALS AND METHODS

The study was conducted during 2018-2020 in the
experimental training ground of the Institute of Agri-
culture of the Carpathian Region, which is located in
the village of Stavchane of the Lviv District of the Lviv
Oblast. The study was carried out under the conditions
of a two-factor stationary experiment, which has the
long-term status and is entered in the Register of Sta-
tionary Experiments of Ukraine (certificate number —
053). The experiment was laid in 2001 on grey forest
surface-ogled soil. The number of factors studied is
2 (First-order plots — short-term rotation systems, sec-
ond — fertiliser systems).




The experiment investigates 9 field variable crop
rotations (3-4-5-field) with saturation of grain crops
from 50 % to 100 %, on the use of conventional (combi-
nation of mineral fertilisers and manure) and alternative
(layout of mineral fertilisers, straw, crop green manure)
organic-mineral fertiliser systems and without fertiliser
application (control). Experimental data covered in this
paper are obtained from six crop rotations of the exper-
iment: 1) peas — winter wheat — winter wheat — oats
(four-field grain rotation); 2) peas — winter wheat —
corn (grain) — oats (four-field grain rotation); 3) meadow
clover — winter wheat — winter wheat — spring bar-
ley + meadow clover (four-field grain-grass rotation);
4) meadow clover — winter wheat — potatoes — spring
barley + meadow clover (four-field vegetable rotation);
5) buckwheat — winter wheat — potatoes — spring
barley (four-field grain-row crop rotation); 6) corn
(green mass) — winter wheat — buckwheat — soy —
winter wheat (five-field grain-row crop rotation). In the
conventional fertiliser system, mineral fertilisers were
applied against the background of manure (40 tonnes
once per rotation for row crops, and in 15t and 3™ crop
rotations — for winter wheat in repeated crops) in the
following dosage: winter wheat — N, R, K, , spring
barley — N, R K , oats — N, R, K, , buckwheat —

60 ‘60 “60° 40" ¥ 40' “40°
N, R K, PE3s — N, R, K, soybeans — N R K, pota-
toes — Ny R, Ko, corn — N, R, K, . Inan alternative

system, at half doses of mineral fertilisers against the
background of ploughing all secondary products of cul-
tivated crops, oilseed radish was sown once per rota-
tion on green manure in post-harvest crops (for the
same crops where manure was applied in the conven-
tional system, while full doses of mineral nutrition were
applied). The repetition of the options is threefold, the
arrangement is consistent. The total area of the plot by
crop rotation factor was 864 m? (72 mx12 m), by fer-
tiliser: total — 96 m? (12 mx8 m), accounting — 60 m?
(10 mx6 m). The crops were entered into the rotation
simultaneously in all fields.

The influence of fertiliser systems on the change
of labile and water-soluble forms of humus were inves-
tigated under winter wheat of the Poliska 90 variety,
corn on grain of the Zakarpatska Zubovydna variety, and
potatoes of the Oksamyt variety.

The soil of the experimental plots is grey for-
est surface-gleyed coarsely dusty light loamy with the
following agrochemical properties (before laying the
experiment): humus content 1.67-1.71%, the sum of the
absorbed bases 4.4-5.0 mg-eq kg soil, alkaline hydroly-
sis nitrogen 9.2-9.9, mobile phosphorus and exchange-
able potassium 10.8-11.13 and 9.3-9.5 mg kgof soil,
respectively. The reaction of the soil pH, solution is
4.70-4.84, hydrolytic acidity is 2.26 mg-eq kg* of soil.

Soil samples of experimental variants and
their preparation for laboratory and analytical work
were taken according to DSTU4287:2004 (2005) and
DSTU ISO 11464-2001 (2002). Labile humus was
determined in the obtained soil samples according
to DSTU4732:2007 (2007b), water-soluble humus —
according to DSTU4731:2007 (2007a).
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The values of these indicators were determined
from the arable layer (0-30 cm) for three years (2018-
2020) in 3 repetitions and in 2 analytical parallels (in
general, n=18).

Statistical analysis of results, namely the analysis
of variance ANOVA (under conditions of significance
level a=0.05) was performed using Excel 11.0.6560.0.

The study employed general scientific and spe-
cial research methods. Using a field experiment, data
on the variability of labile and water-soluble forms of
humus under the influence of agrotechnological fac-
tors were obtained; laboratory and analytical methods
provided quantitative characteristics of the redistribu-
tion of mobile humus substances in the soil environ-
ment; computational and comparative methods justi-
fied the magnitude of changes in the indicators under
study; mathematical and statistical reliability of exper-
imental material and mathematical calculations was
evaluated.

RESULTS AND DISCUSSION

The study of the redistribution of mobile organic sub-
stances in the soil under winter wheat was carried out
in five short-term rotations with different crop precur-
sors and conventional and alternative fertiliser systems.

It was found that the accumulation of labile
forms of humus was considerably influenced by precur-
sors. Parallel studies of the authors conducted under
a spring grain crop — barley, also confirmed differences
in the accumulation of unstable humus compounds in
the soil after winter wheat and potatoes (Kachmar et al.,
2020). The influence of precursors (corn, barley, oats) on
potato yield has been proven by Canadian scientists
(N'Dayegamiye et al., 2017). Similar patterns have been
observed by other authors (Gura & Mnkeni, 2019; Van
Eerd et al., 2014; McDaniel et al., 2014).

Analysis of soil samples on variants without fer-
tiliser (control) showed an elevated level of values of
labile organic compounds after meadow clover in vege-
table rotation and after peas in grain rotation. At the time
of sprouting of winter wheat in terms of crop rotations,
they were 359.59 mg kg* and 341.88 mg kg of soil. Its
predecessors — winter wheat (grain-grass crop rotation)
and buckwheat (grain-row crop rotation) — provided the
formation of 330.54 mg kg* and 312.54 mg kg™ of soil of
labile forms of humus. Their lowest values were formed
after corn to grain and amounted to 290.40 mg kg of
soil. This influence of precursors can be explained by
their biological characteristics, namely the amount of
organic residues left in the soil, the ability to accumu-
late symbiotic nitrogen in legumes. The duration of the
period between harvesting the predecessor and sowing
winter wheat is also important. Studies by Kachmar et al.
(2020) found that the larger it is, the deeper is the mag-
nitude of the mineralisation processes of organic sub-
stances that have entered the soil environment and the
immobilisation of the formed compounds into labile
forms of humus (Table 1).
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Table 1. Influence of fertiliser systems and precursors in crop rotations on changes
in labile humus content during the growing season of winter wheat (m*m; 2018-2020)

From labile humus, mg kg* of soil
. f Fertilisation of wi
No. and typ.e o ertilisation of winter Phases of plant development
crop rotation wheat
Sprouts Earing Complete ripeness
Predecessor — meadow clover
Control 359.59+1.62 318.17%1.65 326.37%2.07
4-field vegetable N, P Koo 478.64+3.18° 435.59+1.74° 449.76%2.152
N.P..K,. 439.92+1.38° 405.82%2.412° 416.04%2.76%°
Predecessor — peas
Control 341.88+1.70 295.20+3.51 307.00£2.02
1
. N,PooKeg 459.17+1.792 418.94+1.87° 432.55%2.552
grain
N, P,.K,.*+sp. 417.88+2.212° 377.69+1.592° 385.26+2.93=°
Predecessor — buckwheat
Control 312.26*1.84 269.96+2.44 276.44%2.99
5
. NPooKeg 438.32%1.742 394.66%2.40° 405.96+2.92?
row-crop grain
N..P,.K,. +s.p. 393.46%1.40>° 337.24%2.66>° 347.11£1.892°
Predecessor — winter wheat
Control 330.54+1.84 287.61+1.68 293.59%2.27
M 40 t/ha +
3 anure, 40 t/ha 529.07£2.02¢ 492.23+1.37° 509.922.04%
. N, R, K
grain-grass £0-20--90
G +N_ R, K
reen ma”frsep 60" 9050 486.21%1.42%> 449904193 465.26+2.37+>
Predecessor — corn
Control 290.40+1.40 247.17%2.34 251.32+2.48
6
. N, PooKeg 467.16%1.76° 429.40+1.332 442.62%1.62°
row-crop grain
N.P..K,. 369.63+1.45° 328.49+1.68*° 337.56%2.252°

The level of significance of differences between the average values
of indicators of the variants under study according to ANOVA data: P<0.001

Note: s.p. — secondary products; indices a, b — the level of significance of the difference for each control, and the

subsequent fertiliser system

The use of organic-mineral fertiliser systems in
crop rotations had a considerable impact on the forma-
tion of labile forms of humus.

Complex application directly for winter wheat
N ,Ro.K,, and 40 t/ha of manure in the conventional
fertiliser system of grain-grass crop rotation contrib-
uted to the formation of 529.07 mg kg™ of soil of the
organic substances under study. For the introduction of
the same level of mineral nutrition of plants under the
culture, and the organic component — under the pre-
decessors, higher values of labile humus compounds
(478.64 mg kg* of soil) were formed in a vegetable
rotation after meadow clover. The data obtained are
consistent with studies performed at the National Cen-
tre “Institute of Agriculture of the National Academy
of Sciences”, according to which the introduction of an
organic-mineral fertiliser system in a ten-field crop rota-
tion provided the highest values of labile humus of grey
forest soil in winter rye crops (Raupp, 2001). The posi-
tive effect of organic-mineral and organic fertilisers on
the redistribution of labile humus forms in the soil was
noted in previous studies by O.Kachmar et al. (2019), as
well as a number of other scientists (Raupp, 2001; Bon-
giorno et al., 2019; Bronick & Lal, 2005).

Scientific Horizons, 2022, Vol. 25, No. 4

Joint combination of green mass of oilseed rad-
ish grown in post-harvest crops against the background
of compressed straw of winter wheat with the intro-
duction of N, R, K, in an alternative fertiliser system,
grain-grass crop rotation contributed to the formation
of 486.21 mg kg of soil of labile forms of humus. The
combination of half doses of mineral fertilisers and
post-harvest products (straw) of peas in the grain crop
rotation and buckwheat in the grain-row crop rotation
provided the values of the indicators under study at the
level of 417.88 and 393.46 mg kg of soil. The lowest
values of labile forms of humus were formed under win-
ter wheat crops in grain-row crop rotation after corn
to grain under an alternative fertiliser system upon
applying half doses of mineral fertilisers and amounted
to 369.63 mg kg* of soil.

Analysis of the dynamics of labile forms of humus
during the growing season of winter wheat showed
a decrease in their values during crop earing in all crop
rotations, both on non-fertilised variants and for both
organic-mineral fertiliser systems under study. This
is explained by the activation of mineralisation pro-
cesses due to the intake of sufficient heat into the soil
during this period of winter wheat development and the




increased consumption of released nutrients by plants
for crop formation. The authors’ research found that in
fertilised areas the amount of labile humus compounds
decreased by 9.0-7.8% in fruit crop rotation, by 8.8-9.6%
in grain, by 9.9-14.3% in grain-row rotation with buck-
wheat crop as the predecessor, by 7.0-7.5% in grain-grass
rotation, by 8.1-11.1% in grain-row rotation with corn
as the predecessor.

By the end of the winter wheat growing sea-
son, an increase in the amount of labile humus was
observed in all variants under study. Evidently, this is
due to a decrease in the needs of the crop for nutri-
ents, a shift in the chemical equilibria of “synthe-
sis — decomposition” of mobile humus substances
towards their immobilisation, and the involvement of
organic matter that has entered the soil environment
with organic litter in mineralisation processes. In the
phase of full ripeness of the crop, the highest amount
of labile humus substances was on fertilised versions
of grain-grass crop rotation and amounted to 465.26-
509.92 mg kg of soil. The lowest level of accumula-
tion of labile humus on organic-mineral backgrounds
was observed in grain-row crop rotations. In the condi-
tions of the conventional system with direct application
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of N, ,R,,Ky, under the culture after buckwheat as the
predecessor, their amount was 405.96 mg kg of soil,
according to an alternative system using N, R,.K,. after
corn — 337.56 mg kg of soil.

Studies of changes in water-soluble forms of humus
under winter wheat showed that their number depended
on fertiliser systems, the precursor of the crop in rotation
and the phase of its vegetation (Table 2). It was found that
in the control variants, higher values of this indicator were
observed after meadow clover in a vegetable rotation. At
the time of sprouting of the crop, they were at the level of
11.69, in the earing phase — at 10.24, at full ripeness —
at 10.65 mg kg* of soil. Analysis of the influence of fer-
tiliser systems on humus-forming processes reveals the
advantages of direct application of a complex of organic
and mineral components for winter wheat. Thus, the com-
bined use of 40 t/ha of manure and N R, K, in the grain-
grass crop rotation, the accumulation of 20.20 mg kg in
the sprouting phase of the crop provided 20.20 mg kg™ of
soil of water-soluble humus compounds. Complex appli-
cation of green mass of post-harvest oilseed radish, win-
ter wheat straw and N, R, K, in the same crop rotation,
contributed to the formation of their number at the level
of 18.40 mg kg™ of soil.

Table 2. Dynamics of water-soluble humus during the growing season
of winter wheat depending on fertiliser systems and precursors (mxm; 2018-2020)

13

From water-soluble humus, mg kg™ of soil
No. and f Fertilisati f wint
0.an typ.e of crop | Fertilisation of winter Phases of plant development
rotation wheat
Sprouts Earing Complete ripeness
Predecessor — meadow clover
4 Control 11.69%0.20 10.24%0.28 10.65%0.25
N, P. K 18.97+0.23%? 16.74*0.26° 17.00+0.232
vegetable 60—90-—250
N, P, K, 14.93+0.24>° 12.90+0.24>° 13.24+0.23>°
Predecessor — peas

" Control 11.53%0.20 10.23%0.26 10.36%0.28

rain N, P.K, 18.47+0.35° 16.33+0.39° 16.63+0.34°
g N, P,.K, +s.p. 14.76*0.26*° 12.68+0.282° 12.88+0.25%°

Predecessor — buckwheat
s Control 11.20+0.26 9.99%0.22 10.14%0.23
. N, P. K, 18.06%0.282 15.36+0.377 15.58+0.39?
row-crop grain
N, .P,K, +s.p. 14.59+0.24>° 12.49+0.23>° 12.73%0.34>°
Predecessor — winter wheat
Control 11.44%0.23 9.76%*0.32 9.92%0.35
M 40 t/h
3 an:reiq OKt/ o 20.20+0.482 17.83+0.492 18.23+0.47°
grain-grass c 6o—e0—s0 .
reen manure 18.40+1.07%® 15.6540.84%° 15.86£0.81%"
NAHROHKQ(\ + S'p'
Predecessor — corn on green mass
¢ Control 11.15+0.24 9.93+0.29 10.09%0.26
. N, P K., 16.81%0.27° 15.22+0.282 15.51%0.282
row-crop grain

N.P,.K,. 14.43+0.22%° 12.18+0.20%° 12.41+0.20%°

The level of significance of differences between the average values
of indicators of the variants under study according to ANOVA data: P<0.001
Note: s.p. — secondary products; indices a, b — the level of significance of the difference for each control, and the
subsequent fertiliser system

showed that in all crop rotations, their highest values
were at the time of sprouting of winter wheat, decreased

Observations of the dynamics of water-soluble
humus substances during the growing season of the crop

Scientific Horizons, 2022, Vol. 25, No. 4
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to the earing phase due to the active consumption of
decomposition products by plants and increased to full
ripeness due to the predominance of immobilisation pro-
cesses over mineralisation.

The study of changes in mobile forms of humus
under corn (row-crop) was carried out in one (grain) crop
rotation. Its predecessor was winter wheat. Variants
without fertilisation and with a complex application of
40 t/ha of manure and N, R, K, in the traditional fer-
tiliser system were studied and the same level of min-
eral nutrition of plants against the background of second-
ary products (straw) of winter wheat and green mass of
oilseed radish in an alternative system.

It was found that at the time of corn germina-
tion on the control variants, the content of labile humus
was 319.63 mg kg?, water-soluble — 11.42 mg kg™
of soil. Organic-mineral fertiliser systems provided

a considerable increase in these indicators. On alter-
native fertiliser options, labile humus values were
475.44 mg kg!, water-soluble — 20.30 mg kg? in
the conventional case, their values were higher and
amounted to 567.42 and 22.55 mg kg™ of soil. In the
subsequent phases of the growing season of the crop,
the content of the organic compounds under study
in the soil environment decreased and acquired the
lowest values at full ripeness of corn. In comparison
with the germination phase, this decrease in labile
and water-soluble humus indicators was 24.0% and
8.5%, respectively, for the control variants, 16.1% and
26.0% for the introduction of 40.0 t/ha of manure and
N_,0R 100K o Mineral fertilisers, 13.6% and 24.8% for the
composition of green mass of oilseed radish, secondary
products of winter wheat and N, R, K, - “mineral fer-
tilisers (Fig. 1, 2).

600 567.4

Labial humus, ml/100 g of soil

Sprouts

T Mean+1SD
— Median Line
Control
Manure, 40 tha+N P K

Green manure + N, P /K = +s.p.

a

499.4

476.1

ab

430.9

Earing Complete ripeness

Figure 1. Changes in the content of labile humus under various fertiliser systems under corn to grain (m*m; 2018-2020)
Note: s.p. — secondary products; indices a, b — the level of significance of the difference for each control, and the

subsequent fertiliser system, respectively, P<0.001

25

TR

Water soluble humus

Sprouts

Earing

T Mean=+ 1SD
— Median Line
Control
Manure, 40 t/ha+N P K

1207 1007 100
Green manure + N P K +s.p.

1201002100

Complete ripeness

Figure 2. Changes in the content of water-soluble humus in various fertiliser systems under corn to grain (m*m; 2018-2020)
Note: s.p. — secondary products; indices a, b — the level of significance of the difference for each control, and the subsequent

fertiliser system, respectively, P<0.001
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A comparative analysis of the dynamics of changes
in mobile forms of humus under winter wheat and corn
showed differences in the redistribution of humus sub-
stances in the final phases of vegetation. This can be
explained by the difference in the maturation period that
occurs in grain crops at the end of July with high micro-
biological activity of the soil and in mid-September in
row crops, when there is a decrease in these processes
due to changes in the heat and water regimes of the soil
environment.

In the vegetable rotation, changes in unstable
forms of humus were observed under the row potato
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crop, the predecessor of which was also winter wheat.
Variants without fertilisation and with complex appli-
cation in the conventional fertiliser system of 40 t/ha
of manure and N R, K, were studied and the same
level of mineral nutrition of plants against the back-
ground of secondary products (straw) of winter wheat
and green mass of oilseed radish in an alternative
system.

It was found that the dynamics of the organic
substances under study in terms of fertiliser variants
and vegetation phases of the crop was similar to that
observed under corn crops (Fig. 3, 4).

600 - .
543.7

500+

Labial humus, ml/100 g of soil

Sprouts

T Mean+1SD
— Median Line
Control
Manure, 40 t/ha + N, P, K |

Green manure + N, P, K/ +s.p.

480.2 460.8

Earing

Complete ripeness

Figure 3. Changes in labile humus content under various potato fertiliser systems (mxm; 2018-2020)
Note: s.p. — secondary products; indices a, b — the level of significance of the difference for each control, and the

subsequent fertiliser system, respectively, P<0.001

254

Water soluble humus

Sprouts

Earing

T Mean=+1SD
— Median Line
Control

Manure, 40 t/ha + N P, K

Green manure + Ny P, K '+ s.p.

Complete ripeness

Figure 4. Changes in the water-soluble humus content in various fertiliser systems under potatoes (m*m; 2018-2020)

Note: s.p. — secondary products; indices a, b — the level of significance of the difference for each control, and the

subsequent fertiliser system, respectively, P<0.001
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Higher level of labile accumulation (543.66-
460.60 mg kg* of soil) and water-soluble (21.75-
19.57 mg kg of soil) compounds are observed during
the sprouting of the crop on organic-mineral back-
grounds. By the end of the growing season, their number
decreased and by the time of full ripeness was 460.81-
394.48 mg kg* of soil of labile and 15.88-14.45 mg kg™
of soil of water-soluble humus.

CONCLUSIONS

The formation and redistribution of unstable organic
compounds in short-term rotations during the growing
season of agricultural crops are considerably influenced
by precursors and fertiliser systems.

The highest values of indicators of labile and
water-soluble humus of grey forest surface-gleyed
soil under winter wheat crops in the germination
phase in the control variants were after the predeces-
sors of meadow clover (359.59 mg kg of soil of labile
and 11.69 mg kg of soil of water-soluble humus) and
peas (341.88 and 11.53 mg kg of soil, respectively),
the lowest — after corn per green mass (290.40 and
11.15 mg kg™ of soil).

The use of organic-mineral fertiliser systems
provided an increase in the content of mobile forms
of humus substances. Direct application under win-
ter wheat N, R, K, and 40 t/ha of manure in the
conventional system contributed to the formation of
529.07 mg kg* of labile compounds and 20.20 mg kg™
of soil of water-soluble humus. The combination of the
same level of mineral nutrition, predecessor straw and
post-harvest green mass of oilseed radish in an alter-
native system yielded 486.21 and 18.40 mg kg* of
soil of mobile humus substances. The introduction of
the mineral component of fertiliser systems for winter
wheat, and the organic component — remotely — for its
predecessors, formed lower values of unstable humus
compounds for all the crop rotations under study.

Organic-mineral fertiliser systems contributed to
the activation of humus-forming processes in row crops.
Application of N, R, K, ~and 40 t/ha of manure under
corn for grain provided a 1.8-fold increase in the content of
labile and 2.0-fold increase in water-soluble humus com-
pared to the control. Complex application of N, R, K, and
40 t/ha of manure for potatoes contributed to the growth
of these indicators by 1.7 and 1.9 times, respectively.
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Bnnue yno6peHHs Ha 3MiHy NabiNibHUX | BOAOPO3UUHHUX GOPM rymMycy
B KOPOTKOPOTAaLLiMHMUX CiBO3MiHaX

Oner ®epoposuy CraciB, OkcaHa MocunieHa Kaumap,
OkcaHa BonogumupisHa BaBpuHoBuy, Onekcanap JleoHigosuu Jy6uubKui

IHCTUTYT cinbCcbKoro rocnogapcrea Kapnartcbkoro periony HAAH
81115, Byn. [pyweBscbkoro, 5, c. O6powwnHe, JlbBiBcbka 061acTb, YKpaiHa

AHorauis. OaHieto 3 6a30BMX CKNAA0BUX eDEKTUBHOI POAKYOCTI IPYHTIB Ta BU3HAYaNbHOK YMOBO 3abe3neyeHHs BUCOKOI
NPOAYKTUBHOCTI CIBO3MiH € pyXOMi (NabifibHi | BOAOPO3UMHHI) hopmu rymycy. B pesynbTaTi epMeHTHUX NPOLECiB, BOHU
MiHepani3ylTbCs i NPUIAMAlOTb YHaCTb Y XXMBAEHHI POC/IMH, @ YaCTUHA iX, BKIOYAOUMCh B MOBiNi3auiiHi npouecy,
nepexofsTb y CTabiflbHi ryMyCOBi pe4OBMHU. TOMY BaXJIMBMM € BUBYEHHSI arpOTEXHONOTYHMX (DAKTOPIB YNPaBAiHHS iX
[OMHaMIKO M Nepepo3noifioM B IPYHTOBOMY CepefoBMULLI BNPOAOBX BereTaLii CiibCbKOrocnoaapcbkmx KynbTyp. MeTta
[OCNiAXeHb: BUBYMTU BMIMB KOMMIEKCHOIO BHECEHHS MiHEPANbHUX | OPraHiuHMX (TPaAMLIMHUX Ta anbTEPHATUBHMUX)
[06PMB Ha 3MiHY BOLOPO3YMHHUX | NabiNnbHUX GOpM ryMycy BNPOLOBX BereTalii CiibCbKOroCnofapCbKUX KynbTyp,
BMPOLLYBAHUX Y CiBO3MiHAaX KOPOTKOI poTauii. B mocnifxeHHsax 6ynu 3aCTOCOBAHI HAaCTYMHi MeTOAM AOCNIAXKEHb:
NosbOBMM, NabOPaTOPHO-aHANITUYHMIA, PO3PaXyHKOBO-NOPiBHANbHUI, MaTEMATUYHO-CTAaTUCTUYHUIA. BuLLmnii piBeHb
HaKOMUYeHHs NabinbHux (359,59 Mr kr rpyHTy) i BOLOPO3uMHHMX (11,69 Mr kIt FpyHTY) hopM rymycy nif nocisamu
MNLEeHULi 03MMOI BiAOYBAETLCS, KOMM NOMNEPEAHUKOM KY/bTYpU Y CiBO3MiHI BUCTYNAE KOHIOLMHA JIy4HA. 3aCTOCYBAHHS
6e3nocepeaHbo nig nwennuo osumy N P Ko Ta 40 T/ra rHolo y TpaamuiniHin cucteMi yaobpeHHs 3epHO-TpaB’aHoi
CiBo3MiHM cnpuse yTBopeHHio 529,07 i 20,20 Mr kr FpyHTY AOCAIAKYBaHWX OpraHiuHWUX peqosuH. BuecenHa N, P, K. -

i 40 T/ra rHoto Nia KYyKypyA3y Ha 3epHo 3abe3nedye GopmyBaHHa 567,42 i 22,55 mr kr rpyHty, a N, P, K i 40 7/ra
rHOM nig KapTonnto 543,66 i 21,75 Mr kr! rpyHTY pyXxoMux cnonyk rymycy. OTpuMaHi pe3ynbTaTv A0CNiAKEHb MOXYTb
6yTM OCHOBOI 415 pO3p06KM BUCOKOEPEKTUBHMX EKONOTiYHO Be3neyHnx cuctem 3emnepobcTBa Ta BUKOPUCTaHI
[N NOAANbLUMX HAYKOBMX AOC/IAXKEHb 3 pO3POOKHM LWNAXIB Ta HAaNPSMIB yNpaBiHHSA N'yMyCOTBipHUMMM NpoLecaMu B

rPYHTOBOMY CEpPEeAOoBHLLi

KniouoBi c/10Ba: ryMycoBi pe4oBUHU, OpraHO-MiHepasbHi cMcTeMm, oBiyHa NpoAyKLs, CMaepaT, NoNiKyNbTYPHI KOMNIEKCH
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sity of the entomocomplex of studying the taxonomic composition of entomofauna in the grass stand, as well
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entific Horizons, 25(4), 18-29. plants by means of mowing with a standard entomological net every ten days, from
10.00 till 15.00 o’clock when the insects were the most active. The current taxonomic
composition of entomocomplex of the grass stand in hemp field is represented by
174 species of insects that belong to 76 families and 9 orders. The Coleoptera turned
out to be the largest in terms of the species diversity and the number of individuals
(56 species from 16 families and 74.6% of the number of captured insects). Were also
detected insects from the orders Hymenoptera (31 species from 15 families), Hemiptera
(30 species from 11 families), Diptera (20 species from 12 families), Homoptera (17 species
from 8 families), Lepidoptera (12 species from 8 families), Orthoptera (4 species from
3 families), Neuroptera (3 species from 2 families), Thysanoptera (one species) were also
detected. In the trophic structure of the entomofauna in grass stand of hemp field, 85.9%
of the number and 59.8% of the species diversity account for phytophagous insects.
Pests of hemp were 39 species of insects from 22 families, and 6 orders. Among them,
36 species, which accounted for 18.7% of the total number of specimens, were polyphagous
and three, or 81.3%, were specialized species. The presence of insect pests in the grass
stand of hemp field was characterized by oligodominance, as evidenced by quantitative
and qualitative data, and indices of species diversity. Thus, the dominance structure
is represented by one eudominant (Psylliodes attenuata - 81.1%), one subdominant
(Mordellistena parvula - 4.72%), four recedents (Lygus pratensis, L. rugulipennis, Lygocoris
pabulinus, Stictocephala bisonia - 8.6%) and, 33 subrecedents (5.58%). The obtained
research results will be used in order to solve the problems related to the danger of
basic phytophagous insects during the vegetation period of cannabis sativa plants and
to develop a modern environmentally-oriented strategy to control their numbers and
harmfulness
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INTRODUCTION
Hemp seeds (Cannabis sativa L.) are a highly valuable
fibre crop, the history of cultivation and comprehensive
use of which began in ancient times (Clark & Merlin,
2016; Long et al., 2017). The wide importance and ben-
efits of hemp are determined by economically valuable
characteristics, which allows the full use of all the com-
ponents of the plant for the production of numerous
environmentally friendly products with many applica-
tions, which every day occupy leading positions in the
world and Ukrainian markets (Crini et al., 2020; Bojko
et al., 2018). The issues of healing biocenoses and
remediation of areas contaminated with radionuclides,
heavy metals, and chemical compounds by cultivating
hemp in such areas are becoming increasingly relevant
(Placido & Lee,2022; Wu et al., 2021).

Growing crops is fraught with risks. Along with
a natural disaster (drought, flood, hail, fires, etc.), cul-
tivated plants are at risk from their natural consum-
ers — pests. It is known that more than 10,000 species
of insect pests can damage cultivated plants world-
wide (Dhaliwal et al., 2007). Phytophagous insects are
thought to destroy about 18-20 % of the global crop
yield per year (Oerke, 2006; Sharma et al., 2017). Hemp
is no exception and has crop losses from harmful insect
species.

Thousands of years of specialisation and inten-
sification of crop production against the background
of the influence of global climate change in particular
environmental conditions contributed not only to the
development of a certain species composition of insects,
changes of the dominant phytophages, but also to the
expansion of new areas of their existence. Every year,
the entomocomplex of hemp is supplemented by intro-
duced species that are more adapted to new trophic
conditions, which previously did not have considerable
economic importance (Kuguktopcu et al., 2020; Ajayi &
Samuel-Foo, 2021).

As the acreage under hemp continues to grow
both in the world and in Ukraine (Zuk-Golaszewska &
Golaszewski, 2018; Gruzinska et al., 2020), consider-
ing the specific features of the hemp industry, the con-
centration of crops increases, and therefore a harmful
entomocomplex accumulates. Given this, it is rele-
vant to determine the species composition of insect
pests, as well as the complex of their natural enemies
and neutral species inhabiting plants. Knowledge of
the species composition and harmful stages of phy-
tophagous insects at various stages of hemp devel-
opment is necessary for the development of efficient
environmentally oriented control of their abundance
and harmfulness.

The purpose of this study is to improve the envi-
ronmentally oriented system of protection of hemp
crops by investigating the taxonomic composition, the
number of general and harmful entomofauna in the
herbage, as well as the trophic and ecological struc-
ture of insect groups during the growing season of the
crop in the north-eastern part of the Left-Bank Forest-
Steppe of Ukraine.

Pivtoraiko et al.

LITERATURE REVIEW
Due to the morphological and biological character-
istics of plants, the herbage of hemp is particularly
attractive for a diverse entomological fauna and is
a plant biotope for the existence of numerous popula-
tions of arthropods. The diversity of ecological niches
is primarily determined by the trophic relationships of
insects in hemp agrocenosis (Cranshaw et al., 2019).

It is known that the entomofauna of hemp seeds
can include 180-300 species (lago & Stanford, 1989;
McPartland, 1996) and, depending on the geographical
area, number about 20-150 specialised and polivorous
phytophagous insects (McPartland et al., 2000; Trotus &
Naie, 2008; Fedorenko et al., 2016), which can consider-
ably harm the germinating seed and root system in the
soil, and the aboveground vegetative and reproductive
part of the plant in the herbage (Cranshaw et al., 2019;
Pivtoraiko et al., 2020).

Climate change due to the global increase in air
temperature and uneven precipitation in particular soil
and climatic conditions of the region largely deter-
mine the distribution features and changes in the pop-
ulation density of serious insect pests (Skendzi¢ et al.,
2021), including in agrocenoses of hemp seeds (Ajayi &
Samuel-Foo, 2021). Taking this into account, in differ-
ent geographical areas of hemp cultivation, there are
differences in the species composition of entomofauna
and the structure of dominance of phytophagous insects
in the hemp field. Thus, on the American continent, the
entomocomplex is represented by a richer species diver-
sity, which is confirmed by studies in the United States
in the southern state of Mississippi, where more than
300 species of insects have been identified. Among
them, 69 species were identified that used hemp plants
as a source of physiological nutrition. The majority (43 spe-
cies) fed on sap, 15 species were leaf eaters, nine col-
lected or fed on pollen, and the rest — on plant roots
(Lago & Stanford, 1989). Similar studies in eastern Colorado
identified harmful, beneficial, and neutral insects from
142 genera that belonged to 73 families and 15 orders.
The most harmful insects include Helicoverpa zea Bodd.,
Grapholitta delineana Walk., and Phorodon cannabis Pass
(Schreiner & Cranshaw, 2021).

The entomocomplex of the hemp field in Europe
is characterised by a slightly smaller variety of species.
For example, in Germany, 129 species of insects were
recorded, among which 51 species are potentially dan-
gerous for hemp plants. Special attention should be paid
to Autographa gamma L., Agromyza strigata Meig., Eupteryx
atropunctata Goeze, Lygus rugulipennis Popp., Tipula palu-
dosa Meig., P. cannabis Pass., and Psylliodes attenuata
Koch. (Gottwald, 2002). In Poland, there are 27 species of
phytophagous insects of hemp seeds (Barko et al., 2018).
The dominant and most dangerous species include Pho-
rodon humuli Schr., Ostrinia nubilalis Hbn., P. attenuata
Koch., and A. gamma L. In the central regions of the
Irkutsk region, in Russia, the fauna of insect pests in the
hemp stand includes about 18 species, and the main
ones are bedbugs (Hemiptera) from the genus Lygus spp.
(50% of the total population) and representatives of the
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family Pentatomidae (15.7%). A high number of Cardipen-
nis rubripes Hust., Trichiocampus cannabis Xiao & Huang
and P, attenuata Koch is also noted. (Shylenkov & Tol-
stonogova, 2006). About seven main insect pest species
of hemp were noted in Slovenia, of which P. attenuata
Koch., G. delineana Walk., O. nubilalis Hbn., P. cannabis
Pass and several species of leafhoppers caused the most
economically significant losses of hemp production (Lep-
idoptera: Noctuidae) (Cizej & Policnik, 2018).

MATERIALS AND METHODS

The research was conducted during the vegetating season
of 2019-2021 in the conditions of the research and trial
facility of the Institute of Agriculture of the North-East of
the National Academy of Agrarian Sciences (IANE NAAS),
Sumy Oblast, Sumy district, the village of Sad. The research
site is geographically located in the north-eastern part of
the Left-Bank Forest-Steppe of Ukraine at geographical
coordinates 50.8846°N, 34.6961°E. The climate is temper-
ate continental with warm long summers and moderately
cold winters and frequent thaws, the average annual air
temperature is +7.4°C. The average annual precipitation is
about 593 mm. The average long-term relative humidity is
within 77 %. Monitoring of the entomocomplex was carried
out in seed-growing hemp crops of Ukrainian selection —
Glesia. Hemp was grown for bilateral use with 45 cm
between rows. The seeding rate was 1.0 million pcs/ha.
Its predecessor is winter wheat.

The total number of insect species in the entomo-
fauna of the hemp grass stand was determined during
the spring-summer vegetating season by mowing with
a standard entomological net. Accounting began with
the phase of two pairs of real leaves of the culture. For
this, the authors of this study carried out decadal mow-
ing from 10:00 to 15:00, when insects were most active.
Each sample comprised 100 strokes (10 strokes in
10 places on two diagonals of the field). After each sam-
ple, all insects were selected from the net and soaked
with acetic acid ether (ethyl acetate). The collected ento-
mological material from the stain was disassembled sep-
arately for each sample on a sheet of white paper, then
the insects were laid out on cotton mattresses meas-
uring 12x20 cm and 3-5 mm thick. Each mattress was
placed in a paper envelope with a label insert (Poljakov
et al., 1984; Omeliuta et al., 1986). The reliability of
determining the species affiliation of insects was con-
firmed by specialists of the I.I. Schmalhausen Institute of
Zoology of the National Academy of Sciences of Ukraine.

To characterise the species structure of the ento-
mocomplex of the hemp field, the total number of indi-
viduals and the degree of dominance were determined
for each individual species (Fasulaty, 1971). Dominance
classes for detected insect pests in the grass stand of
a hemp field were set on a scale as follows: mass spe-
cies, or eudominants (31.7-100%), common or dominants
(10.1-31.6%), infrequent or subdominants (3.2-10.0%),
rare, or recedents (1.1-3.1%), random, or subrecedents
(<1.0%) (Stocker & Bergmann, 1977). Generally accepted
indices were used to characterise the species diversity
of insects (Lebedeva et al., 2004).
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The Margalef’s species richness index was calcu-
lated according to the Formula (1):

Dug = 1)
where S is the number of types, pcs; N is the total num-
ber of individuals of all species, specimen.

The value of the Shannon’s index was determined
according to the Formula (2):

H'= -3 Pi InPi 2)

where Pi is the proportion of individuals of each species.
The Simpson’s index indicators were calculated
according to the Formula (3):

_ Y. n(n-1)
b=1 (N(N—l)) (3)
where n is the number of individuals for each species,
specimen; N is the total number of individuals of all
species, specimen.
The value of the Berger-Parker’s index was deter-
mined according to the Formula (4):

d=1/"m )

where N is the number of individuals of the most
numerous species, specimen; N is the total number of
individuals of all species, specimen.
The Piel alignment index was calculated according
to the formula (5):
H
T Ins (5)
where N’is the Shannon index; S is the number of types.
Mathematical calculations and visualisation of
the obtained data were performed using the Microsoft
Office Excel 2016 software package.

RESULTS AND DISCUSSION

174 species of insects belonging to 76 families and
9 orders were caught in the grass stand of a hemp field.
The greatest diversity of species was characterised by an
order of Coleoptera (Coleoptera), which was represented
by 56 species (32.2% of the total entomocomplex) from
16 families. The main number of representatives of this
order was the leaf-eating family (Chrysomelidae) — 16 spe-
cies (28.6 % of the total number of the order). Curcu-
lionidae — seven species (12.5%), Coccinellidae — six
species (10.7%), Mordellidae — four species (7.1%) were
also noted for their considerable species diversity. The
families Anthicidae, Elateridae, Malachiidae, Oedemer-
idae, Scarabaeidae had three species each (or 5.4%
each), Staphylinidae — two species (3.6%), Bruchidae,
Cantharidae, Carabidae, Cerambycidae, Lathridiidae,
Nitidulidae — one species each, which was 1.8% each,
respectively. The order of Hymenoptera (Hymenoptera)
included 31 species (17.8% of the entomofauna bio-
diversity) from 15 families. The largest species diver-
sity was observed in the following families: Ichneumo-
nidae — six species (19.4%), Braconidae — five species
(16.1%), and Chalcididae — four species (12.9% of all
representatives of the order). Andrenidae, Formicidae,




Halictidae, Proctotrupidae included two species, or
6.5% each. Apidae, Aphelinidae, Chrysididae, Cynipidae,
Megachilidae, Pompilidae, Sphecidae, Tenthredinidae

Pivtoraiko et al.

accounted for one species, or 3.2 % of all hymenopteran
insects (Fig. 1).

172306

m Coleoptera

m Diptera

m Hemiptera

m Homoptera

m Hymenoptera
m Lepidoptera

= Neuroptera

m Orthoptera

Figure 1. Diversity of entomocomplex in the grass stand of a hemp field (mowing with an
entomological net, total for 2019-2021), %

Hemiptera in the herbaceous entomocomplex of
the hemp agrobiocenosis were represented by 30 species
(17.2% of the total diversity) from 11 families. Among
the insects of this order, the Miridae family was most
fully represented — 12 species (or 40.0% of the total
number). The Pentatomidae family was also distin-
guished by a considerable variety — five species (16.7%).
Lygaeidae included three species (10.0%), Rhopalidae
and Piesmatidae — two species each (6.7% each). Other
families (Anthocoridae, Coreidae, Cydnidae, Nabidae,
Pyrrhocoridae, Tingidae) were represented by one spe-
cies, or 3.3% each. The order of Diptera was character-
ised by a considerable diversity — 20 species (11.5%)
from 12 families. It was based on the families Anthomyi-
dae and Syrphidae — three species each (or 15.0% each).
Other families (Agromyzidae, Asilidae, Tachinidae, Teph-
ritidae) included two species of flies (or 10.0% each).
Bibionidae, Calliphoridae, Chloropidae, Opomizidae,
Sarcophagidae and Tipulidae were represented by one
species (or 5.0% each).

The order of Homoptera in the grass stand of
a hemp field numbered 17 species (9.8% of the total)
from 8 families. The most diverse (6 species or 35.3%)
was the family of Cicadelidae. Aphididae was repre-
sented by three species (17.6%). Psyllidae and Jassidae
included two species each (11.8% each). Cercopidae, Del-
phacidae, Dictyopharidae, and Membracidae accounted
for one species, or each for 5.9% of the insects of this
order. The order of Lepidoptera was represented by
12 species (6.9%) from eight families in the structure of

the entomocomplex. Among the order, the families Noc-
tuidae, Pyralidae, Tineidae, Tischeriidae were the most
complete in terms of the number of species — two
species each (or 16.7%). The families of Geometridae,
Nymphalidae, Plutellidae, and Tortricidae were repre-
sented by one species, or 8.3% each. Substantially fewer
species diversity were found in the following orders:
Orthoptera — four species (2.3%) from three families
and Neuroptera — three species (1.7%) from two fami-
lies. The smallest share of species diversity (0.6%) in the
agrobiocenosis of the hemp field was made up of the
order of Thysanoptera, which had one species.

In terms of the number of insects in the grass
of the hemp field, the order of Coleoptera prevailed —
74.6% of all insects. The highest number of individuals
was represented by the Chrysomelidae family, which
accounted for 88.8% of all Coleoptera insects and 66.3%
of the total entomocomplex of the hemp agrobioceno-
sis. In this family there were a lot of earth fleas, mainly
from the genera Altica sp., Chaetochnema sp., Longitarsus
sp., Phyllotreta sp., Psylliodes sp. The Mordellidae fam-
ily had a fairly considerable number of specimens, with
a share of 4.3% in the total entomocomplex. A slightly
smaller number of insects were represented by the fam-
ilies of Lathridiidae and Coccinellidae. Representatives
of the following families were found singly: Carabidae,
Cerambycidae, Malachiidae, Oedemeridae, Bruchidae,
Staphylinidae, Cantharidae, Elateridae, Anthicidae, Nitid-
ulidae, Scarabaeidae, and Curculionidae (Table 1).
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Table 1. Composition and abundance of entomofauna in the grass stand of sown hemp
(mowing with an entomological net, total for 2019-2021)

Order Family Number of instances Share, %

Anthicidae 10 0.04

Bruchidae 6 0.02

Cantharidae 7 0.03

Carabidae 1 0.004

Cerambycidae 2 0.01

Chrysomelidae 17760 66.26

Coccinellidae 395 1.47

Coleoptera Curculionidae 63 0.24
Elateridae 7 0.03

Lathridiidae 545 2.03

Malachiidae 4 0.01

Mordellidae 1145 4.27

Nitidulidae 14 0.05

Oedemeridae 4 0.01

Scarabaeidae 27 0.10

Staphylinidae 6 0.02

Agromyzidae 165 0.62

Anthomyidae 560 2.09

Asilidae 32 0.12

Bibionidae 2 0.007

Calliphoridae 3 0.01

Diptera Chloropidae 48 0.17
Opomizidae 13 0.05
Sarcophagidae 1 0.004

Syrphidae 13 0.05

Tachinidae 13 0.05

Tephritidae 7 0.03
Tipulidae 2 0.007

Anthocoridae 1032 3.85

Coreidae 24 0.09
Cydnidae 1 0.004

Hemiptera Lygaeidae 15 0.06
Miridae 1884 7.02

Nabidae 35 0.13

Piesmatidae 10 0.04

Pyrrhocoridae 6 0.02

Pentatomidae 281 1.05

Hemiptera Rhopalidae 74 0.28
Tingidae 2 0.007

Aphididae 275 1.03

Cercopidae 15 0.06

Cicadelidae 106 0.40

Homoptera Delphacidae 3 0.01
Dictyopharidae 1 0.004

Jassidae 14 0.05

Membracidae 368 1.37

Psyllidae 87 0.32
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Table 1, Continued

Order Family Number of instances Share, %

Apidae 13 0.05
Andrenidae 2 0.007
Aphelinidae 1 0.004

Braconidae 139 0.52

Chalcididae 153 0.57

Chrysididae 44 0.16

Synipidae 46 0.17

Hymenoptera Formicidae 203 0.76
Ichneumonidae 77 0.30

Halictidae 9 0.03

Megachilidae 1 0.004

Pompilidae 1 0.004

Proctotrupidae 7 0.026

Sphecidae 7 0.026

Tenthredinidae 4 0.01

Geometridae 1 0.004

Noctuidae 162 0.60

Nymphalidae 12 0.04

Lepidoptera Pyralidae 29 0.11
Plutellidae 49 0.20

Tineidae 44 0.16

Tischeriida 22 0.08

Tortricidae 10 0.04

Chrysopidae 187 0.70

Neuroptera

Hemerobiidae 0.01

Acrididae 0.02

Orthoptera Phaneropteridae 8 0.04
Tettigoniidae 33 0.12

Thysanoptera Aeolothripidae 442 1.65
Total 26804 100.0

The order of Hemiptera also had high rates of
occurrence of individuals, the share of which was 12.6%.
The basis was the families Miridae — 7.0%, and Anthoc-
oridae — 3.9% of the complete collection of the herba-
ceous entomocomplex. Other representatives (Cydnidae,
Tingidae Pyrrhocoridae Piesmatidae, Lygaeidae, Corei-
dae, Nabidae, and Rhopalidae) had smaller numbers.
Homoptera and Diptera insects were also quite noticea-
ble in the herbage of agrocenosis, which comprised 3.2%
each of the total entomofauna of hemp seeds. Among
the order of Homoptera, the families of Membraci-
dae, Aphididae, and Cicadelidae were the most numer-
ous from the total entomofauna of the herbage with
a share of 1.4%, 1.0%, and 0.4%, respectively. Among the
Diptera insects, the Anthomyidae species was the most
numerous — 2.1%.

The number of insects was smaller in the orders

of Hymenoptera — 2.6% and Thysanoptera — 1.7% of
the total collection. Most of them were represented by
entomophages — parasites and predatory species. The
population density of Lepidoptera insects was not high
and accounted for 1.2% of the total collection. The highest
number of individuals was represented by the Noctui-
dae family — 0.6%. The number of insects of other orders
(Neuroptera and Orthoptera) was less than 1.0% in the
total entomocomplex of the hemp field.

Notably, apart from the identified insects, spiders
(Araneae: Thomisidae) also inhabited the grassland. Their
share in the total collection was 1.8%. Over the years
of research, the value of the Margalef’s species richness
index in the grass stand of hemp agrocenosis was 16.97;
the Shannon’s index indicator was 1.916; the Simpson’s
index value was 0.573; the Berger-Parker’s index indicator
was 0.649; the Piel’s alignment index was 0.371 (Table 2).
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Table 2. Indicators of biodiversity of the entomocomplex registered in the herbage of a hemp field
(mowing with an entomological net, total for 2019-2021)

Biodiversity indices Indicator
Total number of families 76
Total number of types 174
D, 16.97
H 1916
D 0.573
d 0.649
E 0.371

Note: DMg is the Margalef’s diversity index; H’is the Shannon’s diversity index; D is the Simpson’s dominance index; d is
the Berger-Parker’s dominance index; E is the Piel’s alignment index

Considering the specific features of life and eat-
ing habits of individual insect species, the captured
entomocomplex of hemp herbage was divided into eco-
logical groups according to the type of food and trophic
specialisation of insects. Thus, the highest diversity
(104 species or 59.8%) and population size (85.9%)
were noted among phytophagous insects, of which

37.5% of species can harm hemp plants. The group of
entomophages was represented by 50 species (28.7% of
the diversity), and their share was 11.0%. Neutral species
included 20 representatives (11.5%) with a share of 3.1%.
The ratio of the number of entomophages to phytophages
in the herbage of hemp seeds was 1:8 (Table 3).

Table 3. Trophic structure of the entomocomplex of the herbage of the hemp field
(mowing with an entomological net, total for 2019-2021)

Trophic specialisation Number of types % Number of instances %
Phytophages 104 59.8 23022 85.9
Entomophages 50 28.7 2945 11.0

Neutral species 20 115 837 31
Total 174 100.0 26804 100.0

Among the harmful entomofauna caught in
the grass stand of hemp agrobiocenosis, a considerable
diversity of the species composition of hemp pests was
found, including 39 species from 22 families and 6 orders.
Among them, Coleoptera accounted for 28.2%, Diptera —
7.7%, Hemiptera — 25.6%, Homoptera — 12.8%, Lepidop-
tera — 15.4%, and Orthoptera — 10.3% (Fig. 2). Among

the identified species diversity, the majority of insects (36
species or 92.3%) are polyphages, whose nutrition and
reproduction occurs on many species of cultivated and
wild plants, and three species (7.7%) are specialised phy-
tophagous insects of hemp plants. Therewith, the share
of the former two accounts for 18.7% and 81.3% of the
total number of insect pests in the hemp stand.

» Coleoptera
m Diptera

m Hemiptera
m Homoptera
m Lepidoptera
m Orthoptera

Figure 2. Taxonomic structure of the harmful entomocomplex of hemp grass stand
(mowing with an entomological net, total for 2019-2021), %

It was established that among the complex of
insect pests of hemp sown, the largest both in terms of
the number and quantitative composition of species is
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the order of Coleoptera. Thus, a total of 18,609 speci-
mens (86.74% of the harmful entomocomplex), 11 spe-
cies and 5 families were identified. The largest species




diversity (three species each) was observed in the family
of Elateridae, Mordellidae, and Scarabaeidae. Curculionidae
and Chrysomelidae included one species each (Table 4).
Among the representatives of this order, the largest
number of specialised phytophages was noted — the
Psylliodes attenuata, being eudodominant in the ento-
mocomplex with a share of 81.1%. The subdominant

Pivtoraiko et al.

was Mordellistena parvula — 4.72%. Other beetles: Cur-
culionidae — one species (Tanymecus palliatus), Elateri-
dae — three species (Agriotes sputator, Lacon murinus
and Melanotus brunnipes), Mordellidae — two species
(Mordellistena connata and M. variegata), Scarabaei-
dae — three species (Cetonia aurata, Oxythyrea funesta,
and Maladera holosericea) were sub-recedents.

25

Table 4. Species composition and dominance of insect pests in the hemp field stand
(mowing with an entomological net, total for 2019-2021)

Order Family Species Number of instances % Dominance class
. Psylliodes attenuata
h 17 1.1 E
Chrysomelidae (Koch, 1803) 398 81.10
L Tanymecus palliatus
C lionid 33 0.15 SR
ureutionicae (Fabricius, 1787)
Agriotes sputator
3 0.01 SR
(Linnaeus, 1758)
. Agrypnus murinus
Elaterid 3 0.01 SR
ateridae (Linnaeus, 1758)
Coleoptera Melanotus brunnipes 1 0.005 SR
(Germar, 1824) )
Mordellistena connata
125 0.58 SR
(Ermisch, 1969)
M. parvula
i 1013 4.72 SD
Mordellidae (Gyllenhal, 1827)
M. variegata
6 0.03 SR
(Fabricius, 1798)
Cetonia aurata
1 0.005 SR
(Linnaeus, 1758)
. Oxythyrea funesta
Coleopt S baeid 25 0.12 SR
oleoptera carabaeidae (Poda, 1761)
Maladera holosericea
1 0.005 SR
(Scopoli, 1772)
Liriomyza sp. (1) 62 0.29 SR
Agromyzidae Phytomyza atricornis
Diptera (Meigen, 1838) 103 0.48 SR
o Tipula paludosa
Tlpulldae (Meigen, 18_7)0) 2 0.01 SR
. Coreus marginatus
24 11 R
Coreidae (Linnaeus, 1758) 0 >
. Sphragisticus nebulosus
L d 5 0.02 SR
ygaeidae (Fallen, 1807)
Adelphocoris lineolatus
49 0.23 SR
(Goeze, 1778)
Lygus pratensis
465 2.17 R.
(Linnaeus, 1758)
L. rugf,lllpennls 673 314 R
Hemiptera Miridae (Poppius 1911)
Lygocoris pabulinus
1. R.
(Linnaeus, 1761) 359 >8
Polymerus cognatus
2 0.01 SR
(Fieber, 1858)
P.vulneratus
20 0.09 SR
(Panzer, 1806)
Dol}/corls baccarum 148 0.69 SR
. (Linnaeus, 1758)
Pentatomidae Palomena prasina
54 0.25 SR
(Linnaeus, 1761)
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Table 4, Continued

Order Family Species Number of instances % Dominance class
Aphls.fabae 168 0.78 SR
L (Scopoli, 1763)
Aphididae B
Phorodon cannabis 41 019 SR
(Passerini, 1860) )
. Philaenus spumarius
H t C d 15 0.07 SR
omoptera ercopidae (Linnaeus, 1758)
. . Eupteryx atropunctata
Cicadellid 47 0.22 SR
cadetiidae (Goeze, 1778)
. Stictocephala bisonia
Membracid 368 1.72 R.
embracidae (Kopp & Yonke, 1977)
Aut9grapha gamma 27 013 SR
. (Linnaeus, 1758)
Noctuidae Helicoverpa armigera
Lepidoptera pa armig 136 0.63 SR

(Hubner, 1808)
Vanessa cardui

N hali 12 . R
ymphalidae (Linnaeus, 1758) 0.06 >
Ostrinia nubilalis
17 0.08 SR
. (Hubner, 1796)
Pyralidae VT
Loxostege sticticalis 1 0.05 SR
Lepidoptera (Linnaeus, 1761) '
Grapholitta delineana
Tortricid 10 0.05 SR
ortricidae (Walker, 1863)
Acrididae Chortippus sp. (2) 6 0.03 SR
Tettigonia viridissima
Tettigoniid 33 0.15 SR
Orthoptera cttigoniidae (Linnaeus, 1758)
Ph tera falcat
Phaneropteridae ar;scr)c;;;’elr%i)ca @ 8 0.04 SR
Total: 21454 100.0 -

Note: E — eudominant (31.7-100%); D — dominant (10.1-31.6%),; SD — subdominant (3.2-10.0%); R — recedent (1.1-3.1%);

SR — subrecedent (<1.0%)

The species composition of insect pests of the
order of Hemiptera was represented by 10 species from
four families and numbered 1,779 specimens (8.29%).
Among them, most insects (six species) belonged to the
family of Miridae. The diversity of shield bugs (Penta-
tomidae) included two species, edge bugs (Coreidae)
and ground bugs (Lygaeidae) — one species each. Three
species of Miridae were found to be the regulars —
Lygus rugulipennis, L. pratensis, and Lygocoris pabulinus.
The other seven species of bugs are classified as sub-
recedents: Coreidae — one species (Coreus marginatus),
Lygaeidae — one species (Sphragisticus nebulosus), Pen-
tatomidae — two species (Palomena prasina and Dolycoris
baccarum), Miridae — three species (Adelphocoris lineola-
tus, Polymerus cognatus and P. vulneratus).

The order of Homoptera numbered 639 specimens
of phytophagous insects (2.98%) — five species from
four families. The greatest diversity was found in the
family of Aphididae — two species. The families of Cer-
copidae, Cicadellidae, and Membracidae had one species
each. Among the Homoptera, one species was a rece-
dent: Membracidae — Stictocephala bisonia (1.72%). The
other four types were classified as sub-recedents: Aph-
ididae — two species (Aphis fabae and Phorodon canna-
bis), Cicadellidae — one species (Eupteryx atropunctata),
Cercopidae — one species (Philaenus spumarius).

Scientific Horizons, 2022, Vol. 25, No. 4

Among the Lepidoptera, 213 specimens (0.99%)
of phytophagous insects were caught — six species of
insects from four families. The families of Noctuidae and
Pyralidae comprised two species each, Nymphalidae and
Tortricidae — one species each. All representatives of this
order were few, that is, they belonged to sub-recedents.

Diptera phytophages numbered 167 specimens
(0.78%) and were represented by three insect species
from two families. Most of the representatives were
a small family of Agromyzidae. All insects in this series
were sub-recedents.

Among the Orthoptera hemp pests, 47 specimens
(0.22%) of four insect species from three families were
caught. All four representatives were sub-recedents:
Tettigoniidae — one species (Tettigonia viridissima), Pha-
neropteridae — one species (Phaneroptera falcata), Acri-
didae — two species (Chortippus sp.)

Over the years of research, the main indices of the
species diversity of the complex of insect pests of the
herbage of seed hemp had low values, which indicates
oligodominance in the station, that is, the predominance
of several species. Thus, the Margalef’s species richness
index was 3.810, while the Shannon’s index value was
0.960, the Simpson’s index value was 0.337, the Berger-
Parker’s index value was 0.811, and the Piel’s alignment
index was 0.262 (Table 5).
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Table 5. Indicators of biodiversity of the insect pest complex in the herbage of a hemp field
(mowing with an entomological net, total for 2019-2021)

Biodiversity indices Indicator

Total number of families 22
Total number of types 39

D, 3.810

H 0.960

D 0.338

d 0.811

E 0.262

Note: D,, is the Margalef’s diversity index; H’is the Shannon’s diversity index; D is the Simpson’s dominance index; d is
the Berger-Parker’s dominance index; E is the Piel’s alignment index

Analysing the dominance distribution of insect
pests of seed hemp, it was established that in the struc-
ture the eudominant (Psylliodes attenuata) made up

81.1%, the subdominant (Mordellistena parvula) — 4.72%,
recedents — 8.6%, subrecedents — 5.58% (Fig. 3).

m E (Psylliodes attenuata)

m SD (Mordellistena parvula)
m R (5=4)

m SR (5=33)

Figure 3. Structure of dominance of insect pests in the herbage of a hemp field (mowing with an entomological net,
total for 2019-2021), %

Thus, the study indicates a high population adapt-
ability and dominance of the main specialised insects in
the grass stand of hemp agrocenosis.

Similar data were obtained upon investigating the
entomofauna of hemp sown in Central Moldova, where
20 species of phytophagous insects feeding on these
plants were found in the herbage. Among them, Coleop-
tera accounted for 35%, Lepidoptera — 30%, Diptera —
15%, Homoptera and Heteroptera — 10% each. Of these,
there were 16 species (75%) of sub-recedents, two (10%)
recedents, one (3%) subdominant, and two (10%) eudomi-
nants (Trotus et al., 2011). The study of the entomocoplex
of the grass stand of a hemp field and the analysis of its
trophic structure in the Eastern Polissia of Ukraine, where
hemp farming is a traditional industry, revealed 117 spe-
cies of insects from 57 families and eight orders, includ-
ing 18 species — phytophages of hemp. Notably, poliv-
orous insect pests in the entomocomplex of hemp grass
stand are represented by 15 species, specialised — by
three. The dominant and particularly dangerous was the
hemp flea (P. attenuata) (Fedorenko et al., 2016; Kabanets,
2013; Kabanets & Fedorenko, 2014).

Notably, there has been a tendency to increase
the species diversity and abundance of harmful entomo-
complex. The authors of this study believe that this may

be due to both climatic (an increase in the average
annual air temperature) and agrotechnological factors
(due to non-compliance with scientifically sound crop
rotations, optimal land use structure, area expansion,
and an increase in the concentration of thick-stemmed
crops (corn, sunflower)), which have insect pests in com-
mon with hemp.

CONCLUSIONS

In the conditions of the north-eastern part of the Left-
Bank Forest-Steppe of Ukraine in 2019-2021, the struc-
ture of the entomological complex of the grass stand of
a hemp field, the trophic specialisation of insects in it
were studied, the most numerous species and the degree
of their dominance were identified.

It was established that the modern entomocomplex
in the north-eastern part of the Left-Bank Forest-Steppe of
Ukraine is represented by 174 species of insects belong-
ing to 76 families and 9 orders, of which the largest spe-
cies diversity (32.2%) and the number of insects (74.6%
in the structure of the entire entomocomplex) was
characterised by the order of Coleoptera. In terms of
trophic specialisation, most species (59.8% of the total
diversity) and the highest number (859 %) were phy-
tophagous insects. The main pests in the grass stand
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of a hemp field were 39 species from 22 families and
6 orders. Most of the species (36 or 92.3%) belonged
to polyphages, and three species (7.7 %) were special-
ised with their share of numbers in the harmful entomo-
complex — 18.7% and 81.3%, respectively. Biodiversity
indices of phytophagous insects indicate an oligodom-
inant structure of the entomocomplex. According to
the degree of dominance, the study distinguished one
eudominant — Psylliodes attenuata (81.1%), one sub-re-
cedent — Mordellistena parvula (4.72%), four recedents
(Lygus pratensis, L. rugulipennis, Lygocoris pabulinus, Stic-
tocephala bisonia), which comprised a total of 8.6% and
33 sub-recedents with a share of 5.58% in the general
structure of insect pests of the herbaceous agrobioceno-
sis of seed hemp.

The obtained research results will be used upon
solving problems related to the danger of the main phy-
tophagous insects during the growing season of cannabis
plants and developing a modern environmentally oriented
strategy for controlling their abundance and harmfulness.
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Pi3HOMaHITTA @ HTOMOKOMMMJIEKCY TPaBOCTOK KOHOMJIAHOro nond
y niBHiYHO-cXigHOMY nlicocTeny YKpaiHu

Biktop Bonogumuposuu MisTopaiiko?, Bitaniit Bikropoeuu KabaHeub?, Bonogumup AHaroniitoeuy BnaceHko?

1CyMCbKMIA HaLiOHaNbHMIA arpapHuUiA yHiBepcUTET
40000, Byn. I. Kongpatbesa, 160, M. Cymu, YkpaiHa

2|HcTUTYT cinbcbkoro rocnogapcrea lMiBHiyHoro Cxoay HAAH
42343, Byn. 3eneHa, 1, c. Cag, Cymcbka 0611., YkpaiHa

AHoTauis. Arpo6ioL,eHo3 TpaBOCTOK KOHOMISAHOMO NoJist ABNSIE COB0K cneumdivYHniA POCIMHHUIA BioTon, AKKUIA € MicLeM
YKPUTTS, XKMBJIEHHS], PO3CENEHHS Ta PO3MHOXEHHS YNCTIEHHUX MOMNYASLIN KOMAX, SIKi TOK YM iHLIOKO MipOKO BM/IMBAKOTbL Ha
piCT, pO3BWTOK i BPOXaMHICTb POC/IMH KOHOMEb. 3 0rNsay Ha Lie 0cobnMBOi akTyanbHOCTI HabyBaEe 3HaHHS BUOOBOMO CKady
KOMax-LUKiAHWKIB, KOMMIEKCY X MPUPOLHMX BOPOTiB Ta HEMTPANbHUX BUAIB, SIKi 3aCENsHOTb TPABOCTi KOHONASIHOTO MO, WO
HeobXigHO Ans po3pobkyn edeKTUBHOI €KONOTMYHO OPIEHTOBAHOI CUCTEMM 3aXMCTY KOHOMEb MOCIBHUX Y Cy4acHWUX YMOBAX.
MeTa foCNimKeHHS — YOOCKOHAIEHHS! €KONOrYHO-OPIEHTOBAHOI CUCTEMM 3aXMCTY KOHOMENb MNOCIBHMX 32 PAXYHOK BUBYEHHS
TaKCOHOMIYHOrO CKMIaAy, YXCeNbHOCTI 3arasbHOi Ta LKIAAMBOI EHTOMOMAYHM Y TPABOCTOI, @ TAKOXK TPODIYHOI 11 €KONOorivHOI
CTPYKTYpW YrpyrnoBaHb KOMaXx, siKi NOBY13aHi 3 UMM MicLeM iCHYBaHHS. JJoCnimKeHHs NpOBOAMAMCH YNPOAOBXK BereTaLimHmX
nepiofis 2019-2021 pp. B yMoBax HayKOBO-EKCNEPUMEHTaNbHOI 6a3u IHCTUTYTY CinbCbkoro rocnogapctaa iBHiuHOro
Cxopy. OBnikmn KOMax 34iMCHIOBaNM METOAOM KOCIHHS CTaHAAPTHUM EHTOMOJIOTNYHMM CA4YKOM OAMH pa3 y aekaay 3 10.00
110 15.00 roamHu gHs, konm koMaxu Bynu Hanbinbl akTMBHI. Cy4acHMM TaKCOHOMIYHMIA CKNaL, €HTOMOKOMMIEKCY TPAaBOCTO
KOHOMMISIHOIO NoNis NpefcTaBneHuin 174 Buoamm koMax, ki Hanexartb A0 76 poguH i 9 psaais. HaibinbwmM 3a pisHOMaHITTIM
BWI0BOIO CK/IAAY Ta YMCenbHiCTo 0cobuH by psp, Coleoptera (56 Buais 3 16 poanH Ta 74,6 % Bif, YMCENbHOCTI BiAI0BNEHUX
KoMax). Takox BMsIBNEHO KoMax 3 psaais Hymenoptera (31 Bua 3 15 poaumn), Hemiptera (30 Buais 3 11 poaumH), Diptera
(20 Bupis 3 12 poaumH), Homoptera (17 Buais 3 8 poauH), Lepidoptera (12 Buaamu 3 8 poauH), Orthoptera (4 Buam 3
3 poomH), Neuroptera (3 Buam 3 2 poauH), Thysanoptera (oamH Bua). Y TpodiuHin CTpyKTypi eHToModayHM TpaBOCTO
KoHonnsHoro nong 85,9 % uncenbHocTi Ta 59,8 % BMOOBOro pisHOMaHITTA NpUnagace Ha komax-oitodaris. LUKiAHMKaMK
KOHonenb NociBHMX Bynun 39 BuaiB kKomMax 3 22 poauHu Ta 6 paais. [Momixk HUX 36 BMAiB, WO cknanu 18,7 % Big, 3aranbHoi
yucenbHoCTi, € nonicdaramu 1a Tpu abo 81,3 % — cneujianizoBaHMMu BUAAMM. [PUCYTHICTb KOMAX-LUKIAHWKIB Y TPABOCTOI
KOHOMesb XapaKTepu3yBanacb ONir0A0MIHAHTHICTHO, NPO WO CBiAYaTb SKiCHO-KINbKICHI MOKA3HUKM Ta iHAEKCUM BMOOBOIO
pi3HOMaHITTA. Tak, CTPYKTypa AOMiHYBAHHSA NPeLCTaBeHa OAHWMM eyaoMiHaHToM (Psylliodes attenuata — 81,1 %), ogHUM
cybnoMiHaHToM (Mordellistena parvula — 4,72 %), 4otvpMa peueneHTamu (Lygus pratensis, L. rugulipennis, Lygocoris pabulinus,
Stictocephala bisonia — 8,6 %) Ta 33 cybpeueneHTamu (5,58 %). OTpuMaHi pe3ynsTat foCniokKeHb OyayTb BUKOPUCTAHI
npu BUpiLLEHHI NpobieMm, NoBA3aHMX 3 Hebe3MneyHiCTio 0OCHOBHUX KoMax-diTodaris nif yac BereTawii pociuH KOHonesb
MOCiBHMX, Ta PO3p00bL,i Cy4acHOi eKONOriYHO-OPiEHTOBAHOI CTpaTerii KOHTPOIHO iX YUCENBHOCTI M LIKiAAMBOCTI

KniouoBi cnoBa: arpobioLeHo3, BUAOBUIA CKNag, TPOdiuHa CTPYKTYpa, KOMaxu-diTodaru, Knacu LOMiHyBaHHS
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SGLT1 and Rabbit anti-SGLT2 (Abcam, UK) served as primary antibodies
and were used together with the IHC kit (Abcam, UK). With the AxioCam
HRc camera (Germany) connected to the microscope Zeiss Axioplan-2
Imaging (Germany), the photos were taken and saved to the computer. As
the result of the study on ostrich chickens of different ages, SGLT1 was
noted to be localised in the renal straight proximal tubules and SGLT2 in
the proximal convoluted tubules of nephron. The immunohistochemical
locations of sodium-dependent glucose co-transporters revealed to be
similar in ostriches’ kidneys of all age groups. The staining for SGLT2 was
noted to be more intensive compared to the staining for SGLT1. As avian
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to animals, it is recommended that further studies would be performed
on the renal tissue of different avian species
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INTRODUCTION

The central source of energy in the body is glucose (Hruby,
1997). Kidneys contribute to glucose homeostasis by fil-
tering and reabsorbing glucose by Na(+)-coupled glucose
transporters. The sodium-dependent glucose co-trans-
porter 1 (SGLT1) and sodium-dependent glucose
co-transporter 2 (SGLT2) are the members of the sol-
ute carrier 5 (SLC5A) gene family (Mota et al., 2015;
Wright, 2021). SGLT1, encoded by the SLC5A1 gene
(Liang et al., 2021), has been reported as the high affin-
ity Na+-glucose co-transporter, while SGLT2 encoded
by the SLC5A2 gene — as the low affinity Na+-glu-
cose co-transporter (Kanai et al., 1994). In humans,
SLC5A1 gene encodes the production of the SGLT1 pro-
tein to line the epithelial cells of the kidney tubules of
the nephron for glucose uptake into cells (Lodish et al.,
2016). SGLT2, found solely in kidney tubules, resorbs
in conjunction with SGLT1 glucose into the blood from
the forming urine (Sen & Heerspink, 2021). SGLT pro-
teins use energy from a gradient of sodium ions gen-
erated by an ATPase pump to transport glucose across
the apical membranes. SGLT1 and SGLT2 are known as
symporters, as sodium and glucose are moved in the
same direction across the cell membrane.

Based on literature, the exact localisation of
SGLT1 and SGLT2 in the kidneys has been investi-
gated by immunohistochemistry using antibodies to
the cloned transporters (Cramer et al., 1992; Kim, 2019;
Vrhovac et al., 2015). The locations of both transporters
are well-established in mammals — SGLT2, responsi-
ble for reabsorption of 80-90% of the glucose filtered by
the glomerulus, has been described to be located in the
beginning parts of the proximal tubule (Wright, 2021;
Bonora et al., 2020), while SGLT1, responsible for the
remaining glucose absorption, has been localised in more
distal sections of the proximal tubule of the kidney
(Sedzikowska & Szablewski, 2021; Uehara-Watanabe
et al., 2022). In greater details, the proximal tubule can
be divided into two sections known as pars convoluta
and pars recta based on particular functional differences.
The convoluted part can be divided into two segments
designated as S1 and S 2. In case of such marking, the
pars recta of the proximal tubule are marked as S3.
While SGLT1 is only found in the apical membrane of
the S3 segment, SGLT2 in mammals has been noted
to localise in the proximal tubules of the S1 and S2
segments (Ghezzi et al., 2018). The membrane pro-
teins of SGLT1 and SGLT2 have been detected in the
apical membrane of the renal tubular cells where they
are responsible for glucose reabsorption from the glo-
merular filtrate in the proximal tubule.

Despite punctual description of Na+-glucose
cotransporters in mammals’ kidneys, there are still
large knowledge gaps regarding the localisation of the
SGLTs in birds’ kidneys. This is explained by the fact
that, unlike mammals, the avian kidneys have several
unique morphological and functional features (Yang
& Nishimura, 2021; El-Bakary et al., 2015). Due to the
scarce information available on glucose transportation
in avian kidneys on the molecular level, the purpose of
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this study was the immunohistochemical localisation of
SGLT1 and SGLT2 in the kidneys of ostrich chickens of
various ages in their first post-hatching weeks.

MATERIAL AND METHODS

Fifteen female African Black ostriches (Struthio camelus
var. Domesticus) reared at the ostrich farm Ozolini AB,
located in Latvia’s Jekabpils district took part in the
current study. The ostriches were kept in boxes with
a heated sand floor. Commercial ostrich chick feed Strus
Premium-Strus 1 (Cargill, Poland) and water ad libitum
was available during the entire experimental period.
Feed ingredients (%): barley — 36.8; oats — 10; wheat —
18.2; wheat bran — 5; rapeseed oil — 3; chalk — 2; soy
pellets — 22; Dolfos StrusMix PS-3; Calculated chemical
analysis, (%): Protein — 17.6, Carbohydrates — 37.2; Fat —
9.7; Cellulose — 5.6; Calcium — 0.8. Ostriches were
divided into three age groups: 1- 7, and 14-days-old. Every
experimental group comprised five birds. On day 1, 7,and
14, according to the experimental groups, ostriches were
anaesthetised by intramuscular injection of 1 ml solu-
tion holding equal volumes of 10% ketamine and 2%
xylazine to reduce the pain before euthanasia. There-
after, euthanasia by intracardial injection with 0.5 ml of
20% pentobarbital was conducted.

Tissue sections 0.5-1.0 cm in diameter were
removed from renal cortex and medulla, fixed in 10%
neutral buffered formalin at room temperature for 48 h,
dehydrated in a tissue processor (TISSUE-TEK I, Japan)
and embedded into paraffin according to a standard-
ised histological procedure for tissue processing (Carson,
1997). Thereafter, slices 6 ym thick were cut using
the microtome Microm HM360 (USA), floated on Poly-
L-Lysine coated slides (O. Kindler GmbH, Freiburg, Ger-
many), dried at 44°C for 12 h, followed by deparaffin-
isation with xylene. The rehydration of the slices was
carried out in a graded series of ethanol and the immu-
nohistochemical staining using the Immunohistochem-
istry kit (IHC kit, Abcam, UK) according to the manu-
facturer’s guidelines The slices were pre-treated using
heat mediated antigen retrieval with sodium citrate
buffer (pH 6) for 20 minutes and incubated with pri-
mary polyclonal antibodies Rabbit anti-SGLT1 and
Rabbit anti-SGLT2 (Abcam, UK) in 1/1,000 dilution for
30 min at 37°C. Biotinylated secondary antibody and
streptavidin-conjugated peroxidase were used for detec-
tion using DAB (3.3’-diaminobenzidine tetrahydrochlo-
ride) as chromogen. Negative controls contained anti-
body diluent (Dako, S3002, Denmark) instead of primary
antibodies. Human kidney tissue sections for identify-
ing SGLT-2 and SGLT-1 were used as positive controls
available for comparison on Abcam antibody producer’s
homepage as examples for the antibodies’ immunohis-
tochemistry on paraffin-embedded tissues (IHC-P) (Official
website of Abcam, 2022).

The Zeiss Axioplan-2 Imaging Microscope (Germany)
was established for photography of the slices. The pho-
tos were saved to the computer and analysed visually
using the camera AxioCam HRc (Germany) connected
to the microscope.
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The experiments were performed according to
the guidelines laid down by the European Communities
Council Directive of 22 September 2010 (2010/63/EU)
and the Ethical Committee of Latvia University of Life
Sciences and Technologies has approved the experi-
ments (protocol number 2014/2).

RESULTS AND DISCUSSION

The immunohistochemical locations of SGLT1 and
SGLT2 in kidneys of ostriches of different ages was per-
formed. The immunohistochemical study revealed the

localisation of the both types of sodium-dependent glu-
cose co-transporters in chicken of all age groups — 1-, 7+
and 14-days old ostriches. Compared visually, in differ-
ent experimental age groups the staining intensities and
localisation of SGLT1 and SGLT2 appeared to be similar
in the kidneys of ostrich chickens.

Immunolocalisation of SGLT 1

The staining for SGLT1 was noted to be poor in renal cor-
puscles and in most of the renal tubules, as demonstrated
in Figures 13, 2a.

immunolocalised in renal proximal tubules (arrows). Note the poorly stained renal corpuscle (asterisk). Obj. 200x;
b) Renal cortical proximal tubules strongly stained for SGLTZ (arrows) of the 1day old ostrich chickens’ kidneys. Renal
corpuscles poorly stained for SGLTZ (asterisk). Obj. 200x
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Figure 2. The immunolocalisation of SGLT1 and SGLT2 in 7-days-old ostrich chickens’ kidneys: a) SGLT1
immunolocalised in renal proximal tubules in medullary rays (arrows). Obj. 200x; b) SGLT2 (arrows)
immunolocalised strongly in renal cortical proximal tubules of the 7-days-old ostrich chickens’ kidneys. Obj. 200x.

Strong staining for SGLT1 was detected in the
proximal tubules in medullary rays as well as in the

,ﬁ‘ @ ..‘_‘ G
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Figure 3. The immunolo

calisation of SGLT1 and SGL

tubules of the outer stripe of renal medulla (Figures 2a,

3a).

T2 in 14-days-old ostrich chickens’ kidneys: a) SGLT1

immunolocalised in in the epithelial cells of the tubules of the outer stripe of renal medulla (arrows). Obj. 200x;
b) Strong staining for SGLT2 (arrows) in renal cortical proximal tubules of the 14 days old ostrich chickens’ kidneys. Obj. 200x
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Immunolocalisation of SGLT2

Strong staining for SGLT2 was detected to be in the
renal cortical proximal convoluted tubules (Figs. 1b, 2b,
3b) in chicken of different ages. Compared the intensi-
ties of the staining for SGLT1 and SGLT2, the staining
for SGLT2 was noted to be more intensive.

Based on the branching pattern of the ureter,
the avian kidney can be divided into renal lobes and
renal lobules (Liebich, 2019). The medullary region,
which drains into the secondary branches of the ure-
ter together with the region of the cortex drained by
that medullary tissue, forms the renal lobes. Including
both the medullary tissue and the cortical tissue that
it drains, each of the renal lobes is composed of several
renal lobules. The renal lobules drain into ureter’s ter-
tiary branches, which combine and form the secondary
ureteral branches. Enclosing blood vessels and loops
of Henle of juxtamedullary nephrons, the renal lob-
ule’s medullary parts comprise bundles of collecting
tubules (tubuli colligentes medullares). As in histological
sections of avian kidney’s the renal lobes and lobules
are seen at various levels, the cortical and medullary
regions appear like intermingled. Like in mammals,
nephrons are the smallest functional units of the kid-
ney consisting of renal corpuscles and tubular appara-
tus. However, whilst the renal corpuscles are considera-
bly smaller than in mammals, there is a higher amount
of corpuscles per volume unit of kidney tissue (Koenig
et al., 2016). The avian kidneys, divided into two zones,
the cortex and medulla, have two types of nephrons
unlike mammals, who have one type. These “reptil-
ian-type” nephrons are located in the cortex without
Henle’s loop, and the “mammalian-type” nephrons are in
the medulla and have a Henle’s loop (Casotti & Brauun,
2000; Cazimir et al., 2008). In birds that have a high abil-
ity for water conservation, the medullary regions (and
thus the loops of Henle) are particularly well-devel-
oped, with each medullary region draining only a rela-
tively small area of cortex. This arrangement presum-
ably allows for production of more concentrated urine.
The ability to produce hyperosmotic urine in avians is
limited compared to that of mammals (Sjaastad et al.,
2016). While loop nephrons produce concentrated urine,
their contribution to ureteral urine is made by nephrons
without loops (Ghezzi et al., 2018). Histologically, large
cortical areas with small medullary islands can be iden-
tified. The number of medullary islands varies in different
breeds of birds (Nickel et al., 2004).

In the organism, the kidneys are the main excretory
and osmoregulatory homeostatic organs (Imenez Silva
& Mohebbi, 2022). Kidneys contribute to the organ-
ism’s homeostasis by removing the metabolic waste
substances from blood and their excretion in the urine,
which prevents toxic waste products from accumulating
in the body, and by regulating the inorganic ion and
water balance through filtering water and harmful sub-
stances from blood (Yang & Nishimura, 2021). In the
healthy kidneys, the total amount of the filtered glu-
cose in the glomerulus has to be reabsorbed along the
nephron (Mota et al., 2015). Sudden decrease in renal
excretion, e.g., during acute renal impairment, is accom-
panied by retention of uremic toxins and metabolic
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residues in plasma and impaired regulation of fluid
and electrolyte homeostasis, causing high morbidity
and mortality (Nespoux et al., 2019). SGLT1 and SGLT2
take part in the renal glucose reabsorption from the glo-
merular filtrate.

The earlier research has shown that in healthy
mammals, glucose is filtered by the renal glomeruli
and the filtered glucose is reabsorbed in the tubular
system mainly by the proximal tubules (tubuli proxi-
males) (Nespoux et al., 2019). In the S1/S 2 segments
of the proximal tubules, apical low-affinity Na+-glucose
co-transporter SGLT2 handles the major glucose uptake
to the cytoplasm from the lumen (Vallon et al., 2011;
Umino et al.,, 2018). The glucose that was not resorbed
by SGLT2 reaching to the proximal tubule’s S2/S 3 seg-
ment will be resorbed by SGLT1, GLUT1, and GLUT2
(Rieg et al., 2014). As the SGLT-mediated glucose transport
depends on Na+ concentration gradient, SGLT1 serves as
a minor active transporter. Together with SGLT1, SGLT2
resorbs glucose from blood-forming urine. It has been
noted that of all tubular glucose reabsorption, SGLT1
accounts for about 10% (Koepsell & Vallon, 2020). In
rats, SGLT1 has been identified on the apical side of the
epithelial cells of the renal proximal tubules. In mam-
mals’ kidneys, SGLT1 and SGLT2 have been localised in
the S1/S2 and S 3 segments of the proximal tubules,
noted in the brush border membranes of the tubular epi-
thelial cells. Comparing the results previously described
for immunolocalisation of the Na+-glucose co-trans-
porters SGLT1 and SGLT2 in mammalian kidney tissue
with current data in ostrich kidneys, immunolocalisation
was found to be similar (Sen & Heerspink, 2021; Vallon
et al., 2011; Sano et al., 2020).

When comparing the intensity of SGLT1 and SGLT2
staining, it was noted that SGLT2 staining was more
intense compared to the intensity of SGLT1 staining,
which is due to greater reabsorption of glucose through
SGLT2 in the nephron (Vallon et al., 2011).

CONCLUSIONS

In the current immunohistochemical study in ostrich
chickens, localisation in the kidneys of SGLT1 and
SGLT2 was revealed. The immunolocalisation of SGLT1
and SGLT2 in chickens of different ages was similar:
SGLT1 was immunolocalised on the apical side of the
epithelial cells of the direct proximal tubules in the
brain rays (corresponding to the S3 segment), while
SGLT2 was immunolocalised in the convoluted proxi-
mal tubules in the cortical region (corresponding to the
S1/S2 segments). Due to the lack of knowledge about
Na+-glucose co-transporters in avian kidneys, it would
be highly informative to conduct additional compar-
ative studies on the immunolocalisation of sodium-
dependent glucose co-transporters in ostrich kidneys,
as well as in the kidney tissue of other bird species,
since avian kidneys have many unique morphological
and functional features compared to animals.
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MopiBHANbHE AoCNiMKeHHS HaTpil-3aNe)XXHNX KOTpaHCNopTepiB MIOKO3U
B HUPKaX CTpayCoOBMX KypuLlb

Miper Xyccap'?, Kpictin Annmanr?, ®nopiHa Monoscbka-MepunHny®, TuHy dpeeotc?, Inmapc OypiTic*
TapTycbkuii yHiBepcuTeT
50411, syn. PaBina, 19, M. TapTy, EcToHCbKa Pecnybnika

2[HCTUTYT BETEPUHAPHOI MEAMLIMHM Ta 300TEXHIKM ECTOHCHKOIO YHIBEPCUTETY MPUPOAHUUMX HAYK
51006, 6-p Kporuganbai, 62, M. TapTy, EcToHCbka Pecny6bnika

SYHiBepcuTeT cBsTMx Knupuna ta Medogis y Ckone
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4JTaTBIMCbKMIA CiNbCbKOrOCNOAAPCHKUIA YHiBEPCUTET
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AHoTauifa. Y 3MiHHUX BHYTPILWHIX Ta 30BHILWHIX YMOBaX NiATPUMAHHA NOCTIMHOI BHYTPIlWHbOI CepefoBuLLa —
roMeocTasy — rpa€ rosIoBHy poJib NPpaBuAbHOMY YHKLIOHYBAHHI OpraHi3my. B opraHi3mi HUpKKM BifirpatoTb BXKANBY
poJib Y rOMEeOCTasi [M0KO3M, NPU LLbOMY HATpiM3aNneXxHi KOTPAHCMOPTEPU MHOKO3M CNpUaOTb peabcopbuii rokosu
Yy HMpKax. Xo4a fokanisauis kotpaHcnoptepis Na+-rnoKo3m y HUpKax TBapuH WMPOKO OXapaKTepu3oBaHa, 4oci
HefoCTaTHbO iHdOopMauii Npo nokanisauii TpaHCcnopTepiB y HMPKaX NTaxiB. MeTo LbOro AocnigxeHHs 6yna
iMyHONIOKani3awia HaTpi3anexHux kotpaHcnopTtepiB SGLT1 i SGLT2 y HMpkax Kyp4aT cTpayciB pi3Horo Biky. [1ig
4yac [OoCNigKeHHS HUPKOBMI MaTepian oTpuMaHo Bif 15 cTpaycis, po3aineHux nopiBHy Ha TpU BiKOBI rpynu —
1-no6oB8i, 7-aeHHi Ta 14-0eHHi cTpaycoBi kypyaTa. Matepian aiametpom 0,5-1,0 cm dikcysanm B 10 % 3abydepeHomy
HenTpanbHoOMy GopManiHi, 3HEBOAHIOBANN, 3aMBanuM B napadiH; nicng uboro Bupizanu i genapadiHizyBanu 3pisu
TOBLLMHOKW 6 MKM 3 MNOAANbLWKNM iIMYHOTICTOXIMIYHUM 330apBIEHHAM MONIKIOHANbHUMU NEPBUHHUMM aHTUTINAMM
Rabbit anti-SGLT1 i Rabbit anti-SGLT2 (Abcam, BennkobputaHisi) BignoBiaHo fo pekoMeHaaLii BUpobHuka (IHC kit, Abcam,
UK). ®oTorpadii npenapatis bynu 3pobneHi Mikpockonom Zeiss Axioplan-2 Imaging (HiMmeuunHa) Ta 36epexeHi Ha
KOMM'IOTEp AN9 aHani3y nig Bi3yanbHMM KOHTponeM 3a gonomorot kamepu (AxioCam HRc, HiMeuunHa), nigkntoyeHoi
[0 MiKpockona. Y HalwoMy AOCNILKEHHI BUSBAEHA iMYHOriCTOXiMiYHa nokanizauis SGLT1 y enitenianbHUX KNITUHAX
NPpSMMUX NPOKCUMANbHUX KaHasbLIiB MO3KOBMX NPOMeHiB Ta SGLT2 y npokcMManbHMX 3BUBUCTUX KaHANbLUAX HEDPOHY.
BusBneHo nopibHicTb iMyHOTiCTOXiMiYHOI IOKani3aLii HaTpiM3aneXXHNX KOTPaHCMOPTEPiB MOKO3M Y HUPKAX
CTpayciB ycix BikoBux rpyn. BiasHaueHo, wo dapbysaHHa SGLT2 6yno 6inbl iHTEHCUBHUM, HidXX dhapbyBaHHs SGLT1.
OCKinbKM HUPKKM NTaxiB MakoTb YHiKanbHi MOp@OoNoriyHi Ta GyHKLiOHaNbHI 0COBIMBOCTI B MOPIBHAHHI 3 TBAPUMHAMM,
peKOMeHAY€ETbCS NPOBOAUTU MOAANbLUI AOCAIAXKEHHS HUPKOBOT TKAHMHM Pi3HMX BUAIB NTaxiB

KniouoBi cnoBa: SGLT1, SGLT2, kypka, iMyHOriCTOXiMifi, NPOKCMManbHi KaHanbLi HUPOK
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INTRODUCTION

Agriculture constitutes a priority sector of the Ukrainian
economy, which allows obtaining considerable amounts
of food, both for saturating the Ukrainian market and for
exporting abroad (Zakharchenko, 2107). The products
of agricultural enterprises are the key to food security
and independence of the country (Zakharchenko, 2107;
Selivestrova, 2018). In the overall structure of agriculture,
animal husbandry is a strategically important industry, as
it accounts for more than 38% of gross output (Selives-
trova, 2018; Khodorchuk et al., 2014). The development
of animal husbandry, on the one hand, provides the pop-
ulation with high-quality, high-calorie, and dietary food
products, and the crop industry, namely agriculture — with
organic fertilisers, and on the other hand — leads to an
increase in the anthropogenic load on the environment,
and therefore adversely affects the state of public health
(Demchuk et al., 2010; Palapa et al., 2016).

One of the most promising branches of animal
husbandry is poultry farming, the share of which in the
industry structure is quite considerable and accounts
for about 40-65% of the total production of livestock
products and is also one of the main producers of ani-
mal protein necessary for the human body (Fudrycko
et al., 2019). Today, poultry farming is the only industry
in Ukraine that has been increasing its capacity over the
past decade (Selivestrova, 2018; Boroday et al., 2017).
However, the growth of the poultry population in poultry
farms is accompanied not only by an increase in the vol-
ume of the main products — eggs and meat, but also by
the development and accumulation of animal by-prod-
ucts in a much larger amount, including chicken manure
(Fudrycko et al., 2019; Boroday et al., 2017; Zhukov,
2016). One bird releases 1.1-1.5 times more manure per
day compared to the amount of feed it consumes dur-
ing this period (Skliar et al., 2018). It is known that dur-
ing the year, 250-300 eggs are obtained from the laying
hen, i.e., 15-18 kg of egg mass, which exceeds its weight
by more than five times, while during this period the hen
releases 40-65 kg of manure with a humidity of 65-75%
(Zhukov, 2016). Thus, considering the above, the poultry
industry is one of the environmental pollutants, since
the use of manure without appropriate preparation as
fertilisers adversely affects the ecological state of terri-
tories, which carries a direct biological threat due to the
presence of pathogens of infectious and especially inva-
sive diseases (Demchuk et al., 2010; Shevtsova & Solo-
hub, 2019; Bolan et al., 2010). As a result, ecosystems in
the zone of functioning of poultry farms gradually lose
their biological balance and ability to self-regulate, and
they experience a sharp deterioration in the growth and
development of flora and fauna (Boroday et al., 2017).
Forests and fields adjacent to poultry enterprises are
beginning to act as distribution centres for patho-
genic microorganisms and heavy metals, etc., instead
of a buffer function (Shevtsova & Solohub, 2019). Thus,
unsatisfactory storage and irrational use of manure
not only causes considerable damage to the environ-
ment, polluting land reservoirs, soils, and groundwa-
ter, but also causes the loss of an enormous amount

Vorobel et al.

of high-quality organic fertiliser needed for agricultural
land (Demchuk et al., 2010; Shevtsova & Solohub, 2019;
Bolan et al., 2010). Long-term accumulation of waste
causes intensive fermentation processes, as a result of
which gaseous aeropolutants — methane, carbon diox-
ide, etc. — evaporate into the atmosphere and enter in
large quantities (Khodorchuk et al., 2014; Caro, 2019;
Rubezius et al., 2020).

The growing concentration of greenhouse gases
in the atmosphere increases the greenhouse effect,
adversely affects natural processes due to intensive
retention of thermal radiation, which contributes to
excessive warming of the planet, an increase in the
number of natural disasters and cataclysms (deserti-
fication, landslides, hurricanes), etc. (Khodorchuk et al.,
2014; Vorobel et al., 2021; Monteny et al., 2001). Cli-
mate change due to the greenhouse effect is one of
the most global environmental problems of modern
times (Khodorchuk et al., 2014; Demchuk et al., 2010;
Caro, 2019). As a result of the analysis of literature
sources, it was found that the potential of methane influ-
ence on atmospheric heat retention is 21-34 times
stronger than carbon dioxide, and therefore, in condi-
tions of increasing the average annual temperature,
CH, emission into the atmosphere worsens these con-
ditions (Caro, 2019; Mitkov et al., 2012; Asgedom &
Kebreab, 2011). At the same time, methane can remain
in the atmosphere for up to 12 years (Mitkov et al.,
2012). Hence, reducing the CH, output is more effec-
tive in preventing climate change than reducing CO,
emissions. The concentration of methane in the atmos-
phere has more than doubled over the past two cen-
turies, and carbon dioxide has increased by more than
25% (Binkovska & Shanina, 2016). Thus, in modern con-
ditions, due to the active development of the poultry
industry, and therefore a considerable amount of waste
accumulation, which, albeit a valuable raw material, is
not always used, the urgency of the problem of environ-
mental protection increases. Considering the above, the
issue of reducing greenhouse gas emissions from ani-
mal by-products is relevant, which requires thorough
research and constitutes an essential aspect in the func-
tioning of agro-industrial enterprises.

Anaerobic bio-fermentation of organic animal
waste, namely poultry farming is an effective and rational
way of their neutralisation, processing, and disposal
in modern economic conditions, and therefore the vec-
tor of solving problems of eliminating the available
and preventing further environmental pollution and
ensures waste-free production, i.e., it allows increasing
the quantity and improving the quality of organic fertil-
iser and obtaining an additional energy carrier — biogas,
the main component of which is methane (Soluk et al.,
2015; Dere et al., 2017; Wang et al., 2019). The use of ani-
mal by-products due to the presence of a considerable
raw material potential suitable for fermentation in the
agricultural sector as alternative energy sources is one of
the promising, environmentally friendly and energetically
profitable areas of bioenergy today, reducing the amount
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of pollutants released into the atmosphere (Panchuk &
Shlapak, 2016; Abbasi et al., 2012; Ulusoy et al., 2021).
Processing of organic waste from poultry farms by bio-
logical fermentation is of great environmental impor-
tance, since all chemicals contained in organic waste
are completely disposed of (Mitkov et al., 2012). Further-
more, the bio-fermentation process allows destroying the
pathogenic microflora and weed seeds, i.e., improves the
properties of manure as fertilisers, thereby minimising
water, air, and soil pollution (Demchuk et al., 2010; Mitkov
et al.,2016; Binkovska & Shanina, 2016).

Methane fermentation is a multi-stage process
of microbiological transformation of an organic sub-
strate carried out by a complex consortium of anaer-
obic bacteria in an oxygen-free environment to final
products, mainly methane (55-70%) and carbon dioxide
(30-45%) and less than 1% of other gases (hydrogen sul-
phide, ammonia, aromatic hydrocarbons, etc.) (Dere et al.,
2017; Adekunle & Okolie, 2015; Zieminski & Frac, 2012).
First, during hydrolysis, under the action of microorgan-
isms, high-molecular organic compounds of raw mate-
rials (proteins, lipids, polysaccharides) are destroyed to
low-molecular fatty acids and alcohols, and then they
are oxidised by acetogenic bacteria to form organic acids
(lactic, propionic, acetic, etc.) (Demchuk et al., 2010;
Soluk et al., 2015; Panchuk & Shlapak, 2016). Hydrolysis
also produces hydrogen and carbon dioxide. The above-
mentioned compounds, as well as the organic substrate,
serve as further nutrient substrates for the development
of methane-forming bacteria (methanogens), which carry
out the final stage of fermentation-methane synthesis
(Abbasi et al., 2012; Zieminski & Frac, 2012; Shtatskyi
et al.,2013). It is at this stage that 90% of all methane
is synthesised, and 70 % of it is formed from acetic acid,
and therefore the level of the latter constitutes a factor
determining the rate of methane formation (Soluk et al.,
2015; Shtatskyi et al., 2013). Notably, upon methane fer-
mentation, up to 83% of the energy of fermented glu-
cose is preserved, and therefore methanogenesis is
the most energy-efficient way to transform the energy
of organic substances (Shtatskyi et al., 2013).

A promising substrate to produce biogas is chicken
manure, due to the increased content of organic mat-
ter and the inherent greater ability to biological decay,
compared to other animal waste (Dere et al., 2017). Given
this, the poultry industry is not only a producer of envi-
ronmental pollution, but also a potential donor of alter-
native energy due to the use of organic waste biomass,
which allows transforming the manure from harmful to
the environment to profitable and useful related products,
thereby ensuring high competitiveness and profitability
of the industry, turning it into a highly efficient sector
of the economy.

Thus, if the reduction and increase in the number
of animals is suspended, biogas can become a relatively
inexpensive alternative to natural gas, and compared
with other renewable energy sources, it is very flexible
in use, namely it is used in three important areas — the
production of heat, electricity, and fuel. Thus, consider-
ing the relevance of ensuring timely and proper disposal
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of animal by-products in the conditions of intensifica-
tion of poultry farming, it becomes relevant to develop
and search for effective means and methods to acti-
vate methanogenesis, which will speed up the fer-
mentation processes of waste, thereby contributing to
the growth of production of renewable energy resources,
obtaining valuable humus, and ensuring the main com-
ponent of value-preservation and protection of the envi-
ronment, and therefore minimise the consequences
of global warming.

The purpose of this study was to investigate the
anaerobic fermentation of chicken manure (in vitro) and
establish the effectiveness of the influence of the sub-
stances under study on the intensification of methane
output, which directly determines the value of biogas.

MATERIALS AND METHODS

Experimental studies on the effectiveness of the influ-
ence of the substances under study on the emission
of greenhouse gases — methane and carbon dioxide from
chicken manure, were carried out using laboratory meth-
ods — to determine the level of greenhouse gas release;
analytical methods — to analyse and justify the results
obtained; mathematical and statistical methods — to
assess the reliability of research results. The study is
based on the methodology of O.H. Skliar, R.V. Skliar, and
S.M. Hryhorenko (2019). Sampling of the substrate under
study, the chicken manure without bedding, was car-
ried out in the farm “Zakhid-Ptytsia” of the Lviv Oblast.
The methane fermentation process was carried out in
vitro using sealed containers to maintain hermeticity
and ensure anaerobic conditions. To maintain the sta-
bility of the bio-fermentation process and avoid its inhi-
bition by ammonium nitrogen and sulphides, biomass
(chicken manure) was diluted with water to a humidity
of 92%, since it is known that for the effective anaer-
obic fermentation, and therefore an increase in meth-
ane yield, high humidity substrates are necessary. Dur-
ing the experiment, the fermented mass was mixed by
periodically shaking the containers to destroy and pre-
vent the formation of a crust, which leads to a delay in
the release of gases. The bio-fermentation conditions
were identical, both in the control version, where anaer-
obic digestion of the substrate was carried out at the
expense of the natural microflora of the manure, and
in experimental analogues with the introduction of the
substances under study.

Experimental studies were carried out within
26 days, and after the stages of hydrolysis, oxidation, and
acetogenesis at the beginning of methane formation
(day 17), the substances under study were added to
fermented chicken manure — methane generating
raw materials in an effective pre-established and eco-
nomically justified optimal dose of 3%: Variant | — con-
trol (without adding substances); Il — FeO, 9 g; Ill —
Fe,0,, 9 g; IV — Basidiomycota fungal-based bio-com-
position (Institute of Agroecology and Nature Manage-
ment), 9 ml; V — biological product Meganit Nirbator
(PE “Eksiminvest”), 9 ml; VI — biological product Reduk-
lin T (PE “Agro-Admiral”), 9 mL; VIl — biological product




Reduklin Compost (PE “Agro-Admiral”), 9 mL; VIl — com-
plex preparation for activating enzymatic processes in
chicken manure (Institute of Agriculture of the Car-
pathian region), 9 mL. During the experiment in the in
vitro conditions, on the 17" day and every three days,
the level of greenhouse gas emissions from the sub-
strate under study (CH,, CO,) was determined in control
and in experimental analogues. The released amount
of the gases under study upon anaerobic fermentation
of chicken manure was measured using a portable gas
analyser — Dozor S-M-5 (Certificate of verification of
the device type UA.TR.001212-18 and certificate of con-
formity UA.TR.002.CB.1234-19). In the experiment, the
acidity of the test substrate was also determined (at the
beginning of experimental studies and after completion)
using the Tur n5170 pH meter device.

Statistical analysis of the obtained research
results was carried out using a standard package of
statistical software, Microsoft EXCEL and AtteStat using
variational statistics methods. Arithmetic mean values
(M) and their errors (m) were calculated. The difference
between the arithmetic mean values was considered
statistically significant at: *P<0.05; **p<0.01; ***p<0.001.

RESULTS AND DISCUSSION

To ensure maximum efficiency of the anaerobic fermen-
tation process, i.e., active reproduction and enzymatic
activity of microorganisms, it is necessary to maintain
optimal conditions, namely the temperature regime
and acidity (pH) of the medium, etc. (Dere et al.,, 2017;
Adekunle & Okolie, 2015; Zieminski & Frac, 2012). Accord-
ing to several studies, it has been established that the
amount of methane produced during anaerobic diges-
tion is largely determined by temperature (Dere et al,,
2017; Zieminski & Frac, 2012; Polishchuk et al., 2013).
In particular, the minimum temperature at which meth-
anogenesis occurs is 6°C, while its value below 0°C is
maintained by microorganisms, but the metabolic process
completely stops (Vorobel et al., 2021; Soluk et al., 2015;
Zieminski & Frac, 2012). An increase in temperature
contributes to a higher rate and degree of destruction of
organic raw materials, but at a level of more than 70°C,
methane-forming microorganisms die, and at a value
above 45°C, the methane concentration in the total
volume of gases decreases, despite the improvement
in the conditions of their development (Skliar et al.,
2018; Soluk et al., 2015; Polishchuk et al., 2013). The
above can be explained by the fact that at elevated
temperatures, carbon dioxide dissolved in the sub-
strate is more intensively converted to a gaseous state
and released, and the more of it passes into a gaseous
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form, the lower the proportion of methane will be (Pol-
ishchuk et al.,, 2013). In addition, anaerobic fermenta-
tion at elevated temperature increases the sensitivity
of microorganisms to its permissible fluctuations, which
causes a decrease in their metabolic activity and abil-
ity to reproduce, so sharp changes in this indicator are
not desirable (Zieminski & Frac, 2012; Polishchuk et al,
2013). Considering the above, experimental studies were
carried out at a temperature within 33°C, i.e., under
the mesophilic regime, which is described by the highest
stability of anaerobic digestion and minor temperature
fluctuations are allowed without disrupting the process.

The duration of substrate bio-fermentation is
also one of the key indicators affecting the properties
of manure, their digestibility, reduction of toxic sub-
stances and harmful microorganisms, etc. (Skliar et al,,
2018; Soluk et al., 2015). In particular, the fermentation
exposure is set depending on the temperature regime
within the following limits: at 10-25°C for 30 days, at
25-40°C — for 10-20 days, at 45-55°C — for 4-8 days
(Adekunle & Okolie, 2015; Polishchuk et al., 2013). In
this experiment, the duration of the substrate bio-fer-
mentation process was 17 days.

The stability of methanogenesis is consider-
ably influenced by the hydrogen index, which deter-
mines the vector of anaerobic fermentation (Dere et al,,
2017; Zieminski & Frac, 2012; Polishchuk et al., 2013).
According to literature sources, it is known that a low
pH level inhibits the growth of methanogenic bacteria
and reduces the methane yield, specifically when this
indicator decreases below 6.5, the gas yield worsens
by 30-40%, and the development of methane micro-
flora almost completely stops at pH 6.0 (Polishchuk
et al.,, 2013). In this experiment, upon determining the
pH in the control variant (without adding substances) of
chicken manure before and after the study (in vitro) was
completed it was found that this indicator was within
8.35-8.55, i.e,, it had an alkaline reaction of the medium.
During experimental studies, there was a change in the
acidity index. During the period of the bio-fermentation
process in the experimental variants, after the introduc-
tion of the substances under study into the substrate, an
increase in the enzymatic activity of the fermented mass
was observed, and after the studies were completed,
the pH level increased to 9.05 in variants using FeO, to
9.1 — using Fe,0,, to 9.2 — using Basidiomycota fungal-
based bio-compositions, to 9.15 — using Meganit Nir-
bator biologics, to 9.28 — using Reduklin T biologics,
to 9.23 — using Reduklin Compost biologics, to 9.3 —
using a complex preparation for activating enzymatic
processes in chicken manure (Fig. 1).
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Figure 1. The level of acidity of chicken manure in variants using the substances under study

Therefore, maintaining optimal parameters of
methane fermentation is a substantial factor determining
the yield of biogas, the speed of the process and the meth-
ane content, and ultimately the efficiency of processing
organic raw materials. At the same time, a promising
area for intensifying the methane fermentation process is
the use of stimulants that help improve the vital activity

of microorganisms that carry out transformation processes.
The analysis of the obtained results shows that the
substances under study, which contributed to the high-
est pH indicator in the fermented chicken manure, and
therefore to the acceleration of bio-fermentation pro-
cesses, simultaneously showed the most effective influ-
ence on the methane output increase (Fig. 2).
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Figure 2. Volume of methane output from chicken manure in variants using the substances under study

The data obtained from experimental studies
indicate that the intensity of the anaerobic fermenta-
tion process and the emission of greenhouse gases —
methane and carbon dioxide from the substrate of
chicken manure is determined by the duration of the
experiment. With increasing fermentation time, the
methane content increases, which indicates an improve-
ment in the biogas quality.

According to the results of the conducted stud-
ies, it was established that upon anaerobic fermenta-
tion of chicken manure (in vitro) in variants using FeO,
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the methane yield from the test substrate increases,
depending on the day of the experiment, namely: on
day 20-22 |/m? (P<0.01) or 4.1%; on day 23-31 |/m>3-5.7%;
on day 26-41 I/m?, i.e., 7.4%, relative to the control
analogue. Introduction of Fe,0, to fermented chicken
manure causes an increase in greenhouse gas emis-
sions, such as methane, relative to the control variant,
depending on the day of research, namely: by 31 |/m?
(P<0.001), i.e., 5.8% — on day 20; by 46 |/m?* (P<0.01) or
8.5% — on day 23; by 62 |/m?* (P<0.01) or 11.2% — on
day 26.




Analysis of the data obtained during this study
shows that the addition of the Basidiomycota fungal-
based bio-composition to the substrate under study
upon anaerobic fermentation (in vitro) promotes an
increase in the volume of CH, output for 20-26 days,
respectively, by 29-53 |/m? (P<0.05), which is 5.4-9.6%
as a percentage compared to the control variant.

According to the results of studies, it was found
that upon using the biological product Meganit Nirbator,
there is an increase in the level of methane emissions
from fermented chicken manure, relative to the control
analogue, depending on the day of research, respectively:
on day 20-30 I/m? (P<0.05), i.e.,, 5.6%; on day 23-45 |/m?
(P<0.05) or 8.3%; on day 26-52 l/m? (P<0.01), which is 9.4%.

In variants with the introduction of Reduklin T into
the test substrate, the volume of CH, output increases
depending on the day of the experiment, namely: by
51 I/m?* (P<0.05) or 9.5% — on day 20; by 70 |/m? (P<0.05)
or 12.8% — on day 23; by 78 |/m? (P<0.05) or 14.2% —
on day 26 of the experiment, compared to the control
variant. Based on the conducted studies, it was found
that adding the biological product Reduklin Compost to
fermented chicken manure upon anaerobic fermenta-
tion (in vitro) causes an increase in methane emissions
by 20-26 days, respectively, by 38-66 |/m? (P<0.05-0.01),
i.e.,, 7.1-12%, relative to the control variant.

During the same period of experimental studies
(20-26 days), the volume of CH, output from the test
substrate upon using a complex preparation to activate
enzymatic processes in chicken manure, it was higher
than the control, respectively, by 84-103.5 |/m? (P<0.05-
0.001), which is 15.7-18.8%.

Thus, considering the obtained research results,
the highest level of methane released from fermented
chicken manure in all experimental versions is observed
on the 26™ day of the experiment — by 7.4-18.8%. At
the same time, the most pronounced effect (15.7-18.8%)
on the growth of the CH, output from the test sub-
strate, a complex preparation for activating enzymatic
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processes in chicken manure was developed during
the experiment. The intensification of the process of
bio-fermentation of chicken manure and the highest
level of methane in the experimental variants under
study is probably conditioned upon the wide compo-
nent composition of bio-stimulants that provide meth-
anogenic microorganisms with a sufficient amount of
required nutrients, including mineral elements (Demirel
& Scherer, 2011). The above is confirmed by the stud-
ies of several researchers on the crucial role of mineral
elements (Fe, Ni, Co, Mo, W, and Se), enzymes, micro-
organisms in the growth and metabolism of methano-
gens and for further acceleration of methane biosyn-
thesis, as well as improving the stability of anaerobic
fermentation (Zhang et al., 2013; Christy et al., 2014;
Romero-Gliza et al.,, 2016). A mineral element such
as Fe increases the production of acetate and at the
same time can directly serve as an electron donor for
the reduction of CO, to CH, (Romero-Giiiza et al., 2016).
The results obtained during the experiment on increas-
ing the efficiency of methanogenesis, namely the forma-
tion of methane from the fermented substrate, are con-
sistent with the studies of E. Abdelsalam et al. (2015),
conducted in laboratory conditions using chlorine com-
pounds CoCL,, NiCl, and FeCl,. Researchers J. Ahamed
etal. (2016), R. Zeng et al. (2021) and J. Pan et al. (2019)
obtained comparable results regarding the stabilisation
of the anaerobic process, and consequently an increase
in the yield of biogas with a high methane content from
poultry industry waste using silica gel and biochar.

Analysis of experimental data shows that simul-
taneously with an increase in methane levels upon
anaerobic fermentation of chicken manure (in vitro) in
all experimental versions, carbon dioxide emissions are
reduced (Fig. 3). When Fe compounds are added to the test
substrate in the forms of FeO and Fe,O, for 20-26 days,
there is a decrease in the volume of CO,, respectively,
by 3-9 I/m?, i.e., 0.8-2.3%.
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Figure 3. Volume of carbon dioxide output from chicken manure in variants using the substances under study
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Introduction of Basidiomycota fungal-based bio-
compositions to fermented chicken manure according to
the mesophilic regime of anaerobic fermentation (in vitro)
helps reduce the carbon dioxide release, depending on
the day, respectively, by 19 |/m? (P<0.01) or 4.9% — on day
20; by 32 |/m? or 8.2% — on day 23; by 38 l/m? (P<0.01) or
9.6% — on day 26, relative to the control variant.

Based on the conducted studies, it was found that
the use of Meganit Nirbator biologics causes a decrease
in CO, yield from the test substrate, respectively, on day
20-20 I/m?* (P<0.01) or 5.1%; on day 23-30 l/m?* (P<0.01)
or 7.7%; on day 26-37 l/m? (P<0.01) or 9.4%, relative to
the control variant.

Analysis of the results obtained shows that upon
adding the Reduklin T biological product, there is a
decrease in carbon dioxide emissions from fermented
chicken manure, depending on the day of the experiment,
respectively, by 33 |/m?® (P<0.05) or 8.5% — on day 20;
by 42 |/m? (P<0.01) or 10.8% — on day 23; by 49 |/m?
(P<0.01) or 12.4% — on day 26, compared to the control
variant.

In variants with the introduction of the biological
product Reduklin Compost for the study period (20-
26 days), the yield of CO, decreases from the test sub-
strate, respectively, by 25-39 |/m? (P<0.05-0.01) or 6.4-
9.9%, relative to the control variant.

According to experimental data, it was found that
upon using a complex preparation to activate enzymatic
processes in chicken manure, the volume of carbon
dioxide output from the fermented substrate, depend-
ing on the day of the experiment, is lower, respectively,
on day 20-50 |/m3 (P0.01) or 12.9%; on day 23-53 |/m?
(P<0.01) or 13.6%; on day 26-56 |/m?® (P<0.01) or 14.2%.
Thus, analysing the research results, on day 26 of the
experiment, the lowest level of CO, emission was estab-
lished in all experimental variants upon mesophilic
bio-fermentation (by 2.1-14.2%) from chicken manure.
In particular, the most effective reduction of carbon
dioxide output from the fermented substrate was shown
by a complex preparation for activating enzymatic pro-
cesses in chicken manure, namely — by 12.9-14.2%,
depending on the day of the experiment (20-26 days).
Considering the above, it is experimentally confirmed

and economically justified that the test substances FeO,
Fe,0,, Basidiomycota fungal-based bio-composition, bio-
logics — Meganit Nirbator, Reduklin T, Reduklin Com-
post and a complex preparation for activating enzy-
matic processes in chicken manure effectively influence
the growth of CH, yield volume from a fermented sub-
strate in the mesophilic mode of anaerobic fermentation
(in vitro) with a simultaneous decrease in CO, release.
Thus, of the substances under study, the most
effective in increasing methane emissions at a lower
level of carbon dioxide from the fermented substrate was
found in variants using a complex preparation to acti-
vate enzymatic processes in chicken manure and, accord-
ingly, their positive effect on the process of methano-
genesis decreases in the following sequence: Reduklin
T — Reduklin Compost — Fe,0, — Basidiomycota fungal-
based bio-composition — Meganit Nirbator — FeO.

CONCLUSIONS

The effectiveness of the substances under study, namely
FeO, Fe,0,, Basidiomycota fungal-based bio-composi-
tions, biologics — Meganit Nirbator, Reduklin T, Reduklin
Compost and a complex preparation for activating enzy-
matic processes in chicken manure to intensify the bio-fer-
mentation and methane release from chicken manure
(in vitro) is theoretically justified, which is conditioned
upon changes in the pH of the substrate to the alkaline
side, while reducing the level of carbon dioxide emis-
sions. It has been experimentally confirmed that the most
influential on methanogenesis, and therefore the growth
of CH, yield from chicken manure developed is a com-
plex preparation for activating enzymatic processes in
chicken manure (15.7-18.8%), biologics — Reduklin T
(9.5-14.2%) and Reduklin Compost (7.1-12%). Thus, the
increase in the level of methane upon the use of the sub-
stances under study indicates the prospects of their appli-
cation in the processing of chicken manure in biogas plants
for a comprehensive solution simultaneously with the
energy and environmental problem, i.e., to reduce envi-
ronmental pollution with intensive management of the
poultry industry, which allows improving the profitabil-
ity of both husbandry and crop production by obtaining
high-quality humus suitable for organic production.
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AHaepo6He 6poaiHHA Kypayoro nocnigy Ta cnoco6m iHteHcudikauii
BUXoAy MeTaHy

Mapis IropisHa Bopo6enb?, Bacunb BacunboBuu KanniHcbkuit?,
Oner fpocnasoeuy Knum?, Anna BonoaumupieHa Npumak®, FaHHa flpocnaeieHa Tenywko?

HcTuTyT cinbecbkoro rocnopapctea Kapnatcbkoro perioHy HAAH
81115, Byn. [pywescbkoro, 5, c. O6powuHe, JIbBiBCbKa 0671., YKpaiHa

2|HcTuTyT Bionorii TBapuH HAAH
79034, Byn. Bacuna Cryca, 38, M. JIbBiB, YKkpaiHa

*J1bBiBCbKMIM HALLIOHANbHWIA YHIBEPCUTET BETEPUHAPHOI MEAWLMHM Ta BioTEXHONOTIN
imeHi C.3. DKuLbKOro
79010, Byn. MNekapcbka, 50, M. JTbBiB, YkpaiHa

AHoTauis. Baromy yactky y dopMyBaHHi NpofoBoabYOi 6e3nekn HaceneHHs 3aiMae ranysb NTaxiBHULUTBA, SKa
€ OJHI€EI0 i3 HaMBINbLLI EKOHOMIYHO NPUBABAMBMX Ta KOHKYPEHTOCMPOMOXHMX, MPO L0 CBIAYUTD LLLOPiYHA CTiliKa AMHaMIKa
3pPOCTaHHS BUPOOHMLITBA LiiHHMX NPOAYKTIB XapyyBaHHs — MACa NTULL i SELLb, LLLO XapaKTEPU3YHOTbCS BUCOKOKO MOXMBHICTHO,
BiAMIHHUMW AIETUYHMMM M CMAKOBMMM SKOCTAMM. HapollyBaHHS NpoayKLii NTaXiBHULUTBA 3yMOB/IOE BiANOBIAHO
iHTeHCUPiKaLito BUPOOHULTBA 3 OLHOMO BOKY, a 3 iHLIOr0 — HAKOMUYEHHS BiAXOAIB BHAC/ILOK 3pOCTAHHS YMCENbHOCTI
nTuLi. OLHMM i3 NPiOPUTETHMX HANPAMIB BUPiLLEeHHS NpobneMn ekobe3neku B ranysi NTaxiBHULTBA € Nepepobka nobivHoi
NPOAYKLii TBAPMHHOIO NMOXOAXEHHS 3aBASAKM (PepMeHTaTUBHOMY 36 pOAKyBaHHHO, LLLO A03BONSE OLEPXKaTH LOLATKOBUM
eHepreTMYHMI NPOAYKT Ta OpraHo-MiHepanbHe L06pUBO, TMM cammM 3anobiratoym BUKMOAM MeTaHy B aTMocdepy, a
BiATaK i rnobanbHOMYy noTeniHHI. TOMy, MOLWYK cnocobiB iHTeHcMdiKaLii BUXo4y MeTaHy 3 Kyps4oro nocnigy npu
aHaepobHOMY BpOAiHHI, 30KpeMa LWSXOM A0AABAHHS Pi3HUX PeYOBMH OYB METOH 3aniaHOBaHUX AOC/iIAXKEHb.
EkcnepvMeHT NnpoBeaeHo i3 BUKOPUCTAHHAM NabopaTopHUX, aHANITUYHMX | MaTEMATMKO-CTaTUCTUYHMX MEeTOAIB. 3a
pe3ynbTataMm eKCrepuMeHTabHUX AO0CNIMKEHb BCTAHOBIEHO No3uTuBHUiA Brsine FeO, Fe,0,, 6iokoMno3uuii Ha 0CHOBI
rpubis Basidiomycota, 6ionpenapatiB — MeraHit Hipbatop, Peayknin T, Pegyknin KomnocT i kKomnnekcHoro npenapary ans
aKTUBaLii pepMeHTaTMBHMX NPOLIECIB Y Kypa4OMY NOCNifi HA Npouecy aHaepobHoi 6iodhepMeHTaLii Ta 3pOCTaHHS BMICTY
meTaHy (CH,) 3 kypauoro nocsiigy (in vitro) Ha OHi 3pocTaHHA nokasHuka pH o 9,05-9,3 3a 04HOYACHOMO HKYOIO PiBHS
Byrekucnoro rasy (CO,). Haikpalwi pe3ynstatv wono nigsuiieHHs obcary suxoay CH, i3 36pomkeHoro cy6erpary —
Ha 15,7-18,8 % cnoctepiranu y BapiaHTax i3 KOMMIEKCHUM MpenapaToM A5 akTuBaLii depMeHTaTMBHMX MPOLECIB Y
KypsvoMy nocnifi. 3acTocyBaHHs 6iokomMno3uLii Ha 0cHOBI rpubiB Basidiomycota cnpusie 3pocTaHHI0 piBHA eMicii MeTaHy
3 gocnigkyBaHoro cybcrpaty Ha 5,4-9,6 %, a 6ionpenapati — MeraHiTt Hipbatop, Pegyknin T Ta Pegyknin Komnoct
06yMoBNIOK0Tb 30iNbLUeHHS 06CATY BUXOAY LbOrO rasy, BiAnosifHo, Ha 5,6-9,4 %, 9,5-14,2 % i 7,1-12 %. BHeceHHs
y Kypsuui nocnig FeO Ta Fe203 BMK/IMKAE 3POCTaHHS PiBHSA eMicii CH4 Ha 4,1-7,4% 1 5,8-11,2 %. O™xke, oaepxKaHi
pe3ynbTaTv BKA3yTb HA AOLINbHICTb BUKOPUCTAHHS AOCNIAXKYBAaHUX PEYOBMH Npu nepepobui Kypsyoro nocnigy
B 6i0ra3oBmMX yCTaHOBKax ANS iHTEHCUPIiKaLIT BUXOAY METaHy, WO AACTb MOX/IMBICTb MiHIMi3yBaTW HEraTUBHWIA BNNB
iHTEHCMBHOMO BEAEHHS rany3i NTaxiBHMLUTBA HA CTaH HAaBKOIMLUHBOTO CEPEAOBULLA

KntouoBi cnosa: rany3b NTaxiBHULTBA, NOBIYHI NPOAYKTU TBAPUHHOIO NOXOAXKEHHS, METAHOTEHE3, AOC/IAKYBaH| PEHOBUHM,
NMapHUKOBI rasu
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Article’s History: Abstract. Seed-born fungi of wheat interact with the plant at various stages of
Received: 30.04.2022 its development and with each other. With the highest growth rate, they should
Revised: 29.05.2022 be isolated because of competition. The purpose of this study was to compare
Accepted: 30.06.2022 the growth of colonies on a nutrient medium for the gradation of fungal genera

and species from wheat seeds according to aggressiveness. These data helped
Suggested Citation: concluding on the effectiveness of mycoexpertise of winter wheat seeds. Potato-
Rozhkova, T., Golosna, L., glucose agar (PGA) was used for the analysis of the fungal complex. Seven-day
Afanasieva, 0., Nemerytska, L., fungal cultures were sown in the centre of Petri dishes. Linear growth of fungal
& Zhuravska,l.(2022).Linear colonies on PGA with gentamicin was determined. The specific features of the
growth of representatives of development of 12 representatives of seeds mycobiota from the Northeast of
wheat seeds mycobiota. Sci- Ukraine of the 2017-2019 harvest were investigated. The dominance of Alternaria
entific Horizons, 25(4),45-52. sp.and a slight release of Fusarium sp. were established by analysis of the fungal

complex. The first comparison of the linear growth of Fusarium graminearum,
F. poae, and Alternaria tenuissima in 2017 showed that Fusarium colonies grow
faster on nutrient medium. In 2018, the growth characteristics of A. arborescens,
which quickly became dominant in wheat seeds mycoflora, and the little-
common Trichothecium roseum were studied in detail. By comparing the growth
of fast-growing F. graminearum with the common Aureobasidium pullulans and the
aggressive Nigrospora oryzae, the fastest development of the third and the slowest of
the second species was established. F. poae filled the Petri dish on day 6, Penicillium -
on day 22.1n 2019, in the first experiment comparing F. poae, F. sporotrichioides,
and A. avenicola, the second species had the worst growth rates. It became the
second fastest growing colony in the study of the growth of seven species in the
second experiment. Isolates of N.oryzae in 2018 were more aggressive than in 2019.
Specific features of colony growth on PGA did not affect the effectiveness of the
analysis of mycobiota of winter wheat seeds. N. oryzae had the highest radial speed
under the general dominance of Alternaria sp. Fusarium sp. (F. poae, F. sporotrichioides,
F.verticillioides, and F. graminearum) and B. sorokiniana developed rapidly. A. arborescens
and A. avenicola grew at the same level as A. pullulans. Penicillium and T. roseum
lagged behind other fungi in speed and filled Petri dishes for the longest time.
A. tenuissima had the lowest radial growth rate
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INTRODUCTION

The mycobiota of wheat seeds is a dynamic system com-
prising varied species of fungi. Its composition is deter-
mined by abiotic and biotic factors. The seeds contain
fungi that do not have phytotoxic effects on the plant
(endophytes) and phytopathogenic species. The nega-
tive effects of phytopathogens are associated with the
production of secondary metabolites that are danger-
ous to plants, animals, and humans. The pathogenicity
of fungi is because they produce phytotoxins, enzymes,
effector proteins, etc. (Peng et al., 2021). The composi-
tion of seed mycobiota includes fungi that contaminate
agricultural products with mycotoxins. These are Fusar-
ium sp., Penicillium sp., Aspergillus sp., Alternaria sp., Cla-
dosporium sp., Cochliobolus sp. etc. Mycotoxins contam-
inate 20-25% of food crops in the world (Eskola et al.,
2020). Studies on the co-cultivation of fungi and bac-
teria revealed the synthesis of some of these metabo-
lites, which allowed researchers to determine the cause
of mycotoxins — competition between different repre-
sentatives of the plant microbiome (Venkatesh & Keller,
2019). The endophytic microbiota is associated with the
host plant throughout its ontogenesis. Endophytes have
a positive effect on plants, increasing drought resistance
and resistance to pathogens, stimulating plant growth
and development (Hardoim et al., 2015; Shahzad et al.,
2018; Kuzniar et al., 2020).

The study of mycobiota in Ukraine, as in the world,
is not permanent, is not included in state monitoring, but
only depends on the scientific interest of researchers. For
the last 20 years, Ukrainian scientists isolated and identi-
fied the following genera in the from wheat seeds: Acre-
moniella sp., Alternaria sp., Aspergillus sp., Cladosporium
sp., Cochliobolus sp., Curvularia sp., Epicoccum sp., Fusar-
ium sp., Mucor sp., Nigrospora sp., Penicillium sp., Phoma
sp., Stemphylium sp., and Sordaria sp. A study of 70 sam-
ples of wheat grain harvested in 2016 and 2017, collected
in collective farms, the private sector, elevators, breeding
stations, and regional seed inspections of three zones of
Ukraine showed that 1 g of wheat grain in Ukraine con-
tained from 1.12x103 to 6.5x104 CFU, which averaged to
3.3x104 * 3.2x104. Inside the seeds were 11 represent-
atives of the fungal complex. The most common were
Alternaria spp. (67 % of samples), Aspergillus spp. (37 %),
Phoma exiqua (30%), less frequently identified Fusar-
ium spp.and Mucor spp. (in 19% of samples) (Ostrovskyi
et al.,2018). The 2016-2017 analysis of fungi isolated
from wheat seeds of two varieties (Levada and Podoly-
anka) in Poltava Oblast showed the presence of 8 species/
genera: Alternaria alternata (Fr.) Keissl., Tilletia caries (DC.)
Tul. & C.Tul., Fusarium spp., Cladosporium herbarum (Pers.)
Link, Bipolaris sorokiniana (Sacc.) Shoemaker, Mucor spp.,
Penicillium spp., and Aspergillus spp. Among the fungi of
the mycoflora, only one species dominated — A. alternata
(Pospelov et al., 2020). The study of mycobiota of wheat
seeds from the Right Bank Forest-Steppe of Ukraine from
different varieties showed the presence of the follow-
ing fungi: Alternaria tenuis Nees, Fusarium graminearum
Schwabe, Nigrospora oryzae (Berkeley et Broome) Petch.,
Aspergillus niger Tieghem, Penicillium Link. The highest
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intensity of spore formation was observed in A. niger
and Penicillium — from 3.2 to 12 million units/ml. High
intensity of spore formation was inherent in A. tenuis and
F. graminearum species and ranged from 1.4 to 7.2 mil-
lion units/mLl. (Mostovyak et al., 2020). Analysis of wheat
seeds with black point grown in Kyiv Oblast in 2018-2019
allowed identifying 13 species from 9 genera: Alternaria,
Fusarium, Curvularia, Bipolaris, Aspergillus, Acremoniella,
Stemphylium, Sordaria, and Epicoccum. Alternaria fungi
dominated: A. tenuissima (Nees & T. Nees: Fr.) Wiltshire,
Trans.,and A. infectoria E.G. Simmons were most often iso-
lated (Golosna, 2021).

The species composition of fungi mycobiota seeds
determines the spectrum of secondary metabolites.
Ukrainian scientists identify species of the most harm-
ful and common representatives of the seed complex
of fungi. The first representatives include belonging to
Fusarium sp., the second — to Alternaria sp. According to
the latest research, seven species of fungi of the genus
Fusarium have been identified in 109 samples of winter
wheat seed material from 78 districts of 21 regions of
Ukraine: F. avenaceum (Fr.) Sacc., F. culmorum (W.G. Smith)
Sacc., F. graminearum, F. langsethiae Torp & Nirenberg,
F. poae (Peck.) Wollenw., in Lewis, F. sporotrichioides
Sherb. and F. tricinctum (Corda) Sacc. F. graminearum was
the most common species in the country (the share of
detection was 71%) (Gritsev et al., 2018). Analysis of iso-
lates of the genus Alternaria from different regions of
Ukraine during 2012-2013 showed the dominance of
A. tenuissima (70%) and a considerable percentage of
A. infectoria (25.6%) (Golosna, 2015).

Mycobiota fungi of wheat seeds interact not only
with the plant, but also with each other. Admittedly, all
the features of their interaction in vivo may be unknown,
but in vitro studies provide insight into some of them.
Therefore, the purpose of this study was to compare
the growth of colonies on agar medium to understand
the effect of fungal aggressiveness on the composition
of mycobiota of winter wheat seeds.

MATERIALS AND METHODS

The study was conducted during 2017-2019. Myco-
biota fungi of winter wheat seeds were isolated from
43 samples obtained from agricultural enterprises of dif-
ferent districts and scientific institutions of the North-
East of Ukraine. The authors of this study grew some
wheat in the conditions of educational and scientific
production complex of Sumy National Agrarian Univer-
sity. Before the analysis, the seeds (200-400 from the
sample) were washed under running water for one hour,
disinfected with 1% potassium permanganate solution
for 1-2 minutes. The seeds were spread on a potato-
glucose agar. 25 seeds were placed in one Petri dish. Petri
dishes were incubated for seven days in a thermostat at
a temperature of 20°C for germination of fungal colo-
nies. Species were identified by various scientific studies:
Fusarium sp. — by Leslie & Summerell (2006), Gagkaeva
et al. (2011); Alternaria sp. — by Hannibal (2011), Woud-
enberg et al. (2013); Aureobasidium pullulans (de Bary)
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G. Arnaud — by Zalar et al. (2008); Nigrospora oryzae  to five times. Statistical analysis of the results was per-
(Berkeley et Broome) Petch. — by Wang et al. (2017); Tri-  formed according to the method of one-way analysis
chothecium roseum (Pers.) Link — by Watanabe (2002);  of variance in Excel, calculating the LSD , according to
B.sorokiniana — by Manamgoda et al. (2014). The identi-  Dospekhov (1985).
fied fungi were seeded in pure culture on PGA with gen-
tamicin. Mycelial growth was determined by growing RESULTS AND DISCUSSION
fungi in Petri dishes on PGA. For this, a seven-day grow-  According to the authors’ observations, Alternaria fungi
ing was involved. The fungi were placed with a needle  dominated the mycoflora of winter wheat seeds grown
at the centre of dishes. Colonies grew in a thermostat at  in the North-East of Ukraine (2021). Fusarium fungi were
20°C, 22°C, 23-24°C. The incubation period depended  quite rare. Usually, one infected grain of this genus was
on the growth characteristics of the fungi (7-25 days). found in a Petri dish. In 2017, the authors of this study
To identify the linear growth, the diameter of the col- concluded that in vitro conditions are better for the
onies was measured in two perpendicular directions. development of Alternaria sp.than Fusarium sp. The defi-
The radial growth rate of colonies was determined  nition of Alternaria sp.recommends using Potato-Carrot
according to the formula (1) (Poliksenova et al., 2004):  Agar (PCA), Hay Infusion Agar (HAY), and V-8 (Vegeta-
ble Juice Agar) (Gannibal, 2011). Fusarium sp. is better
Kr=(@r—m)/t (1) determined on Carnation Leaf-piece Agar (CLA), Spez-
where Kr is the radial growth rate of colonies, mm/day; ieller Nahrstoffarmer Agar (SNA), and Potato Dextrose
ris the radius of the colonies at a given time, mm; tis  Agar (PDA) (Leslie & Summerell, 2006).
the time from sowing to the moment when the colony Therefore, the growth of fungi was investigated
will have a radius r, day. on the PGA medium (Table 1). The number of repetitions
Repetition depended on the experiment: three  was 5 times.

Table 1. Growth of mycelium on PGA medium (20°C, 2017)

The diameter of the colony, mm

Fungal species

Day 3 Day 4 Day 7
F. graminearum 17.4x15.8 24.8x25 51.7x55
F. poae 10x10 22.3x21.3 52.5x49.3
A. tenuissima 7x7.8 12.4x11.4 33.8x33.8
LSD 1.8 4.1 3.4

05

The assumption turned out to be wrong, which is  in F. graminearum — 23.6 mm/day. F. poae has also been
confirmed by the data from Table 1. Fusarium fungi  classified as a fast-growing species. Its growth rate was
grew much faster on the medium than A. tenuis-  21.7 mm/day (Shashko, 2020).
sima. If Fusarium sp. indeed were present in a batch In 2018, the authors of this study decided to
of grain in considerable quantities, they would quickly  investigate the specific features of the growth of fungi
inhibit the development of Alternaria fungi, which was  on a nutrient medium in more detail. A. arborescens
observed in 2016 on the Samuray variety. F. gramine-  E.G. Simmons appeared unexpectedly and quickly dom-
arum had higher colony growth rates on PGA than F.  inated the mycoflora of wheat seeds. The specific fea-
poae. When studying the growth rate of six species of  tures of the growth of this species on a nutrient medium
Fusarium fungi on the KGA, the highest rate was found  were investigated (Fig. 1).
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Figure 1. The diameter of A. arborescens (growing at 22°C) (2018)
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This species developed quite rapidly compared
to other Alternaria fungi. On days 13-14, the fungi
colony completely filled the Petri dish. The average
radial growth rate was 3.4 mm/day. By Day 3, the fungi
developed slowly. From Day 4, the active development
of the fungal colony began. Its maximum growth rate
was observed on Day 5. Then the figure started to gradu-
ally decrease. The lowest growth rate of the colony was
observed on Day 12 of fungal development.

The occurrence of A. pullulans in 2016 was

insignificant. Gradually, the amount of these fungi
increased. Therefore, it was interesting to investigate
their behaviour on medium without other fungi. During
the isolation of fungi from the seeds, N. oryzae had
increased aggression compared to other fungi. If they ger-
minated from seed, no fungal colonies developed with
them. Therefore, these fungi would develop separately
on the medium. Thus, the authors started investigating
the growth of fungi on the PGA (Table 2). Repeatabil-
ity — three times.

Table 2. Comparison of growth of F. graminearum, A. pullulans, and N. oryzae (2018)

The diameter of the colony, mm

Fungal species

Day 3 Day 6 Day 7 Day 8 Day 13

F. graminearum 21x21 55x52 65x62 77x73 90x90

A. pullulans 23x13 57x30 53x36 57x39 59x48

N. oryzae 46x43 90x90 90x90 90x90 90x90
LSD 3.5 3.9 6.3 4.9 4.7

05

N. oryzae filled the entire Petri dish on Day 6. This
species proved to be the most aggressive, having the
fastest growth of its colony. A. pullulans lagged behind
the other two fungi.

The study of the growth of Penicillium fungi was
complicated by the fact that over time, several colo-
nies formed on the medium. Thus, out of five replicates

of one colony on Day 4 of observation, 3 colonies were
formed in one of the replicates, on Day 6 there were
already two replicates with several colonies, on Day
11-3 replicates. Therefore, the data was analysed from
only two replicates. The specific features of growth of
a fairly common Fusarium species — F. poae (Fig. 2) were
studied.
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Figure 2. Linear growth of F. poae and Penicillium on PGA (2018) (LSD ,,6=9.3)

F. poae fungi demonstrated rapid colony growth:
on Day 6, they filled almost the entire diameter of the
Petri dish. Isolates of these fungi from wheat seeds in
Poland on Days 4 and 7 of cultivation had a growth rate
of 5.4-10.3 mm/day (Lukanowski et al., 2008). On Day 4,
the isolate under study had a speed of 15.8,and on Day
6-14.5 mm/day in the diameter of the colony.

The Penicillium fungi were inferior to the growth
of the Fusarium fungi, but in the initial stages of devel-
opment grew faster than Alternaria fungi. However, after
Day 12 of cultivation, the rate of development of the
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fungi decreased. Only on Day 22 the fungi completely
filled the diameter of the Petri dish.

Comparison of the growth rate of endophytic and
phytopathogenic isolates of F. poae, Alternaria alternata
and Penicillium funiculosum Thom on PGA arranged them
in the above order. That is, the Fusarium fungi formed the
fastest growing colonies. Phytopathogenic isolates had
higher growth rates than endophytic ones (Kurchenko
etal., 2015).

T. roseum began to be observed in grain batches
at the beginning of this study. Moreover, its presence was




different: from isolated cases to a recurrence in the myco-
flora of wheat seeds in 2020. These fungi behaved quite
aggressively towards other fungi when they actively ger-
minated from seed. Sometimes they co-existed with other
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fungi (mostly Alternaria),and it was even difficult to spot.
Therefore, it was necessary to investigate their growth on
the medium (fourfold repetition) (Fig. 3).
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Figure 3. The diameter of T. roseum (growing at 22°C) (2018)

First, the gradual linear growth of the fungal col-
ony was noted, which lasted for 12 days of their culti-
vation. They grew the fastest on Days 5-6 — 11.7 mm.
After Day 12, the growth of the fungal colony started to
slow down. Observations of the colony growth showed
that it hardly grew. Only on Day 25 T. roseum completely

filled the entire Petri dish. Isolates grown from winter
wheat seeds harvested in 2019 were investigated in two
experiments of single cultivation. First, the growth char-
acteristics of the three following species were compared:
F. poae, F. sporotrichioides, and A. avenicola (repeatabil-
ity — four times) (Fig. 4).
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Figure 4. Linear growth of F. poae, F. sporotrichioides, and A. avenicola (2019) (LSD ,,7=4.5, LSD ,,14=3.2)

Isolates of F. poae grown from seeds of the 2019
harvest were less aggressive than their respective iso-
lates of 2018 (Fig. 2). It took them 10 days to fill the
entire surface of the medium. Alternaria species initially
lagged behind Fusarium fungi, but from Day 7 it overtook
the growth of the colony of F. sporotrichioides. Of the three

species under study, the most aggressive was F. poae.

Simultaneous study of seven varied species of
seeds mycobiota allowed isolating new fungi with rapid
colony growth and confirm the high rate of already iden-
tified aggressive species (Table 3) (repeatability — three
times).
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Table 3. Comparison of the growth of fungal colonies of winter wheat seeds mycobiota (2019)

The diameter of the colony for a certain day of cultivation, mm

Fungal species

Day 4 Day 6 Day 7 Day 11 Day 14 Day 19 Day 22
N. oryzae 437 84.7 90 -//- -//- -//- -//-
F. sporotrichioides 432 69.2 777 90 -//- -//- -//-
F. poae 36.2 54.8 62.8 90 -//- //- //-
F.verticillioides 35.3 52.7 60 84.7 90 //- -//-
A.avenicola 24.5 43.5 472 80.7 90 -//- -//-
A.arborescens 30.7 45.3 53.2 76.2 83.3 90 -//-
B. sorokiniana 37.7 53 61.5 75.3 77.2 83.5 87.5

HIP 2.5 3.4 3.1 2.6 Did not count

05

In 2019, the fastest development of N. oryzae was
confirmed. In 2018, isolates of these fungi were more
aggressive; they completely filled the Petri dish on Day
6. Different ability of colonies of isolates of one species —
F. sporotrichioides — was noted. If in the first experiment
this species lagged behind the Alternaria fungi, then in
the second — they were the second most aggressive spe-
cies, even surpassing the fairly fast species of F. poae.
The last fungi had a lower growth rate both compared to
the first experiment and the previous year of the study.

F. verticillioides predominated in the development of Alter-
naria fungi. A. avenicola grew faster from Alternaria species.
B. sorokiniana developed seven days faster than Alternaria
fungi and F. verticillioides, and from Day 11 their growth rate
was minimal. Isolates of B. sorokiniana from barley seeds in
Argentina had an average growth rate per PGA of 9.9 mm/
day (Dominguez et al., 2020). The isolates under study had
a colony growth rate of 8.8 mm/day on the seventh day.

Since mycobiota were analysed on Day 7, the
radial growth rate during this period was calculated (Fig. 5).
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Figure 5. Radial growth rate of representatives of wheat seeds mycobiota (2017-2019)

The area of variation of the indicator was 2.4-
6.5 mm/day. N. oryzae had the maximum speed. Radial
growth of Fusarium sp.was similar to B. sorokiniana. The
next block in speed was Alternaria sp. and A. pullulans.
Penicillium and T. roseum gave way to them. A. tenuissima
had the lowest radial speed.

CONCLUSIONS

Single cultivation fungi of wheat seeds mycobiota on
PGA medium showed different growth rates of colo-
nies of isolates of different years, from different sam-
ples, but allowed distributing fungi by growth rate,
i.e., aggressiveness. N. oryzae had the fastest devel-
opment of colonies, followed by Fusarium sp. (F. poae,

Scientific Horizons, 2022, Vol. 25, No. 4

F. sporotrichioides, F. verticillioides, F. graminearum), and
B. sorokiniana (only in the first seven days), which were
inferior to A. arborescens and A. avenicola. A. pullulans
developed at the level of Alternaria sp. The Penicillium
fungi had average growth rates in the first week, but
their growth rate gradually decreased. T. roseum devel-
oped similarly but had maximum time to fill the Petri
dish. A. tenuissima showed the lowest radial growth
rate. The growth of colonies on the PGA did not affect
the specific features of the isolation of fungi from the
seeds of winter wheat. Data on the isolation of fungi
from mycobiota correlate with their presence inside the
seeds and were not determined by their development
on agar medium.
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JTiHiMHMM picT NnpeacTaBHUKIB MiKOGIOTHM HAaCiHHA NWeHuUi

TeraHa OnekcaHapiBHa PoxxkoBa?, Jleca MukonaiBHa MonocHa?, OkcaHa leHHaaiiBHa AdaHacbeBa?,
Jlopmuna BikropiBHa Hemepuubka®, IHHa AHaToniiBHa XKypaBcbka®

1CyMCbKUiA HaLiOHaNbHUI arpapHUi yHiBepcuTeT
40021, Byn. . Kongpatbesa, 160, M. Cymu, YkpaiHa

2|HcTUTYT 3axucty pocivH HAAH
03022, Byn. Bacunbkiscbka, 33, M. Kuis, YkpaiHa

SKMTOMUPCbKMIA arpoTeXHIYHMI Konemox
10031, Byn. lNokpoBcbka, 96, M. XKutomup, YkpaiHa

AHoTauig. [pubu KoMnnekcy HaCiHHA NWeHMLi B3aEMOLIOTb 3 POC/IMHOK Ha Pi3HMX eTanax ii po3BMTKY Ta Mixk cob010.
MOoXNUBO, y pe3ynbTaTi KOHKYPEeHLii Kpalle BUAINATbCS rpubu 3 HAMBULLOK LWBMAKICTIO pocTy. MeTok JoCaiaXeHb
6yNn0 NOPIBHATU PiCT KOMOHIM HA NOXMBHOMY CEpeLOBULLI AN rpafaLii rpubHMX poaiB Ta BUAIB 3 HACIHHA MLUEHUL
3a arpecuBHicTio. Lli naHi nonomMoxyTb 3p0OUTM BUCHOBKM NPO pe3yNbTaTUBHICTb MiKOEKCNEPTU3M HACIHHSA MWEeHUL
031MOi. AHani3 rpnbHOro KOMNIEeKCy NPOBENM Ha KApPTOM/SHO-IOKO3HOMY arapi. CeMuaeHHi KynsTypwm rpubis BUCiSM
y LleHTp Yawok MeTpi. BUsHaumnum niHiiHWA pict konoHin rpubis Ha KIA 3 noaaBaHHAM reHTamiumHy. byno BuByeHo
0cobnmnBoCTi po3BUTKY 12 npenctaBHMKIB MikobioTH HaciHHA 3 MiBHiYHOro Cxopy Ykpainm Bpoxais 2017-2019 pp.
3a aHanisy rpMbHOro KOMMIeKCy BCTAHOBUM [OMiHYBAHHS Alternaria sp.Ta He3HauyHe BUAiNeHHs Fusarium sp. MNepuwe
NOPIBHAHHA NiHiHOrO pocty Fusarium graminearum, F. poae Ta Alternaria tenuissima 'y 2017 p. nokasano, Wwo dy3apiesi
KONOHIi WBMAaLle pocTyTb Ha cepenoBuuli. Y 2018 p. aeTanbHO BUBUMAM 0COBNMBOCTI pocTy A. arborescens, SKui
LUIBMAKO 3aMHSB AOMIHYIOUE NONOXEHHS Y MiKOhNOPI HACIHHA NweHuLi, Ta ManonowupeHoro Trichothecium roseum. 3a
MOPIBHSHHS POCTY WBWAKOPOCTYYOro F. graminearum 3 nowmpenuM Aureobasidium pullulans Ta arpecusHuM Nigrospora
0ryzae BCTAHOBWMAM HAWLLBUALLNIA PO3BUTOK TPETLOMO Ta HAMMOBINBHILLKIA Apyroro BUAY. F. poae 3anoBHMB Yawky leTpi
Ha wocty poby, Penicillium — Ha 22-ry.Y 2019 p.y nepwomy gocnigi 3a nopiBHsHHS F. poae, F. sporotrichioides Ta
A.avenicola ppyrvin BUL MaB HaMripLi NOKa3HUKK PocTy. Y ApyroMy JOCNiAi BiH CTaB APYrMM 3a WBUAKICTIO PO3BUTKY
KONOHIi Npu pocnigXeHHi pocty ceMu BuaiB. [3onatu N. oryzae y 2018 p. 6ynu arpecuBHiwmmu, Hixk y 2019 p. Pict
KonoHi Ha KI'A He BNIMHYB Ha BMAINEHHSA rPMBIB 3 HACiHHA NWEHUL 03MMOi. 3a 3araibHOro LOMiHyBaHHS Alternaria sp.
HamBuMLLY pagianbHy WBKMAKICTb MaB N. oryzae. LBuako possuBanuce Fusarium sp. 3 (F. poae, F. sporotrichioides,
F. verticillioides i F. graminearum) Ta B. sorokiniana, A. arborescens Ta A. avenicola pocnu Ha piBHi 3 A. pullulans,
Penicillium Ta T. roseum 3a WBWAKICTIO BiACTaBaNM Bif iHWKX rpMbiB i HaWLOBLUE 3aNOBHIOBANM Yawku MeTpi.
A. tenuissima MaB HaMMeHLY pajianbHy WBUAKICTb pOCTY

KniouoBi cnoBa: rpubHMIM KOMMNEKC HACiHHS, PiCT KOMOHI, KapTONASHO-MIHKO3HMIA arap, NWeHULs 03MMa
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Preliminary results of evaluation of collection samples of Meadow Timothy as a valuable source material for breeding

INTRODUCTION

The main prerequisite for strengthening the feed base
of animal husbandry is to improve and expand the area
of cultivated pastures and hayfields by increasing the
efficiency of field grass sowing. In the herbage of nat-
ural hayfields and pastures of the western regions of
Ukraine, especially in the Carpathians and the Eastern
Carpathian Foothills, the most common are grasses.
They make up 60-70 % of the total herbage, often form-
ing pure groupings. Perennial grasses have a high feed
value. In highly productive natural and sown mead-
ows, they predominate in the herbage and produce
high yields of hay and pasture feed from early spring to
late autumn, are resistant to trampling, and grow well
after mowing and grazing (Tarariko et al., 2018; Petry-
chenko et al., 2020). Among the many common types of
perennial grasses (shive, Bromus inermis, orchard grass,
perennial ryegrass, bulbous oat grass), Meadow Timothy
occupies a prominent place.

Meadow Timothy (Phleum pratense L.) is a plant
from the family of cereals (Poaceae) with a height of
80-100 cm or more. It was introduced into culture from
natural flora at the beginning of the 18" century. This is
one of the key top-soil, non-dense, medium-life grasses
of meadow and field grass sowing in the forest-steppe
and polissia zones of Ukraine. As a crop, the plant
is grown in Europe, introduced to North America and
Australia.

It belongs to cereals of temperate cold climate,
has high winter hardiness, is quite moisture-loving,
and tolerates high acidity of the soil solution. It grows
in most types of soils, except sandy ones (Kokhan et al.,
2018; Jorgensen et al., 2020). This is a plant of spring
and spring-winter development type. In spring, it devel-
ops rapidly, but blooms later than other forage grasses.
The duration of the vegetating season of Meadow Tim-
othy is 85-130 days. Its first hay harvest is formed in
40-45 days, and the second — in 50-60 days. Inflo-
rescence — spike-shaped panicle (sultan) of cylin-
drical shape with a length of 10-20 cm. The weight
of 1,000 seeds is 0.4-0.8 g. The plant is high yielding.
Among all cereals, it occupies one of the first places in
terms of yield and nutritional value. Thus, the yield of
its green mass is 330-380 cwt/ha, hay — 60-120 cwt/ha,
dry matter — 80-90 cwt/ha. Seed productivity is 4-6 cwt/ha.
100 kg of Timothy hay contains 3 kg of digested pro-
tein and corresponds to 45 feed units, while 100 kg
of green mass — 1.5-1.7 kg and 20-25 feed units, respec-
tively. The most foliose Timothy species have the
best feed value (the mass of leaves is 60-65% of the
total mass). It grows well after mowing and grazing,
so it is used for hay and grazing, and is well eaten by
all animals. It is best to mow it for hay in the end-ear-
ing-beginning of flowering phase. After flowering,
the stems of Timothy begin to quickly become rough,
resulting in a decrease in its feed value. Thus, during
spring regrowth, the protein content in the green mass
is 15.5%, in the phase of the early earing — 13.9%, at the
beginning of flowering — 9.3%, and at full flowering —
8.1%. When used for hay, two mowing operations are
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obtained per year. The herbage lasts 3-5 years or more
but gives the highest yield in the second or third year of
use (Shtakal, 2020; Khomyak et al., 2020).

Meadow Timothy is a plant of haymaking and
pasture use. It is used as decorative and lawn grass, but
its main purpose is forage. This is one of the most val-
uable components in the grass mixture with meadow
clover, burclover, sainfoins, birdsfoot deervetch. Accord-
ing to studies, the stands of these Timothy grasses are
20-25% more productive than their pure crops (Figurin
& Kislitsyna, 2020; Pomerleau-Lacasse et al., 2019;
Lauzon et al., 2019). In field crop rotations mixed with
clover, it is used for 2-3 years, and in haymaking and
pasture — 5-6 years (Kapsamun et al., 2021). Thus, it
is one of the main components of grass mixtures in
improving meadows and creating long-term cultivated
pastures in Ukraine.

According to 0.V.Zakharchuk et al. (2020), in mod-
ern technologies of crop production, namely in feed pro-
duction, the greatest increase in yield is provided by
the variety. The role of the variety in shaping the size
and quality of the crop is constantly growing and cur-
rently ranges from 20% to 40% or more. A modern vari-
ety should be focused not only on a certain level of
provision, but also on ensuring that its main adaptabil-
ity parameters correspond to a wide range of environ-
mental factors of a particular agroclimatic growing zone
(Demydas et al., 2018). The State Register of Plant Vari-
eties Suitable for Distribution in Ukraine for 2022 (as of
January 27,2022) includes 11 varieties of Meadow Timo-
thy: Vytava, Summergrass, Presto, ATURO, Charivna hori-
anka, Lishka, FRVL-1, Vyshhorodska, Pidhyrianka, Milena,
Daryna (Ministry of Agrarian Policy..., 2022).

Highly productive varieties of Meadow Timothy
were created in Poland (Brudzinska), France (Alpade),
Lithuania (Jauniai, Dainai, Obeliai). In Ukraine, this crop
is bred by such scientific institutions as the Scientific
Research Centre “Institute of Agriculture of the National
Academy of Sciences” (Chabany village), the Institute
of Fodder and Agriculture of the National Academy of
Sciences of Podillia (Vinnytsia), the Sarnen Research Sta-
tion of the Institute of Water Problems and Land Rec-
lamation of the National Academy of Sciences (Rivne
Oblast). In the west of Ukraine, the leading role belongs
to scientists of the Institute of Agriculture of the Car-
pathian Region of the National Academy of Sciences
(Institute of Water Problems and Reclamation, n.d.;
Perehrym, 2021).

Breeding is a complex biotechnological process.
It is based on the use of the available and new methods
for creating genetic diversity, evaluating it and select-
ing the desired genotypes, which combine as many
traits, qualities, and properties as possible that should
be inherent in the future new variety. To search for
such genotypes, large volumes of source material are
studied and analysed, and the selected samples are
included in the further breeding process. The correct
choice of source material and its use in breeding is of
significant importance. This is the critical stage of the




breeding process, which determines the final result of
the breeder’s work.

The source material in breeding is samples that
the breeder uses in their practical work to create new
varieties. These can be wild forms, local varieties, popu-
lations, and samples of the world collection, hybrid pop-
ulations, self-pollinating lines, artificial mutants and
polyploid forms, introduced samples. When mobilising
the source material, preference should be given to local
samples and populations. They are adapted to the cli-
matic conditions of the growing region and are char-
acterised by high yields (Mazur et al., 2020; Baystruk-
Hlodan et al., 2020).

Proceeding from the above, the main task of this
study is to investigate the collection samples of Meadow
Timothy to select the best numbers, which, according
to a complex of economically valuable characteristics,

Perehrym

can be included in the further breeding process as
a source material for creating new varieties.

MATERIALS AND METHODS

To evaluate the source material, a collection nursery
of Meadow Timothy was laid in 2019. The size of the reg-
istered land area is 1 m2. The material for the study was
16 samples originating from Ukraine. These are samples
of local selection, bred as a result of individual and mass
selection, as well as one hybrid population. As a stand-
ard, the Daryna variety of Meadow Timothy is taken. This
is a variety selected by the Institute of Agriculture of the
Carpathian Region of the National Academy of Sciences,
which in 2018 was listed in the State Register of Plant
Varieties Suitable for Distribution in Ukraine. The stand-
ard was seeded every four samples (Table 1).

Table 1. The samples of Meadow Timothy under study in the collection nursery (sowing in 2019)

No. national catalogue Institution registration No.

Sample name Country origin
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UJ 1100101 (standard) PFZ 00906 Daryna UKR, LWV
PFZ 02089 IS1506 (individual selection from No. 1506) UKR, LVVW
PFZ 02090 IS1509 (individual selection from No. 1509) UKR, LWV
PFZ 02092 IS1512 (individual selection from No. 1512) UKR, LWV
PFZ 02094 MS 1602 (mass selection from No. 1602) UKR, LVVW
PFz 02177 IS1610 (individual selection from No. 1610) UKR, LWV
PFZ 02178 IS1608 (individual selection from No. 1608) UKR, LWV
PFZ 02179 IS1602 (individual selection from No. 1602) UKR, LVW
PFZ 02180 IS1612 (individual selection from No. 1612) UKR, LWV
PFz 02181 MS 1816 (mass selection from No. 1816) UKR, LWV
PFZ 02182 MS 1954 (mass selection from No. 1954) UKR, LWV
PFZ 02183 MS 1510 (mass selection from No. 1510) UKR, LWV
PFZ 02184 HP (hybrid population No. 1954 x No. 1942) UKR, LWV
PFZ 02185 MS 1823 (mass selection from No. 1823) UKR, LVW
PFZ 02096 IS1814 (individual selection from No. 1814) UKR, LWV
PFZ 02085 MS 1496 (mass selection from No. 1496) UKR, LWV
PFZ 02091 IS1511 (individual selection from No. 1511) UKR, LWV

Note: UKR — Ukraine; LVV — Lviv Oblast.

The study was conducted on the experimental
basis of the pre-Carpathian Department of Scientific
Research of the Institute of Agriculture of the Carpath-
ian Region of the National Academy of Sciences in the
sub-region of the middle Eastern Carpathian Foothills
(200-400 m a.s.L.) of the Drohobych District of the Lviv
Oblast (village of Lishnia) on on soddy medium-podzolic
surface-gleyed medium-acid loamy soils formed on
diluvial deposits with the following main agrochemical
indicators of fertility: humus content in the arable
(0-20cm) layer (according to Tiurin) — 1.22%, pH of salt
extract (Potentiometric method) — 4.6, hydrolytic acid-
ity (according to Kappen-Gilkowitz) — 4.23 mg-eq per
100 g of soil, Hr (sum of absorbed bases) — 11.8 mg-eq
per 100 g of soil, mobile forms of phosphorus (according
to Kirsanov) — 118 mg, exchange potassium (according

to Kirsanov) — 82 mg, easily hydrolysed nitrogen
(according to Cornfield) — 108 mg per 1 kg of soil.
Preparation and cultivation of the soil for sow-
ing the collection of Meadow Timothy was generally
accepted for the zone of the Eastern Carpathian Foot-
hills of Ukraine. Its predecessor is perennial legumes.
Laying of experimental plots was carried out manually,
in the summer period of sowing in a coverless way. In
spring, Meadow Timothy plants were fed with mineral
fertiliser in the form of ammonium nitrate, row spac-
ing was loosened, and weeds were cleared. Laying of
the collection nursery and research in it was carried
out according to the generally accepted requirements
for the methodology of field experiment according to
B.A. Dospekhov (1985) and methodological guidelines
for the selection of perennial grasses (Kosopalpov et al., 2012).
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The main characteristics used to evaluate collection
samples were plant height and foliage, winter hardiness,
productivity, feed value, and resistance to diseases.
Structural analysis of plants was performed according
to such economically valuable characteristics as the
length of the panicle, the number of seeds in the pani-
cle, the mass of seeds from the panicle, and the mass of
1,000 seeds. During the growing season, phenological
observations were made on the growth and development
of Meadow Timothy plants.

Accounting of the green mass yield was per-
formed in the phase of full earing (two hay harvests)
by harvesting and weighing the grass from the entire
accounting area of the site. The yield of dry matter was
determined by test sheaves weighing 1 kg selected
after harvesting and drying to a constant weight.

Seeds were harvested in the full ripeness phase

separately from each site by threshing, wiping, clean-
ing, and weighing it.

To assess the feed value of Meadow Timothy
samples, the following factors were determined: crude
protein — according to the Keldahl method, crude
fibre — according to the Hennenberg-Stoman method.

The study results were mathematically processed
according to the method of variance analysis on a personal
computer using the Agrostat software and information
complex.

RESULTS AND DISCUSSION

Weather conditions of the growing season in the years
of research (2020-2021) were typical for the zone of
the Eastern Carpathian Foothills and differed from each
other, which enabled an objective assessment of collection
samples according to the parameters under study (Table 2).

Table 2. Meteorological indicators in the years of research (according to the Drohobych weather station)

Mean monthly air temperature, °C Amount of precipitation per month, mm
Months of the year Years Years Average
Average many-year

2020 2021 2020 2021 many-year
March 4.9 2.8 1.8 37.9 42.3 38.0
April 8.9 6.6 79 22.5 39.8 53.0
May 11.2 134 13.2 169.0 52.7 97.0
June 18.4 18.2 16.2 131.5 80.2 119.0
July 19.0 21.5 17.6 87.4 64.4 110.0
August 19.7 17.7 17.0 314 128.8 92.0
During the vegetating 13.7 134 123 479.3 408.2 509.0

season (March-August)

In the conditions of the Eastern Carpathian Foot-
hills region, the vegetation of Meadow Timothy, depend-
ing on weather conditions, begins from the middle of
the second to the end of the third decade of March. Thus,
in 2020, spring regrowth of Timothy plants began on
March 16,in 2021 — on March 29. At the end of the win-
ter period, a density of 220-460 plants/m? was observed
in the crops of Meadow Timothy (first year of use), 231-
505 plants/m? (second year of use).

The duration of the growing season of the sam-
ples of Meadow Timothy under study from the beginning
of spring regrowth to full seed ripeness differed in two
years of study and amounted to 135-140 days in 2020,
128-131 days in 2021. On average, for two years, it took
62-75 days for plants to form the first hay harvest (the
period from the beginning of spring regrowth to the
beginning of earing). Based on the obtained data on
the duration of the growing season, all samples of the
collection nursery were conditionally divided into three
ripeness groups: early-maturing, medium-maturing, and
late-maturing. The early-maturing group (the period
from the beginning of spring regrowth to full ripeness
of seeds is 125-128 days) includes 5 samples, medium-
maturing (129-133 days) — 8 samples, and late-matur-
ing (134-140 days) — 3 samples.
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To identify the most promising collection samples,
they were studied according to indicators that mainly
affect the formation of fodder and seed productivity of
plants.

In all collection samples under study, plant growth
occurred intensively before the earing phase — the begin-
ning of flowering, and later almost stopped. The study
of the height of plants of perennial grasses, includ-
ing Meadow Timothy, is of immense importance in breed-
ing work, as it is one of the indirect indicators of the yield
of green mass. Furthermore, the height of plants is one of
the criteria for determining the timing of hay harvesting. In
the studies conducted by the author, the height of plants
of the first mowing in the phase of full earing on aver-
age for two years of use ranged from 94.0 to 116.0 cm,
with a height of the standard variety of 104.7 cm. Accord-
ing to the height of plants, the collection samples were
conditionally divided into low-growing samples with
a plant height of 94.0 to 98.5 cm (25%), medium-sized —
100.8-109.4 cm (50%), and tall — 110.0-116.0 cm (25%).
The tallest samples in the first and second years of use
were MS1496-116.0 cm and 1S1612-114.6 cm.

An important breeding feature that determines the
quality and nutritional value of the feed mass is the foli-
age of plants. Meadow Timothy is a foliose cereal. The




yield of the green mass of perennial grasses depends on
the degree of foliage: the higher the foliage, the higher
the yield.

According to two-year data, samples of Meadow
Timothy MS1510-68.2%, 1S1512-60.4%, 1S 1612-65.0%,
MS1816-61.3% had the best foliage. According to this
feature, the collection of Meadow Timothy was divided
into samples with a low level of foliage — 30.5-38.6%
(four samples), samples with an average level of foli-
age — 41.4-55.1% (six samples) and samples with high
foliage — 58.8-68.2% (six samples).

The yield of green mass is the feature that is of
key practical importance and towards which the peren-
nial grasses are bred. This is one of the crucial criteria for
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sampling in productivity breeding. The size of the crop
depends on various indicators (the ratio of the num-
ber of vegetative and generative shoots, plant height,
foliage, etc.). The results of the conducted studies show
that on average for two years of study (2020-2021), the
yield of green mass for two hay harvests ranges from
3.05 to 4.10 kg/m? (at the LSD  (least significant dif-
ference) 0.21-0.28 kg m?). The yield of green mass of
the standard was 3.51 kg/m2. Therewith, 11 samples
exceeded the standard by 0.23-0.59 kg/m?, or by 8-17%.
Samples of IS1512-4.05 kg/m? had the highest yield
of green mass, 1S1612-4.10 kg/m? MS 1816-4.07 kg/m?,
MS 1510-4.00 kg/m? They exceeded the Daryna variety
standard by 14-17% (Table 3).

Table 3. Productivity and its structural elements of Meadow Timothy samples
in the collection nursery (average for 2020-2021)

Green mass harvest
Sample name Pla“tc':'ght’ Foliage, % kg/m? % *to St vege?:triz:o:e‘:ifo:iljiiays:
to St

Daryna (St) 104.7 47.7 3.51 100 - 128
IS1506 108.3 41.4 3.05 87 -0.46 129
1S1509 105.2 58.8 3.82 109 +0.31 129
IS1512 107.8 60.4 4.05 115 +0.54 140
MS 1602 110.0 55.1 3.92 112 +0.41 126
1S1610 96.2 30.5 3.31 94 -0.20 128
1S1608 102.2 45.5 3.80 108 +0.29 132
1S1602 94.0 38.6 3.25 92 -0.26 138
I1S1612 114.6 65.0 4.10 117 +0.59 133
MS 1816 111.8 61.3 4.07 116 +0.56 125
MS 1954 100.8 42.6 3.74 106 +0.23 134
MS1510 108.0 68.2 4.00 114 +0.49 129
GP 104.2 56.0 3.90 111 +0.39 126

MS 1823 109.4 50.1 3.83 109 +0.32 133
1S1814 98.5 35.5 3.21 91 -0.30 133
MS 1496 116.0 420 3.79 108 +0.28 125
IS1511 94.3 38.1 3.15 89 -0.36 130

LSD 2020 0.21
2021 0.28

One of the elements of seed productivity of
Meadow Timothy plants is the length of the panicle.
On average, for two years it was the largest in the
IS1608 sample — 15.0 cm and the hybrid population
sample — 15.1 cm, while in the standard Daryna vari-
ety — 12.7 cm. According to the number of seeds in
one panicle, samples of IS1512 were distinguished —
608 pcs, 1IS1608-615 pcs, hybrid population — 603 pcs,
I1S1509-620 pcs. The mass of seeds from one panicle was
the highest in the following samples: IS 1506-0.70 g,

IS1610-0.68 g, MS1823-0.63 g, IS1509-0.62 g. Sam-
ples IS1506, 1IS1509, 1IS1512, IS1608, hybrid popula-
tion, MS 1496 had the largest seeds with a weight of
1,000 seeds of 0.60-0.70 g.

In terms of seed productivity, on average, 11 col-
lection samples exceeded the standard by 1-28 % over
two years of use. The highest seed yield was provided by
samples of 1IS1512-28.0 g/m?, IS1608-27.0 g/m?, hybrid
population — 26.5 g/m?, 1S1506-26.0 g/m?, which is 4.2-
6.2 g/m?, or 19-28 % more than the standard (Table 4).

Scientific Horizons, 2022, Vol. 25, No. 4

57



58

Preliminary results of evaluation of collection samples of Meadow Timothy as a valuable source material for breeding

Table 4. Seed productivity and crop structure of Meadow Timothy samples
in the collection nursery (average for 2020-2021)

. Number of Weight of Seed harvest
Sample name Panicle seeds in Mass of s eeds from 1000 seeds, % *
length, cm a panicle, pcs panicles, g o g/m? o st o st
Daryna (St) 12.7 529 0.35 0.47 21.8 100 -

IS1506 12.5 564 0.70 0.60 26.0 119 +4.2
IS1509 135 620 0.62 0.63 25.0 115 +3.2
IS1512 14.4 608 0.54 0.68 28.0 128 +6.2
MS 1602 13.3 548 0.48 0.55 23.7 109 +1.9
IS1610 10.6 524 0.68 0.58 224 103 +0.6
IS1608 15.0 615 0.60 0.65 27.0 124 +5.2
1S1602 10.8 508 0.28 0.42 20.0 92 -1.8
IS1612 11.2 510 0.30 0.44 21.6 99 -0.2
MS1816 11.8 528 0.33 0.43 22.1 101 +0.3
MS 1954 12.6 530 0.51 0.55 23.0 105 +1.2
MS 1510 9.5 502 0.32 0.41 20.8 95 -1.0
GP 15.1 603 0.58 0.70 26.5 121 +4.7

MS 1823 11.8 560 0.63 0.50 24.6 113 +2.8
I1S1814 10.2 520 0.24 0.42 20.2 93 -1.6
MS 1496 13.1 575 0.58 0.61 25.1 115 +3.3
IS1511 10.0 505 0.38 0.46 211 97 -0.7

LSD,, 2020 0.16
2021 1.12

In terms of dry matter yield, on average, 10 col-
lection samples exceeded the standard by 0.066-
0.174 kg/m? over two years of use, or by 9-24%. The
highest yield of dry matter — 0.888 kg/m? was provided
by sample ID 1612, which is 0.174 kg/m? more than the
standard. Such collectible samples that exceeded the
standard for dry matter yield also deserve attention:
MS 1816 — by 0.147 kg/m?, or by 20%, MS1510 — by
0.134 kg/m?, or by 19%, 1S1512, MS 1823 — by 0.120
and 0.125 kg/m?, or by 17%.

Feed value is of significant importance, since
the quality of feed determines its overall suitability.

Analysis of feed value data from Meadow Timothy sam-
ples shows that over an average of two years, the sam-
ple IS1612 had the highest content of crude protein in
dry matter — 14.4%, the hybrid population — 14.0%,
[S1512 and MS1954-14.1%. The highest fibre content
was found in samples 1IS1512-30.1%, MS1602-29.6%,
IS1612, MS1823-29.8%. The feed value of Meadow
Timothy, as well as other perennial grasses, is explained
by the fact that it has many vegetative shoots. These
shoots contain more leaves than generative shoots. In
addition, the leaves contain more nutrients (Table 5).

Table 5. Nutritional value of Meadow Timothy samples in the collection nursery
(first harvest of the haymaking method of use, average for 2020-2021)

Dry matter yield Content in dry matter, %
Sample name

kg/m? % to St % to St Crude protein Fibre

Daryna (St) 0.714 100 - 10.8 28.4
IS1506 0.602 84 -0.112 10.1 26.4
IS1509 0.704 98 -0.010 13.6 28.0
IS1512 0.834 117 +0.120 141 30.1
MS 1602 0.810 113 +0.096 13.8 29.6
IS1610 0.662 93 -0.052 10.2 28.3
IS1608 0.814 114 +0.100 104 27.6
IS1602 0.637 89 -0.077 10.8 277
IS1612 0.888 124 +0.174 144 29.8
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Table 5, Continued

Dry matter yield Content in dry matter, %
Sample name
kg/m? % to St % to St Crude protein Fibre
MS 1954 0.824 115 +0.110 141 29.1
MS 1510 0.848 119 +0.134 13.2 29.4
GP 0.801 112 +0.087 14.0 28.1
MS 1823 0.839 117 +0.125 124 29.8
IS1814 0.629 88 -0.085 10.6 28.4
MS 1496 0.780 109 +0.066 11.7 27.2
IS1511 0.631 88 -0.083 10.0 26.8
LSD,, 2020 0.04
2021 0.06

Meadow Timothy is a winter-resistant and cold-
resistant crop. According to winter hardiness, the
collection samples under study were divided into
three groups: high winter resistance (85-98% of plants
survived), medium winter resistance (71-84%), and low
winter resistance (45-70%). Samples of MS1602-96%,
IS1608-94%, IS1612-98%, MS 1496-90%, I1S1814-92%
had high winter resistance of plants (9 points) for two years
of use.

The most harmful and widespread diseases of
Meadow Timothy are stem and leaf rust, powdery mildew.
Due to unstable weather conditions, the yield of crops
in some years from diseases can decrease by up to 80%.
Therefore, it is essential in breeding to evaluate samples
for the most common diseases. According to the author’s
observations, no damage to collection samples by these
diseases was observed during the years of research. The
resistance of Meadow Timothy plants to major diseases
was 9 points.

Evaluation of collectible samples of Meadow Tim-
othy will also continue in 2022. Based on the results of
three-year studies, the best samples in terms of eco-
nomically valuable characteristics will be selected for
further breeding work.

The expediency of using raw materials of vari-
ous ecological and geographical origin in the breeding
of Meadow Timothy is evidenced by the data of other
researchers. Thus, during 2019-2020, 28 collectible sam-
ples of Meadow Timothy originating from Ukraine, Rus-
sia, Belarus, and Estonia were investigated at the Usti-
movska Experimental Crop Production Station in the
southern part of the forest-steppe of Ukraine. Promising

samples were selected, which exceeded the yield stand-
ard, were distinguished by economically valuable fea-
tures (plant height, foliage, weight of 1,000 seeds, dura-
tion of the growing season) and can later be used as
a starting material in the selection of varieties of this
crop. It was found that the best source material for
breeding Meadow Timothy is wild forms, as well as indi-
vidual breeding varieties (Kocherha & Rohovyi, 2020).

CONCLUSIONS

The collection of samples of Meadow Timothy is a valua-
ble source of variety of source material for creating new
varieties. According to preliminary data of the assess-
ment of samples of Meadow Timothy in the collection
nursery during 2020-2021, promising samples were
identified that exceed the Daryna variety standard for
the main economically valuable characteristics with the
following productivity indicators: plant height — 105.2-
116.0 cm (9 samples), foliage — 50.1-68.2% (8 sam-
ples), green mass yield — 3.74-4.10 kg/m? (11 samples),
dry matter yield — 0.780-0.888 kg/m? (11 samples), pani-
cle length — 13.5-15.0 cm (6 samples), number of seeds
in the panicle — 530-620 pcs (9 samples), panicle seed
weight — 0.38-0.68 g (11 samples), 1,000 seed weight —
0.48-0.70 g (10 samples), seed yield — 22.4-27.0 g/m?
(10 samples), crude protein content — 11.7-14.4%
(10 samples), fibre content — 29.1-30.1% (6 samples). All
the samples under study had high resistance to winter
and diseases. The study of the collection material will
continue next year. Based on the results of a three-year
evaluation, the best samples will be selected to attract
them to further breeding work with Meadow Timothy.
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MonepeaHi pe3ynbTaTu OUIHKU KONEKUIMHUX 3pa3KiB TUMOGIIBKM NYUYHOI SIK
WiHHoro BuxigHoro MmaTtepiany ansa cenekuii

Onbra PomaHiBHa lMeperpum

IHCTWUTYT cinbcbkoro rocnogapcrea Kapnatcbkoro perioHy HAAH
81115, Byn. Ipywescobkoro, 5, c. ObpowunHe, YkpaiHa

AHorTaujis. Cepes, Hanbinbw nowunpeHnx 6araTopiyHMX KOPMOBUX TPaB CiHOKICHO-MACOBULLHOIO BUKOPUCTAHHS, @ TaKOX
OJHMM i3 KOMNOHEeHTIB 6060B0-31aKOBUX TPABOCYMILWIOK € TMMOGIiiBKA Ny4HA. BUCOKY MPOAYKTUBHICTE TUMODITBKM
NIYYHOI MOXYTb 3a6€3MeYUnTH TiNbKM HOBi Cy4aCHi COPTH, NS CTBOPEHHS IKMX BEIMKE 3HAYEHHS MAE BUKOPUCTAHHS B
cenekuifHUX NnporpamMax BMUXiZHOro MaTepiany pisHOro ekonoro-reorpadivyHoro NOXoaKeHHs. ng uboro HeobxifHO
NPOBECTM OLiHKY MOro 33 KOMMJIEKCOM roCnoAapCbkMxX Ta CeNeKLiMHO-LiHHMX 03HaK, Wo i 6yno MeTol Hawoi
po6oTn. MeToA0N0rYHY OCHOBY CTAHOBMAM MOJLOBI Ta TABOPATOPHI METOAM AOCNIAXKEHHS, SKe NPOBOAUAU NPOTIroM
2020-2021 pp. Ha gocnigHoMy noni MNepeakapnatcbKoro Big4iNy HAyKOBUX AOCAIAXEHb IHCTUTYTY CifibCbKOMO
rocnogapctea Kapnatcbkoro perioHy HAAH. BuBuanocs 16 konekuiinH1X 3pa3kiB MicLeBOi cenekuii, oTpuMaHux
B pe3ynbTaTi iHAMBIAYaNbHOrO Ta MacoBOro A060py, a TAKOX 0fHa ribpuaHa nonynsuis. CraHaapT - copt apuHa.
3a ABOPIYHUMM LaHUMM HaMbinbwy BUCOTY poCcanMH Manu 3pa3kn M, 1496 - 116,0 cmta 1[4 1612 - 114,6 cm™,
obnucreneHicte —MJ1, 1510 - 68,2 %, 10, 1512 - 60,4 %, 1, 1612 - 65,0 %,M[1, 1816 - 61,3 %, Bpoxai 3eneHoi Mmacu —
10 1512 - 4,05 kr/m?%, 10, 1612 - 4,10 kr/M%, M[, 1816 - 4,07 kr/m?, M, 1510 - 4,00 kr/M2, cyxoi peyosuHn -1, 1612 -
0,888 kr/m?, M1 1816 - 0,861 kr/m?, HaciHHeBY npoaykTuBHicTb —I 1512 - 28,0 r/m%, 1 1608 - 27,0 r/mM%, TT1 -
26,5 r/m%, 10,1506 - 26,0 r/m?%, noBxuHy BonoTi — 1 1608 - 15,0 cm, M - 15,1 cM, KifbKiCTb i Maca HaciHHs 3 O4HIET
sonorti - 1 1608, 1 1509, 11, 1506, 14, 1610, Maca 1000 Hacikmu - 11 1512 - 0,68 r, 14, 1608 - 0,65r, 1, 1509 - 0,63 1,
BMicT cuporo npoTeiny - 10, 1612 - 14,4 %, 10 1512,10 1954 - 14,1 %,TT - 14,0 %, knitkoBuHu - 14, 1512 - 30,0 %,
M[ 1823,10 1612 - 29,8 %,M[ 1602 - 29,6 %. Bci 3pa3ku Manu BUCOKY 3MMOCTIMKICTb, CTIMKICTb O 3aXBOPHOBAHb.
HocnigxeHHs 6yne npoposxkeHo B 2022 poui. Ha 0CHOBI TPMPIYHKMX AaHWMX KpaLumii BUXiAHUI MaTepian Byae 3anyyeHo
B NoJanblly CXeMy cenekuiinHoro npouecy

KniouoBi cnoBa: copT, 03HaKa, KONeKLUiMHUA po3CcafiHUK, NPOAYKTUBHICTb, KOPMOBA LiiHHICTb
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Abstract. The use of complex microfertilisers on a chelated basis in agricultural
technologies of the main crops is limited due to the lack of clear recommendations on
the norm, methods, and timing of their use in particular production conditions and the
levels of expected yield increase. Based on the rather specific mechanism of action of
drugs, these recommendations are adjusted by investigating the level of reaction of
plants and crops in particular zonal and weather conditions. The purpose of this study
was to establish the reaction of soybean varieties to foliar top-dressing with complex
Vuksal Microplant microfertiliser. Scientific research was conducted according to
the field method during 2019-2021. According to the scheme of the experiment,
the following varieties were investigated: Krynytsia, ES Hladiator, Melodiia,
Korona, Feieriia, Etiud, Sava, Orfei, Everest, which are classified as early-maturing.
The crop was fertilised according to the following variants: N P, K, - N, .P, K, +1
Vuksal Microplant top-dressing and N, P, K, +2 Vuksal Microplant top-dressing.
According to the tasks of experimental studies, the field germination rate of seeds
was identified by calculating the density of plants in the phase of full germination for
all repetitions of the experiment; phenological observations were made in variants
of the experiment using the method of variety testing of agricultural crops; the leaf
surface area was determined according to the clear-cutting method and the yield
was established according to the weight method using direct combining of each
site. Statistical processing of experimental data was performed using the Microsoft
Excel and Statistica 10.0 application software package. A variant of the fertiliser
system was established, which provides a substantial impact on soybean yield and
a variety that formed stable productivity over years with changing weather conditions.
Based on the results of the study, it is recommended to grow the Etiud soybean
variety in production crops with culture fertilisation according to the system of
applying macroelements at the rate of N P, K, and performing two top-dressings
with the Vuksal Microplant complex fertiliser on a chelate basis at the rate of 2 /ha.
The first spraying should be carried out in the phase of 2 ternate leaves (BBCH 13-14),
and the second in the phase of bean formation (BBCH 70-71)
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INTRODUCTION

Normal growth and development and formation of the
soybean grain crop is possible only involving second-
ary fertilising components (Vozhegova et al., 2016).
Studies conducted in various soil and climatic zones of
Ukraine have determined that not all secondary fertil-
ising components and not all soils need to be applied
under agricultural crops (Gamajunova et al., 2021).
Microelements increase the yield of soybean grains,
provided that they are applied on soils that are poor
in fertility and content on the corresponding elements
(Vozhegova et al., 2018).

The relevance of the subject under study lies in
the fact that important achievements in biology over
the past century are proven facts of the need for trace
elements for the active life of plant, animal, and human
bodies. Considerable attention of the scientific commu-
nity around the world is paid to establishing the role of
secondary fertilising components in plant life. Micro-
fertilisers have a positive effect on the processes of
organogenesis of soybean plants.

Scientists confirm that the agrochemical and
physiological role of microfertilisers is multifaceted
(Shevnikov & Shevnikov, 2020). They improve the met-
abolic processes of substances in plants, activate their
synthesising functions and contribute to the optimal
course of physiological and biological processes (Tafij
et al.,2016). They have a positive effect on the process of
chlorophyll synthesis and improve the intensity of pho-
tosynthesis (Kots et al., 2022). The action of secondary
fertilising components contributes to the resistance of
plants to fungal and bacterial diseases (Pospielova et al.,
2021). It affects the increase in tolerance of such unfa-
vourable environmental conditions as lack of produc-
tive moisture in the soil, short-term decrease or increase
in air temperature, and other biotic factors (Gamayunova
et al., 2020). The most effective measures to influence
the productivity of soybean varieties are the protection
of crops from harmful organisms, the use of irrigation,
a balanced fertiliser system, biologics, and regulators.

The purpose of the study was to establish the yield
level of modern soybean varieties depending on the fer-
tiliser system.

To fulfil the stated purpose, the following tasks
were identified:

¢ to calculate the density of plants in the germina-
tion phase and determine the field germination rate of
soybean seeds depending on the variety;

¢ to conduct phenological observations of the onset
of growth and development phases of soybean varieties
and record the duration of the entire vegetation season;

¢ to determine the leaf surface area of soybean
plants depending on the fertiliser system;

» to determine the influence of the properties of
varieties and the fertiliser system on the yield of soybean
seeds.

MATERIALS AND METHODS

Scientific research was conducted during 2019-2021 in
the conditions of the central forest-steppe of Ukraine.
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The object under study was varieties of the
early-maturing group: Krynytsia, ES Hladiator, Melodiia,
Korona, Feieriia, Etiud, Sava, Orfei, Everest.

In the field experiment, the system of fertilisation
of soybean varieties was used according to the following
variants:

1 N15P30K40;
2. NP, K, +1top-dressing with Vuksal Microplant;
3. NP, K, + 2 top-dressings with Vuksal Microplant.

Mineral fertilisers for soybeans were applied in
the norm — NP, K, .. During the main tillage, 30 kg
of active agent/ha of phosphorus and 40 kg of active
agent/ha of potassium were added. For this purpose,
150 kg/ha of physical weight of simple granular super-
phosphate and 100 kg/ha of physical weight of potas-
sium salt were used. During sowing, a seeder applied
15 kg of active agent/ha of full mineral fertiliser in
the form of ammonium nitrate phosphate fertiliser, in
the norm of 100 kg/ha of physical weight of fertiliser.
For foliar top-dressing, Vuksal Microplant was used —
a mineral fertiliser, the components of which are che-
lated complexes (%): N — 5; K,0 — 10; MgO — 3; SO,-13;
B—-0.3;Cu—0.5;Fe—1;Mn—-1.5; Mo —-0.01;Zn - 1.

On the variants where 1 top-dressing was used,
the crops were sprayed with a working solution in the
phase of 2 ternate soybean leaves (BBCH 13-14) with
2 l/ha of Vuksal Microplant.

On the variants where 2 top-dressings were used,
soybean crops were sprayed with a working solution
in the geminate leaf phase (BBCH 13-14) with 2 l/ha
of Vuksal Microplant and in the bean formation phase
(BBCH 70-71) — with the same fertiliser at 2 l/ha.

In total, 27 variants were investigated in the
experiment: nine varieties (Factor A) and three variants of
the fertiliser system (Factor B). The experiment repeata-
bility — three times. Site placement — randomised (Yesh-
chenko et al., 2005). The area of the experimental plot
was 36 m?, accounting area — 25 m?. Soybeans were
sown in the usual drills with a row spacing of 15 cm.
According to the scheme of the experiment, the cultiva-
tion technology in the variants was the same, only the
fertiliser system under study differed.

The main type of soil of the experimental sites is
typical heavy loamy chernozem. Humus content in the
soil at a depth of 0-20 cm was 3.8-4.5%; easily hydrolysed
nitrogen (according to Tiurin) — 8.6-12.2 mg/100 g of
soil; P,0, (according to Chyrykov) — 15.8-20.1 mg/100 g
of soil; K,O (according to Maslova) — 10.3-12.1/100 g of
soil. During the three years of research, weather condi-
tions had deviations compared to the long-term aver-
age. In terms of humidity and temperature conditions,
the best conditions for soybeans were during the grow-
ing season of 2019 and 2021, but the increased air tem-
perature combined with the drought, due to the lack of
precipitation during the second half of July and through-
out August, limited the synthesis of organic matter, which
adversely affected the development of crop productiv-
ity. The worst weather conditions were recorded during
2020, especially the lack of moisture was characteristic.




RESULTS AND DISCUSSION
Scientists have found that upon working to increase the
adaptive potential of soybean varieties, it is possible to
increase the annual collections of vegetable protein and
oil by 10-15% or more (Vozhegova et al., 2019).

Plants use only a fraction of the mineral elements
introduced into the soil (Arbacauskas et al., 2021). Thus,
for most brands of mineral fertilisers, the average utilisa-
tion rates of the active agent range from 40-60% nitro-
gen, phosphorus 10-20%, potassium 20-40% (Taranenko
et al., 2021). Furthermore, the level of nutrient absorp-
tion depends on the structural parameters and qual-
ity of the soil, as well as on the development of the
plant’s root system (Hanhur et al., 2020). According to
the data provided in most reference books (Shepilova
et al., 2021) the formation of one hundredweight of soy-
bean seeds requires 4.5-9.5 kg of nitrogen, 1.5-3 kg of
phosphorus, 3.5-6 kg of potassium. Rather wide limits
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of variation of coefficients indicate the presence of factors
that contribute to or, conversely, reduce the level of
assimilation of soil minerals (Punchyshyn et al., 2019).

One of the first tasks of the study was to establish
the field germination of seeds by counting plants in the
phase of full soybean germination.

According to the results of calculating the num-
ber of plants by variants in the phase of full germination,
it was found that the germination rate of soybean seeds
was influenced by weather conditions of the year and
biological characteristics of varieties (Table 1). Depend-
ing on the conditions of the year, the best field germi-
nation of seeds was in 2019, on average for variants.
Depending on the varieties, the highest density of plants
in the full germination phase was in the Etiud variety.
Field germination of seeds of this variety, on average,
was 91.2%.

Table 1. Field germination rate of soybean seeds, % (2019-2021)

N15P30K4o + N15P50K4o +
Item No. Experiment variants N, P. K, 1 top-dressing with 2 top-dressing with
Vuksal Microplant Vuksal Microplant
1 Krynytsia 75.1 77.8 76.3
2 ES Hladiator 84.3 87.7 85.1
3 Melodiia 82.1 84.5 83.6
4 Korona 85.6 87.1 85.9
5 Feieriia 86.1 87.2 86.5
6 Etiud 90.3 92.5 90.9
7 Sava 80.5 82.6 80.9
8 Orfei 814 83.1 82.3
9 Everest 83.4 85.3 84.1

The duration of the growing season is an indi-
cator that describes the conditions of crop formation
of field crops.

As for the duration of the soybean growing sea-
son, it is not a constant value. It varies for several rea-
sons, primarily the temperature of the soil and air, the
intensity and duration of lighting, the level and nature
of moisturising (Vozhegova et al., 2020). The level of
response depends on the specific features of the geno-
type, dosage, and ratio of these factors (Gamayunova &
Panfilova, 2020).

A critical review of scientific sources on the influ-
ence of abiotic and biotic factors on the duration of soy-
bean vegetation indicates considerable differences in
opinions on their role and place in changing the dura-
tion of vegetation. Thus, M. Galytska et al. (2021) empha-
sise that the intensity of plant organogenesis mainly
depends on the temperature regime of the environment,
and the water regime affects only the duration of certain
interphase periods. Namely, for the following periods:

sowing — germination and flowering — maturation.
The complex influence of factors on the development
of agricultural plants is indicated by O.V. Tryhub et al.
(2020), noting that the duration of each of the phases of
ontogenesis mainly depends on the level of accumula-
tion of organic compounds at apical growth points. The
data on the close correlation between the duration of
the soybean growing season, the intensity and spectral
composition of sunlight are quite convincing (Miladinov
et al., 2020).

According to the results of phenological obser-
vations, it was found that in all variants of the experi-
ment, the longest growing season of soybeans was in
the Melodiia variety (Table 2). The soybean fertiliser
system had differing effects on the formation of vege-
tative and generative organs and the maturation of the
crop in particular. The use of foliar top-dressing with
complex Vuksal Microplant microfertiliser affected the
lengthening of the growing season from 2 to 7 days, on
average, according to the experiment.
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Table 2. Duration of the growing season of soybean plants, days (2019-2021)

Experiment N15P30K_40 + . N15P30K_4o + .

Item No. variants N.P.oKyo 1 top-dressing with 2 top-dressing with

Vuksal Microplant Vuksal Microplant
1 Krynytsia 110 114 116
2 ES Hladiator 109 112 115
3 Melodiia 110 113 117
4 Korona 108 110 116
5 Feieriia 105 107 108
6 Etiud 101 103 105
7 Sava 109 114 115
8 Orfei 106 108 109
9 Everest 102 105 106

Spraying of crops with Vuksal Microplant micro-
fertiliser twice during the growing season lengthened
the growing season by 3-8 days, compared to variants
where foliar top-dressing of plants was not carried out
at all.

The foliar top-dressing factor had an accumula-
tive effect, which provided a gradual increase in the dif-
ference between the indicators of vegetative develop-
ment of plants from juvenile to generative stages of
soybean organogenesis. The same conclusions were
obtained in the study by S.Y. Kots et al. (2022) but using
other solutions for foliar top-dressing.

A substantial difference between the control and
the experimental variants in terms of leaf surface area
was recorded starting from the “budding” phase. Such
a mechanism of variation in the indicators of vegetative

development of plants, according to the variants of the
experiment using microfertilisers for top-dressing, indi-
cates the physiological reaction of a certain variety,
which expands the agrotechnical possibilities of increas-
ing the photosynthetic apparatus of plants.

The development of the assimilation surface of
soybean plants, within the framework of the experiment,
was influenced by the weather conditions of the year,
the characteristics of the variety and the complex use
of macro- and microfertilisers with different effects on
the physiological and biochemical processes in soybean
plants (Table 3). According to the results of the experi-
ment, the maximum leaf surface area is 0.905 m?/ the
plant was formed in the Etiud variety with the fertiliser
system of culture N P, K, + 2 top-dressings with Vuksal
Microplant.

Table 3. Leaf surface area in the soybean seed filling phase, m*/ plant (2019-2021)

Experiment N“P”K,‘“’ * . N“P“’K_““ * i

Item No. variants N..P..K, 1 top-dressing with 2 top-dressing with

Vuksal Microplant Vuksal Microplant
1 Krynytsia 0.695 0.701 0.713
2 ES Hladiator 0.792 0.794 0.799
3 Melodiia 0.732 0.735 0.738
4 Korona 0.806 0.809 0.845
5 Feieriia 0.85 0.851 0.858
6 Etiud 0.898 0.903 0.905
7 Sava 0.733 0.739 0.751
8 Orfei 0.781 0.784 0.79
9 Everest 0.771 0.788 0.811

The results of phenological observations, meas-
urements and calculations during the field experiment
indicate a fairly high level of reaction of soybean plants
to the use of microfertilisers for foliar top-dressing dur-
ing the growing season of the crop. However, in agronomy,
the effectiveness of the elements of field crop cultivation
technology under study can be analysed only based on
the main indicator, namely the yield of the main products.
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The most favourable weather conditions for the
formation of soybean yields were in 2019. The yield of
varieties differed substantially (Table 4). The maximum
yield of soybean seeds of 3.11 t/ha was obtained from
crops of the Etiud variety on the variant of a combination
of mineral fertilisers application in the norm NP, K,
and two foliar top-dressings with the Vuksal Microplant
complex microfertiliser on a chelated basis.
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Table 4. Soybean yield depending on the variety and fertiliser system, t/ha (2019-2021)

Experiment N15P3°K,4° * . N15P3°K,4° ¥ .
Item No. variants N..P..K, 1 top-dressing with 2 top-dressing with
Vuksal Microplant Vuksal Microplant
1 Krynytsia 2.19 2.22 2.31
2 ES Hladiator 2.47 2.48 2.58
3 Melodiia 2.45 2.49 2.53
4 Korona 2.69 2.73 2.8
5 Feieriia 2.78 281 2.87
6 Etiud 2.99 3.02 3.11
7 Sava 2.46 2.51 2.59
8 Orfei 2.6 2.62 2.67
9 Everest 2.62 2.64 2.69
Least significant difference . t/ha A ey —0.03;B e — 0.01

According to the results of the studies by Z. Mila-
dinov et al. (2020) it was also found that foliar spraying
with fertiliser solutions had a considerable impact on
soybean yields. And the year factor, namely the availa-
bility of moisture, affected the productivity of the crop
and the effectiveness of top-dressing solutions.

CONCLUSIONS

It is established that production conditions necessitate
the use of several varieties with differing biological
characteristics, ratio to environmental factors, protein
content, oil content, sensitivity to fertilisers, resistance
to diseases, and crop density. It should also be consid-
ered that even in agroclimatic zones, where varieties
can be grown with a longer vegetating season, it is nec-
essary to select genotypes described by different mat-
uration periods. This approach will reduce the impact
of possible adverse abiotic factors (rainy summers, low
air temperatures), simplifying the optimisation of sow-
ing and harvesting terms. Agrotechnical elements of
cultivation technology in modern conditions do not

sufficiently contribute to the realisation of the genetic
potential of modern soybean morphobiotypes in terms
of productivity indicators, which is associated with the
low compliance of agricultural measures with the eco-
logical and biological features of intensive varieties. Pro-
ceeding from this, there is a problem of improving the
elements of cultivation technology to adapt them to the
biological characteristics of soybeans, which contributes
to the maximum use of its yield potential. The most
effective measures to influence the productivity of soy-
bean varieties are the use of a balanced fertiliser system.
Therefore, for the central forest steppe zone of Ukraine,
the authors of this study recommend growing the Etiud
soybean variety using the fertiliser system N, P, K, +
2 top-dressings with Vuksal Microplant, with the norm
of 2 I/ha. The first top-dressing should be carried out in
the phase of 2 trifoliate leaves (BBCH 13-14), the second
in the phase of bean formation (BBCH 70-71).

Prospects for further research lie in the study of the
complex application of elements of technology for growing
soybean varieties of different ripeness groups.
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BnaivB No3aKopeHeBOoro NiAXUBIeHHS Ha BPOXXalHIiCTb COpTiB coi

Onbra MpuropisHa MineHko, Mukona flHaesuu LLlesHikoB, FOnia BonoanmupiHa ConomoH,
AHHa MuxaiiniBHa Pubanbuenko, Hatania CepriisHa Lokano

[MonTaBCbKUIM AepKaBHMI arpapHuUiA yHiBepcuTeT
36003, syn. CkoBopoaM, 1/3, M. MNonTaga, YkpaiHa

AHoTauif. 3acToCyBaHHS KOMMIEKCHMX MiKPOAOOPUMB HA XenaTHiM OCHOBI y arpOTEXHONOTiAX OCHOBHMUX KY/bTYp
obMexeHe Yepes BiACYTHICTb YiTKUX peKOMeHaLil LWoA0 HOPMMU, CNOCcobiB Ta CTPOKIB iX BUKOPUCTAHHS Y KOHKPETHMX
BUMPOBHUYMX YMOBAX i PiBHIB 04iKyBaHOT NpnbaBKkM Bpoxato. Buxoaaum i3 oocmtb cneum@iyHoro MexaHismy aii
npenapaTis, KOPUryBaHHS LMX PEKOMEHAALIN NPOBOAUTLCA LWASXOM BUBYEHHS PiBHSA peakLii pOC/IMH i NOCiBiB
Y LiZIOMY B KOHKPETHUX 30HaNIbHMX Ta NMOTOAHWX YMOBaxX. MeTo AoCnigkeHb Oyno BCTAaHOBUTU peakLiito COPTiB COi Ha
no3akopeHeBe MiJKMBMIEHHS KOMMIEKCHUM MikpofobpueoM Bykcan MikponnaHT. HaykoBi focnif)XeHHs NpoBOAUAM
nonfboBMM MeTooM yrpopoBx 2019-2021 pokis. 3a cxemoto gocnifsy BuBuanu coptu: Kpunuug, EC Tagiatop, Menogis,
KopoHa, ®eepis, ETion, CaBa, Opdeit, EBepecT, ski KnacudikytoTb IK paHHbOCTUII. YLO0OPEHHS KyNbTypy NPOBOAMAM 33
Takumu BapiaHTtamu: N, P, K, =N P, K, +1 nimkusnenHa Bykcan MikponnantTa N P, K, + 2 nimkueneHHs Bykcan
MikponnaHT. 3rigHo 3 3aBAAHHAMW EKCNEePUMEHTANbHUX AOCNIAXEHb OYN10 BU3HAYEHO MObOBY CXOXKICTb HACIHHS,
LUASXOM MiApaxyHKY ryCTOTM POC/IMH Y a3i MOBHMX CXOAIB MO BCiX MOBTOPEHHSX AOCNIAY; NPOBEAEHO (MEHONONiYHI
CNOCTEPEXXEHHS Y BapiaHTax 4OCNIAY 32 METOAMKO COPTOBMMNPOOYBAHHS CiIbCbKOroCnoAapCbKmMx KynbTyp; BU3HA4YEHO
NaOLLY NMMCTKOBOT NOBEPXHI METOAOM KBMCIYOK» Ta BCTAHOB/IEHO PiBEHb YPOXAMHOCTI BAaroBMM MeTo4O0M 32
[LOMOMOrOH NPSMOro KOMBAMHYBaHHSA KOXKHOI AinsHKU. CTaTUCTUUHY 0OpOOKY eKCrnepuMeHTaNbHUX AaHUX NPOBEAEHO 3
BMKOPUCTAHHAM MAKeTy NpuKnasHux nporpam Microsoft Excel i Statistica 10.0. YctaHOBNEeHO BapiaHT cUCTEMU Ya06PEHHS,
o 3abe3neyye iCTOTHUIA BNIMB HA BPOXAMHICTb COi Ta COPT, iKWt (opMyBaB CTabifibHy NPOAYKTUBHICTb MO POKax 3
MiHIMBUMM NOFOAHUMM YMOBAMMU. 33 pe3ynbTaTaMu AOCAIAKEHb PEKOMEHAOBAHO Y BUPOOHMUMX MOCiBaX BUPOLLYBATU
copr coi ETiop, i3 ynobpeHHAM KynbTypu 3a CUCTEMOIO BHECEHHA MakpoeneMeHTiB y HopMi N P, K, Ta npoBeneHHs ABOX
NiKMBNEHb KOMMIEKCHUM LOOPMBOM Ha XenaTHin ocHOBi Bykcan MikponnaHTty HopMi 2 n/ra. MNeplue o6npuckyBaHHS
noTpibHo NpoBoaMTH y dasi 2-x Tpinvactux nuctkis (BBCH 13-14), a npyre y dasi dopmyBaHHs 606i8 (BBCH 70-71)

KniouoBi cnoBa: 3epH06060Bi, TEXHONOTiS1 BUPOLLYBAHHS, CUCTEMA YA00pEHHS, MikpoLobpurBa
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INTRODUCTION

With the current global pandemic, total uncertainty and
exacerbation of the environmental crisis, the problem
of environmental sustainability is most relevant. The
study of sustainability is gaining wide research-to-prac-
tice application for the development of environmental
sustainability and safety. Environmental sustainabil-
ity is defined as the responsibility to conserve natural
resources and protect global ecosystems to maintain
health and well-being now and in the future (Corvalan
et al., 2005).

Since the key element of environmental sustain-
ability is its long-term nature, environmental sustaina-
bility should be defined as meeting current needs with-
out harming future generations, their ability to meet
their needs as the US Environmental Protection Agency
defines them. According to the UN World Commission on
Environment and Development, the main point of envi-
ronmental sustainability is to provide future generations
with available natural resources, and their standard of
living should not be lower than the current one (United
Nations Environment Programme..., 2020). Along with
this, according to International Union for Conservation
of Nature, environmental sustainability is also defined
as the ability to improve the quality of human life; stabi-
lisation of the modern conflicting relationship between
the two global systems of the Earth: human culture and
the living world (International Union for Conservation
of Nature, 2020).

Thus, the phenomenon of ecological sustainability
is so relevant that it requires humanity to intervene at
once to stabilise the destructive impact of humans on
the environment and preserve, and even restore the cur-
rent level of the Eco world. This view of the situation is
supported by quantitative indicators of the level of envi-
ronmental sustainability, namely the Environmental Per-
formance Index (EPI) (Wendling et al., 2020). Thus, the
EPI score for Ukraine was 49.5 points in 2020, while the
health score was 49 points, which ranked the coun-
try 60" and 69" out of 180 countries according to their
environmental performance (Wendling et al., 2020). The
index of ecological efficiency is derived from the index
of ecological sustainability and defines the main cate-
gories of national policy and ranks countries according
to their ecological achievements (Wendling et al., 2020).
The EPI classifies 180 countries according to the impact
of the environment on human health and ecosystem life
using 32 performance indicators. The indicators defined
by the Index of Ecological Groups, which reduce the bur-
den of the environment on human health, are of priority
scientific interest for this study (Wendling et al., 2020) as
a basic condition for ecological sustainability.

The World Health Organisation (WHO) defines
health as a state of complete physical, spiritual, and
social well-being, and not merely the absence of dis-
ease or infirmity (Preamble to the Constitution..., 1946).
Mental health is a state of well-being in which everyone
can best realise their potential, cope with life’s stresses,
work productively, and make an effective contribution to
the life of their community (Ostafin et al., 2021; Order of

Scientific Horizons, 2022, Vol. 25, No. 4

the Cabinet of Ministers of Ukraine No. 1018-r..., 2017).
Awareness and realisation of life self-determination,
responsibility for one’s life and health, being in a state of
well-being, ability to adequately respond to uncertainty
and threats, show empathy for oneself and the world
(Zhuravlova & Chebykin, 2021), ability to overcome life
stresses and post-traumatic growth (Jayawickreme et al.,
2021) are the main indicators of human health.

The era of the global COVID-19 pandemic has
provoked a new wave of threats and worries, fears and
expectations, anxiety and uncertainty, which is another
damage caused by this virus. The situation of long-term
and constant psychological stress and the decrease in
psychological security are caused by the deterioration of
key areas of human life (social, economic, communica-
tion) in its different age periods. It has been established
that the COVID-19 pandemic has adversely affected the
income of young people (including students) and their
families (Guadalupe-Lanas et al., 2021); increased feel-
ings of danger, anxiety about personal health and poor
communication among the elderly (Raycheva, 2021); the
level of feeling of well-being, comfort, and stability of
the environment among people aged 15 to 59 has con-
siderably decreased (Wei et al., 2021).

Instead, a positive attitude, adequate response,
and the ability to timely receive qualified medical care
is the key to preventing and overcoming COVID-19 in
a mild form. Thus, a healthy lifestyle, an adequate atti-
tude towards threats, and to COVID-19 vaccination
against it are indicators of reducing the burden on the
environment for human health and, consequently, envi-
ronmental sustainability. The global pandemic, its conse-
quences, and the situation of complete uncertainty have
clearly indicated the importance and priority of devel-
oping the measures of environmental sustainability. The
latter is catalysed by conditions endowed with environ-
mental significance and preventing conscious inclusion
in life (Rayne, 2013). Given the substantial amount of
research on psychological safety (Bedny, 2021; Knowles &
Olatunji, 2021; Ornell et al., 2020), the effects of human
exposure to COVID-19 (Ahorsu et al., 2020; Ornell et al.,
2020; Palgi et al., 2021), readiness of people for vacci-
nation (Lackner & Wang, 2021; Paul et al., 2021), the
problem of environmental sustainability and safety in
a pandemic remains unexplored.

Critical analysis of earlier research suggests that
environmental sustainability is determined by the cur-
rent state (psychological, physical) of the individual, fol-
lowed by their readiness to act. Given the understand-
ing of psychological attitude as a specific state of the
person that expresses readiness to engage in certain
activities aimed at meeting current needs and deter-
mines their psychophysiological organisation in a par-
ticular situation (Uznadze D.N., 1997), it can be said that
readiness for vaccination is determined by a personal
attitude towards vaccine against COVID-19. Accordingly,
a realistic adequate response to a pandemic situation,
an understanding of the likely consequences for human
life and health and, as a result, an adequate response




and the possibility of obtaining qualified medical care
in case of an illness is a constructive approach to vac-
cination. This understanding of readiness for vaccina-
tion against COVID-19 indicates the environmental sus-
tainability of the individual. The latter is expressed by
the individual’s willingness to save their life and health
through vaccination.

The purpose of the study was to empirically inves-
tigate the readiness for vaccination against COVID-19 as
a condition for environmental sustainability. The sub-
jects of the study are the environmental factors of readi-
ness for vaccination against COVID-19. The main hypoth-
esis of the study was the assumption that readiness to
be vaccinated is influenced by subjective and objective
factors.

MATERIALS AND METHODS

The empirical study involved 568 people aged 12 to
70 years old (112 men and 462 women). The average
age of respondents was 32.0 years, including women —
32.3 years, men — 30.7 years. The study was conducted
from the beginning of October 2020 to the end of Jan-
uary 2021. To conduct the study, authors used the social
network Facebook, which is the first-ranking social net-
work in terms of the number of users in Ukraine. Several
theoretical (analysis of Ukrainian and English-written
sources, generalisation of concepts and approaches,
systematisation, comparison) and empirical (surveys,
collection of related information, associative method,
content analysis, methods of mathematical statistics
using SPSS 23.0 and ArcGis) methods were used in this
study. The former ones were used to analyse the psycho-
logical characteristics of environmental sustainability
and perception of safety of vaccine in a pandemic. The
empirical methods were utilised for the study of age,
gender, and psychological differences in the context of
such factors as environmental sustainability and safety.
To investigate the above phenomena, the authors devel-
oped an online questionnaire, the purpose of which is
the remote systematic study of the factors of readiness
of Ukrainians to be vaccinated against COVID-19.The
questionnaire comprises several content-related blocks:

« collection of general information: place of residence,
age, and sex of respondents;

« study of security: self-assessment of personal secu-
rity during the pandemic in various spheres of life
(physical, sexual, gender, family, territorial, financial, reli-
gious, national, political, social, food, business);

 research of personal psychological constructs:
psychodiagnostics of personal characteristics such as
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tendency to sociopathy, Machiavellianism, and narcis-
sism using the “Dark Core” method and semantic the-
sauri using the method of free associations;

 determine attitudes towards COVID-19: measures
of awareness of the COVID-19 pandemic as a source of
danger and readiness for vaccination.

The study was conducted via the distribution
of the questionnaire on social networks, which are
described by the diversity of users by gender, age, social
status, and place of residence. The general information
collection unit allowed determining the age, gender,
and urban diversity of the respondents. The research
unit about the feeling of security allowed establishing
the level of subjective feeling of protection experienced
by Ukrainians in the fight against a pandemic in every
sphere of life by asking “Assess the level of your personal
safety in the following spheres of life on a five-point
scale” (1 — minimum security, 5 — maximum security).

Such scaling has demonstrated its effectiveness
in the study of the attitude towards the vaccine and the
readiness to get vaccinated (Palgi et al., 2021). The unit
of research of personal psychological constructs was
realised through the use of the standardised and vali-
dated method called “Dark Core” (or “Dark Triad”, “Dark
core of personality”), which allows establishing not only
borderline variants of the norm, but also variants of the
norm (Jones & Paulhus, 2011; Furnham et al., 2013).
The “Dark Triad” is a technique for measuring three psy-
chological personality traits: non-clinical narcissism and
non-clinical psychopathy and Machiavellianism as a sin-
gle complex of personality traits. The questionnaire con-
tained 12 questions, with each question evaluated on
a five-point scale. The questionnaire involves the iden-
tification of one of the personality types or a tendency
towards it. The block of attitudes towards COVID-19
allowed establishing the specific features of the sub-
jects’ behaviour (“If | have an important meeting, | will
attend it, even with cold symptoms”), awareness of
COVID-19 as a source of danger (“COVID-19 is a threat
to me personally”), readiness for the vaccination proce-
dure (‘I must be vaccinated against COVID-19 when the
vaccine is available”). Respondents’ answers were eval-
uated on a five-point scale (disagree — 1 point, rather
disagree — 2 points, partially agree — 3 points, rather
agree — 4 points, completely agree — 5 points).

RESULTS AND DISCUSSION

It was found that there were gender, age, and demo-
graphic differences in the assessment of the level of
threat caused by the COVID-19 pandemic (Fig. 1).
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Figure 1. Dispersion of COVID-19 threat estimates according to gender, age, and demographics

Subjective factors such as the sense of imminent
threat of COVID-19 and the assessment of personal
safety in key areas of life (sexual, family, national, and
food) determined the readiness for vaccination. Objec-
tive factors were gender, age, demographics. Men and
young people in Ukraine expressed a higher level of
readiness to be vaccinated compared to women, older
adults, and the elderly, respectively. The elevated level
of urbanisation also determined a person’s readiness
for vaccination.

Women were more likely than men to consider
COVID-19 a personal threat. Men did commonly demon-
strate the fear of the virus. Demographic features of
the variance of pandemic threat estimates turned out to
be gender equivalent. Respondents living in rural areas
responded to the pandemic according to the “female”
type, and those living in cities — according to the “male”
type, but urban residents, compared to rural ones,
more frequently understood the threat of COVID-19.
Most of the subjects worried about COVID-19 were
aged between 25 and 45. Younger and older respon-
dents were less serious (more cynical) and did not con-
sider COVID-19 a substantial threat. Between the ages
of 45 and 55, the number of respondents considering
COVID-19 a personal threat was low.

The influence of a person’s subjective sense of
security in various spheres of life on their fear of a pan-
demic was also investigated. Interesting results were
found upon comparing the supporters and opponents
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of vaccination against COVID-19. Positive links were
found between respondents’ perception of security
in the family and religious spheres and the threat of
a pandemic (respectively, t-value=1,980; p-value<0.05
and t-value=2,024; p<0.03). In the gender and business
spheres, a negative correlation was found between the
respondents’ measures of security in these areas and
the threat of a pandemic (respectively, t-value= -3,426;
p<0.000 and t-value= -1,078; p<0.03). The safer respon-
dents felt in family and religious life, the less likely they
were to worry about COVID-19. And the more vulnerable
they considered the sexual and business spheres of their
lives to be, the more threatening COVID-19 was for them.

Interesting results were found upon comparing
indicators of supporters and opponents of vaccination
against COVID-19. Notably, a considerable part of
the age groups under study did not trust vaccination
and unequivocally refused it. 21.39% of respondents
stated they would not be vaccinated and 17.74% — that
they most likely would not be vaccinated. Only 18.43%
of respondents said that they should and would be vac-
cinated, and 16.87% were likely to be vaccinated. There
were no considerable gender differences among propo-
nents and opponents of vaccination (variance is homo-
geneous): most people show moderate readiness for
vaccination. However, there were more respondents
among women who had not yet decided on vaccination
than men. There were age-specific features in readiness
for being vaccinated (Fig. 2).
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Figure 2. Dispersion of readiness for vaccination according to gender, age, and demographic characteristics

Young people were ready to be vaccinated, while
people of older age and the elderly (55 years and older)
were wary of vaccination.

Subjective and objective factors of readiness for
vaccination were determined based on the results of the
linear regression analysis. One of the dominant factors
of such readiness was the feeling of imminent threat of
being defeated by COVID-19 (t-value=8,617; p<0.000),
as well as the subjective assessment of safety in sex-
ual (t-value= -2,096; p<0.04), family (t-value=1,595;
p<0.1), national (t-value= -1,501; p<0.1), and food
(t-value=1,419; p<0.1) spheres. Indicators of a sense
of security in the physical, gender (sexual), territo-
rial, financial, religious, political, social, and business
spheres of life were not related to the fear of being
vaccinated against COVID-19. To objectify the subjec-
tive factors of readiness for vaccination, the authors
analysed the difference between assessments of feelings

of security in different areas of life by supporters
(strongly agree — 5 points) and opponents (disagree —
1 point) of vaccination (Table 1). Proponents of vacci-
nation included respondents who rated their readiness
for vaccination with a maximum score (5), and oppo-
nents — those who rated their readiness very low (1).
Subjects who did not want to be vaccinated consid-
ered themselves safe in the business sphere, and their
sense of security in other areas of their lives did not
affect their readiness for vaccination. Respondents who
showed a clear willingness to be vaccinated felt inse-
cure in sexual sphere and secure in sexual (gender) and
national spheres of life. Similar to the study by CA. Latkin,
et al. (2021), the authors of this paper found that in
Ukraine a considerable proportion of subjects did not
trust the vaccination against COVID-19. This study also
found that study participants who did not trust the vac-
cines had trust issues in certain areas of their lives.

Table 1. The influence of a sense of security in various spheres of life on the readiness
to be vaccinated by supporters and opponents of vaccination

No.n/a Areas of life T-test . T-test .
(Do not want to be vaccinated) (Want to be vaccinated)
1 Physical 9,910e-01 8,800-02
2 Sexual -1,393e+00 -1,716+00*
3 Gender 7,900e-01 1,515+00"
4 Family 4,300e-02 -1,319+00
5 Territorial -7,790e-01 1,267+00
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Continued, Table 1

No.n/a Areas of life T-test . T-test .
(Do not want to be vaccinated) (Want to be vaccinated)
6 Financial 3,500e-01 7,210-01
7 Religion 1,26e-01 -3,850-01
8 National -6,010e-01 1,441+00"
9 Political -8,940e-01 -3,660-01
10 Social 2,530e-01 -9,280-01
11 Food -5,110e-01 3,430-01
12 Business 2,166e+00™ 8,610-01

Note: *-0.05; =0.1

The spheres of life under study represent an
environmental sustainability for a modern resident of
Ukraine. The results of the associative experiment deter-
mined that there were differences only in deep associ-
ations regarding the phenomenon of danger in respon-
dents with different readiness for vaccination (Table 2).
Unlike the study by S. Kreps, et al. (2020), which found
distrust of the vaccine conditioned upon the activities
of some politicians, the authors of this paper did not
find such a correlation. For the tested adult Ukrainians,
national and gender factors turned out to be important.
Thus, for both groups of subjects (opponents and sup-
porters of vaccination), the first (stereotypical) associa-
tion to the word “danger” was the same. These were emo-
tional experiences and states synonymous in meaning.

The dominant association was the trivial feeling of “fear”,
the rest of the associations were often insignificant. Deep
associations of opponents and proponents of vaccina-
tion showed some differences between their associative
thesauri. For subjects who were not ready to be vacci-
nated, the word stimulus “danger” was primarily associ-
ated with COVID-19, emotional states, and experiences
such as “anxiety” and “risk” were secondary. Opponents
of vaccination had a generalised fear of a pandemic, and
all phenomena associated with it. For respondents who
were definitely ready to be vaccinated, COVID-19 was not
the primary association with danger. Proponents of vac-
cination were dominated by such deep-seated external
associations as natural disaster and war and emotional
states of panic and pain.

Table 2. Matrix of associations for the word-stimulus “danger” of respondents
who clearly wanted and did not want to be vaccinated

« . . . e .
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. » « 5
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Analysis of the study of personality constructs
revealed that only the correlation between the indi-
cators of narcissism and readiness for vaccination was
not statistically significant (p<0.01), although both
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“narcissists” and “Machiavellians” considered themselves
to be personally threatened by COVID-19. Indicators of
psychopathy had no reliable correlation with vaccination
readiness and pandemic risk assessments. The results




of the study of objective factors of readiness for vacci-
nation were ambiguous. Young people were ready to be
vaccinated, unlike older people. There was an inversely
proportional relationship between the age of the sub-
jects and their desire to be vaccinated (t-value=-2.828;
p<0.005). On the other hand, the level of urbanisation
did not affect the desire to be vaccinated. The generali-
sation of the research results allowed building a portrait
of a resident of Ukraine who is ready and willing to be
vaccinated (R=0.165; p<0.000). This is a man under 45
(p<0.001), who considers COVID-19 a personal threat
(p=0.000), is financially secure (p<0.05), but feels vulner-
able in the social sphere (p<0.1). The research hypothe-
sis was partially proved. The authors consider the pros-
pects for further research in the investigation of the
dynamics of psychological security under quarantine
restrictions and the COVID-19 pandemic.

CONCLUSIONS

1. A healthy lifestyle and an adequate attitude towards
situations of uncertainty form the basis for the devel-
opment of environmental sustainability. Safety condi-
tions endowed with ecological content are indicators
of the level of this sustainability. Threats, namely the
COVID-19 pandemic, the uncertainty of the vaccination
situation are among the factors of physical and mental
stress on human health and, consequently, its environ-
mental sustainability.

2. There are gender and age characteristics of the
subjective experience of feelings of danger and instabil-
ity in the face of current threats to humanity (COVID-19).
Women are more likely than men to consider COVID-19
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a personal threat. However, both men and women are
equally moderately sceptical of vaccination. Young
and middle-aged adults are most concerned about
COVID-19, and young people and the elderly are not
inclined to consider COVID-19 as a primary threat. A sub-
jective factor in an attitude towards COVID-19 is a sense
of security in the family and religious spheres, and the
perception of a pandemic as a personal threat depends
on a sense of danger in the gender and business spheres.

3. Subjective factors of readiness for vaccination are
the feeling of imminent threat of defeat by COVID-19,
assessment of the degree of danger in the sexual, family,
national, business, religious, food spheres, and propen-
sity to narcissism. The objective factors of readiness for
vaccination are the age and sex of the individual.

4. The semantic features of proponents and opponents
of vaccination from COVID-19 represented a subjective-
existential factor of readiness for vaccination such as
dominance in the hierarchy of deep associations of objec-
tive global phenomena.

5. In Ukraine, financially well-off men under the age
of 45 who consider COVID-19 a personal threat and
feel vulnerable in the social sphere are most ready for
vaccination.
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EkonoriyHa CTilKiCTb Ta cCNpUMMaHHS 6e3ne4YHOCTi BaKUMHM B yMOBax naHAaeMii COVID-19

JNapuca MNetpieHa Xypaenbosal, Anna IBaHiBHa JIMTBUHUYK?,
TeTaHa BiktopiBHa MoxapoBcbka?, IHHa CeMeHiBHa beaHK?

MonicbKuii HaLioHaNbHMI yHIBEPCUTET
10008, 6-p Crapui, 7, M. Xutomup, YkpaiHa

2United Parcel Service
07054, nop. Annepg MoHpg, 10, M. Mapcinani, Heto-Oxepci, CLUA

AHoTauis. [locnigpkeHHs eKonorivyHoi CTiIMKOCTI Ta cnpuiiMaHHg 6e3neyYHoCTi BakLMHKU B yMoBax naHaemii COVID-19
36epirae CBOK aKTyaNIbHICTb yXKe TPUBANMI YacC i CNpUYMHEHE XBUIOBAHHAMM Ta NOOOKBaHHSIMM NIOAEN LWOA0
HacnigkiB npoueaypy BakUMHaUii. Y cTaTTi 34iMCHEHO AeTaNbHWUI aHani3 NiAXoA4iB 4O BU3HAYEHHS €KONOrIYHOI CTIKOCTI
Ta HaroNOLWYETbCSA HA HaranbHiM NOTPe6i NiATPUMYBATM 3L0POB’A NHOAMHU B YMOBAX NaHAeMii. TakKMM YMHOM, METOO
[OCNILKEHHS € eMNipUYHe BUBYEHHS FOTOBHOCTI [0 BakuuMHaLii npotn COVID-19 g9k yMOBM eKONorivyHOi CTiMKOCTI.
MpenMeToM LOCNIAXKEHHS € EKONOTiYHI hakTopu roTOBHOCTI A0 BakuumHaLii npotu COVID-19. [ina peanizauii noctaBneHoi
MeTu ByN10 BUKOPUCTAHO KOMMIEKC METOAIB Ta METOAMK, 30KpPEMa, TEOPETUYHI METOAM AOCNIAKEHHS, ONUTYBAHHS,
acouiaTMBHMI MeTon, KOHTEHT-aHani3, MeToaM MaTeMaTUUYHOT CTaTUCTUKK 3 BUKOpUCTaHHAM SPSS 23.0 Ta ArcGis.
MNMofaHo pe3ynbTaTi eMnipuYyHOro AOCNIAXKEHHS €KOMOriYHOI CTIMKOCTI Ta CnpuiiMaHHs 6e3neYyHOoCTi BakLMHaLii B
yMOBax naHaeMii. BctaHoBMEHO, WO iCHYIOTb BiKOBI Ta CTaTeBi BiAMIHHOCTI NPUXMUIBHUKIB Ta NPOTUBHMKIB BaKUMHALLT Y
MOYYTTi 3aXMLLEHOCTI. BU3HaueHo, Lo AOCNiLKYBaHiI, Ki 3 OCTOPOrok0 CTaBNSTLCA A0 BaKLUMHaLii He BBaxatoTb COVID-19
[Kepenom ocobuctoi 3arposu. [poaHanizoBaHO pe3ynbTaTy acolialii Ha C10BO-CTUMYN «Hebe3dneka». BuseneHi
BIZIMIHHOCTI B MiACBIAOMMX YSBNEHHAX NPO HEOE3NeKY Y TX XTO NAaHYE BaKLLMHYBATUCS Ta TUX, XTO CTaBUTb BaKLMHALLiO
nifg, CyMHiB. BU3HaYeHO, WO NpUXMAbHUKM BaKLUMHaLLi HE6E3MEeKOK BBaXatoTb 3ara/ibHi HEMMHYYI 30BHILLHI 06CTaBUHM, A
ii npotnBHMKKM — COVID-19. 3HaliAEeHO CTAaTUCTMYHO 3HAYYLLi BiAMIHHOCTI MiXK MOYYTTAM 3aXMLLEHOCTI B Pi3HUX chepax
XUTTA B 0Ci6, aki BBaxkatoTb COVID-19 Hebe3nekoto, Ta TuMu anga koro COVID-19 He € oxepenoM xBuntoBaHb. [ofaHo
NPOrHOCTUYHMI NOPTPET XUTENs YKpaiHu, SKUIM roTOBUIA BaKLMHYBaTUCh. OTPUMaHI eMNipuyHi pe3ynsTati CKnafaTb
HaYKOBY LLiHHICTb Y BUBYEHHI MNCUXONOTIYHMX OCOBNMBOCTEN iHAMBIAYANbHOIO CTAB/EHHS 40 6€3NeYHOi eKoNoriYHOoi
CTIMKOCTI Ta MOXYTb 6yTW BUKOPUCTaHi Npyu po3pobLii Ta BNpOBaKeHHI nporpaM poboTu 3 NtofabMu, IKi NOTepnatoTh Bif
BHYTPILUHbOIO BifUyTTS HEOe3neKku LLoA0 BNACHOIO 340POB’S, IKe 3yMOBNEHE 30BHiLWHIMM 06CTaBUHAMM

KntouoBi cnoBa: chepu XuTTs, 340pOB’s, TOTOBHICTb A0 BaKLMHALIi, GakTopu rOTOBHOCTI A0 BaKUMHALLi, ncMxotun
0COBMCTOCTI, MOYYTTS 3aXMLLEHOCTI
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INTRODUCTION

Agro-food production demonstrates the stability of
development. Strengthening the position of any coun-
try in the world market of agricultural products and food,
in terms of exports of its key types, is ensured by the
factors of agricultural development in the conclusion of
the Association Agreement between European Union
(EU) countries and the creation of a Free Trade Area
(European Commission, 2021). Prospects for the grad-
ual development of the EU market allow building an
effective policy on the implementation of foreign eco-
nomic priorities for its expansion. Creating precondi-
tions for mechanisms of interaction between the state
and business allows focusing on measures of national
agricultural policy to improve the efficiency of agricul-
tural market instruments. This contributes to the free
and transparent movement of agricultural products, the
smoothing of price fluctuations, the functioning of agri-
cultural logistics as a factor of increasing the profita-
bility of enterprises by reducing total production costs.

The multilevel hierarchical system of national
support for the basic and promising sectors of agricul-
ture is aimed at harmonising agro-food production in
the European integration business partnership. Based
on market control instruments over agricultural quality
in the internal market it strengthens international com-
petition, reduces restrictions and barriers to exchange,
and increases competitiveness and effective interaction
between producers and consumers. Aspects of ensuring the
foreign economic activity (FEA) of agro-food production
are considered by many scientists who investigated these
issues through the interaction of functioning institutional
entities and structural components of the institutional
system that regulate their international economic inter-
actions and relationships. N. Cuckovic, et al. (2013) inves-
tigated the factors affecting regional competitiveness
and ways for its measurement on example of Croatia.
In Latvia, this aspect was investigated by I. Judrupa
(2021). A study on regional competitiveness in Latin
America was conducted by S. Catalan (2021). In Ukraine,
this issue was studied by Yu.H. Kozak et al. (2016), and
AV.Zavhorodnii (2019).V.Januskaite & L. UZiene (2018)
paid attention to intellectual capital and its importance
for regional competitiveness. O. Romanko et al. (2019)
studied the importance of innovation and investment
activities. Bras et al. (2021) considered the Entrepre-
neurial University construct. A. Bilbao-Terol et al. (2019)
and V. Charles & T. Sei (2019) created their original
approaches to measuring regional competitiveness.

Priority areas for the development of foreign
economic relations in the agricultural sector of the
economy, with an emphasis on the transformation of
the market model of the country and the modernisation
of the criteria of foreign economic activity of economic
entities were studied (Bakhchyvandzhy et al., 2013).
AV.Kliuchnyk (2015) characterised state and non-state
regulation of foreign economic activity including agri-
cultural sector. The connection between export orientation
of the country and its competitiveness were investigated
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by M.O. Lepekha & H.M. Svyrydenko (2017). N.V. Trusova
et al. (2021) developed an approach to assessing the
investment infrastructure of agri-food entities, which
allowed forecasting the volume of agri-food exports.
N.H.Varshavska (2016) studied the European standards
of agro-food production with a focus on basic socially
oriented market relations. .M. Demchak et al. (2019)
investigated the state of the agricultural products and
food market in Ukraine, having summarised information
on the volume and dynamics of its exports and imports.
V.S. lvanchenkov (2014) explained the concept of inno-
vation in the canning industry and highlighted areas
of further research on this issue. M. Moraliyska, (2018)
considered the EU cohesion policy, the changes it had
caused, its impact on the economy, as well as the Euro-
pean standards of agro-food production. Yu.M. Umantsiv
& O.1. Miniailo (2018) described the specific features
of the national economy development in the context
of globalisation.

The purpose of this study was to substantiate a set
of indicators used to assess the export potential of agro-
food enterprises and increase their competitiveness in
foreign markets to harmonise European integration busi-
ness partnership in international trade and consumption
of agricultural products and promote export-oriented
internal market.

MATERIALS AND METHODS

Foreign economic priorities for agro-food enterprises,
with the heterogeneous nature of the main structural
elements of export potential require a special approach
to its quantification. The synergy of levels of harmoni-
sation of business partnership in the European integra-
tion space, interpreted by qualitative and quantitative
criteria of the mathematical apparatus, is built on the
universal principles of economic analysis, with method-
ological positions of an integrated approach. From the
standpoint of creating an environment for the effec-
tive functioning of foreign economic activity subjects,
it is advisable to investigated them through the lens
of international integration relations and their devel-
opment level, as well as factors of national regulation,
stimulation, and control of foreign economic relations,
investment attractiveness (Nelep, 2011).

Analysis of the interaction of formal and informal
contradictions in business partnerships and relation-
ships to harmonise the transformation of the integrated
business environment at the stage of investigating
important causal links between structural elements of
the export potential of agro-food enterprises is provided
for socio-economic variables at various levels: interna-
tional, national, sectoral, regional, and micro-level. The
system of ensuring foreign economic activity of agro-
food enterprises in the expansion of the European inte-
gration process forms the basic business relations of
business partnership based on norms and rules estab-
lishing certain restrictions and opportunities (exchange,
processing, distribution, storage, transportation, and




consumption). In general, the national system of for-
eign economic activity support in the European vector is
unformed and has several destructive elements (Rodrik,
2001). Therefore, it is proposed to assess the cumulative
impact of factors of export-oriented internal market on
the coefficient of impact of factors of European integra-
tion business environment on the export potential of
agro-food enterprises, which is calculated according to
formula (1) (Ryneyska, 2018):

+A41B1+4;By+..+AnBn _ XL (£4;By)

CMAC - [max A;Bi]l'm o [max 4;B;]'n @)

where C,, is the coefficient of influence; A is the expert
assessment of the importance of factors of export-ori-
ented internal market; B is the expert assessment of the
impact of factors of the European integration business
environment; n is the number of influencing factors.
Using the method of correlation analysis to assess
the impact of factors of the European business environ-

ment on the export potential of agro-food enterprises

Dynamic changes in foreign economic relations
lead to the need for permanent coordination of European
integration interests of all business partners with various
levels of stimulating levers of export-oriented support
in the internal market of agro-food production (Kosach,
2017). This process is influenced by such factors as the
specific features of economic activity of entities, the vol-
ume and complexity of tasks, the level of socio-economic
development of society (territory), which depends on the
ability of socio-political system to ensure its stability in
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allows establishing the most significant of them (Zhuk
& Bilianskyi, 2020; Ryneyska, 2018). A prominent issue
in this case is the choice of the analytical form for the
function f, which connects the available factors with the
effective feature-function. This feature must reflect the
factual correlation between the indicators and factors
under study. Empirical substantiation of the type of func-
tion by graphical analysis of relationships for multifac-
tor models is not suitable. Considering that any function
of many variables can be reduced to a linear form by
logarithmising or substituting variables, then in practice
the multiple regression equation (2) is given in a linear
form (Kosach, 2017):

Y=a,+a,X +a,X,+..+a,X, (2)

where: a,, a,, ..., an are the parameters of the equation
to be determined.

If for each factor, including the resultant attribute
nvaluesy,X ,X,,..,X ,i=1,2,..,m,are known, then

ni

the regression equation (3) is obtained as follows:
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European integration (Karasova, 2015). Several unre-
solved methodological issues on harmonisation of for-
eign economic priorities of cooperation between agro-
food enterprises as an innovative process of balancing
the goals and interests of all subjects of foreign economic
relations in time and space, allows building models of
key factors of European integration business environment.
Accordingly, based on the method of hierarchies, an alter-
native multi-level structure of incentives for export-ori-
ented internal market is built as follows (Fig. 1).

Grouping of factors of influence

I. Identification of the measures determining the factors of influence

IL. Identification of the measures by calculating the % of grades issued by all experts

v Lo

I11. Identification of the weight of each indicator

IV. Impact assessment of measures

Tt

!

V. Definition of a certain set of measures that form the factors of influence

Obtaining a formula to establish the impact of the factors

Figure 1. Algorithm for stimulating export-oriented internal market

Source: developed by the authors
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The next step is to identify the key measures of
the factors of the European integration business envi-
ronment on the export potential of agro-food enter-
prises with subsequent calculation of the percentage
of points (4) (Kosach, 2017):

k=1 0k

_ _ k=1
Yhoqmax ay

50

(4)

By,

where: B, is the percentage of experts’ estimates of the
indicator g; a, is the assessment by the k* expert of the
i™indicator; k is the total number of experts; max a, is
the maximum possible value of the indicator g, in this
scale.

The weight of each indicator is determined as the

ratio of the value of each indicator to the sum of all esti-
mates (5) (Kosach, 2017):

By;

2i%1 Bgi
where: m is the total number of factors assessed by
experts.

Further assessment of the export potential of
agro-food enterprises requires the development of
a model of the hierarchy of factors of influence. For the
convenience of further modelling, the notation for each
of the elements will be supplemented with a mnemonic
name (Table 1).

The binary matrix A is formed in the form of a
table with information rows and columns (Table 2).

i ()

Table 1. Mathematical interpretation of the model of the hierarchy of factors influencing the European integration
business environment on the export potential of agro-food enterprises

Mathematical . . . . . Mnemonic
notation The name of the factor influencing the European business environment on agro-food enterprises name
Z Factors influencing monetary interests F
Z, Factors influencing the foreign economic interests of agro-food enterprises FEIE
Z, Factors influencing foreign economic relations FER
Z, Relations with international institutions RII
7 Factors influencing the correlation between internal and external European integration £l
> business environment of FEA agro-food enterprises
7 Factors influencing the econqmic intfarests of staff in the development and promotion EISdpIPE
6 of innovative products for export
Z Factors influencing environmental interests El
Z, Factors influencing production interests PI
Source: developed by the authors
Table 2. Binary matrix (A) of elements that determine the factors of influence
F, F F. F, F. F, F Fy
F, X X X X X X X X
F, X X X X
F. X
F, X X X X X X X X
F. X X X X X X X X
F, X X X X X X
F X X X X X X
F X X X X X X X X

8

Source: developed by the authors

Based on the matrix A, a binary matrix of reach
ability (I1+A) is constructed, where | is a unit matrix that
satisfies the following condition (6) (Kosach, 2017):

I+ A < +A)F=U+ Ak (6)
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The combined results of the reachability matrix
(I + A) are summarised in Table 3. The vertex is reached if
zj has a vector of motion from vertex zi, if on the graph
there is a vector of motion from vertex Zi to vertex Zj.
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Table 3. Matrix of reachability (I+A) of elements
F, F F, F. F, F F
F, X X X X X X X
F, X X X X
F. X X X X X
F, X X X X X X X
Fe X X X X X X
F, X X X
F X X X X X X
F X X X X X X

n

Source: developed by the authors

For further modelling, a subset of similar verti-
ces S(Zj) and analogous vertices (Zi) is formed, which
are formed before vertex Zj, provided that it reaches its
vertex. The set of previous vertices forms a subset P(Zi),
that is satisfied by the condition (7) (Bilianskyi, 2020):

R(z;) = S(z) N P(z;) 7)

The set of actions performed will determine the
first level of the hierarchy of elements. Based on the
previous matrix, the consolidated results of the lev-
els of the model of the hierarchy of elements are built
(Table 4).

Table 4. The combined results of the levels of importance of the elements

i S(zi) P(zi) S(zi) P(Zi)

1 1,2,3,4,56,7n 1,2,3,4,56,n 1,2,3,4,56,n
2 1,2,4,56,7,n 1,2,4,56,7n 1,2,4,56,7n
3 1,3,4,56,7n 1,3,4,56,n 1,3,4,56,n
4 1,2,3,4,56,n 1,2,3,4,56,n 1,2,3,4,56,n
5 1,2,3,4,56,7,n 1,2,3,4,56,7n 1,2,3,456,7n
6 1,2,3,4,56,n 1,2,3,4,56,7n 1,2,3,4,56,n
7 1,2,57n 2,3,56,7n 2,6,7,n

n 1,2,3,4,56,7,n 1,2,3,4,56,n 1,2,3,4,56,n

Source: developed by the authors

The emergence of a particular element at a cer-
tain level significantly depends on the correlations
established between them, given in the original graphic
image, the change of which in number and nature will
lead to a modification of the resulting model (8) (Yem-
elianenko et al., 2019):

S X s X5 V1 Vo ses V)
F =11 (x X0 X, Y15 Vo 5ees V) 8)
S (X153 X5 5003 X,5 V15 Vo rees V)

where: F is the total functional dependence; f; is the con-
version function between effective parameters ith their
fixed number (i = 1, z); x,, y, are the groups of parameters
that can be functionally independent if the elements of
one group x, or y, are always functionally interdepend-
ent (j=1, n).

Economic substantiation of priority directions of
the development of foreign economic relations on the
world market and maintenance of European integration
business partnership of agro-food enterprises is carried

out based on the analysis of group of efficiency indica-
tors (Verbytska, 2013): absolute indicators; relative indi-
cators; structure indicators; efficiency indicators. When
analysing the priority areas of foreign economic rela-
tions in the world market and ensuring European inte-
gration business partnership of agro-food enterprises,
the chosen criterion of efficiency should be considered, it
should meet the methodological principles of generalis-
ing indicators (Didukh, 2020), be proportional,and meet
its economic content. The presented data allows calcu-
lating intermediate and integrated economic indicators;
build factor models to identify the impact of individ-
ual factors on the generalised indicator, etc. They are
used to identify deviations in foreign economic activity
of agro-food enterprises, reserves of increasing produc-
tion, namely export-oriented ones and other parameters
requiring management decisions.

RESULTS AND DISCUSSION

The procedure for the creation of a Deep and Compre-
hensive Free Trade Area (DCFTA) with the EU is part of
the Association Agreement between the European Union

Scientific Horizons, 2022, Vol. 25, No. 4
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and its Member States, on the one part, and Ukraine,
on the other part (2014) and lasts from 2016 to 2026.
Mutual access to markets, including agricultural prod-
ucts, which are based on mandatory trade rules, expand;
there are processes of convergence of the European
integration business environment with various levels of
stimulation of the national export-oriented internal mar-
ket for agro-food products according to international
rules and regulations. This is manifested in substantial
adaptation of Ukrainian legislation, in the reduction of
import and export duties on imports of Ukrainian products
to EU countries (providing access to markets without
customs restrictions under tariff quotas).

The tariff quota for trade with the EU countries
is abolished in export to their territory 83.1% of tariff

lines and 35.2% of tariff lines when importing Euro-
pean products into the territory of Ukraine. Therewith,
transitional periods from 1 to 7 years and duty-free tar-
iff quotas have been introduced for agro-food products
(Kvasha, 2013). That is, agricultural enterprises are given
the opportunity to adapt to highly competitive Euro-
pean markets. Trade in these products is insignificant
compared to other products of the national economy,
as agricultural production in the EU is supported from
the national budget. Thus, according to the agreement
with the EU, Ukrainian exporters can import agricultural
products of Ukrainian origin into the EU countries with-
out paying import duties within the established tariff
quotas. The dynamics of allowable volumes of duty-free
exports and their increase is presented in Figure 2; 3.

1200
1000 m Soft wheat, wheat flour and granules
g 800 - H Barley, barley flour and granules
= m Corn, corn flour and granules
= 600 - m Oat
j=3
2 400 - H Sugar
= ® Processed tomatoes
200 -
0 .
2017 2018 2019 2020 2021

Figure 2. Dynamics of allocated tariff quotas for the volume of duty-free exports of crop products and products
of their processing for Ukraine for 2017-2021, thousand tonnes
Source: compiled by the authors according to data State Statistics Service of Ukraine (2021)
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Figure 3. Dynamics of allocated tariff quotas for the volume of duty-free exports of livestock products and goods
for Ukraine for 2017-2021, thousand tonnes
Source: compiled by the authors according to data State Statistics Service of Ukraine (2021)

It is established that the list of products com-
prises 36 items including beef, pork, lamb, poultry, milk,
cream, butter, yogurt, cereals, and processed products,
honey, sugar, eggs, and other foods. For some types of
agricultural products, added quotas are allocated, which
are introduced when the basic tariff quota is exhausted,
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namely for wheat, corn, barley groats, honey, grape juice,
barley flour.

The distribution of quotas is based on two princi-
ples “first come - first served” or through a system of import
licenses. The order of distribution and the list of goods
subject to such distribution are presented in Figure 4.
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Tariffing of quotas for import of agro-food products into the customs territory of EU countries

The principle “First come — first served”
The right to duty-free import of goods is granted
in the order of submission of the import customs declaration
by importers, depending on the availability
of unused balance of the quota

Annex II to Regulation (EU) No. 374/2014: barley groats
and flour; malt and wheat gluten; malt and starch processing
products; processed dairy products; processed milk products;

grape and apple juices; processed tomatoes; mutton; sweetcorn;
g mushrooms; sugar; oat; garlic; honey. and others

Issuance of import licenses
The right to import goods (licenses) is granted as a result
of submitting an application to the Directorate General

of the European Commission “Agrarian Issues and Rural
Development”. There is a separate regulation for each type of
product, which provides quantitative and temporal distribution

of quotas (meat and meat products — quarterly distribution

of 25% of the total quota, grain production — weekly, milk
and dairy products — semi-annual distribution), the size of the

insurance premium and the amount of quotas are determined

Annex III to Regulation (EU) No. 374/2014: poultry meat
and poultry semi-finished products; milk, cream; corn,
corn flour and granules; pork; barley, barley flour and

granules; beef; wheat; milk powder and others

.>

Figure 4. Tariffing of quotas on imports of agro-food products to EU countries
Source: compiled by the authors according to data from Diia Business (2021); Regulation (EU) No. 374/2014 of the
European Parliament and of the Council “On the Reduction or Elimination of Customs Duties on Goods Originating in

Ukraine” (2014)

To reduce barriers to trade in agro-food products by
Ukrainian exporters, which may arise due to differences
in technical regulations and standards for conformity
assessment and other quality requirements, harmonisa-
tion of national norms with EU standards and metrology,
accreditation, conformity assessment and market sur-
veillance is envisaged. Thus, trade business partnership

with EU countries creates a positive image in inter-
national markets for Ukrainian agro-food enterprises.
According to the analysis of foreign trade of agro-food
products (for the period of January-August 2021 com-
pared to January—-August 2020) in Ukraine exports
and imports of goods of all kinds increased as follows:
imports +20.5%, exports +9.5%, balance +5.0% (Table 5).

Table 5. Ukraine’s Foreign Trade in Agricultural Goods with EU, January-September 2021

Exports Imports
% - % - Balance
BlonUSD | om0 BuenUSD | e

Austria 0.709 181.3 0.592 148.8 0.117
Belgium 0.498 130.4 0.478 129.1 0.020
Bulgaria 0.615 177.8 0.394 195.2 0.221
Greece 0.136 101.6 0.323 143.0 -0.187
Denmark 0.212 134.5 0.226 150.5 -0.014
Estonia 0.121 156.1 0.127 93.5 -0.007
Ireland 0.053 70.6 0.165 106.2 -0.112
Spain 1.013 113.9 0.657 126.7 0.356
Italy 2.495 187.0 1.783 126.8 0.713
Cyprus 0.032 140.1 0.020 212.8 0.012
Latvia 0.216 129.4 0.146 137.8 0.070
Lithuania 0.426 138.8 0.917 148.3 -0.490
Luxembourg 0.011 86.0 0.015 121.0 -0.004
Malta 0.027 397.7 0.113 1308.6 -0.085
Netherlands 1.583 126.3 0.723 1337 0.860
Germany 2.034 1374 4.521 116.5 -2.486
Poland 3.989 171.3 3.542 121.2 0.447
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Table 5, Continued
Exports Imports
% - % - Balance
BionUsD | g sy Benus> e aone

Portugal 0.234 156.9 0.066 146.9 0.169
Romania 1.129 148.5 0.588 132.3 0.541
Slovakia 0.788 235.6 0.631 81.1 0.158
Slovenia 0.057 1979 0.205 118.6 -0.147
Hungary 0.117 129.9 1.224 126.7 -0.049
Finland 0.063 142.2 0.220 122.6 -0.157
France 0.581 151.6 1.277 122.8 -0.696
Croatia 0.027 126.7 0.047 119.4 -0.021
Czech Republic 1.125 201.4 1.007 156.2 0.118
Sweden 0.075 147.2 0.468 163.8 -0.393

Note: USD - United States dollar

Source: compiled by the authors according to data V. Kruglyak (2021)

In 2020, agro-food enterprises concentrated 85%
of the gross harvest of corn, 80% of wheat, 58% of barley,
99% of rapeseed, 92% soybeans and 86% of sunflower
seeds. Therewith, a considerable concentration of pro-
duction was formed by such crops as wheat (40.5% of

Table 6. Concentration of production
in the enterprises of agro-food

production volumes are concentrated in 4.3% of agro-food
enterprises with sown area over 1000 ha), corn (52.8%
of production volumes - in 5.2% of enterprises), sun-
flower (40.4% of production volumes - in 4.7% of enter-
prises), soybean (36.4% - in 2.5% of enterprises) (Table 6).

of the main export-oriented crops
production of Ukraine, 2020

Groups of enterprises

Products Share in total production, % Share of enterprises in total, %  Yield, c/ha
by sown area, ha
under 1,000 ha 59.5 95.7 374
Wheat
over 1,000 ha 40.5 4.3 40.1
under 1,000 ha 472 94.8 79.6
Corn
over 1,000 ha 52.8 5.2 94.9
under 1,000 ha 88.7 99.5 31.7
Barley
over 1,000 ha 11.3 0.5 38.0
Sunflower under 1,000 ha 59.6 95.3 23.6
seeds over 1,000 ha 40.4 4.7 24.8
under 1,000 ha 79.2 97.2 26.7
Rapeseed
over 1,000 ha 20.8 2.8 259
under 1,000 ha 63.8 97.5 253
Soybeans
over 1,000 ha 36.4 2.5 28.6

Source: compiled by the authors according to data V. Kruglyak (2021)

The main factor in the formation of a consider-
able export potential of agro-food products constitutes
a significant concentration of export-oriented products
in large enterprises with sown grain and oilseeds over
1,000 hectares, which allows forming large consignments
(2.5-8 thousand tonnes). In the commodity structure in
agricultural products in January-July 2021, the most
exported from Ukraine were soybean oil - 25.2%, corn -
23.8%, and wheat - 13.9%. Asian countries occupy the
largest niche in the export of Ukrainian agro-food prod-
ucts - over 50%. During the period of January—August
2021, Ukraine exported the most to Asian countries -
by 7.57 billion USD, EU - by 4.09 billion USD, Africa - by
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1.91 billion USD, Russia, Belarus, Moldova - by 0.84 bil-
lion USD, America - by 0.16 billion USD. The top five coun-
tries in terms of exports of Ukrainian agro-food products
include China (2.7 billion USD), India (1.06 billion USD),
the Netherlands (1.02 billion USD, Egypt (0.8 billion USD)
and Turkey (0.6 billion USD). The largest share of imports
to Ukraine from the EU is 48.8% (2.34 billion USD), from
Asia - 20% (0.96 billion USD) and from America - 13.3%
(0.64 billion USD). The United States imports the most
frozen fish to Ukraine - 4.9%, soybean seeds — 4.2 and
other food products - 4.4% (Kruglyak, 2021).

Given the openness of markets and significant
exports of certain types of agro-food products, the price




situation in the internal market depends on the world mar-
ket. In turn, this determines the specific features of price
formation and cash inflows for agro-food producers, which
are directly or indirectly (through traders) sent for export.
The competitiveness of export-oriented agro-food prod-
ucts of Ukraine (wheat, barley, corn, sunflower oil, rape-
seed, soybeans) on the world market is determined using

Shpychak et al.

relative indicators of competitiveness, including the index
of relative export competitiveness (RXC), index of rela-
tive dependence on imports (RDI), index of relative trade
advantages (RTA) (Novikova & Tkachuk, 2011; Bukhtiiarov,
2014). Figure 5 shows the indices of identified benefits for
certain types of Ukrainian agro-food products and products
of their processing for 2013-2020.

50

40 X\ /\ ¢—Barley
\/ \( =i—Corn
30
\ == Wheat
20 /\ \ == Sunflower oil
10 - ==ié=Rape
0 - =®—Soya beans
RXC-2013 RXC-2020 RTA-2013  RTA-2020  RDI-2013 RDI-2020

Figure 5. Indices of identified advantages for certain types of agro-food products and goods
of their processing in Ukraine on the world market
Source: M.V. Novikova and N.Yu. Tkachuk (2011); O.S. Bukhtiiarov (2014)

Thus, for the period under study, the RTA index
shows that the most competitive products are sun-
flower oil, which in 2020 had a relative trade advan-
tage in size 31.6, barley - 8.0, and corn - 6.4. However,
for 2013-2020, there is a declining trend of RTA index,
namely for barley — a decrease of 2.5 times, for rape-
seed - by 40.6%, for sunflower oil - by 1.5 times. There
is a clear tendency to increase the share of products
that are raw materials or have a low degree of process-
ing products, in the production of which there is an ele-
vated level of mechanisation and automation involving
significant land resources. In particular, the share of for-
eign exchange earnings from grain exports during 2013-
2020 increased by 15 percentage points, oilseeds — by
6 percentage points. While the share of exports of fin-
ished food, milk, and dairy products decreased by 17%
and 10%, respectively. There is a positive trend in the
export of sunflower oil, the share of vegetable oils in the

structure of exports increased by 8% points. Thus, today
agro-food exports are still focused on raw materials.

The foreign economic activity of agro-food enter-
prises faces a considerable impact on the efficiency of
export and import operations of currency risks, which
affect the pricing policy and increase the cost of produc-
tion (State Service of...,2021).Y.Zhang & Y.Zong (2018)
studied the specific features of agricultural products
export in Jiangsu Province.A. Nagurney et al. (2019) have
developed their original model of the agricultural sup-
ply chain, which considers tariff quotas.J).Ch. Bureau et al.
(2019) reviewed the tariffs applied by different countries
for agricultural products and found that more opportu-
nities should be used to protect imports in the agricul-
tural sector. In this study, the average financial losses and
benefits of the agro-food enterprise in the export of corn,
given the appreciation and change of the national cur-
rency against the USD (Table 7) were determined.

Table 7. Estimation of efficiency of corn exports on average per one agro-food enterprise in Ukraine
under the conditions of currency risks

Subject to currency risks

Indicators 2013 2020 | with a devaluation | With a devaluation
of 1.2 times of 1.2 times

The cost of mineral fertilisers per 1 tonne, USD 20.03 282.87 339.44 282.87

Costs for fuels and lubricants per 1 tonne, USD 12.02 269.82 323.78 269.82

Total cost of 1 tonne, USD 148.44 375.84 430.96 375.84

Price subject to delivery FOB, USD for 1 ton without VAT 229 638.92 743.71 638.92

Export costs

Transportation of products to the elevator 8.14 12.73 12.7% 12.7%
Reception, finishing of products on the elevator 6.01 7.35 7.35 7.35
Loading into railway transport 5.63 11.27 11.27 11.27
Transportation by rail 23.03 50.07 50.07 50.07
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Table 7, Continued

Subject to currency risks

Indicators 2013 2020 | With a devaluation | With a devaluation
of 1.2 times of 1.2 times

Certificate of quality and quantity of an independent surveyor 1.00 2758 28.7 27.58
Freight forwarding services in the port, customs clearance 2.25 28.75 34.07 28.75
Transhipment of products 17.02 45.93 55.07 45.93
Fumigation 0.75 2.50 3.00 2.50
Total export costs 63.83  186.18 202.26 186.18
The profit received as a result of export activity for 1 tonne, USD 16.7 76.90 110.49 76.90

Note: FOB - Free on board; VAT - value added tax
Source: calculated by the authors

G. Sacchi (2018) explored the importance of prices
and food policies for the development of enterprises and
the economy.An increase in the prevalence of ethical con-
sumption behaviour was found as well. An analysis of
the dairy sector was conducted, identifying rising prices
for dairy products over the past 10 years and explaining

the reasons for this trend (Reviron & Python, 2018). This
study allowed stating that the effectiveness of changes
in the European business environment in the fluctua-
tions of price policy in the export-oriented internal market
of agro-food products is proposed to assess by several
indicators presented in Table 8.

Table 8. Indicators of efficiency of foreign economic activity of agro-food production enterprises of Ukraine at change of the
European integration business environment and stimulation of export-oriented business partnership in the internal market

Indicators 2010 2015 2020

The cost of agricultural exports per employee in agriculture, USD 3262.3 6392.87 8335.7
Including cereals 1119.9 31116 5874.4

Oilseeds 429.3 645.9 865.2

Fats and oils 585.7 2365.7 3874.4

The cost of agricultural imports per capita, USD 139.8 242.7 277.1

Foreign direct investment in agriculture per 1 employee, USD 142.6 355.7 297.8
The cost of agricultural exports per 1 ha of agricultural land, USD 596.5 1514.6 2023.2
Costs to produce cereals per 1 ha of harvested area, USD 323.3 613.7 805.4
Costs to produce oilseeds per 1 ha of harvested area, USD 336.7 648.6 868.3

Source: compiled by the authors according to data State Statistics Service of Ukraine (2021)

As a result of the research, a correlation-regres-
sion model of dependence of internal prices in Ukraine (Y)
and prices of agro-food products on the world market (X)
was built (Kvasha et al., 2014). The value of the Student’s
distribution (t) and Fisher’s (F) was used, considering the

corresponding degrees of freedom, probability for t (0.95)
and significance level for F (0.01 - for crop products and
0.05 - for livestock products. A significant influence of
factors on all constructed models of regression coeffi-
cients was established (Fig. 6).

Sunflower Sunflower Corn seeds

seeds oil

Barley
seeds

H Correlation coefficient

Wheat
seeds

B Determination coefficient

Beef Poultry  Beet sugar Milk

H Equation coefficient

Figure 6. Parameters of the regression equation and their estimation in the model dependence
of domestic prices in Ukraine (Y) of export prices for agro-food products on the world market (X)

Source: calculated by the authors
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Correlation-regression models of the impact of
world price on the internal prices of agro-food products.

Sunflower seeds - Y=415.2+0.204X1.

Sunflower oil - Y=753.1+0.841X1.

Barley seeds - Y=502.7+0.540X1.

Corn seeds - Y=644.7+0.504X1.

Wheat seeds - Y=599.3+0.403X1.

Beef - Y=-2.346+0.708X1.

Poultry - Y=1.783+0.363X1.

Beet sugar - Y=2.544+1.429X1.

Milk - Y=-3.82+1.411X1.

Thus, the greatest influence of the world mar-
ket is observed on such types of products as sunflower
oil (76.3%), corn seeds (73.5%), beet sugar (70.5%),
and milk (63.4%). The coefficient of elasticity obtained
as a result of model construction shows by what per-
centage (from the average) the average prices of the
internal market for the studied types of agro-food prod-
ucts will change when the price situation of the respec-
tive market changes by 1%. The greatest elasticity was
observed in milk prices. Thus, the increase in prices in
the EU countries on 1% led to the corresponding price
trends in the internal market on 1.17%. Changes in
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world sugar prices by 1% were reflected in the inter-
nal market for 0.92%.

S.-H. Huang & S.-T. Ji (2018), upon investigat-
ing the possibilities of expanding the export of agri-
food products developed their original programme to
strengthen the export infrastructure, which has demon-
strated its effectiveness. There are studies, the results of
which allow determining and comparing the profitability
of enterprises according to different business models (Lut-
siak et al., 2021). According to the findings of the study on
the export activity of agro-food enterprises in the Euro-
pean market, based on the standard gravitational model
of foreign trade, the gravitational model of trade with the
European Union was built, considering conditions of for-
mation of stable export potential. Using indicators charac-
terising the state of these subsystems and multilevel stim-
ulation of export-oriented internal market, an integrated
index was calculated, which allows assessing the internal
and external European business environment to ensure
business partnership with EU member states and defining
the foreign economic priorities of harmonisation of inter-
ests of the enterprises of agro-food production (Fig. 7).
Modified classical gravitational model is as follows (9):

Epij = aO(GPAPl) X al(GPAP]) X az(Nl-j) X a3(dij) X a4(15,,) X a5(ISZ) X aﬁ(B]) X a7(SPL-]-) X ag + q + 7} (9)

where E?ii is the export of products; GRAP, is the gross
production of agricultural products in Ukraine (weighted
average for 5 years); GRAP, is the gross production of
agricultural products in EU countries; N, is the popula-
tion; d, is the distance between Ukraine and EU coun-
tries; I is the internal institutional system; I_ is the
institutional system of the external environment; B, is

the restrictions on the export of agricultural products
(quotas, licenses, certificates, etc.); SP, is the system of
support and preferences for agricultural exports in coun-
tries; q is the accidental error; T, is the expiration date of
agricultural products, including the validity of licenses;
a, is the free member of the equation; a, ... a, are the
coefficients of elasticity.

Integrated index of material and technical
subsystem

Integral index of social subsystem
development

Integral index of institutional subsystem
development

Index of socio-economic balance of rural ﬁ 031
territory of Ukraine '

0.42

0.54

[

0.1 0.2 0.3 0.4 0.5 0.6

Figure 7. Gravitational model of the integrated level of export potential of agro-food enterprises of Ukraine to
stimulate foreign trade in the world market and ensure stable business partnerships with EU member states

Source: calculated by the authors

Export potential as a system of interaction of its
elements allows harmonising the economic interests of
enterprises-exporters of agro-food production and stim-
ulating export-oriented internal market to high added
value products, as well as creating conditions for pro-
duction efficiency.

CONCLUSIONS

Thus, to determine identify the promising areas for the
increase in exports of agro-food products, especially

to the EU market, it is required to improve the foreign
economic function of agricultural sector. The vectors in
expanding the European integration process include the
development of farming; the improvement of the finan-
cial infrastructure of the agro-food sector and develop-
ment of effective financial institutions; the improvement
of the investment climate and stimulation of vertical
and horizontal integration processes, including interna-
tional ones. The progress of export potential of agro-
food enterprises should be considered as a holistic sys-
tem of creating competitive advantages and focusing
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products on foreign consumers, given that the results
of export potential are appropriated not by agricultural
enterprises, but by entities, exporters, and intermediaries.

The progress of export potential should be based
on a strategy of increasing export opportunities. The
systematic interaction of the components of the export
potential allows harmonising the economic interests
of agro-food enterprises and subjects of circulation
in the export of products. The European integration
necessitates the formation of high purchasing power

in this market segment with a prominent level of con-
trol over export-import operations, establishing appro-
priate requirements, norms and rules for raw materi-
als and finished products for exporters. Along with the
opportunities for foreign economic activity of agro-food
enterprises in the EU market, there is a need to ensure
the liberalisation of foreign trade between European
countries. This increases competition due to the entry
of European agro-food producers into the internal market
of any country.
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30BHIiLUHbOEKOHOMIUYHi NpiopUTEeTH PO3BUTKY arponpoaoBosibuUX NiANPUEMCTB
B YMOBaX €BpOiHTerpauiiiHoro gifosoro napTHepcTBa

Onekcanap Muxaiinosuu Lnnuyak®’, Onbra MupoHieHa BapueHko?, Hapia IBaniBHa CBMHOYC?,
laHHa BikTopisHa Cemucan?, Cepriit Onekcanapoeuy OcTaneHko?,
Onekcanap CranicnaBoBuy Mpuctemcbkuin®

'HauioHanbHWI HayKoBMM LEeHTP «IHCTUTYT arpapHoi ekoHoMikm» HAAH YkpaiHu
03127, Byn. lepois O6opoHu, 10, M. Kunis, YkpaiHa
’binouepkiBCbKMIA HaLiOHANbHMI arpapHUii yHiBepCuTeT
09117, nn. CobopHa, 8/1, M. bina LlepkBsa, YkpaiHa
*HauioHanbHWit yHiBEpCUTET BiopecypciB i MPUPOAOKOPUCTYBaHHS YKpaiHu
03041, syn. l[epois O6opoH#u, 15, M. Kuis, YkpaiHa
“XepCoHCbKMI ilepKaBHUIA arpapHO-eKOHOMIYHUI YHiBEpCUTET
73006, Byn. CrpiTeHCbKa, 23, M. XepCoH, YkpaiHa

AHoTauia. ArponpofoBosbye BUpOOHULTBO € AKEPENOM MPOLOBO/bYOI 6e3nekn KpaiHM, OCHOBOK HAPOLLYBaHHS ii
€KCMOPTHOrO MOTeHLiany, 3a40BONEHHS BHYTPILIHLOrO NOMWUTY HAa CiZIbCbKOrOCMOAaPCbKY NPOAYKLIIO Ta MPOAOBOLCTBO.
AKTYyanbHIiCTb TEMU OOCNIAXKEHHS MONSATAE B TOMY, O HA AaHMI MOMEHT YKpaiHa po3BMBAaE EBPONENCbKUIA BEKTOP
30BHILHBOEKOHOMIYHOI AiSNbHOCTI. MeToo AaHOro AOCNIAXKEHHS € OOIPYHTYBAHHSA KOMMNAEKCY NOKAa3HUKIB, SKi
BMKOPUCTOBYIOTLCA A5 SKICHOI Ta KifIbKiCHOT OLLiHKM eKCMOPTHOro NoTeHLiany arponpoAoBobYnX NiANPUEMCTB
€BpOIHTErpaLifHOro A4iNoBOro napTHepcTea. ABTOpaMu BUKOPUCTAHO 3arajibHOHAYKOBI METOAM (aHani3, cMHTe3),
KOMMIEeKCHUI Niaxia, Moaens iepapxii hakTopis BNAMBY iHTerpauiiHoro 6i3Hec-cepefoBMLLA HA €KCMOPTHUIA NoTeHLian
nianpuemcts. BusHaueHo gonyctuMmi TapudHi KBOTU Ha 0b6carn 6€3MUTHOIO eKCnopTy NPOAYKLii POCIMHHMLTBA,
TBApPUHHULTBA Ta NPOAYKTIB nepepobku ans YkpaiHu. NpoaHanizoBaHo obcsarn KOHUEHTpaLii BUpobHUUTBA
€KCMOPTOOPIEHTOBAHMX CiSIbCbKOrOCMOAAPCbKMX KYNbTYP Ha NiANPUEMCTBAX arpoXapyoBoro BUPOOGHULTBA YKpaiHu.
BcTtaHoBNEHO, WO OCHOBHY YacTUHY arponpoA0BOIbYOr0 eKCNOPTY CTAHOBUTb CiNlbCbKOrOCNOAapCbka CUPOBUHA,
30KpeMa 3epHOBI Ta ONiMHI KyNbTypU, POCIMHHA (COHALWHWKOBA) 0Nif. Y AOCAIAKEHH] OLiHEeHO edheKTUBHICTb eKcnopTy
KYKYpYA3u B CEpPefHbOMY Ha OAHEe arpornpoaoBosbye NianpUEMCTBO YKpaiHM B YMOBaX BalOTHUX PU3KKiB. BU3HaueHo,
wo y 2020 poui 3aranbHi BUTpPaTK Ha ekcropT 3a 1 T cknanu 186,18 pon. Kpim Toro, BCTaHOBNEHO, WO NpubYTOK,
OTPUMaHWI B pe3ynbTaTi eKCNOPTHOI AisnbHOCTi 32 1 T cknas 76,90 non. BusHaueHo napaMeTpu piBHAHHS perpecii
Ta iX OLiHKY B MOAENI 3aIeXXHOCTI BHYTPILWHIX LiH YKpaiHu BiA €eKCMOPTHMX LiiH Ha arponpooBOabYY NPOAYKLit0
Ha CBITOBOMY pUHKY. 1N CTUMYNIOBAHHS 30BHILLHbOT TOPriB/i HA CBITOBOMY PMHKY Ta 3abe3neyeHHs cTabinbHoro
[iNoBOro napTHepcTBa 3 KpaiHaMu €poneicbkoro Coto3y 3anponoHOBAHO rpaBiTaLiiMHy MOLENb iIHTEFPOBAHOIO PiBHS
€KCMOPTHOrO NOTEHLiaNy YKpaiHCbKMX arponpofoBObYMX NiANPUEMCTB
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INTRODUCTION

Intensive human use of natural resources and anthro-
pogenic burden associated with irrational use of natural
resources contribute to the partial or complete destruc-
tion of biodiversity in certain areas of the environment.
The creation of nature reserves for the preservation of
entire ecosystems and landscape complexes constitutes
an effective conservation strategy since apart from the
function of protecting and enriching biota, such territo-
ries can perform a complex soil protection, water regu-
lation, wind protection role, and positively influence the
climatic features of the respective region (Yuhlichek &
Vyhovska, 2011). According to the State Cadastre of the
Nature Reserve Fund (Ministry of Environmental Pro-
tection and Natural Resources of Ukraine, 2022), as of
01/01/2021, there were 8,633 territories and objects
of the nature reserve fund in Ukraine, with a total area
of more than 41,000 km?2. In percentage terms, the reserve
indicator (the ratio of the factual area of the nature
reserve fund to the total area of the state) is only 6.8%,
with a norm of 12-15% and an optimal indicator of
18-20%. This is an extremely low indicator of protected
areas compared to pan-European standards, where it
is 15.33% (the area of protected land per 1 person
in Ukraine is 1,054 m?, in Europe — 2,220 m?), and insuf-
ficient to maintain the overall ecological balance and
ensure proper protection of species. In this regard, there
is an urgent need to optimise the system of protection of
biotic and landscape diversity to ensure the conservation
and restoration of ecosystems (Mudrak & Mudrak, 2020).

A modern integral concept on the way to sus-
tainable development is the creation of a comprehen-
sive multifunctional environmental protection system —
an ecological network. The pan-European ecological
network, as a single spatial system comprising natural
and semi-natural territories, was defined as the main
vector for implementing the pan-European strategy for
Biodiversity and Landscape Conservation (Pan-European
strategy for Biodiversity and Landscape Conserva-
tion, 1995), adopted at the conference “Environment
for Europe” (Sofia, 1995). Most countries in the Euro-
pean community have made the transition from con-
servation strategies for biotic diversity units to the cre-
ation of national ecological networks (NENs) (Mudrak
et al., 2018). Considering European regulatory practices
(Smyrnova et al., 2021), protection and use of nature
reserves, development of the national eco-network in
Ukraine is carried out according to the basic require-
ments of the functioning of the pan-European eco-net-
work at the national, regional, and local levels. An inte-
gral part of the ecological network of Ukraine is Podillia,
which makes up 10.1% of its territory, for which the
problems of preserving biotic and landscape diversity,
increasing ecosystem productivity and stabilising the
ecological balance of the region are a critical issue
(Mudrak, 2012).

According to the Law of Ukraine “On the Ecological
Network” (2018), the eco-network is a single territorial
system formed to improve conditions for the develop-
ment and restoration of the environment, increase the
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natural resource potential, preserve landscape and bio-
diversity, places of settlement and growth of valuable
species of the animal and plant world, gene pool, ani-
mal migration routes through the association of terri-
tories and objects of the nature reserve fund, territo-
ries of agricultural land that have special value and,
according to the laws and international obligations of
Ukraine, are subject to special protection. The process of
transition from local protection to the creation of a sys-
tem of protected areas has several obstacles, namely
the emergence of new forms of ownership, licensing of
land, forest, and water use, and the land market (Mudrak,
2012). Land, forest, and environmental legislation
requires amendments and adoption of new legislative
provisions regarding the priority of reserving natural ter-
ritories over all other land purposes (Hrytsku & Danilova,
2018).

According to the functional principles and
approaches of the pan-European strategy for preserving
biotic and landscape diversity, as well as regulatory sup-
port for Ukraine, the structural elements of the national
eco-network include key, connecting, buffer, and renew-
able territories. Key territories ensure the preservation of
the most valuable and typical components of landscape
and biodiversity for a given region. Connecting territories
(eco-corridors) join key territories, ensure the migration of
animals and the exchange of genetic material. Buffer ter-
ritories protect key and connecting territories from exter-
nal influences. Restored territories ensure the formation
of the spatial integrity of the eco-network, for which pri-
ority measures must be taken to restore the primary nat-
ural state. Potential territories for research are territories
that require additional measures to restore the natural
state (renaturalisation, reclamation, repatriation, affor-
estation, regrassing, etc.) — restored territories that, as
part of the eco-network, ensure the formation of its spa-
tial integrity and achievement of an ecological balance
(Mudrak & Mudrak, 2020; Law of Ukraine 1864-1V “On
Ecological Network of Ukraine”, 2018). With the success-
ful implementation of restoration measures, such facili-
ties constitute a potential reserve of biodiversity for fur-
ther transformation and inclusion as structural elements
of the regional eco-network. For the territory of Podillia,
this is an urgent issue, which is still understudied.

Therefore, the purpose of this study is to determine
the features of the functioning of mining and industrial
landscapes covering an area of more than 650 km? of
the region and require restoration measures to perform
further environmental protection functions as restored
territories as structural elements of the eco-network. As
the object of this study, the authors chose the Andriik-
ovetskyi quarry and dump complex of mining and indus-
trial landscapes within the Buzhotsko-Buzko-Vovksko-
Smotrytskyi eco-corridor of the Central Podillia (Mudrak,
2012).

LITERATURE REVIEW

The first basic principles of creating an ecological net-
work of Ukraine, proposals for the development of its




structure, criteria for identifying the main elements of
the ecological network were proposed by Yu.R. Sheliah-
Sosonko (1999); Ya.l. Movchan (2001) considered the
main functions and principles of developing an eco-net-
work, legal and economic aspects. Yu.R. Sheliah-Sosonko
et al. (2005), based on the main principles of building
an eco-network and analysing biodiversity, proposed
a variant of the territorial location of eco-corridors at
the national level. Theoretical justification and scien-
tific and methodological development of the founda-
tions for the development of the ecological network of
Ukraine is an essential stage for analysing the territorial
structure and developing a policy of rational use of nat-
ural resources in the regions, namely Podillia. It is rele-
vant to investigate the applied aspects of the regional
eco-network development since the natural complex
of Podillia has a special local and state ecological and
environmental significance. P.L. Tsaryk (2005) identi-
fied geographical aspects of the eco-network develop-
ment in the Ternopil Oblast with justification for the
creation of new protected areas; T.L. Andriienko (2006)
defined and characterised the territories of the nature
reserve fund of the Khmelnytskyi Oblast; in the future,
these territories were fully included in the ecological
network, which was developed and scientifically justi-
fied by L.S. Yuhlichek & T.V.Vyhovska (2012), indicating
the place of the Khmelnytskyi Oblast eco-network in
national and transnational eco-networks; O.V. Mudrak
(2012) focused on the development of scientific justi-
fications for the effective introduction of elements of
the ecological framework of the regional eco-network
of Podillia in the general scheme of planning the terri-
tory of Ukraine, which were formed based on complex
studies of flora, defined and described main elements
of the eco-network and representative natural and arti-
ficial territories. H.V. Mudrak (2018) identified the main
stages of development and conditions for the effective
functioning of the eco-network within the Eastern Podil-
lia; Yu.Yu. Ovchynnykova (2019) evaluated the natural
cores of the eco-network according to the main criteria
for their development; Ye.D. Tkach & V.I. Shavrina (2019),
N.S. Kovka (2020) identified the role of eco-network ele-
ments in the spectrum of conservation and protection
of biodiversity; N.S. Kovka (2019) noted representative
territories for further inclusion in eco-networks; the
study by O.V. Mudrak et al. (2021) justifies the creation
of new nature reserves in the context of expanding the
eco-network.

Quarry-dump complexes for mineral development
are promising in terms of research and use as reserve
territories for further inclusion and expansion of the
eco-network. The search for methods for their renatural-
isation depends on several individual conditions, as evi-
denced by studies of ecosystem reproduction at sulphur
(Nazarovets et al, 2017), basalt (Savchuk & Vyhovskyi,
2019), clay (Bonchkovskyi & Bezsmertna, 2020), granite
(Savosko et al., 2019) extraction sites, etc. The results of
foreign studies confirm the importance of developing
holistic approaches with the correlation between biotic
and abiotic factors. Spontaneous succession can make
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a valuable contribution to nature protection, eliminating
the need for expensive reclamation methods, but min-
eral properties, pH level, and low nutrient content of
unstable substrate, disturbed hydrological regime, steep
slopes are unfavourable conditions, as a result, vege-
tation in these areas rarely appears, the slopes remain
bare, and a cascade effect can be observed. It is possi-
ble to preserve the newly formed topography as a sec-
ondary or replacement habitat for species, but these
areas may become an ecological trap (Salguiero et al.,
2020). To stabilise soil conditions, it is proposed to intro-
duce engineering solutions for strengthening or con-
structing new artificial slopes (Wang et al., 2018), imple-
mentation of identification of water erosion processes
by remote sensing (Padro et al., 2022) and filling with
additional materials to protect groundwater (Semeraro
et al.,2019), improvement of the organic component by
sewage sludge (Carabassa et al., 2020) or carrying out
transplanting of soil and plant litter from undisturbed
areas (Benetkova et al., 2020). In the case of a slow suc-
cession, it is advisable to perform a biological stage of
reclamation, provided that the ecological plant spe-
cies inherent in the region are selected (Sampaio et al.,
2021). Indicators of the success of recovery activities are
the level of biodiversity: settlement of atypical (invasive)
species, decrease in species richness (Salgueiro et al.,
2020; Sampaio et al., 2021; Gentili et al., 2020), atypical
ratios of trophic levels (Twerd et al., 2021) compared to
surrounding natural areas indicate incorrectly selected
renaturalisation methods and strategies.

MATERIALS AND METHODS

During the study, the authors applied such methods
as general scientific (analysis, synthesis), laboratory, sta-
tistical, field, comparative, monitoring. Based on the pro-
cessed information sources, potential renewable territo-
ries of the regional eco-network of the Central Podillia
are identified, which are located within the Buzhotsko-
Buzko-Vovksko-Smotrytskyi eco-corridor and are depicted
using Adobe Illustrator and SketchBook graphic software.

Research within the territory of the selected quarry
and dump complex, with an area of 0.015 km?, were
conducted during 2019-2021. The quarry-dump sand
complex as a renewable territory of the natural eco-cor-
ridor of the regional eco-set was described according
to the generally accepted methodology (Mudrak, 2012)
and data was included on its location (geographical
and administrative affiliation in the eco-corridor), con-
figuration, length, width, area, status in the eco-set, the
degree of violations, natural conditions, formed relief,
typical groupings, the degree of naturalness of the terri-
tory, data on succession transformations, features of the
settlement of species, the level of biodiversity.

Since the primary settlement and reproduction
of vegetation cover depends on many factors and most
relate to geological, orographic, and edaphic conditions
(mechanical and physical properties of the geological
rock layer, exposure to dumps, instability of substrates,
the presence of steep slopes, etc.), the authors iden-
tified the conditions within the object under study. To
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investigate the trends and rates of change in the area,
the dynamics of their development are tracked using
images in different years of existence. The terrain in
the conditions of the quarry-dump complex was inves-
tigated using remote sensing of the earth (aerial pho-
tography and analysis of data from artificial Earth satel-
lites). Materials of aerospace surveys provide information
about the features of the structure and dynamics of min-
ing and industrial landscapes and can be used to mon-
itor spent territories, determine the effectiveness of the
stages of reclamation work, the spread of hazardous
phenomena, etc.

Using satellite data, one can calculate the NDVI
(Normalised Difference Vegetation Index) — one of
the most common and widespread indices for solving
problems that use quantitative assessment of vegeta-
tion cover. Using this indicator, the authors of this study
analysed the features of the development and distri-
bution of diverse types of vegetation within the quarry
during the active growing season. NDVI data was sys-
tematised and analysed based on the Crop monitoring
system (EQS, 2022).

To analyse the territory for the presence of nec-
essary elements in the substrate, such agrochemical
studies were carried out as determination of active
acidity and hydrolytic acidity (DSTU 7862:2015, 20168B;
DSTU7537:2014, 2015); determination of the sum
of absorbed bases (calcium and magnesium ions) in
water extract (DSTU 7945:2015, 2016C); determina-
tion of humus content according to the Tiurin method
(DSTU 7828:2015, 2016A); content of nutrients: nitro-
gen (DSTU4729:2007, 2008), phosphorus and potas-
sium according to the Chyrykov method (DSTU4115-
2002, 2003). The growth and development of vegetation
cover can be affected by such a limiting factor as the
content of heavy metals in the substrate: the con-
tent of cadmium (DSTU4770.3:2007, 2009B), lead
(DSTU4770.9:2007, 2009d), copper (DSTU4770.6:2007,
2009c),zinc (DSTU4770.2:2007, 2009a) was determined.
To conduct these studies, samples were taken according
to the method of a combined sample from 3 localities:
sample No. 1 — the selected soil sample of agricultural
land that surrounds the territory of the quarry-dump
complex comprehensively, on which sunflower and corn
are grown; sample No. 2 — the selected soil sample, near
agricultural land as a sample of the reference undis-
turbed zonal soil; sample No. 3 — a sample of the sub-
strate directly from the site of the sandy quarry-dump
complex, on which there was no settlement of species.

RESULTS AND DISCUSSION

Within Podillia there are all the necessary conditions and
resources for the development of a regional eco-net-
work: nature reserves and objects of national and local
significance, water bodies, forest ecosystems, recreation
areas, resort territories, remnants of semi-natural and
natural vegetation, a considerable part of which belongs
to agro-landscapes with single-and perennial plantings.
Podillia is described by a unique geological and geomor-
phological structure and favourable weather, climatic
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and soil conditions. Within the region under study, the
climate is described as temperate continental with
a long warm period, and critically low temperatures
are not recorded in winter. The average annual tem-
perature ranges from 8.9°C to 8.1°C, and precipitation
ranges from 570 mm/year to 600 mm/year. All these
conditions contributed to the specific mosaic spread of
the soil cover and the development of various landscape
complexes. However, the proportion of undisturbed soils
is decreasing due to the increased exploitation of natural
resources due to human activities and the lack of proper
renaturalisation measures. Agricultural and mining activ-
ities have a considerable anthropogenic impact on the
natural landscapes of Podillia.

An essential resource in the development of
a regional eco-network is the use of mining and indus-
trial landscapes, which currently occupy over 650 km? of
lands in Podillia (Mudrak, 2012). Within the framework of
Podillia, the study of recovery areas of local and regional
eco-networks is at the initial stage (Yatsentiuk et al., 2020),
studies conducted in this area include the identification
of potential renaturalisation zones with subsequent plan-
ning of environmental measures. The criteria for selecting
such sites have not yet been fully developed, but there
are two main ones — the criteria for conditional compli-
ance and the criteria for real opportunities. In the first case,
potential lands are evaluated according to criteria that are
assigned to the main structural elements of the eco-net-
work — natural cores, buffer zones, and ecological corri-
dors. The territory is considered to meet the established
criteria after proper renaturalisation measures are carried
out: restoration of natural vegetation, reintroduction, pop-
ulation settlement, changes in the size and configuration
of the territory, etc. In the second case, they assess the
factual state and feasibility of renaturalisation: territories
that are proposed as restored territories can fully meet the
criteria for conditional compliance of structural elements
of the eco-network. Next, the authors of this study con-
sider the state of such sites within the Buzhotsko-Buzko-
Vovksko-Smotrytskyi eco-corridor.

Buzhotsko-Buzko-Vovksko-Smotrytskyi eco-corridor
is a connecting territory at the local level and includes the
valleys of the Buzhok, Pivdennyi Buh, Vovk, and Smotrych
rivers and has a total length of 172 km. The eco-corridor
connects the Verkhnopobuzke, Horodotske, and Tovtryn-
ske natural cores, connects the Yuzhnobuh national long-
term eco-corridor with the Dniester transnational eco-cor-
ridor and is part of the latitudinal Halytsko-Slobozhanskyi
eco-corridor (Yuhlichek & Vyhovska, 2011). There are 26
nature reserves and objects located along the Buzhotsko-
Buzko-Vovksko-Smotrytskyi eco-corridor. Part of the terri-
tory is deeply eroded, and considerable areas are occupied
by agricultural land. Within the borders of this eco-corri-
dor are mineral deposits that are currently under devel-
opment, and anthropogenically disturbed lands after the
cessation of production, which require further measures
to restore and stabilise the ecological balance. A consid-
erable part of the land affected by mining is accounted
for by localised deposits of minerals such as clay, loam,
limestone, and sand. Quarries in the region are unique




in their origin, structure, conditions, natural properties,
spatial location, features of the geological structure, the
nature of the biotic-landscape structure, and economic
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development. The list of identified areas of non-metal-
lic minerals according to the State Enterprise “Derzhheoin-
form” (2022) is given in Table 1.

Table 1. List of mineral deposits identified within the Buzhotsko-Buzko-Vovksko-Smotrytskyi eco-corridor

Item No. Item name Area, km? Type of minerals Development status
1 Perehinka-Pivnich 0.161 Productive part — loam, sole — clay Not being developed
2 Nyzhchevovkivetske 0.128 Productive part — clay Not being developed
3 Andriikovetske 0.015 Productive part — sand, sole — clay Not being developed
4 Hvardiiske 0.0583 Productive part — loam, sole — clay Not being developed
5 Dobrohorshchanske 0.057 Productive part — loam, sole — sand Being developed
6 Zhuchkovetske 0.054 Superf:?lce ~ clay, productive part - Not being developed

limestone, sole — sand.
Horodotske 0.142 Productive part — loam, sole — clay Being developed
Pivdennosmotrytske - Productive part — clay, sole — clay + loam  Not being developed
9 Smotrytske 0.3704 Superface — clay, productive part - Being developed

limestone, sole — clay

Within the territory, there are also promising
areas for the development of fuel and energy raw materials -
peat, upon the development of which over 26 thousand
hectares of productive land in the region of the Andriik-
ovetske and Heletynske deposits are annually disturbed.
Andriikovetske deposit is promising for further devel-
opment, while Heletynske is limed. Within peat depos-
its and quarries, the process of natural self-regenera-
tion is long, the productivity of phytocenoses is low and

depends on environmental conditions and other factors.
Such sites should be restored according to landscape and
ecological principles that will consider natural factors
and contribute to the development of highly productive
phytocenoses, terminating adverse impacts, etc. A sche-
matic representation of the location of quarries within
the Buzhotsko-Buzko-Vovksko-Smotrytskyi eco-corridor
is presented in Figure 1.
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Figure 1. Location of mineral deposits within the Buzhotsko-Buzko-Vovksko-Smotrytskyi eco-corridor
Note: eco-network elements: A1 — Verkhnepobuzke natural core, A2 — Davydkovetske natural core,A3 — Horodotske natural
core, A4 — Chernetsko-Kolubaivske sub-core of the local eco-network, B — Buzhotsko-Buzko-Vovksko-Smotrytskyi eco-corridor,
C — Zhyshchynetska renewable territory; deposits: 1 — Perehinka-Pivnich, 2 — Nyzhchevovkivetske, 3 — Andriikovetske,
4 — Hvardiiske, 5 — Dobrohorshchanske, 6 — Zhuchkovetske, 7 — Horodotske, 8 — Pivdennosmotrytske, 9 — Smotrytske)
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After the cessation of mining, one of the stages
necessary for the design of measures for recultivation
and restoration of the natural potential of territories is
the identification of these sites in geospatial space and
determining the level of anthropogenic impact accord-
ing to types of violations within the devastated lands.
The current state of mining sites was assessed using
aerospace and aerial photographs. According to the
obtained satellite data, within the quarries that are not
currently being developed, the emergence of vegetation

Hvardiiske

'VPivdennosmotrytske / Smotrytske

cover is recorded, which is an essential factor in soil for-
mation: elements and humus compounds accumulate,
the water regime changes, and the anthropogenic sub-
strate is transformed into soil. Under favourable condi-
tions, the process of self-growth passes from the initial
successive stage of pioneer development by individual
foci to the development of complex stable phytocenoses.
Satellite data (as of 2021) of the detected devastated
areas are presented in Figure 2.

Andriikovetske

Figure 2. State of mining and industrial landscapes according to satellite images

Other studies were conducted to characterise
the Andriikovetske sand quarry and dump complex as
a recovery area, predict the further state and plan meas-
ures for its renaturalisation. The climatic conditions
within the quarry under study are favourable for vegeta-
tion development, but the ability of sandy substrates to
provide plants with the necessary amount of moisture
is minimal (precipitation quickly seeps down, the cap-
illarity of sand is very low, and the reverse rise of water
is practically not observed). According to the results of
route studies, a variation in species diversity through

different ecotones was revealed. A similar trend was
identified as a result of studies of other quarry-dump
complexes: the authors A. Bonchkovskyi & O. Bezsmertna
(2020) indicated that the main influence on the dispersal
of species is exerted by factors such as topography and
lithological substrate, which determine the heterochrony
of succession; a considerable influence of topography on
vegetation development is noted by L.K. Savchuk (2020).
The general view and terrain of the quarry is presented
in Figure 3.

Figure 3. General view and terrain
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Studies of quarry-dump complexes confirm that
self-regeneration can occur in various scenarios, depend-
ing on the type of quarry and the degree of impact:
according to the results of L.K. Savhuk & 1.V. Vyhovsky
(2019), succession stages can occur immediately after
the completion of anthropogenic impact with the devel-
opment of zonal flora and rare inclusions; based on the
results of U.R. Nazarovets et al. (2017), the development
of stable phytocenoses is carried out gradually, provided
that erosion processes weaken, the hydrological regime
stabilises, and biogenic elements accumulate moder-
ately in the substrate. V.M. Savosko et al. (2019) identi-
fied a distinctive trend: the data obtained indicate that
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the specific conditions of devastated lands at mining
sites can become foci of synanthropisation with the
localisation of invasively dangerous species. In such
cases, it is advisable to engage in the technical and bio-
logical stage of reclamation to stabilise the conditions.

Using the NDVI indicator, the authors analysed
the features of vegetation development and distribu-
tion within the quarry-dump complex under study dur-
ing the active vegetation season (from May to October).
Red and light-yellow colours indicate the absence of
vegetation or the distribution of segetal-ruderal spe-
cies. A graphical representation of the NDVI index is pre-
sented in Figure 4.

October

Figure 4. Data on changes in the NDVI index during the year

The growth and development of vegetation on the
territory of the quarry-dump complex also depends on the
content of nutrients in the substrate. This is confirmed by
the data obtained by A. Bonchkovskyi & O. Bezsmertna
(2020): the authors found that the abnormally rapid
colonisation of the quarry under study with vegetation
occurred due to the opening of the rock horizon with a rel-
atively high content of nutrients in it. Their total content
indicates a corresponding indicator of potential fertility. In

conditions of deficiency and lack of nutrients, the normal
functioning of phytocenoses is impossible, since they take
part in such essential processes as the growth of vegeta-
tive mass, the development of organic compounds, photo-
synthesis, root system growth, regulation of water balance,
transport of substances, resistance to diseases and pests,
etc. The results of the agrochemical study to determine the
influence of the elemental composition of the substrate
are presented in Table 2.

Table 2. Results of agrochemical study of the Andriikovetske sand quarry and dump complex

Acidity, mmol/100 g Sum of absorbed

Content of nutrients, mg/kg of soil

Sample No. bases (Ca+Mg), Humus, %
Hr pH mg-eq/100 g of soil N PO, K,0
1 0.91 6.7 32.4 2.68 114.8 90 227
2 4.92 5.0 16.4 1.88 95.2 138 198
3 0.43 7.1 45.0 0.3 28.0 135 270

The content of heavy metals in the substrate can
not only affect succession transformations, but also the
choice of further measures for renaturalisation: for their
detection in the soil, it is necessary to select biological
agents that will perform a dual function — structuring

and improving the substrate performance and remov-
ing heavy metals, but this method has several disad-
vantages, namely the problem of further disposal of the
extracted metals. The results of the study are presented
in Table 3.
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Table 3. Heavy metal content in samples of the Andriikovestke sand quarry and dump complex

Level of heavy metal contamination, mg/kg

Sample No.

Cu Zn Cd Pb

1 0.16 0.34 0.08 0.91

2 0.28 0.39 0.06 0.96

3 1.37 0.70 0.28 0.45
MPC, mg/kg 3.0 23.00 0.7 6.0

None of the declared heavy metals exceeds
the maximum permissible concentrations, which means
that this factor can be excluded as affecting the devel-
opment of phytocenoses.

Based on the conducted research, the characteris-
tics of the quarry-dump complex as a recovery territory of
the regional eco-network are formed as follows:

Ecosystem restoration site — Andriikovestke sand
quarry and dump complex.

Administrative regulations. Andriikovestke sand
quarry, which is located 2 km south of the village of And-
riikivtsi of the Rozsoshanska Rural Territorial Community
of the Khmelnitskyi District of the Khmelnitskyi Oblast
(geographical coordinates 49°1821.1"N 26°48'10.7"E).

Area — 0.015 km?2,

Typical characteristics. Official development was
discontinued in 2015. The territory of the Andriikovetske
quarry and dump complex is located in a group of land-
scapes of the Central Podolsk type in the Vovchko-
Buzhotsky natural area. The deposit is part of the depos-
its of the Sarmatian tier — the lower geological tier of
the upper Miocene of the Neogene period. Violations
that were caused by mining processes are marked by the
formed anthropogenic accumulative relief: the inclined
parts of the quarry are steep, uneven, in the north-
ern and western parts from 70° to 80°, gentler in the
southern part — up to 40°. The territory is described by
sharp elevation differences in comparison with the sur-
rounding areas of agricultural land. The deepest point
is located in the north-eastern part of the quarry and
is 328 m above sea level, the highest point is 340 m
above sea level. The territory is described by rock dis-
placements from slopes, dumps, the presence of wind
and partially water erosion, uneven distribution of mois-
ture, and surface overheating (various ecotopes). In one
of the inclined ledges there is a nesting of the Common
swift (Apus apus). Such edaphic conditions at the level
of low availability of humus compounds on the sandy
substrate and the lack of proper stages of mining rec-
lamation are the main factors influencing the develop-
ment of stable phytocenoses. There is a variation in the
species diversity of plant communities, the ecological
and cenotic structure is dominated by meadow-steppe,
meadow, segetal/ruderal plant types, which indicates
the beginning of the formation of zonal vegetation, but
the stages of succession are heterogeneous. Pioneer
settlements of vegetation are described by the occur-
rence of such species as coltsfoot (Tussilago farfara L.),
wild carrots (Daucus carota L.), common meadow-grass
(Poa pratensis L.) in small areas, with a flatter surface,

Scientific Horizons, 2022, Vol. 25, No. 4

where the sand layer is smaller and reaches the clay
sole. Within the eastern (productive) part of the quarry
and the inner part of the slopes, there is no/practically
no vegetation cover, minor coverage includes the occur-
rence of segetal vegetation (there are such species as
annual fleabane (Erigeron annuus L. Pers), couch grass
(Elymus repens (L.) Gould), shepherd’s purse (Capsella
bursa-pastoris L.), etc.). The occurrence of the black
poplar species (Populus nigra L) is observed in all parts
of the quarry-dump complex, but individuals have cer-
tain differences in phenotype, which is associated with
uneven growing conditions. Renaturalisation measures
aimed at stabilising edaphic conditions will contribute
to the uniform settlement of species within the quarry,
the accumulation of humus compounds and necessary
elements for the development of stable zonal phyto-
cenoses. During further restoration of vegetation cover,
the territory of the quarry-dump complex will repre-
sent the diversity of meadow, meadow-steppe ecosys-
tems within the Buzhotsko-Buzko-Vovksko-Smotrytskyi
eco-corridor.

CONCLUSIONS

The increased anthropogenic impact on the environment
necessitates the prediction of possible threats to biotic,
especially floral and phytocenotic diversity. Urgent tasks
of scientific research are to identify valuable promising
areas for further conservation and protection of nature,
especially those that can become valuable hotbeds of
biodiversity. Ecosystems that require special attention
and, while reducing the anthropogenic impact, are prom-
ising for the further development and functioning of
the eco-network are those formed at the mining sites.
Such areas were identified within the Buzhotsko-Buzko-
Vovksko-Smotrytskyi eco-corridor, and they require the
search for optimal ways for renaturalisation for further
improvement and expansion of the regional eco-net-
work. An example of the restoration of disturbed eco-
systems of mining and industrial landscapes of Podillia
is the Andriikovetske sand quarry-dump complex, where
the main influence on the development of phytocenoses
is carried out by geological, orographic, and edaphic con-
ditions. Therefore, the authors of this paper recommend
the following reclamation measures with a mandatory
engineering stage: waterlogging, strengthening slopes,
removing the unproductive substrate layer, and filling
with potentially fertile rocks. This will further contrib-
ute to the rapid spread of zonal biodiversity and bring
the conditions of the quarry-dump complex closer to
natural ones.




Mudrak and Mahdiichuk

REFERENCES

[1] Andriienko, T.L. (Ed). (2006). Reserved pearls of Khmelnytskyi region. Khmelnytskyi: PAVF “Intrada”.

[2] Benetkova, P, Tichy, L., Hanel, L., Kukla, J., Vicentini, F., & Frouz, ). (2020). The effect of soil and plant material
transplants on vegetation and soil biota during forest restoration in a limestone quarry: A case study. Ecological
Engineering, 158, article number 106039. doi: 10.1016/j.ecoleng.2020.106039.

[3] Bonchkovskyi, A., & Bezsmertna, O. (2020). Features of vegetation succession in the loess quarry of the brick
factory in Novyi Tik village (Rivne region, Ukraine). Bulletin of Kyiv Taras Shevchenko National University. Biology,
1(80),44-49.doi: 10.17721/1728_2748.2020.80.

[4] Carabassa,V.,Domene, X., DHaz, E., & Alcaciz,J.M. (2020). Mid-term effects on ecosystem services of quarry
restoration with Technosols under Mediterranean conditions: 10-year impacts on soil organic carbon and
vegetation development. Restoration Ecology, 28(4), 960-970. doi: 10.1111/rec.13072.

[5] DSTU4115-2002 “Soils. Determination of Mobile Phosphorus and Potassium Compounds by the Modified
Chirikov Method”. (2003, January). Kyiv: Derzhspozhyvstandart Ukrainy.

[6] DSTU4729:2007 “Soil Quality. Determination of Nitrate and Ammonium Nitrogen in the Modification of NSC
IGA. O.N. Sokolovsky”. (2008, January). Kyiv: Derzhspozhyvstandart Ukrainy.

[7] DSTU4770.2:2007 “Soil Quality. Determination of the Content of Mobile Zinc Compounds in the Soil in a Buffer
Ammonium Acetate Extract with a pH of 4.8 by Atomic Absorption Spectrophotometry” (20093, January). Kyiv:
Derzhspozhyvstandart Ukrainy.

[8] DSTU4770.3:2007 “Soil Quality. Determination of the Content of Mobile Cadmium Compounds in the Soil in
a Buffer Ammonium Acetate Extract with a pH of 4.8 by Atomic Absorption Spectrophotometry” (2009b, January).
Kyiv: Derzhspozhyvstandart Ukrainy.

[9] DSTU4770.6:2007 “Soil Quality. Determination of the Content of Mobile Copper Compounds in the Soil in
a Buffer Ammonium Acetate Extract with a pH of 4.8 by Atomic Absorption Spectrophotometry” (2009c¢, January).
Kyiv: Derzhspozhyvstandart Ukrainy.

[10] DSTU4770.9:2007 “Soil Quality. Determination of the Content of Mobile Lead Compounds in the Soil in a Buffer
Ammonium Acetate Extract with a pH of 4.8 by Atomic Absorption Spectrophotometry”. (2009d, January). Kyiv:
Derzhspozhyvstandart Ukrainy.

[11] DSTU7537:2014 “Soil Quality. Determination of Hydrolytic Acidity”. (2015, April). Kyiv: Derzhspozhyvstandart
Ukrainy.

[12] DSTU7828:2015 “Soil Quality. Determination of Group and Fractional Composition of Humus by the Turin Method
in the Modification of Ponomareva and Plotnikova” (201643, July). Kyiv: Derzhspozhyvstandart Ukrainy.

[13] DSTU7862:2015 “Soil Quality. Determination of Active Acidity”. (2016b, July). Kyiv: Derzhspozhyvstandart Ukrainy.

[14] DSTU7945:2015 “Soil Quality. Determination of Calcium and Magnesium lons in Water Wxtract”. (2016c,
September). Kyiv: Derzhspozhyvstandart Ukrainy.

[15] Earth observing system (EOS). (2022). Retrieved from: https://eos.com/.

[16] Gentili,R., Casati, E., Ferrario, A., Monti, A., Montagnani, C., Caronni, S., & Citterio, S. (2020). Vegetation cover and
biodiversity levels are driven by backfilling material in quarry restoration. Catena, 195, article number 104839.
doi: 10.1016/j.catena.2020.104839.

[17] Hrytsku, V., & Danilova, O. (2018). Eco-network development in Ukraine: European, national and regional aspects.
Present Environment and Sustainable Development, 12(1), 295-308. doi: 10.2478/pesd-2018-0023

[18] Kovka, N.S. (2019). Major resources formation of environmental network Eastern Podillia: Condition and
prospects of use. Balanced Nature Using, 4, 53-62. doi: 10.33730/2310-4678.4.2019.199078.

[19] Kovka, N.S. (2020). The role of the ecological network of the Eastern Podillia in the structure of the national
eco-network of Ukraine. Slovak International Scientific Journal, 40(2), 18-23.

[20] Law of Ukraine No. 1864-1V “On Ecological Network of Ukraine” (2018, April). Retrieved from: https://zakon.rada.
gov.ua/laws/show/1864-15#Text.

[21] Movchan, Ya.l. (2001). National ecological network of Ukraine: Concept and implementation scenarios. Scientific
Papers, 19,411-414.

[22] Mudrak, H.V. (2018). Functioning of the regional ecological network of Eastern Podillia. Agroecologycal Journal,
3,27-33.doi: 10.33730/2077-4893.3.2018.148045.

[23] Mudrak, O., Ovchynnykova, Y., Mudrak, G., & Nagornyuk, O. (2018). Eastern Podillia as a structural unit of
PanEuropean environmental network. Environmental Research, Engineering and Management, 74(3), 55-63.
doi: 10.5755/j01.erem.74.3.21521.

[24] Mudrak, O.V.(2012). Balanced development ecological network of Podillia: state, problems, prospects. Vinnytsia: SPD
Hlavatska RV.

[25] Mudrak, O.V., & Mudrak, H.V. (2020). Protected area. Kherson: OLDI-PLUS.

[26] Mudrak, OV., Mudrak, HV., Serebriakov, VV., Shcherbliuk, A.L., & Klochaniuk, VV. (2021). Rationale for the creation of
the National natural park “Central Podillia”. Agroecologycal Journal, 2, 87-100. doi: 10.33730/2077-4893.2.2021.234462.

[27] Nazarovets, U.R, Oliferchuk, V.P., Kopii, L.I., & Kopii, M.L. (2017). Succession of plant communities within
Podorozhnenskyi sulfur career. Agroecologycal Journal, 1,121-127. doi: 10.33730/2077-4893.1.2017.221031.

Scientific Horizons, 2022, Vol. 25, No. 4

97



98

Mining and industrial landscapes of Podillia as potential structural elements of the regional eco-network

[28] Official site of the Ministry of Environmental Protection and Natural Resources of Ukraine. (2022). Retrieved
from: https://mepr.gov.ua/.

[29] Ovchynnykova, Yu.Yu. (2019). Criteria for determining natural nuclear equipment easy subsidiary in the
context of the strategy of sustainable development of the region. Agroecologycal Journal, 1, 117-129.
doi: 10.33730/2077-4893.1.2019.163292.

[30] Padro, J.C., Cardozo, J., Montero, P., Ruiz-Carulla, R., Alcaniz, J.M., & Serra, D. (2022). Drone-based identification of
erosive processes in open-pit mining restored areas. Land, 11(2), article number 212.doi: 10.3390/land11020212.

[31] Pan-European Strategy for Biodiversity and Landscape Conservation. International document of the Council of
Europe 994-711. (1995, October). Retrieved from https://zakon.rada.gov.ua/laws/show/994 711#Text.

[32] Salgueiro, PA., Prach, K., Branquinho, C., & Mira,A. (2020). Enhancing biodiversity and ecosystem services in quarry
restoration — challenges, strategies, and practice. Restoration Ecology, 28(3), 655-660. doi: 10.1111/rec.13160.

[33] Sampaio, A.D., Pereira, PF., Nunes, A., Clemente, A., Salgueiro, V., Silva, C., Mira, A., Branquinho, C., & Salgueiro, PA.
(2021). Bottom-up cascading effects of quarry revegetation deplete bird-mediated seed dispersal services.
Journal of Environmental Management, 298(15), article number 113472. doi: 10.1016/j.jenvman.2021.113472.

[34] Savchuk, L.K. (2020). Variety of flora’s ecotops and species composition in the territories of basalt operating
and abandoned quarries in Volyn Polesia. Biology and Ecology, 6(1-2), 30-36. doi: 10.33989/2020.6.1-2.225035.

[35] Savchuk, LK., & Vyhovskyi, 1.V. (2019). Rare species of plants in the floristic composition of basalt quarries of
Volyn Polesia. Scientific Issues Ternopil Volodymyr Hnatiuk National Pedagogical University. Series Biology, 2(76),
8-13.doi: 10.25128/2078-2357.19.2.1.

[36] Savosko, V.M., Lykholat, Yu.V., Bielyk, Yu.V., & Hryhoriuk, I.P. (2019). Apophyte and adventives woody species
in granite quarry devastated land at Kryvyi Rih district. Bioresources and Nature Management, 11(1-2), 14-25.
doi: 10.31548/bi02019.01.002.

[37] Semeraro, T., Arzeni, S., Turco, A., Margiotta, S., La Gioia, G., Aretano, R., & Medagli, P. (2019). Landscape project
for the environmental recovery of a quarry. IOP Conference Series: Materials Science and Engineering, 603(3),
article number 032020. doi: 10.1088/1757-899X/603/3/032020

[38] Sheliah-Sosonko, Yu.R. (1999). The main features of the ecological network of Ukraine. Development of the
Ecological Network of Ukraine, 13-22.

[39] Sheliah-Sosonko, Yu.R., Tkachenko, V.S., Andriienko, T.L., & Movchan, Ya.l. (2005). Econet of Ukraine and its
natural kernels. Ukrainian Botanical Journal, 62(2), 142-158.

[40] Smyrnova, S.M., Mas, A.Yu., & Koval,A.O. (2021). European experience of land use of nature reserve fund. Economy
and State, 1,77-82.doi: 10.32702/2306-6806.2021.1.77.

[41] State Information Geological Fund of Ukraine (DNVP “Heoinform Ukrainy”). (2022). Mineral resources of Ukraine.
Retrieved from http://minerals-ua.info.

[42] Tkach, Ye.D., & Shavrina, V.. (2019). Environmental role of connecting territories in the formation of the ecological
network of the Eastern Podillia. Agroecologycal Journal, 3, 20-27. doi: 10.33730/2077-4893.3.2019.183465.

[43] Tsaryk, P.L. (2005). Regional ecological network: Geographical aspects of formation and development (based
on materials from Ternopil region). Ternopil: Vydavnychyi viddil TNPU.

[44] Twerd, L., Szefer, P., Sobieraj-Betlinska, A., & Olszewski, P. (2021). The conservation value of Aculeata communities
in sand quarries changes during ecological succession. Global Ecology and Conservation, 28, article number
01693. doi: 10.1016/j.gecco.2021.e01693.

[45] Wang, H., Zhang, B., Bai, X., & Shi, L. (2018). A novel environmental restoration method for an abandoned
limestone quarry with a deep open pit and steep palisades: A case study. Royal Society Open Science, 5(5), article
number 180365. doi: 10.1098/rs0s.180365.

[46] Yatsentiuk, Yu.V., Kanskyi, V.S., & Ataman, LV. (2020). The recovery territories of the ecological network in Zhmerinsky
District of Vinnytsia Region. Man and Environment. Issues of Neoecology, 33, 57-67.doi: 10.26565/1992-4224-2020-33-05.

[47] Yuhlichek, LS., & Vyhovska, TV. (2011). Ecological network of Khmelnytskyi region. Khmelnytskyi: Vydavnytstvo KhUUP.

Scientific Horizons, 2022, Vol. 25, No. 4




Mudrak and Mahdiichuk

FipHu4yo-npomucnosi naHawadTn Moainna
fIK NOTEHLUINHI CTPYKTYPHiI eneMeHTn perioHanbHoi eKoMepeXxi

Onekcanap BacunboBuu Myapak?, AHHa MeTtpiBHa Margiituyk?

IBiHHMUbKA akageMis 6e3nepepBHOi OCBITH
21000, Byn. lpywescbkoro, 13, M. BiHHuuS, YkpaiHa

2[HcTuTyT arpoekonorii i npupoaokopuctyBaHHs HAAH
03143, Byn. MeTtponoriyHa, 12, M. Kuis, YkpaiHa

AHotauiga. CyyacHui CTaH HaBKOMULWHBOIO CepefoBMLLA, CPUYNHEHUI HEPALLIOHANbHUM NPUPOAOKOPUCTYBAHHSAM,
notpebye NoLyKy HOBMX MiAX0AiB y cdepi BiLHOBNEHHS Ta OXOPOHM BiOTUMYHOrO i NaHAWAdTHOro pi3HOMaHITTA. HoBO
CTpaTerieto MOro OXOPOHU € eKONOTiYHA Mepexa, iKa PO3BMBAETLCS B YKpAiHi BiANOBIAHO A0 EBPONENCHKMX BUMOT Ha
HaLiOHaNbHOMY, perioHasbHOMY i TOKa/IbHOMY PiBHSAX. HEBiIL'EMHOK CK1aA0BOK HALLIOHANBbHOT eKOMepeXi € TepuTopis
Moainns, ons 9Koi BaX/IMBUM aKTyaSlbHUM MUTAHHAM €NiABULLEHHS MPOAYKTUBHOCTI eKocucTeM Ta cTabinizauia
ekosoriyHoi pisHoBarn. OgHMM i3 WAAXiB ONTUMI3aLiT perioHanbHOi ekoMepexi Nofinag € nowyk nepcnekTUBHMUX
TEPUTOPIN Ta iX BKAKOYEHHS 0O CTPYKTYPHUX eNeMeHTIB, ki 3abe3nevyBaTUMYTb ii MPOCTOPOBY LiNiCHICTb Ta
penpe3eHTaTUBHICTb. HanowmpeHilwmmMm 06eKTaMm FipHUYO-NPOMMUCIOBUX NAHALWAPTIB € KAPEPHO-BIABANbHI
KOMMNEKCH, OpUTiHa/bHI 33 CBOIM MOXOMXKEHHSIM, CTPYKTYPOH, yMOBaMU, NPUPOAHUMM BNACTUBOCTSIMM, MPOCTOPOBUM
po3TalyBaHHAM, 0COBMMBICTIO reonoriyHoi 6yL0BM, XapakTepoM 6ioTUYHO-NAHAWAdTHOT CTPYKTYPU, rOCNOAAPCbKUM
OCBOEHHSAM. TOMY METOK LOC/IIKEHHS € iLeHTUdIKaLiN Ta XapaKTepucTMka 0CobanBOCTEN FipHUYO-NPOMUCIOBUX
nanawadTie, ki NOTPeOYOTb NPOBEAEHHS KOMMIEKCY 3aX0/iB 3 peHaTypani3auii (pekynbTuBaLii, BigHOBNEHHS
NPUPOLHOI POC/IMHHOCTI, peiHTPOAYKLiT TOLL0) B MeXax WHMPOTHOro byxoLbko-by3bko-BoBKCbKO-CMOTPULLBKOTO
eKoKopuaopy perioHanbHoi ekoMepexi Moainng. Iig yac LocnigKeHHs BUKOPUCTOBYBANMCH 3araibHOHAYKOBI (aHani3,
CuHTe3), NabopaTopHi Ta NONbOBI METOAMU, MOHITOPUHT, MOPiIBHAHHSA Ta METOAM CTAaTUCTUYHOI 06pobKu. DakTopu
BM/IMBY A1 BiAHOBNEHHS NMOPYLUEHUX EKOCUCTEM TIPHUYO-NPOMUCIOBUX NaHawadTie Moainng 6yno BU3HAYEHO Ha
npuknasi AHLpPiMKOBELKOrO NillaHOro Kap€epHO-BiABaNbHOrO KOMMAeKcy. BcTaHOBEHO, WO HabiNbLwmMi BNAUB MatoTb
enadiyHi yMOBM, eNeMEHTHUIA CKNAZ4 i BMICT OpraHikv B HOBOYTBOpPEHOMY CyBCTpaTi, HETUMOBUIA penbeOM, IKUI Pi3Ko
BiApI3HAETLCA Big NPUPOAHOro. 3a MpOBeAEeHHS KOMMEKCY 3aX0AiB 3 peHaTypanisauii, 3anponoHOBaHWA KapepPHO-
BiABaNbHMIA KOMMNEKC MOXe CTaTW OCepeaKoM 30HaNIbHOrO HBiOpi3HOMAHITTS B AKOCTi BiAHOBNOBAHOI LiNSAHKM — 5K
CTPYKTYPHOIO eneMeHTa perioHanbHOi ekoMepexi

KntouoBi cioBa: BiAHOBHI TepuTOpii, Kapepw, BUA0OYBaHHS, MPUPOLOOXOPOHHI 3aX0AM, PEKYBTUBALLIS, peHaTypani3alis,
CaMOBIAHOBNEHHS
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