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Abstract.The excessive increase in the anthropogenic burden on wildlife,
namely the uncontrolled use of natural resources, including deforestation,
mining, wasteful nature management systems, a decrease in biodiversity
due to intensive agricultural development,and more recently, war, affect the
living conditions of both wild and domestic animals. In the new realities of
the modern world, pets, losing their usual natural environment, are forced
to either adapt to changes or cease to exist. The purpose of the study was
to investigate the level of adaptation of the body (Felis silvestris catus L.,
1758) of domestic cats in home conditions. Long-term methods were used
to achieve this goal: daily visual observation, time budget, followed by the
analysis of data on greater animal activity. The behaviours of cats were
evaluated on a six-point scale: imitation of hunting - active play using toys
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Behavioural adaptation of domestic animals...

(5 points) and territory inspection, jumping, scratching claws (4 points); communication with the owner - food
search and bunting (3 points); self-cleaning - passive walk, toilet (2 points); rest - state of light sleep or napping
(1 point), state of deep sleep (0). The selected samples were compared statistically using Kendall's rank correlation
coefficient It is established that intra-breed and inter-breed differences in the duration of behavioural acts of
obligate and facultative behaviours are largely determined by the temperament and character of the animals
under study. The daily activity of cats of different breeds is described, which is determined by the imposition of
the influence of genetically determined cycles on specific character traits and is formed during selection breeding.
It is statistically proved that there is a substantial consistency between the traits under study in animals with
different temperaments. If the temperament is similar, behaviour and motor activity do not correlate with each
other, and the differences in the behaviour and activity of male and female purebred cats are poorly expressed.
It is substantiated that the results obtained can serve as a basis for understanding the problems and difficulties
that arise in purebred cats in the process of adaptation to life together with humans and, thereby, provide an

understanding of the main manifestations of behavioural adaptation of domestic animals

Keywords: ethology; adaptation; behavioural acts; crossbred cats; purebred animals

INTRODUCTION

The excessive increase in the anthropogenic burden
on wildlife, namely the uncontrolled use of natural re-
sources, including deforestation, mining, wasteful sys-
tems, reduced biodiversity due to intensive agricultural
development, and more recently, war, affect the living
conditions of both wild and domestic animals. People,
realising their unity with nature, rethink their attitude to
it. Understanding that pets with different breed charac-
teristics have specific environmental needs to achieve
a good quality of life requires investigating their ability
to adapt, including from the standpoint of behavioural
adaptation. This determines the relevance of the cho-
sen study subject and the feasibility of its development.

Notably,a person,even faithfully caring fortheir pets,
often has superficial knowledge and understanding of
their behaviour. The solution to this problem is possible
only if both general theoretical issues and the ethology
of animal adaptation to the environment are compre-
hensively investigated, at least at the level of systems
of interrelated behavioural acts. Recently, a substantial
number of papers have been devoted to the examina-
tion of pet behaviour. The adoption of an evolutionary
and adaptive approach to investigating mechanisms
and processes of behaviour development is becoming
increasingly popular in various fields of knowledge,
including ethology, behavioural ecology, and adaptive
evolution. Since all levels of organisation in the body
are united by behavioural traits, it can be stated that
there is a unity in the evolution of behaviour, morphol-
ogy, physiology, and immunology of animals in the pro-
cess of creating a unique functional phenotype (Natoli
et al., 2022). Although even today, most papers are re-
duced to stating the characteristic morphological and
ethological features of purebred animals (Pusis, 2021).

AstudybyM.Salonenetal.(2019)identifiedvariations
in behavioural responses to genetic and environmental
components and proved the presence of substantial
genetically determined variations in breed populations.
J. Faure and E. Mills (2014) also considered the genet-
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ically determined individual reactions of the animal
body to the effect of various environmental factors to
prevent or minimise negative consequences. According
to P.Jensen (2017), this is especially true for rare animal
breeds that are able to maintain genetic diversity and
thus guarantee them an appropriate level of viability.

According to the findings of Japanese researchers
(Nagasawa et al., 2020), the cohabitation of pets with
humans has a positive effect on physiological and psy-
chological health, including improving the mood of
the owner. In relation to animals, physical communi-
cation is a common and necessary factor for building a
good relationship with the owner, ensuring a fairly high
quality of life for the animal. However, the relationship
between the health benefits provided by the presence
of a cat in the home, characteristic behaviour, and be-
havioural responses of cats requires further study.

Thus, by rethinking the human relationship with
domestic and other animals, researchers (Tarazona et
al., 2020) are increasingly promoting the transition to
the concept of unity and integrity of living nature, em-
bodied through the narrative: one health, one well-be-
ing, and one biology, as prerequisites for global change
based on the observance of ethics of actions, consider-
ing the consequences of human activity.

Researchers pay considerable attention to the ex-
amination of the applied importance of ethology for ag-
riculture both in Ukraine and in the world. Ethologists
identified many aspects of animal behaviour that can be
used in agricultural production and veterinary medicine
(Doylidov,2021; Suprovych et al.,2022).Therewith, more
and more often in the literature by Dohertya (2016),
A.Trouwborst (2020), a warning about the negative im-
pact of domestic cats,as representatives of predatoryan-
imals of invasive fauna, on the abundance and biodiver-
sity of wildlife, is noted (Krauze-Gryz, 2018; Loss, 2017).

In the new realities of the modern world, domes-
tic animals, losing their usual natural living conditions,
are forced to either adapt to changes or cease to exist




(Calvert, 2013; Loss, 2018). Actually, this why is the rea-
son to investigate the natural adaptation of animals
comes to the fore.

The purpose of this study is to investigate the level
of adaptation of the body of domestic cats (Felis silves-
tris catus L., 1758) in home conditions.

MATERIALS AND METHODS

The study dates back to the spring-summer-au-
tumn seasons of 2019-2022. The examination of spe-
cies-specific behaviour of crossbred representatives of
different domestic cat breeds (Felis silvestris catus L.,
1758) was conducted by observing: a four-year-old fe-
male Siamese cat (SIA®); a five-year-old female Persian
Chinchilla (PER®), a three-year-old female (BRI?),and a
six-year-old male (BRIg) of the British Shorthair breed;
a six-year-old female Siberian cat (SIB®).

The age of animals was determined according to
the classical method of N.P. Zapadnyuk (1983) consid-
ering the EMS code (Easy Mind System), namely the
system created by the International Federation of fe-
linology (FIFe) for easy identification of purebred cats
(Breed standard, 2023).

The examination of the behaviour and temperament
of cats was conducted using long-term methods of daily
visual observation (Shevchyk, 2021) (observing the be-
haviour of cats during the day once a month under the
usual conditions of keep and daily routine, a total of 5-7
observations of each of the cats per year) and the time
budget method,followed bythe analysis of data on great-
erdailyanimal activity (Nagasawa, 2020; Paliy,2010).The
time budget, namely the daily list of behavioural acts,
was timed using ethograms (catalogues) for each breed.

The point scale for classifying behavioural acts is
developed based on the recommendations: G. Katzen
(2008), L.V. Krushynskyi (Dotsenko, 2019). The following
criteria for evaluating the activity of animals, expressed
in points (on a six-point scale) are selected: imitation of
hunting - active play using toys (5 points) and territory
inspection, jumping, scratching claws (4 points); com-
munication with the owner - food search and bunting
(3 points); self-cleaning - passive walk, toilet (2 points);
rest — state of light sleep (1 point), state of deep sleep (0).

Shevchyk et al.

Comparison of the selected samples was conducted
statistically, using Kendall's rank correlation coefficient,
which characterises the measure of consistency be-
tween the ranks (where rank is the degree of difference)
of two random variables (namely, a point assessment of
the daily activity of cats) (Bakhrushin, 2011).

When justifying the conclusion, it was proceeded
from the statement: if the Kendall's correlation coeffi-
cient (|t]) is less than the critical point (T ) - the rank
correlation between the qualitative characteristics of
the two samples is insubstantial. If |t|>T_ - there is a
substantial rank correlation between the qualitative
features of samples. If (|t[>T_ - there is a substantial
rank correlation between|) is equal to “0” - there is no
rank correlation. For the calculation, the Microsoft Excel
programme of the Microsoft Office suite was used. The
reliability of the obtained results was checked using the
Student’s t-criterion. The observation was conducted in
accordance with ethical standards and recommendations
for the humanisation of work with laboratory animals,
which are reflected in the “European Convention for the
protection of vertebrates used for experimental and oth-
er purposes” (1999),and the requirements of the bioeth-
ics Commission of I. Horbachevsky TNMU of the Ministry
of Health of Ukraine (protocol No. 14 of 23.11.2021).

The study is a fragment of the individual R&D “Fau-
na of the Western region of Ukraine: biological classi-
fication, state of diversity, ecology, genetics, protection,
educational and methodological aspects of teaching”
(state registration number 0121U107913) (2021). The
results are published for the first time.

RESULTS

Likeallanimals,catsarecharacterisedbyacertaintemper-
ament, specific behavioural characteristics, and different
environmental needs. In fact,these properties ensure the
adaptation to achieve a good quality of life for the animal.
The identified dependence of cat behaviour on
the temperament in sanguine cats showed a tenden-
cy to reduce the duration of facultative behavioural
responses compared to innate ones (SIA?:10.33+0.71
(43.0%); 13.67%0.66 (56.96%); p<0.01) (SIB®:11.57+0.27
(48.58%); 12.33%0.27 (51.38%); p<0.1) (Table 1).

Table 1. Manifestation of various forms of behavioural reactions of purebred cats

Duration of acts of obligate behaviour Duration of acts of optional behaviour

No. Breed n Temperament
hours % hours %
1 SIAQ 7 sanguine 13.67+0.66 56.96 10.33+0.71? 430
2 SIB? 7 sanguine 12.330.27 51.38 11.57%0.27* 48.58
3 BRI? 7 melancholic 10.66+0.51 44.4) 13.29+0.50? 55.54
4 BRIo 5 melancholic 11.40+0.46 47.50 14.20+0.33* 59.17
5 pgrg 7 Withfeaturesof both sanguine 44 79457 48.58 12,310,331 51.38

and melancholic

Note: 1p<0.1; 2p<0.01; 3p<0.001
Source: compiled by the authors
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In melancholic cats, this ratio is diametrically
opposite (BRI? (p<0.01) and BRIg (p<0.001) - ob-
ligate reactions (BRI®: 10.66*0.51 (44.42%), BRIg:
11.40+0.46 (47.50 %)), optional (BRI®: 13.29%0.50
(55.54%), BRlo: 14.20+0.33 (59.17 %)).

Persian kittens are usually sanguine. With age, de-
pending on the conditions of the keep,the temperament
may remain unchanged, or acquire the traits of both
sanguine and melancholic,and the ratio of the duration
of obligate (11.71£0.27 (48.58%)) and facultative reac-
tions (12.31%0.33 (51.38%)) tends to equalise (p<0.1).

Analysis of the duration of behavioural acts of both
behaviour forms between purebred cats showed ten-

dentious differences in pairs of sanguine cats (SIA? and
SIB®), melancholic cats (BRI®), and Persian cats (PER®)
(p<0.1). While in pairs: sanguine-melancholic (SIA? and
BRI®; SIB? and BRI®), sanguine animals and represen-
tatives of the Persian breed (SIA? and PER®; SIB? and
PER®) the difference in the temperament of animals
causes statistically substantial differences in both obli-
gate and facultative behaviours (at to p<0.05).

A vivid manifestation of the innate behavioural
acts of purebred cats is sleep and rest. In a Siberi-
an cat, the duration of sleep and napping increases
from 4.40£0.22 (18.3%) (days of greatest activity) to
8.6%0.46 (35.8%) (at rest) (p<0.01) (Table 2).

Table 2. Manifestation of innate behavioural acts in cats of different breeds

In active state

At rest

No. Breed n sleep and rest

self-cleaning and toilet

sleep and rest self-cleaning and toilet

hours % hours %% hours % hours %
1 SIA? 5 9.60£0.46° 400 6.00.75 25.0 11.0£0.63° 458 6.6£0.61 275
2 SIB? 5 440022 183 6.0+1.33 25.0 8.6£0.461 35.8 3.4+0.46 142
3 BRI9 5 6.60£0.462 275 3.2:0.72 1333 9.4£0.46? 392 4.0%0.40 167
4 BRIG 5 660:036° 2750 300%0. 1250  820%052° 3417 4202033 1750
5 PER? 5  8.80£0.33 36.7 3.2£0.59 1333 7.4%0.463 30.8 3.6£0.36 15.0

Note: p<0.1; 1p<0.01; ?p<0.001; 3p<0.05
Source: compiled by the authors

A similar pattern is observed in British Shorthair
females. The females (BRI?) spend 6.60+0.46 (27.5%)
hours sleeping and resting in an agitated state, and
at rest, the duration of these behavioural acts increas-
es to 9.4%0.46 (39.2%) (p<0.001). For the male (BRI5),
changes occur within the range of 6.60+0.36 (27.50%)
to 8.20+0.52 (34.17 %) (p<0.05), for Siamese cats - from
9.60%0.46 (40.0%) to 11.0+0.63 (45.8%) hours (p<0.05).
In the Persian cat that is best adapted to home con-
ditions, as it moves from an agitated state to a state
of rest, the duration of sleep and rest decreases from
8.80%0.33 (36.7%) to 7.4*0.46 (30.8%) hours (p<0.05).
Such differences in the duration of innate behavioural
acts (namely, the predominance of obligate behaviour

at rest over the agitated state of the animal) are ex-
plained by genetic characteristics, and therefore by the
adaptation of the body of the animal. It is due to the
selection and domestic maintenance of animals that
interbreed differences in the duration of the described
behavioural acts are not reliable (p<0.1).

Acts of optional behaviour: communication with
the host - begging for food and bunting were more pro-
nounced on days of increased activity of animals (BRI?:
p<0.05; BRIg: p<0.01; PER®: p<0.01), while in a Siberian
female, which, due to its affectionate nature, was quite
actively looking for the attention from the owner at
rest, SIB?: 5.40+0.46 (22.5%) versus 3.40%0.22 (14.2%)
of the agitated state of the animal (p<0.001) (Table 3).

Table 3. Manifestation of acquired behavioural acts in cats of different breeds

In active state At rest
No. Breed n communication exploratiqn of imitatipn of communication exploratign of imitatipn of
territories hunting territories hunting

hours % hours % hours % hours % hours % hours %
1.60+ 6.60= 1.40+ 1.80% 2.40% 4.60%

1 SIA? 5 036 6.7 +0 83 27.5 +0223 5.8 018 7.5 +0 36° 10.0 +0 36 19.2
3.40+ 4.40% 4.00% 5.40+ 4.40% 3.40+

2 SIB? 5 £0.225 14.2 £0.46 18.3 063 16,7 £0.46} 22.5 022 18.3 2022 14.2
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Table 3, Continued

In active state At rest
s exploration of imitation of N exploration of imitation of
No. Breed n communication territories hunting communication territories hunting

hours % hours % hours % hours % hours % hours %
9.40% 6.80% 1.80+ 2.80% 6.80% 2.0

3 BRI? 5 £0.362 39.2 +072 28.3 +0.18 7.5 +0 442 11.7 052 28.3 028 8.3
10.60+ 4.40% 2.00+ 3.00+ 5.60% 2.40+

4 BRIl 5 £0.611 44.17% +0 362 18.33% 040 8.33% 0 49! 12.50% £0.362 23.33% 061 10.00%
6.60% 1.40% 3.80% 3.80% 1.20+ 7.80%

5 PER® 5 £0.611 27.5 022 5.8 £0 57 15.8 £0 441 15.8 +0.18 5.0 £0.183 32.5

Note: 'p<0.01; ?p<0.05; *p<0.001; p<0.1
Source: compiled by the authors

On the other hand, in Siamese females, exploration
of territory — walking around the apartment, exploring,
jumping, and scratching their claws - was more pro-
nounced in the state of agitation (SIA?: p<0.001). While
a statistically substantial predominance of the duration
of this behavioural act at rest was established for a
male of the British breed (BRIg": p<0.05).

Imitation of hunting in the form of playing was
substantially more often recorded at rest in experimen-
tal animals (SIA? and PER®, p<0.001). The identified
differences in this behaviour in the Siberian female and
the British Shorthair breed are unreliable (p<0.1). In-

5
4
3
2
1
0
1
2345678910111213
14 15 414 17 1g

ESIA? ESIB? BRI? BRIg PER?

terbreeding differences in the duration of behavioural
acts are largely determined by the personal factors of
animals. If at rest these differences are statistically sub-
stantial (from p<0.001 to p<0.01), then in the agitated
state they are more often tendentious (p<0.1).

In general, studies of the daily dynamics of be-
havioural responses showed a fairly long time of activity
of animals under study (4-5 points) in the morning (from
6:00 to 9:00), in the afternoon (from 13:00 to 15: 00, no
higher than 3-4 points), and a short flash of activity (3-5
points) —in the twilight hours (19:00-20:00).As a rule, out-
breaks of activityare shortandrarelyreach 5 points (Fig.1).

Figure 1. Daily activity of purebred cats

Source: compiled by the authors

A decrease in activity (in the range of 1-3 points)
was recorded for 9:00-12:00. Cats sleep and rest (0-1
points) quite often, namely in the morning - (from 5:00
to 7:00 and from 10:00 to 12:00) and in the evening
22:00-24:00. Genetically close Siberian and Persian cats
also sleep in the afternoon for one hour (15:00-16:00
and 17:00-18:00, respectively), and the British Short-
hair - at night (0:00-4 :00). On average, according to the

point score (2-3 points), acts of behaviour of purebred
cats most often occur at night (1:00-4:00). In the morn-
ing (8:00-9:00), they can alternate with napping (SIA%),
and in the evening (21:00-24:00) - with sleep (BRI? and
SIB?), as well as with napping (PER®). Statistical analy-
sis was performed using Kendall's rank correlation coef-
ficient to verify the relationship between the frequency
of short-term cycles of cats of different breeds (Table 4).
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Table 4. Assessment of the reliability of the frequency of occurrence of short-term cycles of cats of different breeds
(based on Kendall's rank correlation coefficient)

SIA? BRI? SIB? PER?R BRI Tkr
SIAQ 1 0.37* 0.1* 0*
BRI? 1 0.32* 0.27* 0.4*
0.29
SIB? 0.36**
PERR 1

Note: for all the examined pairs, the Student's criterion p<0.05* - coincidence of temperament; ** - temperament is

different
Source: compiled by the authors

Observations of animals with different temper-
aments showed a predominance of the factual value
of the rank correlation coefficient (t) compared to the
critical value (Tcr), which allowed concluding that there
is a substantial consistency between the traits under
study. In a pair of shorthair cats of the Siamese (SIA®)
(sanguine cat) and British Shorthair (BRI®) (melanchol-
ic cat) breeds (0.37>0.29; p<0.05). A similar pattern is
observed when comparing the frequency of short-term
rhythms of fairly active, mobile, and freedom-loving
cats of the British Shorthair and Siberian (SIB?) breeds
(sanguine cat) (0.32>0.29; p<0.05). As well as cats of
Siberian and Persian breeds (PER®) (animals with san-
guine and melancholic traits) the factual value of the
rank correlation coefficient (tr) was also more than the

critical (Tcr) (0.36>0.29; p<0.05). On the other hand, in
a pair of “Siamese - Persian” cats, the rank correlation
coefficient is zero, that is, the ranking of the frequen-
cy of manifestation of short-term rhythms is linearly
independent (they do not reliably correlate with each
other). Pronounced proximity to zero of the absolute
value of the correlation coefficient in the “Siamese -
Siberian” pair (0.1<0.29; p<0.05) and less than the ac-
tual value of the rank correlation coefficient (t) com-
pared to critical (Tcr) in the “British - Persian” pair
(0.27<0.29; p<0.05) suggests a slight correlation be-
tween the traits. A comparison of the sexual character-
istics of the manifestation of the main behavioural acts
and synchronisation of daily cycles was conducted in
pairs (BRI? and BRIg) (Fig. 2).

Three-year-old female (BRI?)
of the British Shorthair breed

Six-year-old male (BRI &) of
the British Shorthair breed

Figure 1. Daily activity of purebred cats

Source: compiled by the authors

Both males and females spend six hours a day
sleeping and napping (25.0%). For the female, deep
sleep lasts at night (from 23:00 to 4:00), and for the
male - in the morning (5:00-6:00). In addition, the sleep
phase in the male was recorded both at night (3:00-
4:00) and during the day (14:00-15:00). The phases of
the greatest activity (4-5 points) in both sexes coincide
in time. For the female, these indicators were detected

Scientific Horizons, 2023, Vol. 26, No. 2

in the morning (at 9:00), from lunch (13:00) to twilight
(19:00), and for males, such activity was recorded in the
morning during 9:00-12:00 and in the evening at 20:00.
Average activity (3 points) in animals of both sexes was
recorded during daylight hours. For the BRI? female
(7:00-8:00; 10:00-12:00) and in the evening at 20:00.
And for the BRIG' male (7:00-8:00; 16:00-19:00), in the
evening and at night (21:00-2:00).




In accordance with the points assessment of the
activity of animals of the British Shorthair breed in
the pair BRI? and BRIg, the results obtained were con-
firmed statistically. When the values of Kendall's rank
correlation coefficient are 0.4 and the critical point is
0.29|t|>Tkr (p<0.05). Therefore, the reliability of the cor-
relation between the manifestation of behavioural acts
and the synchronisation of the daily activity of these
animals is confirmed.

The results obtained, which characterise the tem-
perament and character of cat breeds, differ little from
those described in the literature. Active, mobile cats of
the Siamese, British, and Siberian breeds are very free-
dom-loving and, moreover, British females do not like
excessive affection, often show waywardness, demon-
strate aristocracy with all their appearance. Siamese cats
are aggressive and vindictive, often showing jealousy.
The Siberian like to climb and play hunting. But cats of
the Persian breed prefer a slower pace of life, a calm at-
mosphere, and an affectionate attitude. More often they
move onthe ground and are nottendto climbtrees.These
cats enjoy playing with toys, but also enjoy a relaxing
rest in a secluded place (Cosgrove, 2022; Crowley, 2019).

According to the data of M. Mendl et al. (2010), it was
confirmed that the dependence of the duration of be-
havioural responses and animal activity is determined ge-
netically (i.e.,depending on temperament).And according
tothe opinion (Stamps et al.,2010) - it is formed under the
influence of an external stimulus or environmental con-
ditions at the time of manifestation of a behavioural act.

In an extended review of cats, Travnik et al. (2020)
identified the main parameters of temperament, name-
ly: activity, courage, friendliness, aggressiveness, open-
ness, impulsivity,and dominance. However, according to
M.Arahori et al. (2016,) little attention is paid to investi-
gating the genetic basis of cat temperament. Although
the papers of L. Stella and S. Croney (2019) partially
confirmed expectations that animals with a proactive
behaviour style (active and brave) will show higher
motor activity. Instead, those with reactive responses
to the stimulus (passive or fearful behaviour styles) are
characterised by low motor activity.

Based on the results obtained and according to
(Stella et al., 2019), it is possible to state a decrease in
the duration of innate acts of behaviour from lively, ac-
tive representatives of the Siamese and Siberian to the
slow aristocracy of the British Shorthair breed. Regard-
ing the duration of acquired behavioural acts, there is
an increase in the indicator between the Siamese, Sibe-
rian, and British Shorthair breeds. In lazy Persian cats,
innate and acquired behaviours tend to align.

Only based on studies aimed at assessing the ge-
netic correlation of heredity and temperament traits
of animals (activity level, ability to contact people and
others), the authors (Salonen et al., 2019) stated dif-
ferences in behaviour between breeds with different
temperaments. The results of this study showed unreli-
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ability (p<0.1) of differences in the behaviour of breeds
with the same temperament, whereas in animals with
different temperaments, they were statistically sub-
stantial (p<0.05) for both behaviours.

In addition, the studies conducted by S. Mikkola
(2021) established the existence of a relationship be-
tween the genetic characteristics of the breed and the
behaviour with personal factors (the nature of the con-
dition) of the animal. The identified predominance of the
duration of innate behavioural acts (sleep and rest) - at
rest, acts of optional behaviour — on days of increased
activity of animals is offset by the integration (Dotsen-
ko, 2019) of conditional and unconditional reflexes as
part of unitary behavioural reactions (self-cleaning and
toilet). Certain differences in behaviour both within the
breed and between different breeds are genetically de-
termined and are formed as a result of the adaptation
of the animal body to certain living conditions.

The realisation that observing the behaviour of cats
over relatively long intervals provides greater efficien-
cy in creating a behaviour model as a reflection of the
personality of the animal (Stella et al., 2019) prompted
a statistical comparison of the selected samples using
Kendall's rank correlation coefficient (Bakhrushin,2011).

The observation of animals with different tempera-
ments demonstrated a predominance of the factual val-
ue of the rank correlation coefficient (t) compared to the
critical value (Tcr), which allowed concluding that there
is a substantial consistency between the traits under
study (Trouwborst, 2020). The results of the study once
again proved that the behaviour and motor activity of
animals with the same temperament do not correlate
with each other. According to the points assessment of
the activity of animals of the British Shorthair breed (in
BRI? and BRI pair), the authenticity of correlations of
the manifestation of behavioural acts and synchronisa-
tion of the daily activity of the animals, due to specific
breed characteristics formed during breeding under the
influence of humans, can be certified.

CONCLUSIONS

The research on the adaptation of purebred cats,
from the standpoint of the manifestation of the main
forms of behaviour, behavioural acts, and daily cycles,
confirmed their dependence on the genetic character-
istics of the breed, personal factors of the condition of
the animal, and the effect of an external stimulus or
environmental conditions at the time of occurrence.

Adecrease inthe duration of innate behavioural acts
and an increase in the duration of acquired behavioural
acts were identified from lively, active representatives
of the Siamese and Siberian to the slow British Short-
hair breed. In lazy Persian cats, obligate and faculta-
tive behavioural responses tend to equalise (p<0.1).

The dependence of cat behaviour on temperament
is was established. Sanguine cats showed a tendency to
reduce the duration of facultative behavioural responses
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compared to innate ones (p<0.1). While in melancholic
cats, this ratio is diametrically opposite (p<0.01). Differ-
ences in the behaviour of breeds with the same tem-
perament are unreliable (p<0.1), while in animals with
different temperaments, they are statistically substan-
tial (p<0.05) for both behaviour forms.

The identified predominance of the duration of
innate behavioural acts (sleep and rest) - at rest, acts
of optional behaviour - on days of increased activity
of animals is levelled by the integration of conditional
and unconditional reflexes in the composition of uni-
tary behavioural reactions (self-cleaning and toilet).
Statistical analysis of verification of the frequency of
occurrence of individual short-term cycles of cats of
different breeds showed the presence of substantial
consistency between the traits in animals with differ-
ent temperaments, while the behaviour and motor ac-
tivity of animals with the same temperament do not
correlate with each other.

Noticeable differences in the behaviour and ac-
tivity of male and female purebred cats are poorly
expressed because the temperament and character of
these animals are determined by specific breed char-
acteristics that were formed during breeding under
the influence of humans. That is why this requires fur-
ther research.

ACKNOWLEDGEMENTS

We would like to take this opportunity to express our
sincere gratitude to the teachers and students of the
Faculty of Chemistry and Biology of the Ternopil Volo-
dymyr Hnatiuk National Pedagogical University and
personally to the associate professor of the Department
of Botany and Zoology N.V. Moskalyuk for his help in
collecting the material.

CONFLICT OF INTEREST
None.

REFERENCES

[1] Arahori, M., Hori, Y., Saito, A., Chijiiwa, H., Takagi, S., Itov, Y., Watanabe, A., Inoue-Murayama, M., & Fujita, K.
(2016). The oxytocin receptor gene (OXTR) polymorphism in cats (Felis catus) is associated with “Roughness”
assessed by owners. Journal of Veterinary Behavior, 11,109-112. doi: 10.1016/j.jveb.2015.07.039.

[2] Bakhrushin, V.E. (2011). Methods of data analysis: A study guide for students. Zaporizhzhia: KPU.

[3] Bioethics Commission of Ternopil National Medical University. (2021). Retrieved from https://www.tdmu.edu.
ua/wp-content/uploads/2021/12/bioetyka-skan-1.pdf.

[4] Breed standards. (2023). Retrieved from http://fifeweb.org/wp/breeds/breeds_prf stn.php.

[5] Calvert, AM., Bishop, CA., Elliot, R.D., Krebs, E.A., Kydd, T.M., Machtans, C.S, & Robertson, GJ. (2013).
A synthesis of human-related avian mortality in Canada Avian. Conservation and Ecology, 8(2),article number 11.
doi: 10.5751/ACE-00581-080211.

[6] Cosgrove, N.(2023). Top 11 most aggressive cat breeds. Retrieved from https://petkeen.com/most-aggressive-
cat-breeds/.

[7] Crowley,S.L., Cecchetti, M., & McDonald, R.A. (2019). Hunting behaviour in domestic cats: An exploratory study
of risk and responsibility among cat owners. People and Nature, 1(1), 18-30. doi: 10.1002/pan3.6.

[8] Dohertya, T.S., Glenc, A.S., Nimmod, D.S., Ritchiea, A.G., & Dickman, K.S. (2016). Invasive predators and global
biodiversity loss. PNAS, 113(40),11261-11265. doi: 10.1073/pnas.1602480113.

[9] Dotsenko, V.V.(2019). Zoopsychology. Kharkiv: MVS of Ukraine.

[10] Doylidov, V. (2021). Ethological methods for selection of young pigs for herd replacement. Scientific Horizons,
24(1),22-28.doi: 10.48077/scihor.24(1).2021.22-28.

[11] European convention for the protection of vertebrate animals
other scientific  purposes. (1999). Retrieved from
TXT/?uri=CELEX%3A21999A0824%2801%29.

[12] Fauna of the Western region of Ukraine: Biological classification, state of diversity, ecology, genetics, protection,
educational and methodological aspects of teaching. (2021). Retrieved from https://nddkr.ukrintei.ua/view/rk/
€9936d659692a672e05c8a087cf1798a.

[13] Faure,).M., & Mills,A.D. (2014). Improving the adaptability of animals by selection. In Genetics and the Behavior
of Domestic Animals (pp. 291-316). London: Academic Press. doi: 10.1016/B978-0-12-394586-0.00008-1.

[14] Jensen, P. (2017). The study of animal behaviour and its applications (3 ed.). CABI Books.
doi: 10.1079/9781786391650.0003.

[15] Katzen, G.B. (2008). Katzen: Verhalten. Pflege und Haltung. Rassen. Munich: Bassermann Verlag.

[16] Krauze-Gryz, D., Gryz, J., & Zmihorski, M. (2018). Cats kill millions of vertebrates in Polish farmland annually.
Global Ecology and Conservation, 17, article number e00516. doi: 10.1016/j.gecco0.2018.e00516.

[17] Loss, S.R., & Marra, PP. (2017). Population impacts of free-ranging domestic cats on mainland vertebrates.
Frontiers in Ecology and the Environment, 15(9), 502-509. doi: 10.1002/fee.1633.

used for experimental and
https://eur-lex.europa.eu/legal-content/EN/

Scientific Horizons, 2023, Vol. 26, No. 2



https://www.sciencedirect.com/science/article/abs/pii/S1558787815001392
https://www.yumpu.com/it/document/view/10738868/-
https://www.tdmu.edu.ua/wp-content/uploads/2021/12/bioetyka-skan-1.pdf
https://www.tdmu.edu.ua/wp-content/uploads/2021/12/bioetyka-skan-1.pdf
http://fifeweb.org/wp/breeds/breeds_prf_stn.php
https://www.ace-eco.org/vol8/iss2/art11/
https://petkeen.com/most-aggressive-cat-breeds/
https://petkeen.com/most-aggressive-cat-breeds/
https://besjournals.onlinelibrary.wiley.com/doi/full/10.1002/pan3.6
https://www.pnas.org/doi/10.1073/pnas.1602480113
[1]	https://dspace.univd.edu.ua/xmlui/bitstream/handle/123456789/6568/Zoopsykholohiia_navchalnyi%20posibnyk_Dotsenko%20V_2019.pdf?sequence=1&isAllowed=y
https://sciencehorizon.com.ua/en/journals/tom-24-1-2021/yetologichni-priyomi-vidboru-molodnyaku-svinyey-dlya-ryemontu-stada
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A21999A0824%2801%29
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A21999A0824%2801%29
https://nddkr.ukrintei.ua/view/rk/e9936d659692a672e05c8a087cf1798a
https://nddkr.ukrintei.ua/view/rk/e9936d659692a672e05c8a087cf1798a
https://www.sciencedirect.com/science/article/pii/B9780123945860000081
https://www.cabidigitallibrary.org/doi/10.1079/9781786391650.0003
https://www.amazon.de/Katzen-Verhalten-Pflege-Haltung-Rassen/dp/3809421812
https://www.sciencedirect.com/science/article/pii/S2351989418303196
https://esajournals.onlinelibrary.wiley.com/doi/10.1002/fee.1633

Shevchyk et al.

[18] Loss, S.R., Will, T., Longcore, T., & Marra, P.P. (2018). Responding to misinformation and criticisms regarding
United States cat predation estimates. Biological Invasions, 20, 3385-3396. doi: 10.1007/s10530-018-1796-v.

[19] MendL, M., & Harcourt, R. (2000). [ndividuality in the Domestic Cat: Origins, Development and Stability. Cambridge:
Cambridge University Press.

[20] Mikkola, S., Salonen, M., Hakanen, E., Sulkama, S., & Lohi, H. (2021). Reliability and validity of seven feline
behavior and personality traits. Animals, 11(7), article number 1991. doi: 10.3390/ani11071991.

[21] Nagasawa, T., Ohta, M., & Uchiyama, H. (2020). Effects of the characteristic temperament of cats on
the emotions and hemodynamic responses of humans. PLoS ONE, 15(6), article number e0235188.
doi: 10.1371/journal.pone.0235188.

[22] Natoli, E., Litchfield, C., & Pontier, D. (2022). Coexistence between humans and ‘misunderstood’ domestic cats
in the anthropocene: Exploring behavioural plasticity as a gatekeeper of evolution. Animals, 12, article number
1717.doi: 10.3390/ani12131717.

[23] Palii, A.A. (2010). Differential psychology. Retrieved from https://symboldrama.if.ua/wp-content/
uploads/2020/03/a.a-palij-dyfyrencziana-psyhologiya.pdf.

[24] Pusis, E. (2021). 15 best american cat breeds. Retrieved from https://www.thesprucepets.com/american-cat-
breeds-4845523.

[25] Salonen, M., Vapalahti, K., Tiira, K., Maki-Tanila, A., & Lohi, H. (2019). Breed differences of heritable behaviour
traits in cats. Scientific Reports, 9, article number 7949. doi: 10.1038/541598-019-44324-x.

[26] Shevchyk, L.O., Kravets, N.Ya., & Grod, .M. (2021). The effect of stress on the hematological indicators of rats
Rattus norvegicus f. domesticus in the conditions of the biological experiment. Medical Perspectives, 1(21), 69-
77.doi: 10.26641/2307-0404.2021.1.227735.

[27] Stamps, J., & Groothuis, T.G. (2010). The development of animal personality: Relevance, concepts and
perspectives. Biological Reviews, 85(2), 301-25.doi: 10.1111/j.1469-185X.2009.00103.x.

[28] Stella, J., & Croney C. (2019). Coping styles in the domestic cat (Felis silvestris catus) and implications for cat
welfare. Animals (Basel), 9(6), article number 370. doi: 10.3390/ani9060370.

[29] Suprovych, T., Suprovych, M., Lighter-Moskalyuk, S., Trach, V., & Tokarchuk, T. (2022). Sickness rate of service
dogs in cynological centers of Ukraine. Scientific Horizons, 25(6), 32-45. doi: 10.48077/scihor.25(6).2022.32-44,

[30] Tarazona, A.M., Ceballos, M.C., & Broom, D.M. (2020). Human relationships with domestic and other animals:
One health, one welfare, one biology. Animals, 10, article number 43. doi: 10.3390/ani10010043.

[31] Travnik, 1.d.C., Machado, D.d.S., Gongalves, L.d.S., Ceballos, M.C., & SantAnna, A.C. (2020). Temperament in
domestic cats: A review of proximate mechanisms, methods of assessment, its effects on human-cat
relationships, and one welfare. Animals, 10, article number 1516. doi: 10.3390/ani10091516.

[32] Trouwborst, A., & Somsen, H. (2020). Domestic cats (Felis catus) and european nature conservation law -
applying the eu birds and habitats directives to a significant but neglected threat to wildlife. Journal of
Environmental Law, 32(3), 391-415. doi: 10.1093/jel/eqz035.

[33] Zapadnyuk, L.P., Zapadnyuk, V.I., Zakharia, E.A., & Zapadnyuk, BV. (1983). Laboratory animals. Breeding,
maintenance, use in the experiment. Kyiv: Vishcha school.

Scientific Horizons, 2023, Vol. 26, No. 2

17


https://link.springer.com/article/10.1007/s10530-018-1796-y
https://researchers.mq.edu.au/en/publications/individuality-in-the-domestic-cat-origins-development-and-stabili
https://www.mdpi.com/2076-2615/11/7/1991
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0235188
https://www.mdpi.com/2076-2615/12/13/1717
https://symboldrama.if.ua/wp-content/uploads/2020/03/a.a.-palij-dyfyrencziana-psyhologiya.pdf
https://symboldrama.if.ua/wp-content/uploads/2020/03/a.a.-palij-dyfyrencziana-psyhologiya.pdf
https://www.thesprucepets.com/american-cat-breeds-4845523
https://www.thesprucepets.com/american-cat-breeds-4845523
https://www.nature.com/articles/s41598-019-44324-x
http://journals.uran.ua/index.php/2307-0404/article/view/227735
https://onlinelibrary.wiley.com/doi/10.1111/j.1469-185X.2009.00103.x
https://www.mdpi.com/2076-2615/9/6/370
https://sciencehorizon.com.ua/en/journals/tom-25-6-2022/zakhvoryuvanist-sluzhbovikh-sobak-v-kinologichnikh-tsentrakh-ukrayini
https://pubmed.ncbi.nlm.nih.gov/31878310/
https://pubmed.ncbi.nlm.nih.gov/32867072/
https://academic.oup.com/jel/article/32/3/391/5640440
http://krolikovod.com.ua/biblioteka/zapadnyuk-i-p-zapadnyuk-v-i-zaxariya-e-a-zapadnyuk-b-v-%E2%80%93-laboratornye-zhivotnye-razvedenie-soderzhanie-ispolzovanie-v-eksperimente
http://krolikovod.com.ua/biblioteka/zapadnyuk-i-p-zapadnyuk-v-i-zaxariya-e-a-zapadnyuk-b-v-%E2%80%93-laboratornye-zhivotnye-razvedenie-soderzhanie-ispolzovanie-v-eksperimente

18

Behavioural adaptation of domestic animals...
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Ha NpukKnaai pisHUX nopia Korta ceincbkoro (Felis silvestris catus L., 1758)

Jlio6oB OMensHiBHa LLeBumnk

KaHouaoat 6ionoriyHnX HayK, AOLEHT
TepHOMiNbCbKMI HALLIOHANbHUIA NEefaroriYHUi yHiBepcuteT iMeHi Bonoanmupa MHaTioka
46027, Byn. M. KpuoHoca, 2, M. TepHoninb, YKpaiHa
https://orcid.org/0000-0003-0755-2193

IHHa MukonaiBHa Npog,

Kanoupat disnko-mMaTeMaTUYHUX HaYK, AOLEHT
TepHOMiNbCbKMI HALLIOHANbHUIA NEefaroriyHUi yHiBepcuTeT iMeHi Bonoanmupa THaTioka
46027, Byn. M. KpusoHoca, 2, M. TepHoninb, YkpaiHa
https://orcid.org/0000-0002-0785-2711

Harania flpocnasisHa Kpaseub

KaHampat 6ionoriyHnx Hayk, LOLEHT
TepHONINbCbKUIM HALiOHaNbHUI MeanYHMIA YHiBepcuTeT iM. |.4. TopbaueBcbkoro MO3 YkpaiHu
46001, Byn. 0. CnoBaubkoro, 2, M. TepHoninb, YkpaiHa
https://orcid.org/0000-0002-7593-1753

fApocnae CrenaHoBu4y CTpaBCbKMi

J[loKTOp BeTEpUHAPHUX HayK, CTApLUMi BUKNA[AY
TepHOMiNbCbKMIA HAWIOHANbHMIA MeanYHUi yHiBepcuTeT iMm. |.5. TopbayeBcbkoro MO3 YkpaiHu
46001, sByn. 0. CnoBaubkoro, 2, M. TepHoninb, YkpaiHa
https://orcid.org/0000-0001-6541-9097

Mapraputa AHatoniiBHa KpuxaHoBcbka

Kananaat cinbCbKorocnofapcbkux HayK, 4OLEHT
TepHOMiNbCbKMI HALLIOHANbHMIA NEefaroriyHKi yHiBepcuteT iMeHi Bonoanmupa [HaTioka
46027, Byn. M. KpuBoHoca, 2, M. TepHonisb, YKpaiHa
https://orcid.org/0000-0002-7802-5246

AHoTauis. HagMipHe 3pOCTaHHS aHTPOMOreHHOro HAaBAHTAXXEHHS Ha >XMBY MpUpody, @ CaMe HEKOHTPO/bOBaHe
BMKOPUCTAHHA MPUPOLHUX PEeCypCiB, BK/OYAYM BUPYOKY NiciB, BUAOOYTOK KOPUCHUX KOMaSMH, MapHOTPaTHI
CUCTEMWU  MPUPOAOKOPUCTYBAHHS, 3MEHLUEHHS OiOpi3HOMAHITTA 4Yepe3 iHTEHCMBHUI PO3BUTOK CiIbCbKOrO
rocnojapcTsa, a OCTaHHIM YacoM — BiMHa, BNIMBAKOTb HA YMOBU iCHYBAaHHS K AMKUX, TaK | CBIMCbKMX TBApUH. Y HOBUX
peanigx Cy4acHoro CBiTy AOMALUHi TBAPUHM, BTPaYaouM 3BUYHE NPUPOAHE cepesoBuiLe, 3MyLLeHi abo aganTyBaTucs
[0 3MiH, 360 MPUNMHUTU CBOE iCHYBaHHA. Memow pobomu BGyno BUBYEHHSI PiBHA aLaNTMBHOCTI OpraHiaMy KoTta
cBiricbkoro (Felis silvestris catus L. ., 1758) B AoMalHiX yMOB yTpuMMaHHSA. [na AOCATHEHHS METU 3aCTOCOBYBANM
[LOBroTpuBani MeToaM: AOOOBOro Bi3yasibHOTO CMOCTEPEXEHHS, BIOMKETY 4acy, 3 NOJANbWMM aHANiI30M [LaHMX
6inblwOoi aKTMBHOCTI TBapwuH. [OBediHKY KOTIB OLiHIOBaNM 3a LWeCTMOANbHOK LUKAIOK: iMIiTaLis NOMHOBAHHA —
AKTWMBHA Ipa 3 BUKOPUCTaHHAM irpawwku (5 6anis) Ta ornsag Teputopii, CTPUOKM, TOUIHHS KirTiB (4 6anwu); cninkyBaHHS
3 rocnofapeM — «nowyk iKi» Ta «naweHHsa» (3 6anu); ocobucTa ririeHa — NacMBHA NPOrynsHka, Tyanet (2 6anu);
BiANOYMHOK — CTaH «NiHMBOI ApiMoTu»(1 6an), ctaH rmbokoro cHy (0). MopiBHAHHSA 0BpaHux BUBIpOK 34iMCHIOBaNM
CTAaTUCTUYHO, 3 BUKOPUCTaHHAM KoedilieHTa paHroBoi kopensuii KeHpana. BctaHoBneHO, WO BHYTPiWHBO-NOPOAHI
Ta MiXNOPOAHi BiAMIHHOCTI TPMBaNOCTi MOBEAIHKOBMX aKTiB 06niraTHoi Ta (akynbTaTMBHOI (GOPM NOBELIHKMU B
3HaYHIM Mipi BM3HAYAETbCS TEMMEPAMEHTOM Ta XapaKTEpPOM MNiAfOCNiAHMX TBapuH. OnucaHo A060BY aKTMBHICTb
KiLLOK pi3HMX MOPif, WO BM3HAYAETLCSA HAKNAAAHHAM BNAMBY FEHETUYHO 0OYMOBMIEHMX LIMKNIB Ha CneumdivHi pucu
xapakTtepy i ¢dopMyeTbCsa B npoueci cenekuii nopig. CtaTUCTMYHO AOBEAEHO HASIBHICTb 3HAYHOI Y3rOAKEHOCTI MiX
LOCNiIKYBAaHUMM 03HAKaMM y TBAPUH 3 Pi3HUM TeMrnepaMeHTOM. 3a YMOBM NOAIOHOCTI TeMNepaMeHTy, NoBeaiHKa Ta
PYX0OBa aKTWUBHICTb MiX COOOI He KOPENoTb, @ BiAMIHHOCTI y NOBEAiHLI M aKTMBHOCTI CaML,iB i CAMOK MOPOAMCTUX
KOTiB BMpaxeHi cnabo. OBrpyHTOBaHO, WO OTPUMaAHI pe3ynbTaTv MOXYTb MOCAYXMUTU MiAFPYHTAM AN PO3YMiHHS
npobnem Ta CKNagHOCTEN, WO BUHMKAKOTL Y NOPOAUCTUX KILLOK B NpoLeci aganTalii 40 XUTTA nopag i3 NI0AUHOK i,
TUM CaMUM, 3a6e3ne4aTb OCMUCIIEHHS OCHOBHMX NPOSIBiB €TONONYHOI aAaNTUBHOCTI LOMALLHIX TBapUHY

KntouoBi cnoBa: eTonoriq; aganTMBHICTb; NOBEAIHKOBI aKTW; HENAEMIHHI KOTWU; NOPOAUCTI TBAPUHM
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individual productivity of potato plants of the Laperla, Granada, and Memphis varieties were formed when locally
applied in rows N,.R, K, against the background of semi-rotted manure, phosphorus-potassium fertiliser, and the
use of seed tubers with a fraction of >60 mm. As a result of the action of the factors under study, the number of
stems in the bush and under it increased. A strong direct correlation was established between the number of stems
in the bush and the number of tubers (r=0.78), with a coefficient of determination of 61.0%. The maximum yield
of potato tubers of the examined potato varieties (29.7-41.1 t/ha) was obtained by local application of N, R, K,
against the background of semi-rotted manure and phosphorus-potassium fertiliser,depending on the size of seed
tubers by the largest transverse diameter. It was identified that the use of tubers with a fraction of >60 mm for
planting the potato varieties under study is irrational since the consumption of seed material exceeds the yield
growth indicators. It was determined that Laperla, Granada, and Memphis tubers with a fraction of 28-60 mm are
optimal for planting potato varieties of different ripeness groups. The research results can be used to adjust the
elements of agricultural technology of seed potatoes, obtain high-quality planting material, and conduct profitable

agribusiness

Keywords: fertiliser; yield structure; individual plant productivity; variety; tuber size; tuber fraction

INTRODUCTION

Potatoes are one of the most widespread agricultural
crops in the world, which ranks fourth after rice, wheat,
and corn in terms of value and importance for the
world's population and ensuring food security. Potato
cultivation in many countries is conducted not only by
large agricultural enterprises but also by small farms.
This popularity of potato commercialisation is ex-
plained by its balance as a human food product, ani-
mal feed, and raw materials for the processing industry.
Modern potato varieties and hybrids have a high poten-
tial for adaptability and productivity, which is the basis
for obtaining stable high yields with valuable consum-
er, technical, and economic properties. Currently, many
potato varieties have been imported to Ukraine from
other countries, which are not yet fully adapted to the
new growing conditions. Therefore, studies of the re-
sponse of modern varieties to fertiliser optimisation
depending on the fraction of seed tubers are relevant
and of practical interest.

Balanced use of nitrogen, phosphorus and potash
fertilisers is an important factor for maximising crop
yields and achieving the desired quality. The study by
researchers (Kyryliuk et al., 2020; Biliavska et al., 2021;
Kotelnytska et al., 2021) confirmed the improvement of
the nutrient regime of the arable soil layer, optimisa-
tion of its agrophysical and water-physical indicators
by applying organic and mineral fertilisers, which are
mineralised by soil microorganisms and provide plants
with available nutrients. The positive effect of optimis-
ing potato fertiliser on the yield and quality of tubers
was noted in the works of many researchers. Accord-
ing to O. Iskakova and V. Gamajunova (2021), applica-
tion of mineral fertilisers in autumn (N,,P, K, ), before
planting (N,,P,.K,) and three-time foliar top dressing
(Plantafol, 6 kg/ha) at the beginning of budding in 8-10
days ensures the formation of tuber yield at the level
of 37-39 t/ha. The authors also investigated the effect
of optimising potato nutrition on reducing the content
of dry substances and starch in tubers and increasing
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the content of ascorbic acid. According to M. Polish-
chuk (2021a) application of organic and mineral fer-
tilisers (manure 40 t/ha+N, P, K. and manure 40 t/ha+
+N,,,P,,0K,,,) @and potato planting rates of 50 thousand
tubers/ha ensures the formation of the highest yield -
29.3 and 30.5 t/ha, respectively.

Now there is a discrepancy between the norms of
planting potatoes and the yield of tubers. Thus, the con-
sumption rates of planting material range from 3.0 to
5 t/ha, and the yield is only 11.0-16.0 t/ha, depending
on the year of cultivation (Polishchuk, 2021b). Thus, the
ratio between the yield and the planting rate (reproduc-
tion rate) is only 2.5-3.0, which makes the cultivation of
this crop economically impractical. The correct choice
of the size of planted potato tubers and compliance
with scientifically based planting density are the crucial
factors in solving this problem (Kumar & Aulakh, 2022).

A study by M. Sadawarti et al. (2021) established
the effect of seed tuber size on the overall yield and
output of commercial tubers. In the paper of S. Ebra-
him et al. (2018), a research on the effect of seed tuber
size (fractions 25-54,35-45,and 46-55 mm) on the pro-
ductivity of three potato varieties Gudenie, Jalene, and
Kellacho in Ethiopia is presented. It is established that
planting potatoes with large seed tubers ensures the
formation of a maximum yield of 42.9 t/ha.

Studies conducted in the northwestern part of India
are devoted to the examination of the influence of seed
tuber size (25-55 mm, 35-45 mm, 45-55 mm) on potato
tuber contamination and yield (Kumar et al., 2021). Re-
searchers identified that planting potatoes with medium
(35-45 mm) and large (45-55 mm) seed tubers reduces
the number and biomass of weeds, improves seed pro-
ductivity and increases potato yield to 42.6 and 42.9 t/
ha, respectively. However, they identified that it is more
reasonable to plant tubers of medium size (35-45 mm).

The fraction of seed tubers affects the stem-forming
ability of potato varieties (Ilchuk & Ilchuk,2021). The max-
imum potato stalk was formed byvarieties Kimmeriia (330




and 342 thousand stems/ha, respectively) and Shchedryk
(268 and 375 thousand stems/ha, respectively) when
planted withtuberswithafractionof245 mmand 260 mm.

Consequently, the production of high-quality pota-
to seed tubers is an important issue in traditional potato
growing regions and should be improved by optimising
agricultural technologies. Considering the above, the
solution to the problem of growing potato seed material
becomes relevant and requires the optimisation of ele-
ments of cultivation technology. The purpose of the study
was to establish the dependence of the formation of the
number of stems,the number of tubers under the bush,the
mass of tubers from one bush on fertiliser, the fraction of
seed material,and the varietal characteristics of potatoes.

MATERIALS AND METHODS

Research on the study of technology elements for pota-
to productivity was conducted during 2019-2021 in the
conditions of the farm “Olvia-S” (Sopyn village, Vinnyt-
sia district, Vinnytsia region). The territory of the farm is
located in the Forest-Steppe zone. The soil cover of the
territory where the study was conducted is represented
by deep low-humus medium-loamy chernozems. The
arable layer (0-30 cm) of the soil of the experimental
site has the following agrochemical indicators: humus
content (according to Tyurin) 4.42%, easily hydrolysed
nitrogen (according to Kornfield) - 12.0 mg/100 g, mo-
bile phosphorus (according to Chirikov) - 17.1 mg/kg
of soil, exchange potassium (according to Chirikov) -
17.8 mg/kg of dry soil, pH of salt extract - 6.5, hydrolytic
acidity - 1.44 mg-eq/100 g, the sum of exchange bas-
es is 35.2 mg-eq/100 g. The hydrothermal regime over
the years of research was contrasting. According to the
Vinnytsia meteorological station, during the growing
season of 2019, 317.0 mm fell, which is 28.0 mm less
than the annual average and 23.0 mm more than the
amount of precipitation in 2020. The highest amount
of precipitation (323 mm) was recorded in 2021. The
air temperature during all the years of research (2019,
2020, and 2021) was higher by 0.8, 0.1, and 0.2°C, re-
spectively, compared to the perennial average.

The three-factor field experiment was conducted
according to the following scheme:

Factor A - varieties: Laperla - early, Granada - me-
dium-early, Memphis - mid-season.

Factor B - fertiliser: 1. Control (without fertilisers);
2.40 t/ha of semi-rotted manure under the predecessor
+K, Mg, S, . +P,, (background); 3.Background +N, R, K.
(localapplication); 4.Background +N,.P, K, (local appli-
cation); background +N, P, K, (scattering application).

Factor C - tuber fraction (size according to the
largest transverse diameter, mm and weight, g): 1. size
<28 mm, weight 25-50 g; 2. size 28-60 mm, weight 51-
80 g; 3.size 60 mm, weight 81-100 g.

Potatoes were grown according to the generally
accepted technology for the Forest-Steppe zone. The
potato planting rate was: for the fraction of <28 mm -
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2-2.15 t/ha, 28-60 mm - 3.6-3.75 t/ha, 60 mm - 5.4-
5.55 t/ha. Basic seed material of potato varieties was
used for the study. The predecessor was winter wheat.
Semi-rotted manure was applied under the predeces-
sor - 40 t/ha. Potassium magnesium (K,;Mg,S,.) and
superphosphate (P, ) were applied for the main potato
cultivation. During planting, Azofoska (N,.R K ) was
applied either in a scattering technique for pre-sow-
ing cultivation. During the growing season of potatoes,
phenological observations of plant growth and devel-
opment were conducted and the following phases were
visually noted: germination, budding, flowering, and
tops dying off (Kutsenko et al., 2002). Individual pota-
to productivity was determined according to generally
accepted methods (Bondarchuk & Koltunov, 2019). The
fractional composition of seed potato tubers was deter-
mined by selection from all variants of the experimen-
tal sites in the first and third repetition. The mass of one
sample was 10 kg. Potato tubers in the selected samples
were divided into three fractions according to the larg-
est transverse diameter: less than 28 mm, 28-60 mm,
and over 60 mm. The number of tubers of each fraction
was counted, weighed, and determined as a percentage
of the total number. Accounting of tuber yield and de-
termination of potato seed productivity was conducted
in accordance with generally accepted methods (Kucen-
ko et al.,2002). The obtained results were processed ac-
cording to modern statistical methods using computer
programmes Excel and Statisaca 6.0.

RESULTS AND DISCUSSION

It is possible to ensure the full realisation of the ge-
netic potential of potato varieties by creating optimal
conditions for the growth and development of plants in
accordance with their needs during the growing season.
Individual potato productivity depending on fertiliser,
the fraction of planting tubers, and varietal characteris-
tics is shown in Table 1.

With an increase in the fraction of planting tubers,
the number of stems in the Laperla variety increased
from 3.1 to 3.6 pcs./bush, the number of tubers - from
6.1 to 6.5 pcs./bush, and the mass of tubers - from
358.1 to 391.3 g/bush on the version without fertilis-
er. Application of 40 t/ha of semi-rotted manure under
the precursor, potassium magnesia K, Mg, S, , and su-
perphosphate (P,), basic potato cultivation, and an in-
crease in the fraction of planting tubers contributes to
an increase in the number of stems from 3.3 to 3.9 pcs./
bush, the number of tubers - from 6.9 to 7.3 pcs./bush,
and the mass of tubers - from 438.2 to 484 g/bush. An
increase in individual potato productivity was observed
against the background of phosphorus-potassium fer-
tiliser and the aftereffect of semi-rotted manure and the
local application of Azofoska (N, R, K,). In this variant,
the number of stems increases from 3.5 to 4.0 pcs./bush,
the number of tubers - from 7.1 to 7.6 pcs./bush,and the
mass of tubers from one bush - from 499.8 to 548.7 g.
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Table 1. Individual potato productivity depending on fertiliser, seed tuber fraction, and variety, average for 2019-2021

: Quantity, pcs./bush
Fertiliser (factor C) Tuber fraction, mm = Y.P Mass of tubers, g/bush
(Factor B) stems tubers
Laperla variety - factor A
1 3.1 6.1 358.1
Control
(without fertilisers) 2 34 o3 3742
3 3.6 6.5 391.3
1 3.3 6.9 438.2
40 t/ha+K, Mg, S, +P,, 2 7.6 7.1 460.1
(background) 3 39 73 484
1 3.5 71 499.8
Background w.LN,m.RmK30 2 3.8 7.3 520.5
(local application) 3 4'0 7.6 548.7
1 3.7 7.5 545.3
Background J.rN45.P45K45 2 40 7.8 570.2
(local application) : : :
3 4.3 8.1 595.4
1 3.6 72 515.5
Background +N, P, K. 2 39 7.5 543.0
(scattering application) 3 4'2 7.8 571.0
Variety Granada - factor A
1 3.5 6.5 464.8
Control (without 2 37 6.7 483.1
fertilisers) 3 3'9 7.0 510.3
40 t/ha of manure 1 5.7 /.8 °81.9
+K, Mg, S, +P., 2 3.9 8.0 600.8
(background) 3 41 8.3 629.1
1 3.9 8.6 665.6
Background me.RSOKSO 2 4.2 8.8 688.2
(Local application) X 4'5 9.1 718.9
1 4.2 9.0 702.9
Background +N,.P, K. 2 45 9.2 725.9
(local application) 3 48 95 7553
1 4.1 8.8 864.6
Background + Ng P Ky, 2 43 9.0 7074
(scattering application) 3 44 9.3 735.6
Memphis - factor a variety
1 3.2 6.2 390
Control (without
fertilisers) 2 3.4 6.4 405.1
3 3.6 6.7 428.8
40 t/ha of manure 1 3.5 8.1 2224
+K, Mg, S, +P., 2 3.6 8.2 569.1
(background) 3 3.9 8.5 596.7
1 3.5 8.2 5773
Background + N, R, K., ) 33 8.5 606.1
(local application) 3 4'1 8.8 632.7
1 3.7 8.5 609.5
Background +N,.P,.K,, 2 40 8.9 645.3
(local application) 3 4'3 9.2 675.3
1 3.6 8.5 605.2
Background + NP Ky, P 3.8 8.7 625.5
(scattering application) 2 4'2 9‘0 653.4

Source: compiled by the authors
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The highest indicators of individual productivity
of potato plants are formed with an increase in the
fraction of planting tubers against the background of
phosphorus-potassium fertiliser and the aftereffect of
semi-rotted manure and the local application of Azo-
foska (N,,R,.K,.). For these options, the number of stems
per bush increases from 3.7 to 4.3 pcs., the number of
tubers per bush - from 7.5 to 8.1 pcs., and the weight
of tubers per bush - from 545.3 to 595.4 g. Application
of Azofoska by scattering under pre-sowing cultivation
(NgR.K,,) against the background of phosphorus-po-
tassium fertiliser and the aftereffect of semi-rotted
manure does not provide an increase in individual pro-
ductivity indicators compared to the previous version.
Therefore, it is more effective for plants to use nutrients
when applying fertilisers locally compared to applying
them in a scattering technique.

The highest indicators of individual productivi-
ty among the varieties under study were observed in
the Granada Variety at all variants of the experiment.
Thus, in the control (without fertilisation), the number
of stems was 3.5-5.9 pcs., the number of tubers under
the bush - 6.5-7.0 pcs., and the mass of tubers from one
bush - 464.8-510.3 g. Against the background of the
aftereffect of semi-rotted manure and phosphorus-po-
tassium fertiliser for the main cultivation of Granada
potatoes, an increase in the number of stems from 3.7
to 4.1 pcs., the number of tubers from one bush and
from 7.8 to 8.3 pcs., and the mass of tubers from the
bush from 581.9 to 629.1 g was observed, depending
on the fraction of planting tubers. Local application of
Azofoska in rows (N, R, K, ) against the background of
the aftereffect of semi-rotted manure and phospho-
rus-potassium fertiliser provided an improvement in
the indicators of individual productivity of the Granada
variety. Thus, in this variant, the number of stems is 3.9-
4.5 pcs./bush, the number of tubers is 8.6-9.1 pcs./bush,
and the weight of tubers is 665.6-718.9 g/bush, de-
pending on the fraction of planting tubers. The highest
indicators of individual productivity of the Granada va-
riety were identified in the local application of Azofoska
(N,.R,.K,.) against the background of the aftereffect of

457745 "45

Number of stems, pcs./bush
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manure and phosphorus-potassium fertiliser. Thus, the
number of stems increases from 4.2 to 4.8 pcs./bush,
the number of tubers - from 9.0 to 9.5 pcs./bush, and
the weight of tubers - from 702.9 to 755.3 g/bush, de-
pending on the fraction of planting tubers.

Application of Azofoska by scattering under pre-sow-
ing cultivation (N, R, K,,) against the background of the
aftereffect of semi-rotted manure and phosphorus-po-
tassium fertiliser does not provide an increase in the
number of stems and tubers in the bush, the mass of
tubers from one Granada potato bush compared to the
previous version. This indicates a smaller efficiency of
applying fertilisers in a scattering technique compared
to the local one. When applied locally, fertilisers are
placed at a certain depth of the soil with a better mois-
ture regime, where a zone with an increased concentra-
tion of nutrients is created. This contributes to the full
use of nutrients by plants during the growing season.

The number of stems in the bush also has a sub-
stantial impact on the potato yield In the process of
potato growth and development, each stem becomes
an independent plant that has its own root system,
forms stolons and tubers. A strong direct correlation
was established between the number of stems and
the number of tubers in the bush (r=0.78), with a co-
efficient of determination of 61.0 %. Thus, an increase
in the first indicator leads to an increase in the second
(Figure 1). The yield of potato tubers depends on the
productivity of each main stem, the number of stems
in the bush, and the number of plants per area unit.

During three years of research, the structure of
the potato yield was determined depending on the
fertiliser, the fraction of planting tubers and varietal
characteristics (Fig 2-4). As a result of the research, it
was identified that with an increase in the fraction of
planting tubers (from <28 to 60 mm) in the structure
of the potato yield, the share of the tubers with the
largest transverse diameter of 28-60 mm increases.
Thus, in the Laperla Variety, the proportion of tubers in
control (without fertilisers) with the largest transverse
diameter of 28-60 mm is 42-51.1%, depending on the
increase in the fraction of planting tubers (Fig. 2).

Number of tubers, pcs./bush

Figure 1. Correlation between the number of stems and the number of tubers in the bush

Source: compiled by the authors
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Figure 2. Structure of the Laperla potato yield depending on the fraction of seed tubers and fertiliser (2019-2021), %
Note: 1. Control (without fertilisers); 2. 40 t/ha semi-rotted manure under the predecessor +K ., Mg, S, +P. (background);

3. Background +N, R, K., (local application); 4. Background +N P, K,  (local application); 5. Background +N,

(scattering application).
Source: compiled by the authors

An increase in the fraction of planting tubers in the
control caused a decrease in the proportion of tubers
with the largest transverse diameter of >60 mm from
35.7 to 32.5%. This indicates that small planting tubers
usually form one or two main stems with a small num-
ber of stolons and tubers. However, during the harvesting
period, such potato plants usually form larger tubers. No-
tably, when planted with large seed tubers, more stems
and tubers are formed, but smaller. Local application of
Azofoska (N,.R,.K,.) against the background of the after-

45 V45" V45,
effect of semi-rotted manure and phosphorus-potassium

fertiliser provides the highest indicators (44.1-53.5%)
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36.1-36.637
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<28 mm

>28-60 mm

P K

60" 60 60

of the yield of potato tubers of the Laperla variety with
the size of the largest transverse diameter of 28-60 mm.
This indicator exceeds that on the control by 2.1-2.4 %.
The yield of tubers of the Laperla variety with the largest
transverse diameter of >60 mm in this variant is 35.1-
37.4%, which is 1.7-2.6% more compared to the control.
The highest rates of tuber yield (44.9-54.6%) for
the largest transverse diameter of 28-60 mm were pro-
vided by the medium-early Granada variety with local
application of Azofoska (N,.R,.K,) against the back-
ground of the aftereffect of semi-rotted manure and
phosphorus-potassium fertiliser (Fig. 3).

38 37.3 34.8 352 353 355 352 334 341 345 349 346

>60 mm

28-60 mm

425 432 439 440 446 487 4955 51 535 52,7 O&2 52.2 533 o4 543
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214202 19.1 17.1 18.1 16.5 153 131 11 121 154 137 122 105 111
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>60 mm

Figure 3. Structure of the Granada potato yield depending on the seed tuber fraction and fertiliser (2019-2021), %
Note: 1. Control (without fertilisers); 2.40 t/ha of semi-rotted manure under the predecessor +K Mg, S, +P.  (background);
3. Background +N R, K., (local application); 4. Background +N P,K,. (local application); 5. Background +N P, K,

(scattering application)
Source: compiled by the authors
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Notably, the proportion of tubers of this fraction var-
ied depending on the size of the tubers of the planting
material. Thus, the yield share of tubers of the Granada
variety with the largest transverse diameter of >60 mm
in this variant is 34.9-38.0%. The lowest yield rates of tu-
bers (10.5-17.1%) for the largest transverse diameter of
<28 mm were formed by the Granada variety depending
onthe fraction of planting material,which is 4.3-4.9% less
compared to the control. The best developed were plants
from seed tubers of a >60 mm fraction. However, the yield

100% -—
20% - —— ——
80% . 36.2 364 371 375 373 35 3
70%
60% -
50% -—

30% -—
20% —

10% 22— 20.9-19.617.6 184
0% L [ .
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40%hj4§4512441344494443_41945Q945LgASIAGZAT
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structure (excluding seed material) was maximal in the
case of planting slightly smaller tubers (fraction of 28-
60 mm), so along with the average seed fraction of tubers,
it is advisable to plant healthy small tubers (<28 mm).

The highest rates of tuber yield (44.9-54.3%) for
the largest transverse diameter of 28-60 mm were pro-
vided by the mid-season Memphis variety with local
application of Azofoska (N,R,.K,) against the back-
ground of the aftereffect of semi-rotted manure and

phosphorus-potassium fertiliser (Fig. 4).

>60 mm

28-60 mm

L1529 535 g4z 536

<28 mm

4 5 1 2 3 4 5
>60 mm

Figure 4. Structure of the Memphis potato yield depending on the fraction of seed tubers and fertiliser (2019-2021), %
Note: 1. Control (without fertilisers); 2. 40 t/ha semi-rotted manure under the predecessor +K. Mg, S, +P_ (background);

3. Background +N R, K., (local application); 4. Background +N P, K

(scattering application)
Source: compiled by the authors

The yield share of Memphis tubers with the larg-
est transverse diameter of >60 mm in this variant is
35.3-37.5%, which is 1.3-2.2% more compared to the
control. It is known that the yield of potatoes depends

(local application); 5. Background +N, P, K.,

45 45 °45

on the fraction of planting tubers. The features of the
formation of yields of three potato varieties of different
ripeness groups depending on fertiliser and seed tuber
fraction were examined (Fig. 5)

45 41.128
10 38976 39.5548
35.157
35 29791 33.198 31.0658 — without fertilizers (control)
30 T I T — 40 t/ha of semi-rotted
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ST o N | ] +K56Mg16S30+P30
20— L (background)
15 1 Background +N3zoP3oK3
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10 H Background +NysP4sK4s
5 1 (locally)
B Background +NgoPsoKeo
0+ ~ (scattered)
1 2 3 1 2 3 1 2 3
<28 mm >28-60 mm >60 mm

Figure 5. Yield of potato varieties of different ripeness groups depending on fertiliser
and factions seed tubers (2019-2021), t/ha
Note: 1. Laperla Variety; 2. Granada Variety; 3. Memphis Variety

Source: compiled by the authors
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On average, over three years, the highest yield of
tubers (41.13 t/ha) was provided by the medium-ear-
ly potato variety Granada in experimental plots where
Azofoska (N,R,.K,) was locally applied against the
background of the aftereffect semi-rotted manure and
phosphorus-potassium fertiliser, planted with tubers
with a fraction of >60 mm. The increase in tuber yield
was 32.6% compared to the control (without fertilisers).
The use of seed tubers with a fraction of >60 mm for
planting Granada potatoes increases theyield by 1.5 t/ha
compared to the fraction of planting tubers of 28-
60 mm with the same method and background of
fertilisation. Therefore, when noting yield gains from
planting large tubers, it is necessary to mention the
consumption of planting material. That is, the differ-
ence in the consumption of planting material between
the best two variants of the Granada potato variety in

the experiment was 1.85 t/ha. Consequently, the in-
crease in consumption of planting material was higher
than the resulting increase in the yield of tubers.

A similar pattern was obtained in the early-matur-
ing Laperla potato variety and the medium-maturing
Memphis variety,where the yield was 32.5 and 36.7 t/ha,
respectively, which is 34.2 and 36.5% more compared
to the control (without fertilisers). The yield increase
for planting these varieties with large tubers was 1.4
and 1.6 t/ha, respectively, and the difference in seed
material consumption was 1.8 t/ha. That is, the seed
material consumption on the variants for planting po-
tatoes of Laperla and Memphis varieties with tubers
with a fraction of >60 mm was also larger compared to
the yield increases of these two varieties. Yield of seed
potato varieties of different ripeness groups depending
on fertiliser and the fraction of planting tubers (Fig. 6).
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Figure 6. Yield of seed potato varieties of different ripeness groups depending on fertiliser
and seed tuber fraction (2019-2021), t/ha
Note: 1. Laperla Variety; 2. Granada Variety; 3. Memphis Variety

Source: compiled by the authors

The highestyield (22.45 t/ha) of seed potatoes (frac-
tion of 28-60 mm) was provided by the Granada variety
in experimental plots where Azofoska (N,.R,.K,.) was
locally applied against the background of the afteref-
fect of semi-rotted manure and phosphorus-potassium
fertiliser, planted with tubers with a fraction of >60 mm.
For local application of Azofoska (N,.R,.K,.) against the
background of the aftereffect of semi-rotted manure and
phosphorus-potassium fertiliser, planting tubers with a
fraction of 28-60 mm, the yield was 21.2 t/ha. However,
given the previously justified inexpediency of planting
potatoes with tubers of the maximum size (>60 mm),
due to the substantial consumption of planting materi-
al that was not overpowered by yield increases, it is ad-
visable to use seed tubers with a fraction of 28-60 mm.

It is possible to ensure the formation of high tuber
yields and increase resistance to adverse environmen-
tal conditions by providing potato plants with min-
eral nutrients adapted to their needs (Petropoulos et

Scientific Horizons, 2023, Vol. 26, No. 2

al., 2020; Salikhov et al., 2021; Naumann & Pawelzik,
2023). A study established that the application of min-
eral fertilisers affects the formation of the number of
tubers and their mass (Mhango et al., 2021). In the pa-
per of P. Meise et al. (2019), the role of nitrogen in po-
tato yield formation is highlighted. Sicilian researchers
S. Lombardo et al. (2020) substantiated the application
of nitrogen fertilisers (N,,,) on typical soils of the re-
gion under study to obtain maximum yields of potato
tubers with high consumer properties and increase the
profits of producers. The dependence of the formation
of individual potato productivity indicators on the ap-
plication of organic and mineral fertilisers is confirmed
by the obtained experimental data.

Similar studies by A. Podhaietskyi et al. (2019) con-
firm that the development of a large number of tubers
in potato plants depends on the genetic characteristics
of the variety or hybrid. The results are consistent with
studies conducted in Ethiopia. It was identified that




planting potatoes with large seed tubers (46-55 mm)
increases the number of stems and tubers per plant
(Ebrahim et al., 2018). S. Nasir and B. Akassa (2018) also
reported an increase in the number of stems and tubers
per plant when planted with large seed tubers. An in-
crease in the number of stems in one potato bush under
the influence of mineral fertilisers was also noted in the
study by Y. Ilchuk & R.Ilchuk (2021).Thus, applying min-
eral fertilisers (N, P, K.) increased the number of stems
inthe Shchedryk bush by 9.1 and 13.2% compared to the
control, depending on the size of the planting tubers.
According to researchers (Podhaietsky et al., 2019),
one of the main factors in the productivity of potato va-
rieties is the number of tubers formed in one plant. The
dependence of potato yield on the number of stems and
tubersinthebushis confirmed bythe conductedresearch.
The results of this study are also consistent with
those of D.AL-Taey et al.,(2008) on the positive impact of
the use of organic and mineral fertilisers on improving
the agrophysical condition of the soil, enhancing plant
growth and development, and crop yield. According to
U. Demirel (2023), to maximise the genetic potential of
potato varieties during the growing season, it is neces-
sary to create optimal conditions in accordance with the
needs of plants. V. Gamajunova et al. (2021) confirmed
that the selection of varieties and optimisation of plants
with nutrients provides an increase in the yield of pota-
to tubers by 64.7% compared to the control. M. Kravchuk
et al. (2019) identified that using the organic-mineral
fertiliser system (manure, 50 t/ha +straw, 3 t/ha +30 kg/
ha +green manure, 22.5 t/ha +N, P, K, ) increases the
yield of potato tubers by 28.3-30.6% compared to the
control. The data obtained is also consistent with the
studies by Polishchuk (2021a, 2021b), which report
the formation of the highest indicators of tuber yield
in the Serpanok variety at different planting rates (50-
60 thousand units/ha) on variants with the application
of organic and mineral fertilisers. Optimisation of ele-
ments of crop cultivation technology should ensure not
only an increase in their yield but also the profitability
of production (Kotelnytska, 2020). Therefore, when not-
ing yield gains from planting large tubers, it is neces-
sary to mention the consumption of planting material.
According to researchers (Singh et al., 2003), small
seed tubers lead to reduced productivity, while large
tubers become uneconomical due to their increased
cost. The findings of this stidy are also consistent with
the data from obtained by V. Kumar et al. (2021). Thus,
they received the highest net profit from planting po-
tatoes with medium-sized seed tubers compared with
small and large ones. Therefore, they also recommend
using medium-sized tubers (35-45 mm) to obtain high
yields of high-quality seed material and increase profit-
ability in Northwestern India.
It was identified that planting potatoes with medium
(35-45 mm) and large (45-55 mm) seed tubers provided
the formation of yields of small tubers (<35 mm) up to
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7.4 and 8.3 t/ha, respectively, and medium-sized tubers
(35-45 mm) up to 16.6 and 17.3 t/ha, respectively. The
highest yield of tubers (20.2 t/ha) of large size (>45 mm)
was obtained by planting small seed tubers (25-55 mm).

CONCLUSIONS

The formation of individual productivity indicators
of potato varieties (the number of stems and tubers
per bush, the mass of tubers per bush) depends on
the method and background of fertilisation, varietal
characteristics, and the fraction of seed tubers. Local
application of Azofoska (N,.R,.K,.) against the back-
ground of the aftereffect of semi-rotted manure and
phosphorus-potassium fertiliser provides an increase
in the number of stems and tubers in the bush, the
mass of tubers per bush, and the yield of potato variet-
ies of different ripeness groups Laperla, Granada, and
Memphis in Forest-Steppe conditions. The maximum
indicators of the yield structure and the number of
stems of Laperla, Granada, and Memphis varieties were
observed in the experiment, where with an increase in
the fraction of planting tubers against the background
of phosphorus-potassium fertiliser and the action of
semi-rotted manure, local application of Azofoska was
conducted (N,.R,.K,).

The highest yield rates of tubers of the Laperla,
Granada, and Memphis varieties, the size of which with
the largest transverse diameter of 28-60 mm, were ob-
tained in the experiment, where locally applied Azofos-
ka (N,.R,.K,;) against the background of the aftereffect
of semi-rotted manure and phosphorus-potassium fer-
tiliser for increasing the fraction of planting material.
The yield of tubers in the varieties Laperla, Granada,
and Memphis was 44.1-53.5%, 44.9-54.6%, 44.9-54.3%
accordingly, the proportion of tubers with the largest
transverse diameter of >60 mmvaried from 37.4t0 35.1%,
from 38.0 to 34.9%, and from 37.5 to 35.3%, respectively.

For rational use of seed material, potato varieties of
different ripeness groups Laperla, Granada, and Mem-
phis should be planted with tubers with a fraction of
28-60 mm. The inexpediency of using seed tubers with
a fraction of >60 mm is explained by an increase in the
consumption of planting material compared to the ob-
tained yield increases. In addition, the yield structure
(excluding seed material) was maximal when used for
planting seed tubers with a fraction of 28-60 mm. Fur-
ther research should focus on identifying the features
of the formation of seed productivity of potatoes de-
pending on the fertiliser and fraction of planting tu-
bers due to the emergence of new varieties, subject to a
change in the climate of the growing area.
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AHoTauif. PeanizyBatm MakCMManbHWMA FEHETUUYHWUIA NOTEHLiaN Cy4aCHUX COPTIB KapTOMAi MOXHA 33 paxXyHOK
YAOCKOHANIEHHS efleMeHTIB arpoTeXHONOrii, 30KpeMa ONTUMI3aLii XXMBAEHHS POC/MH, WO 3YMOB/IOE AKTYaNbHICTb
LbOro pocnigpkeHHs. Metoo pobotn 6yno obrpyHTyBaTM 0CO6AMBOCTI (OpPMYBaHHS NPOAYKTMBHOCTI KapTomi
3aNeXHO Bif, enemMeHTIB TeEXHONOrii BUpoLyBaHHS B yMoBax Jlicocteny. [onbosi AOCAIAXEHHS NTPOBOAMAN BNPOLOBX
2019-2021 pp. Ha YopHO3eMHMX rpyHTax. JocnigxeHo 0cobaMBOCTI pOCTy i pO3BUTKY COPTiB KapTonAi pisHMUX rpyn
cturnocri Jlanepna, [paHaga i Memdic B ymoBax Jlicocteny. BctaHOBNEHO, WO YPOXaMHICTb Ta BUXiA, HACIHHEBUX Bynbb
KapTonni AOCNIgKYBAaHUX COPTIB 3MIHIOETbCS 3aNeXHO Bif A03M i CNOCOOY BHeCeHHS [06puB, dpakuii cagMBHUX
6ynbb Ta copToBMX 0CcoBAMBOCTEN. HalBUMILI NOKA3HMKKM iHAMBIAYaNbHOT NPOAYKTUBHOCTI POCAMH KapTOMi CopTiB
Jlanepna, [paHaaa i Memdic chopmoBaHo 3a nokanbHoro BHeceHHs B paaku N, P, K, Ha doHi aii Hanisnepenpinoro
rHoK i POoChOpPHO-KaNiiHOro yAoOpEeHHs Ta BUKOPUCTAHHA HaCiHHEBMX Oynbb 3 dpakuieo >60 MM. Y pesynbrari
Lii pocnimkyBaHuX (HakTopiB 36iNbWYETbCS KinbKicTb cTeben y Kywi, KinbKicTb Ta Maca 6ynbb nif 0fHUM KylleM.
BcTaHoBneHO BMCOKOI cvAM NPSIMUIA KOPENsLiHUIA 3B130K MiX KinbKicTio cTeben y Kywwi i KinbkicTio 6ynbd (r=0,78),
3 koediuieHTOM feTepMiHauii 61,0%. MakcMManbHy ypoxarHicTb 6ynbb KapTonni AOCNiOXYBaHMX COPTIB KapToni
(29,7-41,1 t/ra) otpumanu 3a nokanbHoro BHeceHHa N, P, K,  Ha ¢oHi aii HaniBnepenpinoro rHoto i pocdopHo-
KaniMHoro yoobpeHHs 3anexHo Bif po3Mipy HaciHHEBUX Bynbb 3a HaMbiNbWMM NonepeyHnM agiaMeTpoM. 3'9CoBaHo,
WO BMKOpWUCTaHHS 6ynbb dpakuieto >60 MM ong capiHHS AOCNIAKYBaHWX COPTIB KapTOMi € He pauioHanbHUM,
OCKiNbKM BWTPaTW HACIHHEBOro MaTepiany NepeBMLLYIOTb MOKAa3HWMKM MPUPOCTY YpOXamHocTi. BusHayeHo, wWwo
ONTUMANbHUM NS CAAIHHS COPTiB KAPTONAi pi3HUX rpyn cturnocTi Jlanepna, lpaHaga i Memdic 6ynbb 3 dpakuieto 28-
60 MM. Pe3ynbTaT JOCNiLKEHb MOXYTb OYTW BUKOPUCTaHI A/ KOPeryBaHHS eeMeHTiB arpoTeXHoOorii HaCiHHEBOI
KapToni, OTPMMAHHS AKICHOIO CaAMBHOrO MaTepiany i BBeAeHHS NpubyTHOro arpobisHecy
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considering also soil temperature, using M5P regression model. This predictive model can be used in creation of
automated systems for optimal irrigation management and water saving

Keywords: plant water status; soil moisture; leaves color; canopy color; nonlinear estimation

INTRODUCTION

Various methods and sensors for soil moisture mea-
suring are available - direct and indirect, wireless or
not. In general, they are expensive and the process of
measuring soil moisture is labour-intensive, even over-
whelming on the agricultural fields with a huge size
of several thousand hectares, for example, or if it is a
matter of deploying thousands of sensors. This also in-
cludes the non-uniformity of irrigation throughout the
entire fields. That is why the relevance of the study is
determined by the search for alternative ways to mea-
sure soil moisture.

For centuries, farmers have known the condition of
their crops by their appearance and colour alone. Expe-
rienced farmers and professors from agricultural uni-
versities and faculties share their observations based
on years of experience that “When a plant (whatever it
is — tomato, pepper, wheat, etc.) is dried its leaves turn
dark green and when the soil moisture is too high the
leaves turn light green” (United Nations Development
Programme, 2021).

Irrigation is critical to global agricultural productiv-
ity. However, the most effective use of water for irriga-
tion and water-saving efficacy are frequently unexpect-
edly low (Jagermeyr et al., 2015). It is also estimated
that agriculture uses over 70% of global fresh water
supplies, with around half of this being lost and wasted
(United Nations Development Programme, 2021).

Tomatoes require hundreds of litres of water per
square metre.Nederhoff & Stanghellini (2010) note that
anaverage of 300-400 litres of water are used to produce
1 kg of fresh tomatoes in the open field, indicating that
the use of irrigation water is extremely high. The authors
point out that two other things are specific to watering
tomatoes: they require a moderate amount of moisture
in the soil. If the watering is overdone, in a short time
they form a powerful vegetative mass and less fruit. An-
other important fact arising from drowning is that to-
matoes are quite sensitive to soil deficiency of oxygen.

Koumanov et al. (2018) report on two well-known
conventional methods of monitoring the irrigation pro-
cess: groundwater monitoring and plant water moni-
toring. A number of authors emphasise the following
methods of measuring soil moisture: gravimetric ap-
proach, dielectric methods (TDR, FDR), neutron probe,
tensiometers (Bianchi et al., 2017), thermal probe, soil
psychrometer and resistance blocks (Pardossi et al.,
2000) are direct and indirect methods of monitoring
soil water status (Dobriyal et al., 2012). Some tech-
niques for measuring plant water status include ZIM
probes, pressure chambers (Levin, 2019), dendrometers,
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infrared thermometry measurements (Kalaidjieva et al.,
2015), pulse methods (Sela et al., 20007), infrared gas
analysers, and porometers.

Some researchers like Afzal et al. (2017) utilise
electrical capacitance and leaf thickness as indicators
of a plant's water condition in predicting plant water
status and conducting appropriate watering. Mahan et
al. (2015) consider canopy temperature as an indicator
of plant water status. Ko-Madden et al. (2017) employs
a proximal leaf monitoring device for determining
plant water status to provide precise irrigation in wine
grapes. The “sap flow method” measures flow directly
through the plant, but the sensor is affixed to the stem
and can limit development (Afonso et al., 2020).

The authors of this study suggest that plants them-
selves can be a kind of biosensor or “high-tech bioga-
dget”, an indicator of soil moisture, and therefore, the
purpose of the study is to develop an intelligent meth-
od for obtaining soil moisture values based on the co-
lour of tomato plants' leaves in the open field.

MATERIALS AND METHODS

The impact of field microclimate variables soil mois-
ture and soil temperature on the leaf colour (Fig. 1) in
field tomato plantations (Solanum Lycopersicum, “Ni-
kolina” variety, growing without stake) is the focus of
this research. The studies were conducted on the ex-
perimental field of Agricultural University of Plovdiv's
Faculty of Viticulture and Horticulture (Bulgaria), where
all environmental parameters and plants health are
kept at their peak. Tomatoes are sown in May. Colour
measurements are taken at the start of July, 24 hours
before watering. The climatic parameters of the field at
that time: the air temperature during the experiments:
about 31°C, humidity: 34%, illumination: 75.6 kix. The
days preceding the experiment were with extremely
high temperatures (about 40°C).

PCE RGB-1002 spectrum colorimeter and environ-
mental parameter measuring equipment PCE-EM 883
was utilised. RGB (red-green-blue) colour space is a ba-
sic additive colour model which is mixed with white.
Three values describe one colour: red, green, and blue.
Each colour percentage can be anywhere between 0%
and 100%. The RGB colour space is created using colour
perception theories and research.

The Frequency-domain sensors (FDR) for measur-
ing the volumetric water content Onset W-SMC and its
pre-calibration to the specific field soil are described by
Atanasov (2015). The volumetric water content (VWC) is
the ratio of water volume to soil unit volume.The sensor




for measuring the soil temperature is Onset WTMB.The
field's soil is an alluvial meadow with moisture on FC
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in the layer 0-40 cm equal to 30.9% VWC (Harizano-
va-Petrova & Ovcharova, 2015).

Figure 1. Example of the plants under study

Source: photo by the authors

Based on the authors plant measuring experience, a
methodology for conducting the experiment which was
used is proposed (Atanasov et al., 2016; Atanasov, 2021),
but in this study, the name “12-9-6-3"is given: 12 plants
studied, 9 plants for model creation (training data set),
6 RGB values from young leaves (from the top of every
plant, it’s the most upper part), 3 RGB values from old
leaves (from the bottom part) for each plant were mea-
sured and 3 plants for model testing (testing data set).

The procedure of training classifiers using the
training data set consists of three steps. Step one:
training a classifier — with a full training data set (9
plants, 54 young and 27 old leaves values). Step two:
creating and storing a suitable model and stet three:
testing the stored model with additional testing data
set (3 plants, 18 young and 9 old leaves values).

Modelling does not account for instances of ill
or diseased plants with discoloured leaves. The both
testing and training data sets are numerical that trying
to predict numerical values, which includes a regres-
sion problem. Classifier is trained using entire training
data (referred into tables as “all leaves”), as well small
datasets filtered using specific criteria (referred into
the tables as “young leaves” and “old leaves”).

It has been proved that the plant's young leaves
are the most informative about the necessity of irri-
gation (Atanasov et al., 2016; Atanasov, 2021). As a
result, twice as many RGB colour samples are collect-
ed, and twice as many sample values are displayed in
Table 1. At each measurement, the colour values are
measured manually and randomly, one by one, from
different leaves.

Table 1. Examples of training data

W R 6 e b U g o 5 s
1 young 111 123 89 1741 21.72 5 old 150 170 105 20.39 23.67
1 young 122 140 100 1741 21.72 6 young 122 142 88 17.74 23.09
1 old 153 176 112 1741 21.72 6 young 135 168 98 1774 23.09
2 young 128 146 103 1594 2268 6 old 144 163 107 17.74 23.09
2 young 133 150 102 1594 2268 7 young 139 159 100 2044 2316
2 old 142 161 98 15.94 22.68 7 young 130 152 99 20.44 23.16
3 young 106 120 83 14.55 23.85 7 old 178 194 108 2044 2316
3 young 128 143 87 14.55 23.85 8 young 152 167 118 25.56 24.92
3 old 140 156 98 14.55 23.85 8 young 143 160 110 25.56 2492
4 young 108 124 92 18.73 23.50 8 old 131 148 99 25.56 24.92
4 young 120 138 92 18.73 23.50 9 young 140 158 102 17.29 24.22
4 old 132 151 100 18.73 23.50 9 young 143 164 103 17.29 24.22
5 young 130 149 102 20.39 23.67 9 old 162 186 122 17.29 24.22
5 young 140 158 114 20.39 23.67

Source: developed by the authors
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Table 1 contains only sample input data. The colour
measurements are made directly on each random leave
with above mentioned pre-calibrated RGB colorimeter,
not from photos. Soil moisture and soil temperature are
measured once for each plant, near the stem, on 25-
30 cm soil depth. Temperature of the soil is in degrees
Celsius,and moisture of the soil is in percentages of VWC.

In this study, gravimetric soil moisture was also
measured. The equipment is shown in Figure 2. The
value obtained for the gravimetric soil moisture in the
layer 0-20 cm (the root zone for tomatoes) is 22%. This
corresponds to the average value for the obtained vol-
umetric humidity, which ranged from 15% to 22% VWC
in the measurements.

Figure 2. Equipment for gravimetric soil moisture measuring

Source: photo by the authors

The models of the relationship soil moisture - leaf
colour were created using capabilities of the software
applications Statsoft Statistica and Weka (Eibe et al.,
2016; Hall et al., 2009). Linear and nonlinear MLAs
were used in the modelling.

RESULTS AND DISCUSSION

Normal distribution check. The RGB colour model's
Gaussian distribution is verified, and it can be found
in the majority of colour components. Conclusions in

Table 2 regarding the Gaussian distribution are made
using the Shapiro-Wilk test and its significance lev-
el (probability). The values for W and p>>0.05 imply
that the data is normally distributed. The results re-
veal that, with the exception of the R component in
old leaves, all components have a Gaussian distribu-
tion. Table 2 also includes parameters: the arithmetic
mean value, the standard deviation, median. The last
two parameters: asymmetry and excess show how the
distribution is deformed.

Table 2. Normal distribution check of RGB colour values; before irrigation

Young leaves

Colour Mean SD Median Skew. Kurt. Shap-Wilk W p Gauss. Distr.
R 131.17 15.97 132.50 -0.31 -0.83 0.963 0.097 Yes
G 149.63 18.41 151.00 -0.10 -0.41 0.972 0.226 Yes
B 100.46 9.66 102.00 -0.47 -0.31 0.967 0.140 Yes
Old leaves
Colour Mean SD Median Skew. Kurt. Shap-Wilk W p Gauss. Distr.
R 145.78 17.38 142.00 1.02 0.75 0.921 0.042 No
G 164.85 18.18 161.00 0.94 0.89 0.939 0.114 Yes
B 105.93 9.43 107.00 -0.04 -0.36 0.973 0.701 Yes

Source: developed by the authors

Training of classifier and storing of model. Seven re-
gression algorithms for testing have been chosen.When
evaluating regression algorithms, two parameters are
particularly important: correlation coefficient and the
root mean squared error. The correlation coefficient in-
dicates how well the predictions correlate or change in
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relation to the actual output value. A value of O reflects
the worst-case scenario, while a value of 1 represents
a group of predictions that are completely correlated.

Root-mean-squared error — a metric that indicates
how close the model's predictions are to the actual
target values. It is the square root of the mean square




error, which is the sum of the squared deviations be-
tween the predicted and actual values. This statistic can
be used to calculate the average error rate of a given
prediction. (Brownlee, 2016). In the tables below, three
further indications are presented for each MLA: mean
absolute error, mean value, and relative absolute error.

Mean absolute error - a metric determining how
accurate forecasts or predictions are in terms of actual
outcomes.The Relative absolute error (also known as the
Root relative squared error) is calculated by dividing the
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Mean absolute error by the ZeroR classifier error (a clas-
sifier that ignores all predictions and chooses the most
often occurring value).Amount bywhich the result differs
from the true value is known as absolute error. The rela-
tive error is a measure in % compared to the real value.

Applying Zero Rule Regression (ZeroR). This is a
fundamental method in the regression algorithm that
predicts the mean of the training dataset (Eibe et al.,
2016; Brownlee, 2016; Bouckaert et al., 2009). Table 3
shows the obtained results.

Table 3. Zero Rule Regression Results

All leaves Young leaves Old leaves
Correlation coefficient -0.30 -0.33 -0.60
Mean absolute error 2.33 2.36 2.46
Root-mean-squared error 3.06 3.06 3.16
Relative absolute error 100% 100% 100%
Root-relative squared error 100% 100% 100%
The mean value 18.67 18.67 18.67

Source: developed by the authors

For the whole set of training data, the ZeroR algo-
rithm predicts a mean soil moisture value of 18.67 (in%
volumetric water content) and a root-relative squared
error of 3.06. Every other suitable and working MLA
must have a greater value.

Linear Regression. When there are more instanc-
es than attributes, this technique works well (Witten,
2013). The linear algorithm assumes that the predicted
attribute has a linear relationship with the other input
attributes. Table 4 shows achieved outcomes.

Table 4. Linear Regression Results

All leaves Young leaves Old leaves
Correlation coefficient 0.52 0.51 0.25
Mean absolute error 2.16 2.16 243
Root mean squared error 2.61 2.62 3.12
Relative absolute error 92.80% 91.55% 99.02%
Root relative squared error 85.30% 85.72% 98.73%

Source: developed by the authors

Thus, the analysed parameters have a confirmed
extremely non-linear connection. As a result, au-
thors continue with nonlinear algorithms modelling.
Locally Weighted Learning (LWL) Regression. Authors

use an instance-based algorithm to assign instance
weights which are then used by a specified weighted
instances handler (Huan et al., 2021). Table 5 shows the
outcomes achieved.

Table 5. Locally Weighted Learning Regression Results

All leaves Young leaves Old leaves
Correlation coefficient 0.80 0.80 0.79
Mean absolute error 1.39 1.40 1.50
Root-mean-squared error 1.81 1.82 1.84
Relative absolute error 59.54% 59.29% 60.65%
Root-relative squared error 59.31% 59.50% 58.46%

Source: developed by the authors
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Utilising Model Tree Regression (M5P). The model
is a tree, with each leaf containing a linear regression
model (Witten, 2013). R. Quinlan created the original

Table 6. Model Tree Regression Results

M5 algorithm, and Yong Wang improved it. Table 6 dis-
plays the acquired results.
There are six linear models (LM) in the nonlinear model:

All leaves Young leaves Old leaves
Correlation coefficient 0.91 0.84 0.51
Mean absolute error 1.24 1.49 2.06
Root-mean-squared error 1.47 1.80 2,61
Relative absolute error 53.35% 62.90% 83.83%
Root-relative squared error 48.20% 58.67% 82.84%
Number of Rules (Leafs) 6 6 8
Source: developed by the authors
LM num: 1 LM num: 3 LM num: 5

Soil_Mois=0.0921
*Soil_Temp+14.6772
LM num: 2
Soil_Mois=0.6291
*Soil_Temp+3.0529

Soil_Mois=1.1355
*Soil_Temp-7.3392
LM num: 4
Soil_Mois=3.8151
*Soil_Temp-70.7297

Soil_Mois=5.5662
*Soil_Temp-115.8946
LM num: 6
Soil_Mois=4.4335
*Soil_Temp-86.8402

Figure 3 shows the resultant tree depicted for progressing from observations about an item
graphically after testing with the M5P method: (represented by branches) to conclusions about the

Decision Tree Regression (REPTree). Decision goal value of the item (represented in the leaves)
tree learning is a type of predictive modelling that (Brownlee, 2016). Table 7 shows the collected
employs a decision tree (as a predictive model) results.

Figure 3. Visualisation of the resulting tree after M5P algorithm testing
Source: developed by the authors

Table 7. Decision Tree Regression Results

All leaves Young leaves Old leaves
Correlation coefficient 0.98 0.83 0.45
Mean absolute error 0.24 0.68 1.85
Root-mean-squared error 0.63 1.69 2.75
Relative absolute error 10.31% 28.84% 75.35%
Root-relative squared error 20.53% 55.11% 87.01%
Size of the tree (rules) 17 7 13

Source: developed by the authors

Scientific Horizons, 2023, Vol. 26, No. 2




The tree is turned upside down, beginning at
the top or root and progressing through the leaves
until a prediction can be made (Brownlee, 2016).

Applying Support Vector Regression (SMOreg).
Support Vector Machines (SVM) finds a line of best

Atanasov et al. 57

fit that minimises a cost function's error. These in-
stances are known as support. SVM is a classifica-
tion method that requires teacher training (Kocao-
glu & Akdogan, 2020). Table 8 shows the results
obtained.

Table 8. Support Vector Regression Results

All leaves Young leaves Old leaves
Correlation coefficient 0.42 0.46 0.44
Mean absolute error 2.18 212 2.05
Root-mean-squared error 2.76 2.71 2.85
Relative absolute error 93.69 % 89.61 % 83.55 %
Root-relative squared error 90.32 % 88.66 % 90.30 %

Source: developed by the authors

SMOreg is a regression support vector machine
implementation (Smola & Scholkopf, 2004). Several
algorithms can be used to learn the parameters. The
algorithm is chosen by configuring the RegOptimizer.

Multilayer Perceptron Regression. Other names for it in-
clude artificial neural networks and neural networks. Neural

networks are a tough method to utilise for predictive mod-
elling since there are so many configuration parameters that
can only be adequately tweaked by intuition and a lot of tri-
al and error. (Brownlee, 2016). Table 9 shows the outcomes.

Summary table. Table 10 summarises the above
calculations in a concise manner

Table 9. Multilayer Perceptron Regression Results

All leaves Young leaves Old leaves
Correlation coefficient 0.64 0.48 0.17
Mean absolute error 2.04 217 3.29
Root-mean-squared error 2.54 2.83 4.66
Relative absolute error 87.42% 91.95% 133.8%
Root-relative squared error 87.03% 92.48% 147.7%
Source: developed by the authors
Table 10. Summary table
All leaves ZeroR Linear Regr. LWL M5P REPTree SMOreg MultyPerc
Correlation coefficient -0.30 0.52 0.80 0.91 0.98 0.42 0.64
Mean absolute error 2.33 2.16 1.39 1.24 0.24 2.18 2.04
Root-mean-squared error 3.06 2.61 1.81 1.47 0.63 2.76 2.54
Relative absolute error 100 % 92.80 % 59.54 % 53.35 % 10.31 % 93.69 % 8742 %
Root-relative squared error 100 % 85.30 % 59.31 % 48.20 % 20.53 % 90.32 % 87.03 %
Number of Rules (Leafs) 6 17

Source: developed by the authors

Testing the selected and stored model using the addi-
tional data set provided for this purpose, which is not in-
cluded in the stored model. Despite the fact that Decision
Tree has strong correlation coefficient (0.98), M5P MLA
(0.91) is selected for testing the operability of the stored

model. This is conditioned by the fact that the Decision
Tree contains 17 leaves or rules,while M5P has only 6.With
the help of stored M5P model, Table 11 shows the result-
ing prediction error and percentage, with less than a 1%
inaccuracy in predicting soil moisture using leaf colour:
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Table 11. Data obtained during the model's approbation

Inst. Actual Predicted Error Error, % Leaf Inst. Actual Predicted  Error Error, % Leaf
1 20.61 20.584 -0.03 -0.13% young 14 20.61 20.577 -0.03 -0.16% young
2 17.85 17.747 -0.10 -0.58% young 15 20.61 20.577 -0.03 -0.16% old
3 17.85 17973 0.12 0.69% old 16 17.85 17.734 -0.12 -0.65%  young
4 20.61 20.577 -0.03 -0.16%  young 17 17.85 17.734 -0.12 -0.65%  young
5 17.85 17.975 0.13 0.70% young 18 17.85 17.97 0.12 0.67% old
6 20.61 20.577 -0.03 -0.16% old 19 17.85 17.747 -0.10 -0.58%  young
7 17.85 17.747 -0.10 -0.58%  young 20 20.61 20.584 -0.03 -0.13%  young
8 20.61 20.584 -0.03 -0.13% young 21 17.85 17.973 0.12 0.69% old
9 17.85 17.973 0.12 0.69% old 22 20.61 20.582 -0.03 -0.14%  young
10 17.85 17.984 0.13 0.75% young 23 17.85 17.743 -0.11 -0.60%  young
11 17.85 17.751 -0.10 -0.55% young 24 17.85 17.973 0.12 0.69% old
12 17.85 17.984 0.13 0.75% old 25 17.85 17.746 -0.10 -0.58% young
13 17.85 17.975 0.13 0.70% young 26 20.61 20.582 -0.03 -0.14%  young

Source: developed by the authors

To determine the requirement for watering, it is fea-
sible to develop and apply mathematical models that
predict soil moisture content and plant water content,
based on gathered data utilising conventional statisti-
cal approaches, using machine learning classification
models (neural network, support vector machine, ran-
dom forest and so on), combined - using classic meth-
ods and machine learning.

Guoetal.(2017) combined phenotypingand machine
learning techniques to create a discrimination method
for plant root zone water status in a greenhouse. Three
root zone moisture levels, 40%, 60%, and 80% relative
water content, were used and treated on pakchoi plants.
Random Forest (RF), Neural Network (NN), and Support
Vector Machine (SVM) classification models were devel-
oped and validated in different conditions, with over-
all accuracy of more than 90% for all. The SVM model
had the highest value, but it required the most time
to train. In all scenarios, all models achieved accuracy
greater than 85%, while the RF model had more sta-
ble performance. The simplified SVM model created by
the top five most contributing traits showed the great-
est accuracy reduction of 29.5%, while the simplified
RF and NN models maintained roughly 80% accuracy.

The study by Alhnaity et al. (2019) uses ML and
DL algorithms to predict production and plant growth
variance in two different scenarios, tomato yield fore-
casting and Ficus benjamina stem growth, under con-
trolled greenhouse conditions. In the prediction for-
mulas, they used a new deep recurrent neural network
(RNN) model based on the Long Short-Term Memory
(LSTM). The RNN architecture models the intended
growth parameters using the previous yield, growth,
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and stem diameter values, as well as the microcli-
mate variables. A comparison analysis is presented
that employs ML approaches such as support vector
regression and random forest regression, as well as
the mean square error criterion, to evaluate the per-
formance of the various methods.

Gutiérrez et al. (2018) describe a mobile method
for estimating vineyard water status based on thermal
imaging and machine learning. A thermal camera was
mounted on an all-terrain vehicle traveling at 5 km/h
to capture on-the-fly thermal photos of the vineyard
canopy at 1.2 m and 1.0 m above ground. The canopy's
two sides were measured in order to create side-specif-
ic and global models. The potential of stem water was
measured and utilised as a reference method. Addition-
ally, reference temperatures Tdry and Twet were deter-
mined for the calculation of two thermal indices: the
crop water stress index (CWSI) and the Jones index (lg).
Prediction models were created both with and without
the use of reference temperatures as input to the train-
ing algorithms. Using the reference temperatures, the
best models had R? determination coefficients of 0.61
and 0.58 for cross validation and prediction, respective-
ly (RMSE values of 0.190 MPa and 0.204 MPa). Yet,when
the reference temperatures were not considered during
model training, their performance statistics responded
similarly, with R? values up to 0.62 and 0.65 for cross
validation and prediction, respectively (RMSE values of
0.190 MPa and 0.184 MPa).

Dhillon (2015) created a continuous leaf monitoring
system to monitor the water status of almond and walnut
plants.The “Leaf Monitor”technology continuously mea-
sured leaf temperature and other microclimatic factors




in the area of the leaf to check plant water status. It
included a thermal infrared sensor to monitor leaf tem-
perature, and sensors to measure ambient temperature
and relative humidity, photosynthetically active radia-
tion (PAR), and wind speed. The sensor system addition-
allyincludedaleafholder,asolarradiationdiffuserdome,
and a wind barrier to increase the unit's effectiveness.
Each leaf monitor system was integrated into a mesh
network of wireless nodes, allowing data collection
and transmission over the web at 16-minute intervals.

Based on the foregoing approach, the same re-
searcher and his team (Dhillon et al., 2019) created a
method for predicting plant water status in almond
and walnut trees using a continuous leaf monitoring
system. Using leaf temperature and environmental
data collected by the leaf monitor, a Modified Crop Wa-
ter Stress Index (MCWSI) was constructed to measure
plant water status. A linear association with a coeffi-
cient of determination (r?) of 0.67 was discovered in the
instance of walnut crop. In the instance of almonds, a
quadratic association with a coefficient of multiple de-
termination (R2) value of 0.75 was discovered. Based on
the relationship discovered between MCWSI and DSWP,
the irrigation amount for low frequency variable rate
irrigation (VRI) was calculated, and variable rate irri-
gation (VRI) resulted in an average 39% reduction in
water usage when compared to the fixed 100% ET re-
placement irrigation method for all trees. Based on the
findings, the leaf monitor has the potential to be used
as an irrigation scheduling tool.

Japanese scientists (Zhao et al., 2020) investigated
the application of hyperspectral imaging to assess the
water status of tomato leaves in plant factories. Five
varieties of tomatoes were sampled for testing in this
experiment - three Japanese varieties suitable for di-
rect consumption and two Dutch varieties suitable for
processing and cooking. Three plants were selected
from each of the five varieties. A portable hyperspec-
tral camera was used to non-destructively measure the
water status of tomato leaves. The measurement area
was divided into three parts: leaves were measured
from the highest part of the plants (near the grow-
ing point, 250 cm from the ground), from the middle
of the plants (150 cm from the ground) and from the
bottom of the plants (60 cm from the ground). Sam-
pling was done 267 days after the plants were sown.
45 measurements (photographs) and samples were
taken. After processing and analysing the hyperspectral
data the tomato leaf raw relative reflection (RAW), in-
version-logarithm relative reflection (LOG), and first de-
rivative of relative reflection (DIFF) were analysed us-
ing the normalised difference vegetation index (NDVI)
and two-band vegetation index (TBI) from 900 nm to
1700 nm. TBI regression using DIFF at wavelengths of
1.410 nm and 1.520 nm produced the best regression
model for WC assessment, whereas NDVI regression us-
ing RAW produced the best regression model for MC
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evaluation. The MC evaluation produced better model
performance than the WC assessment. The findings will
aid our knowledge of the link between hyperspectral
reflectance and leaf hydration status.

Except studies of Atanasov et al. (2016) - conven-
tional statistical approach and Atanasov (2021) - using
machine learning techniques, there is a lack of infor-
mation regarding the colour of the leaves to be utilised
as an indicator of the requirement for irrigation or any
water stress. Difference between these previous stud-
ies and the current one is as follows: using nonlinear
regression statistical Quasi-Newton method in (Ata-
nasov et al., 2016) soil moisture is predicted utilising
piecewise linear regression and using data mining and
machine learning techniques by Atanasov (2021). Both
studies (Atanasov et al., 2016) and (Atanasov, 2021) are
conducted in different tomato varieties and different
conditions of tomato growing (greenhouse).

There is a lack of scientific research that establish-
es a direct relationship or models (whether linear or
non-linear) between plant colour change (lightening or
darkening) and thus predicting soil moisture and the
need for watering.

CONCLUSIONS

With the help of machine learning techniques and data
mining, the relationship between RGB colour values
from open field tomato leaves and soil moisture and
temperature is investigated and modelled. It was prov-
en nonlinear relationship. The name “12-9-6-3” for the
methodology of measurements of field data was given.
It is proven that the young leaves are more informative
about the need for watering.

In the process of predicting soil moisture based
on the colour of field tomato leaves and soil tempera-
ture, seven regression machine learning classifiers with
three training data sets were trained: Zero Rule, Linear
Regression, Locally Weighted Learning, M5P Model Tree,
SupportVector Machin,Decision Tree and Multilayer Per-
ceptron. For each MLA a classifier was trained, and then
a model was created and saved. The efficiency of the
chosen model was tested using a different test data set.

M5P produced best results. It was chosen to check
the performance with M5P (0.91), despite that Decision
Tree has a high correlation coefficient (0.98) since De-
cision Tree contains a significant number of rules (17),
whereas M5P only has 6 (Table 10). Using the stored
M5P model, Table 11 displays the resulting prediction
error and percentage.

Based on the findings in Tables 3 to 9, it was
demonstrated again that young leaves before water-
ing are a stronger indicator of the need for irrigation
(better results received than using the old leaves). As a
result, the chosen regression model M5P predicts soil
moisture with a precision of 1% error based on the co-
lour of the tomato leaves and soil temperature. Such
soil moisture prediction models, based on plant leaf
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colour change, besides saving labour time, automating
routine repetitive actions, saving money and resources
for expensive sensors and equipment, can be the basis
of creating automated systems for automatic irrigation
and saving water - only in the areas where it is needed,
not in the entire agricultural field, a kind of precise ir-
rigation based on the colour of the leaves of the plants
themselves, the leaves serve as a natural biosensor.
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Tomato leaf colour as predictor of soil moisture level...
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AHoTauif. 3anacu npicHoi BOAM ANS 3pOLWEHHS NOBUHHI BUKOPUCTOBYBATMUCS EKOHOMHO i PO3yMHO, OCKifIbKM BOAA
€ 6e3UiHHUM NPUPOAHMM PECYpPCOM, IKOr0 He BMCTAYaE Ha Ginblii yacTuHi 3emni. Bonorictb rpyHTY Ha Nonsix He
BCHOZIM OQHAKOBA, 3 BCTAHOBJIEHHSI TUCSY AATYMKIB € HEBMNPABAAHO AOPOruMM. MeTa Liei nybnikauii - 3MofaentoBaTi Ta
CNPOrHO3yBaTh B3aEMO3B'A30K MiXK KONbOPOM JIUCTA POC/IMH TOMATIB Ta BONOTICTIO IPYHTY, | TAaKMM YMHOM ONTUMANbHO
KepyBaTu NpoLLecoM 3poLleHHs. [locnigKeHHs NpOBOAWAN 3 BUKOPUCTAHHSIM 3arafibHONPUMRHATUX METOLIB, NO/IbOBOIO
MeToAy Ta METOAY CTaTUCTUUYHOI 06pOBKM pe3ynbTaTiB. AMTOPUTMU MALLIMHHOIO HaBYaHHSA (AMH) Ta iHTenekTyanbHoro
aHanisy faHux 6ynu BMKOPWUCTaHi B AaHi pobOTi AN MOAENOBAHHS 3B'3KY MiXK 3HaYeHHsMM Konbopy RGB nucts
TOMaTIB Ta BONOTICTIO | TeMnepaTypoto IpyHTyY. Y HOKyCi LbOro AOCAIAXKEHHS — KOAip IMCTS TOMATiB, BUPOLLEHUX Y
BiAKPUTOMY I'pyHTI 6€3 KifnkiB. byno BUKOHAHO TPM OCHOBHI 3aBAAHHS: AOBELEHO, WO iCHYE 3B'I30K MiXX KONbOPOM
JINCTA | BONOTICTIO IPYHTY, AOCNIAXKEHO WOro MMOBIPHUI HENIHIMHWIA TUN | 3MOAENBbOBAHO Liei 3B'A30K 33 AOMNOMOro
AMH. CnoyaTKy HaBYaBCS KnacudikaTop, NOTiM CTBOPHOETLCA i 36epiraeTbcst Moaenb. HapewTi, ebekTUBHICTb 06paHoi
Mogeni nepesipeHo 3a A0NOMOrOH0 iHLWOro TeCTOBOro Habopy AaHMX. MeTofo/oria BUMipioBaHb oTpuMana Hasey “12-
9-6-3". [loBeneHo, Lo MONoAe NUCTS € Binblw iIHPOpPMATUBHMM LWOL0 NOTpebu B nonuei. B pe3ynbrari, 3a LONOMOro
perpeciitHoi mMogeni M5P MoxHa, 3 noxubkoto MeHwe 1%, NpOrHo3yBaTW BOOFICTb FPYHTY 3@ KOJbOPOM JUCTS
TOMaTiB, BpaXOBYKUM TaKOX TeMNepaTtypy FpyHTy. Ll nporHo3Ha mModenb Moxe 6yTv BUKOpPUCTAHA MPU CTBOPEHHI
aBTOMaTM30BaHUX CUCTEM A/ OMTUMANIbHOIO YNPaB/iHHS NOMMBOM Ta BOL036epexXeHHs
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pathocenosis, and isolation and determination of the species belonging
of pathogens of the disease are relevant. The purpose of the study was
to examine the species composition of pathocenosis, the biofenology of
the causative agent of stemphiliosis, and determine the effectiveness of
fungicides for further control of stemphiliosis in onion crops. The main
research methods were: field - to determine the spread, development,
and harmfulness of stemphiliosis; laboratory - to examine pathogens
of onion diseases; visual and mathematical - statistical. The method of
mycological crops on potato-dextrose agar (PDA) was used in the work.
Field surveys in 2019-2021 established the spread and development of
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stemphiliosis in onion plantings in the Odesa District of the Odesa region. It was identified that the growing
season of 2021 was the most favourable for stemphiliosis, when against the background of high humidity and
air temperatures, the spread of the disease was 100%, and the development of the disease reached 79%.In onion
crops, the disease developed unevenly, its spread was low in June, with rapid growth in July. At the beginning of
August, the percentage of the disease reached 80%. Eight types of fungi were identified, of which Stemphylium
vesicarium (Wallr) Simm, Stemphylium botryosum Wallr, Stemphylium herbarum Simm. - are pathogens of onion
stemphiliosis. Laboratory studies established the frequency of their distribution in samples. It is proved that
five-time spraying with fungicides helps to reduce the further development of stemphiliosis in onion plantings.
The high effectiveness of spraying plants with appropriate fungicides with the active substance fluopyram
(200 g/l) + tebuconazole (200 g/l) and fluoxastrobin (100 g/l) + prothioconazole (100 g/l) to suppress the
development of spores of pathogens is proven. The provisions and conclusions on the phytosanitary condition
of onion plantations in the Odesa region are further developed. The results of the research can serve to develop
recommendations for production on the implementation of measures to protect onions from stemphiliosis

Keywords: Allium cepa L.; monitoring; fungal mycoflora; Stemphylium vesicarium; effectiveness of fungicides

INTRODUCTION

Onion (onion Allium cepa L.) is one of the most import-
ant crops in the world, which is the second most valu-
able after tomatoes. The yield of onions can substan-
tially decrease due to a number of factors, in particular,
disease damage. Stemphiliosis is the most harmful and
poorly investigated disease in Ukraine, the study of
which is an urgent issue.

In recent years, there has been a substantial
spread of stemphiliosis or black-grey spotting of on-
ions. Stricker et al. (2021) indicate that stemphiliosis,
causing premature leaf death, shortening the period of
mass growth and maturation, can lead to a loss of on-
ion yield by 28-38%, in the case of epiphytotics — up to
74%.Hausbeck & Werling (2018) notes that the disease
has been reported sporadically on onion leaves over
the past 30 years and has been considered a secondary
pathogen, but in recent years Stemphylium vesicarium
became the dominant pathogen that presumably dis-
placed Alternaria porri, the causative agent of purple
spotting. A study by Hay (2018) attributes this to the
development of resistance to the fungicides used.

Hay et al. (2019) report that onion stemphiliosis is
common in many regions of the world where onions
and garlic are grown. However, it causes the most prob-
lems in warm regions. S. vesicarium can infect a wide
range of plants: garlic, onion, asparagus, tomato, soy,
alfalfa, lupine, mango, pear, etc. (CABI, 2021).

Effective control of stemphiliosis can be achieved
only if a comprehensive approach is provided, includ-
ing agrotechnical techniques, biological, chemical, and
other methods. There are no varieties of onions that
are resistant to stemphiliosis. Singh et al. (2018) in their
research conducted in Taiwan, report that all onion
varieties were susceptible to infection with S. vesicar-
ium however, the degree of susceptibility was different.

Agrotechnical methods of controlling stemphiliosis
are aimed at reducing the pathogen load on seed ma-
terial and creating conditions less favourable for infec-
tion. Du Toit (2017) noted that drip irrigation reduces
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the risk of stemphiliosis infection by reducing the crop
moisture period. Ways to reduce the duration of leaf
moisture also include: reducing the density of stand-
ing plants, planning the rows of crops in the direction
of prevailing winds, and irrigation late in the morning
or early in the afternoon.

Biologics containing Bacillus subtilis, Saccharomyces
cerevisiae, Pseudomonas uorescens, and Trichoderma spp
are used to control stemphiliosis. Their use is possible
only in combination with other methods of protection
since they are not able to independently provide effec-
tive disease control in the field (Meena & Verma, 2017).

Treatment of plants with fungicides can substan-
tially reduce the level of disease development, but
studies by Tayviah (2017) report that S. vesicarium is at
risk of developing resistance to fungicides since it has
a short asexual reproductive cycle, produces several
generations per season, forms many spores by sexual
and asexual reproduction, in addition, it is necessary
to repeatedly use fungicides during each growing sea-
son. Today, most publications about the resistance of
S. vesicarium to fungicides are dedicated to pear stem-
philiosis, but the same risk factors are characteristic of
onion stemphiliosis.

Leach et al. (2020) examined the relationship be-
tween nutrition and thrips movement in the develop-
ment of stemphiliosis on onions in a series of labora-
tory and field experiments. In laboratory studies, onion
plants with varying degrees of thrips damage were
infected with S. vesicarium. The results showed that re-
ducing the number of thrips reduced the colonisation
of onion plants by S. vesicarium by 2.3-2.9 times and
leaf death - by 40-50%.

The purpose of the study was to investigate the
epidemiology of stemphiliosis in onion plantings in
the Odesa region. The objectives of the study were to
examine the influence of climatic conditions on the
development of the disease and assess the effective-
ness of fungicides in protecting plants from it.




MATERIALS AND METHODS

Field experiments were conducted on planting onions
of the Banco variety on the farm of the Ahrofirma “Pet-
rodolynske” of the Odesa district of the Odesa region in
2019-2021. The crop was sown in the second decade
of March. The soil is southern loamy chernozem, with
a humus content of 3.67% and a pH of about 6.7. The
seeding rate is 11 thousand seed/ha. Seeds sprouted
20-22 days after sowing.

The Totril 225 EC herbicide was used to control
weeds in accordance with the recommendations: the
first spraying - in the phase of 1-2 leaves of the crop,
the consumption rate is 1.0-1.5 l/ha, the second spray-
ing — as the weeds grow back, the consumption rate is
1.0-1.5 l/ha. In the second half of the growing season,
2 manual weeding operations were conducted.

Methods of mycological sowing on potato-dextrose
agar (PDA) were used to examine the species composi-
tion of onion mycoflora. Isolates were collected from the
leaves of 20-30 bulbs. Small leaf fragments with visible
lesions were placed on potato agar and incubated at
22°C for two weeks in a thermostat. After the formation
of mycelium, pathogens were identified by morphologi-
cal characteristics. I[dentification of phytopathogens was
conducted in accordance with the papers (MycoBank
Database, 2022). Monitoring of the spread and develop-
ment of stemphiliosis was conducted in dynamics during
the growing season, starting from the moment the first
signs of the disease appeared. 3 leaves were examined
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on 20 randomly selected plants from the accounting
area on a 5-point scale: 0 points - no damage; 1 - af-
fecting up to 10% of the surface; 2 - affected from 11 to
25% of the surface; 3 - affected from 26 to 50% of the
surface; 4 - affected over 51% of the surface. The spread
of the disease was determined by the following formula:

S_n*lOO 1
=— M

where S - the spread of the disease; n - the number of
affected plants; N -the total number of plants examined.

The development of the disease was determined by
the following formula:

P 100).(ax b)
B n*S

(2)

where X(axb) - the sum of the products of the number
of plants (a) and the corresponding infection score (b);
n - the total number of plants in the sample, pcs.; S -
the highest infection score on the scale.

Table 1 shows the fungicides and their consump-
tion rates that were used on onions from stemphilio-
sis. Preparations were applied using a mounted satchel
sprayer with 6 flat-jet nozzles, the distance between the
nozzlesis 50 cm,calibrated forapplying400l/ha.Thesize
of the experimental plot is 24 m?, repetition is fourfold.
Accounting for leaf damage began with the appearance
of the first signs of the disease, the following before
each spray,and even 10-15 days after the last treatment.

Table 1. Fungicides, active ingredients and consumption rates used to evaluate effectiveness
in field trials for stemphiliosis on onions, 2019-2021

Active ingredient

Consumption rate

Difenoconazole (250g/1) 0,5 l/ha
Azoxystrobin (250 g/l) 1.0 I/ha

Praklostrobin (67 g/kg) + boscalid (267 g/kg) 1.5 kg/ha
Ciprodinyl (375 g/l) + fludioxonil (250 g/l) 1.0 kg/ha
Fluoxastrobin (100 g/l) + prothioconazole (100 g/l) 1,25 l/ha
Floupiram (200 g/l) + tebuconazole (200 g/l) 0,75 l/ha

Source: developed by the authors based on (Letter from the State Customs Service of Ukraine No. 18/18-1159-EP, 2005)

The effectiveness of the drugs under study was de-
termined by the formula:

£ 100 * (D, — Do)
D,
where D_- indicator of the development of the disease
in control; DO - indicator of the development of the dis-
ease in the experimental version.

The obtained experimental data were processed
using the variance analysis method.

RESULTS AND DISCUSSION

Onions are one of the most popular vegetable crops in
Ukraine, with acreage ranging between 30-40 thousand

©)

hectares. The main volume of production is concentrat-
ed in the southern regions of Ukraine, where soil, cli-
matic conditions, and modern cultivation technologies
allow obtaining commercial bulbs during one growing
season. The main problems with growing onions are
diseases, insects, and adverse weather conditions. Leaf
stemphiliosis, which is caused by S. vesicarium, is a rela-
tively new onion disease in Ukraine, which is observed
in onion fields from about mid-June to harvest and
leads to substantial crop losses, requiring repeated use
of fungicides (Fig. 1).

On the green parts isolated from Onion plant-
ings, 8 species of mushrooms were identified, includ-
ing various species of Stemphylium spp. (Stemphylium
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vesicarium (Wallr.) Simm., Stemphylium botryosum Wallr.,
Stemphylium herbarum Simm.), which are pathogens of
onion stemphiliosis and pathogens of other diseases:
fusarium rot (Fusarium oxysporum), head powdery mil-

dew or peronosporosis (Peronospora destructor), alter-
nariosis (Alternaria spp.). The data of the study of the
morphology features of fungal mycoflora of onions are
summarised and presented in Table 2.

Figure 1. Symptoms of stemphiliosis on onion plants - A - necrotic tips (onset of the disease); B - general appearance
of the affected areas of onion plantings; C - necrotic lesions spreading upwards by leaves
Source: photo N.T. Mogyliuk, G.A. Horokhoryna

Table 1. Cultural features of onion fungal mycoflora (Ahrofirma “Petrodolynske’, Odesa district, Odesa region, Banco variety)

Pathogen Cultural features of the colony Morphology features
. S . Conidia are olive-brown, oval to ovate, oblong on
Stemphylium Dirty-white, l|ght grey colour of colonies, s.ubsquently conidiophores. The length of conidia varies from 146 to
changes from light brown to dark brown with white and . - " -
spp. . 306 microns (u). The width of conidia varies from 47 to
brown stripes.
157 .
Colonies range from white to pale lilac, and the airy
mycelium ranges from almost absent to abundant and  Macroconidia are fusiform-sickle-shaped, slightly curved
Fusarium fluffy. In the central part of the colonies, abundant to almost straight, with 3-5 septa (mostly with 3). The
oxysporum macroconidia are often formed, and sometimes brown, upper cell is short, sometimes slightly hooked, and the
blue, or purple sclerotia are formed. It often emits a dark lower cell with a pedicel or papilla.
purple to dark crimson pigment.
Aspergillus ~ The fungus forms a loose mycelium. The conidionic zone Sterigmas, 207 p, 7x3 p Spherical conidia, 3 y
niger Thieg. is black in colour. connected in chains.
Asexual reproduction occurs with the formation of
Peronospora Colonies range from white to pale grey, and the airy zoosporangia, which develop into a tube-like conidia.
destructor mycelium is abundant and fluffy. Dichotomically branched conidiophores are formed.

Conidia always sprout hyphae.

Conidiophores are single 150x3.5 6.5 py Pear-shaped
spores are multicellular with septa, olive in colour,
150x3.5-6.5

Conidiophores are smooth, 3-4 p thicknesses that carry
two-tiered brushes. Conidia are ellipsoidal, slightly
narrowed at the end, 3-4x2.5-3.5 u, small-warty.

Grey-purple or olive colour of colonies, velvety coating of

Alternaria spp. conidial sporulation of the fungus

Mycelium is yellow-green with a yellow-white border, on
the surface with fine colourless speckling.

Penicillium
Link.

Source: MycoBank Database, 2022

20,7%, Aspergillus niger — 18,6%, Penicillium - 19,4%,
Peronospora destructor - 9,5%, Alternaria spp. -
17.9% (Fig. 2).

The frequency of spread in samples (intensity
of spread, %) of isolated pathogens on average was:
Stemphylium spp. - 13,9%, Fusarium oxysporum -
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Aspergillus niger
Thieg. 18.6%

Fusarium oxysporum 20.7 %
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B Penicillium Link. 19.4 % Stemphylium botryosum

Wallr. 4.6%

Stemphylium
herbarum Simm.
2.2%

Stemphylium
vesicarium (Wallr,)
Simm. 7.1%

Figure 2. Species composition of onion fungal mycoflora (% of the number of samples)

Among the identified eight types of fungi, only Al-

ternaria and Stemphylium are representatives of closely

related species, so they need to be identified based on
colony culture and conidia morphology (Fig. 3).

Figure 3. Mycelial colonies on potato dextrose agar (PDA) (A) Stemphylium spp, (B) Alternaria spp;
conidiophores with conidia (C) (D) Stemphylium spp, (E) Alternaria spp

Source: photo by K.A. Shmatkovska

In the second stage, pathogens of onion stemphili-
osis were identified from the spectrum of isolated fun-
gi. Identification of members of the genus Stemphyli-
um based on the cultural characteristics of the colony
and the morphology of conidia showed the presence of
three of its representatives in the samples: Stemphyli-
um vesicarium (Wallr.) Simm., Stemphylium botryosum
Wallr., Stemphylium herbarum Simm., which are similar
in shape to conidia, but other characteristics, such as
size, make them different.

Conidia S. vesicarium - oblong or oval with 1-5
transverse partitions, sometimes narrowed in the mid-
dle, one or three of the most central of them, with a full
or almost complete row of longitudinal partitions. The
size of conidia varies from 25 to 42 p in length, 12-22 p
in width. S. botryosum has spores from subspherical to

oblonginshape,stronglynarrowed inthe middle septum,
33-35 pin length and width of 24-26 u (Das et al.,2019).
Culture S. herbarum was characterised by rapid
growth on the medium, compared to the species de-
scribed above. The colonies had a round shape, a fluffy
texture, and the colour of the mycelium ranged from
brown-orange to dark brown. S. herbarum produced un-
ripe fruit bodies and many conidia. Spore size range:
length - 20-30 y; width - 10-15 p (Das et al., 2019).
The micromycetes listed above also differed in the fre-
quency of distribution in the samples - Stemphylium
vesicarium (Wallr.) Simm. - 7,1%, Stemphylium botryosum
Wallr. - 4,6%, Stemphylium herbarum Simm. - 2,2%.
Influence of weather conditions on the develop-
ment of stemphiliosis. It is known from literary sourc-
es (Wright et al., 2019) that the conditions of the year
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affect, first of all, the causative agent of the disease,and
the degree of this influence depends on its biological
characteristics. The maximum infection of onion with
stemphiliosis was observed in 2021 with warm and hu-
mid spring and summer periods. However, the weather
conditions of the growing seasons of 2019 and 2020
were also favourable for the development of the disease.

In 2019, during the growing season, precipitation
was 182.8 mm or 85.4% of the climatic norm (214 mm)
(Fig. 4). The highest amount of precipitation was ob-
served in the second decade of April (33 mm), the second
decade of June (29 mm), and the first decade of August
(63 mm). The average air temperature for the test peri-
od was 19.6°C, which is 2.4°C above the long-term av-
erage (17.2°C). Relative humidity averaged 65%, which

was 4% lower than long-term data for this period (69%).

In 2020, during the growing season, precipitation was
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152.0 mm, which is 29% lower than the climatic norm.
The highest amount of precipitation was observed in the
third decade of May (58.0 mm) and the second decade of
June (24.0 mm) in the form of heavy rains. The average
air temperature for the test period was 18.7°C, which is
1.5°Cabove the long-term average. Relative humidity av-
eraged 61.0%, which was 8% lower than long-term data
for this period. In 2021, during the growing season, pre-
cipitation was 344.0 mm, which is 74.0% higher than the
climatic norm. The highest amount of precipitation was
observed in the second decade of May (29.0 mm), the first
and second decades of June (45.0 and 52 mm),and in the
first and third decades of July (39.0 and 60 mm) in the
form of heavy rains. The average air temperature for the
test period was 18.4°C,which is by 1.2°C above the long-
term average. Relative humidity averaged 71.0%, which
was 2.0% higher than long-term data for this period.

June
2021
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Figure 4. Weather conditions of the onion growing season, 2019-2021 q) t, °C,
b) relative humidity, %,c) precipitation, mm

Scientific Horizons, 2023, Vol. 26, No. 2




Evaluating the effectiveness of fungicides. Phytosan-
itary monitoring showed that stemphiliosis in the indus-
trial conditions of the south of Ukraine is a fairly com-
mon and harmful disease of onions. In onion crops, the

- - =

Klechkovskyi et al.

disease develops according to the following scheme: low
incidence inJune (<10%),followed by rapid growth inJuly.
In late July and early August (in the onion phase of BBCH
43-45), the incidence can reach from 50 to 80% (Fig. 5).

2019

— 2020
2021

Figure 4. Development of stemphiliosis on onion plantings (2019-2021)

Hay et al. (2021) note that at this time there is a
rapid increase in the vegetative mass of plants, which
contributes to a decrease in the movement of air be-
tween plants, an increase in its humidity and the fur-
ther development of stemphiliosis. This is usually ac-
companied by necrosis of the tips and death of the
outer leaves.

In 2019-2021, field studies were conducted to de-
termine the most effective fungicides. During the grow-
ing season, five fungicide treatments were performed:
difenoconazole (250 g/l), azoxystrobin (250 g/l), pyr-
aclostrobin (67 g/kg) + boscalid (267 g/kg), cyprodinil
(375 g/1) + fludioxonil (250 g/l), fluopyram (200 g/l)+
tebuconazole (200 g/l), and fluoxastrobin (100 g/l)+
prothioconazole (100 g/l). The first treatment was

conducted to identify the first symptoms that were
observed in the second decade of June in the onion
phase of BBCH 13-14 in the form of single spots, the
next - with an interval of 10-14 days, the last treatment
was conducted at the stage of BBCH 47 (the beginning
of feather lodging: up to 10% of plants died). The use
of difenoconazole (250 g/l), azoxystrobin (250 g/l),
pyraclostrobin (67 g/kg)+ boscalid (267 g/kg), cypro-
dinil (375 g/l)+ fludioxonil (250 g/l) was not effective
enough. The fungicides fluopyram (200 g/l)+ tebuco-
nazole (200 g/l) and fluoxastrobin (100 g/l)+ prothio-
conazole (100 g/l) were the most effective for disease
control. Their use during the growing season reduced
the infection of onion plants with stemphiliosis by
66.3-73.5% and 65.7-77.4%, respectively (Table 3).

Table 3. Effectiveness of fungicides to protect onions from stemphiliosis (2019-2021)

Effectiveness of fungicides by accounting period, %

Experiment option Year
2" accounting 3" accounting 4* accounting Average

Difenoconazole 2019 57.9 70.6 69.5 66.0
(2500/1) 2020 56.1 67.1 68.9 64.0
9 2021 56.8 444 48.0 49.7
Azoxvstrobin 2019 52.6 64.7 67.6 61.6
o %0 7 2020 463 60.2 66.9 57.8
) 2021 487 55.6 48.0 50.8
Pyraclostrobin 2019 57.6 67.6 714 65.5
(67 g/kg) + boscalid 2020 58.5 59.1 64.2 60.6
(267 g/kq) 2021 56.8 51.5 46.0 51.4
Ciprodinyl (375 g/l) 2019 52.6 69.1 70.5 64.1
+ fludioxonil 2020 63.4 64.8 68.9 65.7
(250 g/V) 2021 56.8 51.5 46.0 51.4
Fluoxastrobin (100 g/l) 2019 68.4 75.0 77.1 73.5
+ prothioconazole 2020 70.7 739 72.9 72.5
(100 g/) 2021 70.3 61.6 67.1 66.3
Azoxystrobin 2019 73.7 79.4 79.1 774
120 g/l + tebuconazole 2020 73.2 75.0 74.2 74.1
200 g/l 2021 67.6 62.6 66.8 65.7

Source: developed by the authors based on the studies by N.T Mogyliuk, G.A. Horokhoryna (2019-2021)
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The effectiveness of fungicides in the third year
(2021) of application decreased compared to 2019 and
2020, which may indicate the emergence of resistance
to these drugs.

One of the serious reasons that hinder the culti-
vation of crops is the spread of diseases. Stemfilium is
also known to cause premature ageing of the leaves,
which makes the harvested onion crop more suscepti-
ble to post-harvest losses. The disease was detected on
all onion plantings under study, which makes it epiphy-
totic, which is consistent with data from other research-
ers (Hay et al., 2021; Khar et al., 2022).

Pathogens of plant diseases - phytopathogenic
micromycetes, cause damage to agriculture, thereby
arousing the natural interest of researchers in the field
of mycology and phytopathology. Separate information
about the presence of micromycetes-pathogens of on-
ion diseases can be identified in the studies by Rahul et
al. (2022), which provide data on the detection of the
composition of onion diseases in the fields of farms
in the Tashkent region. As a result of investigating the
composition of pathogens of fungal diseases of onions,
only 57 species from 29 genera, 11 families, 7 orders,
and 4 classes of fungi were identified, with different
frequencies of occurrence.

Such papers confirm that the mycoflora of onions is
extremely diverse. The Stemphylium genus is rich in spe-
cies,has a wide range of hosts,and is pathogenic to over
43 plant genera worldwide. Morphologically Stemphyli-
um genus can be distinguished from other related gen-
era, such as Alternaria, using the cultural characteristics
of colonies and morphological features. Recent studies
on the definition of species of the Stemphylium genus
demonstrated the match of morphological features,
which makes it difficult to identify and describe species
(Das et al.,2019; Foster et al.,2019; Sharma et al., 2020).

A study was conducted to examine the features of
fungal mycoflora of onions to identify pathogens that
cause stemphiliosis. Identification of pathogens of
stemphiliosis showed the presence of three of them
with different frequencies of spread in the samples.The
largest percentage of distribution in samples was iden-
tified in Stemphylium vesicarium (Wallr.) Simm. - 7,1%.
Such results allow highlighting Stemphylium vesicarium
as the main pathogen causing stemphiliosis in onion
plantings of the Odesa region.

Studies showed that the maximum damage to on-
ion stemphiliosis was observed in 2021, which was
characterised by high humidity, heavy precipitation,
and elevated air temperature. These results are consis-
tent with previous experiments conducted by various
authors using onion cultures (Wang et al., 2021; Wright
et al.,2019). Gossen et al. (2021) identified that the first
symptoms of onion stemphiliosis coincided with the
appearance of a large number of conidia, precipitation,
leaf moisture duration of 28 hours, and days with an
average daily temperature of 218°C.

Scientific Horizons, 2023, Vol. 26, No. 2

Agha (2022) and Hassan et al. (2020) investigated
the effects of mineral salt - as an alternative to fun-
gicides. The authors investigated the effect of salicylic
acid, potassium dibasic phosphate, sodium bicarbonate
salt, potassium carbonate, and sodium carbonate on
reducing the incidence and severity of natural infec-
tion with stemphiliosis with improving the vegetative
growth of onions. The authors concluded that the use
of the above-mentioned treatments can be an eco-
nomic and environmental alternative in controlling the
spread and development of stemphiliosis.

Roylawar et al. (2021) identified that the root endo-
phytic fungus Piriformospora indica (Serendipita indica)
stimulates growth and the ability to induce resistance
in a wide range of host plants. The effectiveness of bio-
control of P.indica was evaluated against stemphiliosis
caused by the necrotrophic fungal pathogen Stemphyli-
um vesicarium. The authors note that P, indica was also
effective in reducing the severity of leaf stemphilium
damage, which was evaluated in greenhouses and con-
firmed by field tests.

The possibility of controlling pathogens of stem-
philiosis in onion plantations using fungicides was
described by Mishra et al. (2017), Stricker et al (2021),
Hausbeck et al. (2018), Hoepting et al. (2018). They note
the appearance of resistance of pathogens of stemphil-
iosis to the fungicides under study.

Mishra et al. (2017) conducted a number of experi-
ments on the effectiveness of fungicides in protecting
onions from Stemphylium vesicarium. The combined
substances azoxystrobin + flutriafol are highly effective
in disease control. Wang et al. (2021) note the sensitivi-
ty of isolates Stemphylium vesicarium to difenoconazole.
Recent research Hay et al. (2019) from Cornell Univer-
sity and the University of Guelph identified reduced
sensitivity in laboratory and field studies to boscalid,
fluopyram, and fluxapyroxad group fungicides.

There is growing evidence that the fungicides cur-
rently used by producers do not provide an economic
level of suppression of stemphiliosis on onions. Mishra
et al.(2017) note that high concentrations of mancozeb,
azoxystrobin, propiconazole, and propineb in vitro in-
hibit the growth of S. Vesicarium. but practically did not
affect stemphiliosis in the field

Among the ways to solve the problem of con-
trolling stemphiliosis with fungicides, to overcome re-
sistance to them, it is proposed to examine the effec-
tiveness of the latest drugs regulated for use in onion
plantings. These studies showed high efficiency of tank
mixtures in the control of onion stemphiliosis. Fungi-
cides with the active substance fluopyram (200 g/l) +
tebuconazole (200 g/l) and fluoxastrobin (100 g/l) +
prothioconazole (100 g/l) were the most effective for
disease control.

Thus, according to the results of the conducted
studies, the widespread fungal diseases of onions in
the plantings of the Odesa region were established. The




most common and harmful is stemphiliosis, or black-
and-grey onion spotting, which has recently become a
serious obstacle to onion cultivation in major growing
areas around the world.

CONCLUSIONS

The features of the fungal microflora of onions were ex-
amined in laboratories. Eight species of micromycetes
belonging to different systematic groups were identi-
fied. The most common ones are Peronospora destruc-
tor - 9.5%, Stemphylium vesicarium (Wallr) Simm. - 7.1%.
They dominate in terms of development intensity Fusar-
ium oxysporum — 20.7%, Aspergillus niger - 18.6%, Peni-
cillium - 19.4%, Alternaria spp. - 17.9%.

Based on the cultural characteristics of the col-
ony and the morphology of conidia, three pathogens
of onion stemphiliosis were identified - Stemphylium
vesicarium (Wallr.) Simm, Stemphylium botryosum Wallr,
Stemphylium herbarum Simm. Meteorological conditions
during the research years were characterised by the ex-

Klechkovskyi et al.

It was identified that the growing season of 2021
was the most favourable for stemphiliosis. The amount
of precipitation and an increase in air temperature
caused the maximum manifestation of the disease, the
spread of which in onion plantings was 100%, and the
development of the disease reached 79%. It was iden-
tified that fungicides with the active substance fluopy-
ram (200 g/l) + tebuconazole (200 g/l) and fluoxastrobin
(100 g/1) + prothioconazole (100 g/l) were the most ef-
fective in disease control in the field.

In this regard, to develop recommendations for con-
trollingonionstemphiliosis,itis necessaryto continuethe
study of the effectiveness of new fungicides in the field
to warn manufacturers against using ineffective drugs.
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Cremdinios umbyni pinyacToi Ha niBaHI YKpaiHu
HOpin Eayapaosuy KneukoBcbkui

[loKTOp CinbCbKOrocnoAapCcbKMX Hayk, CTapLmnii HAYKOBKUIA CNiBPOBITHUK
[locnigHa cTaHuUis KapaHTUHY BUHOrpaay i nnogosux kynstyp I3P HAAH
65049, Byn. ®oHTaHCbKa fopora, 49, M. Opeca, YkpaiHa
https.//orcid.org/0000-0003-4404-5553

Hatania TumodiisHa Moruniok

KaHanaaT CinbCbKOroCnoaapCbKMX HayK, y4eHUM cekpeTap
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65049, Byn. ®oHTaHCbKa popora, 49, M. Opeca, YkpaiHa
https.//orcid.org/0000-0001-6574-0905

KarepuHa AnppiiBHa LLiIMaTKoBCbKa

KaHanaaT cinbCbKorocnoaapCbKmnx Hayk
LlocnigHa cTaHLUig KapaHTUHY BUHOrpaay i nnogosux kynetyp 3P HAAH
65049, Byn. ®oHTaHCbKa gopora, 49, M. Opeca, YkpaiHa
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IpuHa MapkieHa CupopoBa

KaHamnpat cinbCbKorocnofapCbkux Hayk, AOLEHT
binouepkiBCbKM HaLiOHaNbHUI arpapHuii yHiBEpCUTET
09117, syn. CobopHa nnowa, 8/1, M. bina LlepkBa, YkpaiHa
https://orcid.org/0000-0002-0224-2981
CeiTnaHa MukonaiBHa Ky6pak

KaHamaaT CinbCbKorocnoaapcbknx Hayk, AOLEHT
binouepkiBCbKMI HaLiOHAaNbHUI arpapHKii yHiBEpCUTET
09117, syn. CobopHa nnowa, 8/1, m. bina LlepkBa, YkpaiHa
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AHoTauia. Ctemdinios umbyni € BiZHOCHO HOBOK XBOpoOOK B YKpaiHi, TOMy rubwe BUBYEHHS Stemphylium,
BMOOBOr0 CKAady NaToLeHO3Y, BUAINEHHS Ta BU3HAYEHHS BUAOBOI HAaNeXHOCTi 30yAHMKIB XBOPOOM € aKTyanbHUM.
MeTolo pobotn 6yno BMBYEHHS BMAOBOrO CKaady naToueHosy, HiodeHonorii 36yaHWka XBOpobu ctemdiniosy,
BM3HaYeHHS eDeKTUBHOCTI QYHTiLMAIB AN NOAANBLLIOIO KOHTPOIOBAaHHSA cTeM@iniosy Ha nocieax uubyni pinyactoi.
OCHOBHMMM MeTOAaMM AOCAiAXKeHb Bynu: MONbOBUI — ANS BU3HAYEHHS PO3MOBCIOAKEHHS, PO3BUTKY i LWIKIANMBOCTI
cTeMdiniosy; nabopatopHuit — AN BUBYEHHS 30yOHMKIB XBOPOO uMbyni pinyacToi; Bi3yanbHWIA Ta MaTeMaTUYHO-
CTaTUCTUYHWIA. B poboTi 6yno BMKOpPUCTAaHO METOL MIKOMOTMiYHMX MOCIBIB Ha KapTOMAsSHO-AEKCTPO3HMI arap
(PDA). MonboBmMKu obcTexkeHHaMu y 2019-2021 pokax 6yno BCTAHOBIEHO MOWMPEHHS Ta PO3BUTOK CTeM@iniosy
B nocagkax pinyactoi umbyni Opecbkoro paroHy Opecbkoi obnacTi. BctaHoBNEHO, Wo Halbinbw CNpuSTAMBUM
ans cremoiniosy 6y BereTauiiHuii nepion 2021 poky, KonuM Ha GOHI BMCOKOi BONOrOCTi Ta BUCOKMX TemMnepaTyp
noBiTps, NowmupeHHs xBopobu ctaHoeuno 100%, a po3BuTOoK xBOpobu pocsaras 79%. Y nocisax umnbyni xsopoba
po3BMBaNacCb HEPIBHOMIPHO, MOWMPEHHS ii YN0 HU3bKUM Y YepBHi, 3 WBWAKMM 3POCTAHHAM B MMHI. Ha noyatky
ceprnHg BiacoTtok xBopobu carae 80 %. BussneHo Ta ipeHTMdikoBaHO BiciM BuAiB rpubiB, 3 akux Stemphylium
vesicarium (Wallr) Simm, Stemphylium botryosum Wallr, Stemphylium herbarum Simm., — € 36yaHukamu ctemdiniosy
unbyni. J1JabopaTopHUMM LOCNIAKEHHAMM BCTAHOB/IEHO YACTOTY iX NOLWMPEHHS Y npobax. [loBeaeHo, Lo maTupasose
0BMNpUCKYBAHHA DYHTiLMAAMU, CNPUSE 3MEHLLEHHIO MOAANBLLIOIO PO3BUTKY CTeMinio3y B nocaskax umnbyni pinyacroi.
[lns npurHiveHHs po3BuTKY cnop 36yaHMKIB XBOPOOU foBedeHa BUCOKA eeKTUBHICTb 3aCTOCYBaHHS 06MpUCKYBaHb
pOC/UH BiANOBIAHWMU GYHriuMaamu, 3 Aiovoto pevoBuHow dnyonipam (200 r/n) + TebykoHason (200 r/n) Ta
dnyokcactpobin (100 r/n) + npotnokoHason (100 r/n). Noganbworo po3BuUTKy Habynu NONOXEHHS i BUCHOBKM MpO
diTOCaHITapHUI CTaH HacagkeHb UMbyni pinvactoi Opecbkoi obnacti. Pe3ynbtaTv foCniAXeHb MOXYTb CNYXUTU AN8
po3pobKM pekoMeHAALi BUPOOHMLTBY LWOA0 BeLeHHS 3aX04iB 3axXMcTy unbyni pinyacToi Big ctemdiniosy

Kntouosi cnosa: Allium cepa L.; MOHITOpUHT; rpubHa Mikodnopa; Stemphylium vesicarium; ebekTmsHicTb QyHriumnais
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(from 4 to 76%) or are not formed at all. This is due to the accumulation of germination inhibitors (abscisic acid
etc.) in maturing tubers, which causes deep natural dormancy of tubers. It is proposed to consider the activity of
germination inhibitors in freshly harvested tubers using allelopathic testing, which allows for determining the
optimal time for their collection and planting. This ensures germination rate at the level of 80-87%. Therewith,
the first crop of tubers is from 10.1 to 15.0 t/ha, and the second - from 26.2 to 9.3 t/ha. The dependence of the
content of abscisic acid with the accumulation of starch in tubers allows visually determining their suitability for
germination by the chemical reaction of vegetable juice with an iodine solution. The practical value of the study
lies in the possibility of obtaining two crops of seed potatoes per year, while the first crop is formed in 60-70
days, and the second - 90-100 days from planting. Despite the relatively low yield, the resulting seed material
is physiologically young, free from diseases and has a high productivity potential. This allows for shortening the
seed production scheme, increasing the reproduction rate of potatoes, and saving resources

Keywords: potatoes; seed production; freshly picked tubers; two crops; reproduction rate; allelopathic testing

INTRODUCTION

The need to research the possibility of forming
high-quality potato seed material in the Forest-Steppe
of Ukraine is justified by negative climate changes
and the complication of the humanitarian crisis in the
country. An increase in average daily air temperatures
and uneven soil moisture supply in the region led to a
substantial decrease in the yield of agricultural crops,
in particular, potatoes, using conventional cultivation
technology. The formation of seed material under these
conditions becomes ineffective due to the intensive
degeneration of plants during sequential reproduction.
Seed material improved by biotechnological methods
needs variety renewal after 3-5 years of reproduction
in this region. Providing farmers with high-quality seed
material of promising potato varieties is possible if
the seed production technology is adapted to modern
growing conditions.

R.Vozhehova et al. (2021) note that optimal condi-
tions for the growth and development of potato plants
are formed when the average daily air temperature is
not higher than 18-21°C. Therewith, the soil moisture
content should be at least 65-70% of the lowest mois-
ture capacity. According to V. Pastukhov (2021), over the
past 25 years, there has been a substantial increase
in average daily air temperatures in the eastern For-
est-Steppe region of Ukraine. In critical phases of plant
development, which are the budding and flowering
phases, temperature values exceed perennial values
by 1.1-2.4°C. Therewith, precipitation has a heavy rain
character, which leads to compaction and overheating
of the soil. Under these conditions, the formation of
tubers is inhibited. Their development is accompanied
by physiological disorders. In addition, in July-August,
plants are intensively re-infected with insects that carry
viruses (aphids, cicadas, etc.). This leads to an accelera-
tion of the degeneration of potato plants.

Climate researchers predict that an increase in CO,
concentration will lead to an increase in the efficiency of
using solar radiation,which can contribute to the growth
of potential yields in some regions (George et al., 2017;
Rana et al.,2020). However, increased heat and drought,

which will be observed in areas with insufficient hydro-
logical supply, will cause increased stress in plants and
reduce their productivity (Yagizetal.,2020; Muhie, 2022).

The conventional scheme of potato seed produc-
tion is based on the use of the material improved by the
method of culture of apical meristems. Elite potatoes
(base material) are obtained from the source material
improved in this way for four years (Bondarchuk, 2010).
However, due to changes in weather conditions in the
region recently, it has not been possible to form a full-
fledged seed material with high productive potential.

Under these weather conditions, the formation of
potato seed material is possible with a second-crop cul-
ture. Similar technology, as evidenced by L. Boiarkina et
al.(2020), is used in the south of Ukraine and avoids the
negative impact of adverse conditions on the formation
of potato seed tubers. Therewith, the first crop is har-
vested before the period of maximum air temperatures,
and the second crop is formed at favourable tempera-
tures in September-October. This technology allows for
avoiding the re-infection of plants with virus-carrying
insects and forming a crop of physiologically young tu-
bers with high productive potential. The second-crop
technology of obtaining seed material allows potato
seed production on a two-year cycle.

The effectiveness of a second-crop culture largely
depends on the suitability of potato varieties for the in-
tensive formation of the first crop of tubers.According to
K. Mori (2015) and J.P. Hyun (2021), it is most appropri-
ate to use varieties that quickly form a developed veg-
etative mass that prevents overheating of the soil. The
value of soil cover for the formation of the second tuber
crop is slightly lower. More substantial is the duration
of the dormant period, which is a varietal property. It is
most appropriate in the conditions of eastern Ukraine
to use early and medium-early varieties to obtain two
potato crops. Among the 194 potato varieties zoned
in Ukraine, 40 early-maturing and 25 medium-early
varieties are recommended for the conditions of the
Forest-Steppe region (State register of plant varieties
suitable for dissemination in Ukraine in 2022, 2022).
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However, the presence of varietal features in relation
to the physiological and biochemical mechanism of the
deep natural dormant period requires further research.

Thepurposeofthisstudyistodeterminetheinfluence
of the physiological and biochemical state and varietal
characteristics of potato plants on the ability of freshly
harvested tubers to form high-quality seed material for
a second-crop culture in the Forest-Steppe of Ukraine.

MATERIALS AND METHODS

Field research in 2012-2018 was conducted in the soil
and climatic conditions of the eastern Forest-Steppe of
Ukraine in accordance with the “Methodical recommen-
dations for conducting research with potatoes” (Kutsen-
ko et al., 2002).

During 2012-2014, methods for removing freshly
picked tubers from dormancy were examined on pota-
to varieties Serpanok and Skarbnytsia, which provided
for their pricking, germination, chemical treatment with
stimulants, and a combination of these operations.

In2014-2015,potato varieties of Ukrainian selection
Tyras,Skarbnytsia,Serpanok,lvankivs'ka rannia, Strumok,
Shchedryk, Partner, Povin, Hlazurna, Kimmeriia were ex-
amined. Spring planting was conducted in the third de-
cade of April, summer planting of freshly picked tubers
of the varieties under study - in the flowering phase.

In 2016-2018, laboratory studies were conduct-
ed on the activity of germination inhibitors in freshly
picked tubers of the Tyras variety using the method of
allelopathic testing. Therewith, white mustard seeds
were sprouted in an extract from the vegetable juice of
freshly harvested tubers of different harvesting periods
(control - distilled water). The biotesting was conduct-
ed by analogy with laboratory studies on the allelo-
pathic interaction of other vegetable plants (Harbovska
et al., 2020; Semenchenko et al., 2020). Determination
of starch content in freshly picked tubers was con-
ducted according to the relevant state standard (DSTU
4953:2008, 2009). The presence of colouration of veg-

etable juice of tubers was determined by adding an io-
dine solution to it at a concentration not exceeding 5%.
In the field, the first crop of Tyras tubers was harvested
60, 63, 66, 69, and 72 days after planting. A four-com-
ponent chemical solution (thiourea - 1%, potassium
rhodanide - 1%, gibberellin - 0.0005%, succinic acid -
0.002%) was used to inactivate the action of inhibitors
(Bondarchuk, 2019). After processing, freshly picked tu-
bers were planted to produce a second crop, which was
harvested after 98,95, 92, 89, and 86 days, respectively.

The weather conditions of 2012-2018 were sub-
stantially different, which is typical for this geograph-
ical area. This allows for assessing the suitability of
the examined varieties for second-crop cultivation
technology and investigating the physiological and
biochemical state of potato plants depending on the
time of harvesting the first crop. Notably, the tempera-
ture conditions of the growing season of the eastern
Forest-Steppe of Ukraine, according to perennial data,
are characterised by long hot periods, which causes the
riskiness of potato growing in this region. According to
the conventional technology of growing seed potatoes,
its critical phases of development fall on the maximum
increase in average daily air and soil temperatures,
which negatively affects the processes of stolon and
tuber formation (Archive of meteorological data, n.d.).

Analysis of meteorological data (according to the
Merefa weather post) covering the growing season of
potatoes with the first and second tuber crops indicates
a tendency of daily increase in air temperatures during
2012-2018.Theirincrease comparedto the perennial av-
erage values ranged from 0.1 to 2.9°C. Special attention
is paid to the period from mid-June to the third decade
of September when the hottest weather is observed.
Freshly picked tubers during this period are just begin-
ning active vegetation and the transition to autotrophic
nutrition. The formation of tubers of the second crop oc-
curs in relatively moderate conditions, starting from the
third decade of September to the end of October (Fig. 1).

Figure 1. Average daily air temperature during the potato growing season, 2012-2018

Source: compiled by the authors
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The increase in maximum and average daily air
temperatures was mostly due to a reduction and uneven
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precipitation over time. This led to dry periods during
the potato growing season (Fig. 2).

Figure 2. Precipitation dynamics during the potato growing season, 2012-2018

Source: compiled by the authors

For the period from 2012 to 2018, the amount of
precipitation during the growing season averaged
313.0 mm,which is 53.1 mm less than the perennial val-
ue. Special attention should be paid to the progressive
decrease in precipitation in the period from the begin-
ning of July to mid-August, when there was a decrease
in the amount of precipitation by 40.8 mm. The small
amount of precipitation that was observed during the
growing season was mainly heavy rain and was not pro-
ductively absorbed by plants. The general deterioration
of the hydrothermal regime in relation to the biologi-
cal requirements of potatoes confirmed global trends
in climate change and expected forecasts for Ukraine.

RESULTS AND DISCUSSION

The main problems of second-crop technology are
the intensity of tuber crop formation and the ability
of freshly harvested tubers to come out of dormancy.
Harvesting of the first crop of tubers is recommended
to be conducted during mass -flowering and within
two weeks after its completion (Osypchuk et al., 2012).

Only certain varieties, mainly early-maturing and me-
dium-early, can form a full-fledged crop of seed tubers
in such a short period of time in the conditions of the
eastern Forest-Steppe of Ukraine. According to the re-
sults obtained, the yield above average (18.5 t/ha) at
the time of flowering is formed by the varieties Tyras
(19.4 t/ha), Skarbnitsa (22.5 t/ha), Shchedryk (19.4 t/ha),
and Ivankivs'ka rannia (27.0 t/ha). The harvest from
summer planting with freshly picked tubers was
formed only by the varieties Tyras, Skarbnitsa, Serpanok,
Ivankivs'ka rannia, and Strumok. Their average yield
was 10.2 t/ha. The highest yield (14.5 t/ha) was pro-
vided by the Tyras, Skarbnitsa (11.0 t/ha), and Serpanok
(10.8 t/ha) varieties. Other varieties, due to uneven ger-
mination, had a decrease in the second crop of seed po-
tatoes. For the lvankivs'ka rannia variety, it was 7.9 t/ha,
and for the Strumok variety - 6.7 t/ha. Such varieties
as Shchedryk, Partner, Povin, Hlazurna, and Kimmeriia
did not form shoots for harvesting tubers during the
mass flowering of plants and for two weeks after its
completion (Fig. 3).

Figure 3. Potato yield for a second-crop culture, depending on the variety, average for 2014-2015, t/ha

Source: compiled by the authors
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The reaction of the potato varieties under study
to growing in a second-crop culture allows them to be
divided into three groups: varieties that react well; va-
rieties that react poorly; varieties that almost do not
react. It is worth paying attention to the fact that such
a division is conditional and applies only to cultivation
according to the method that involves harvesting the
first crop of tubers at the onset of the flowering phase.

Tubers of the first crop gradually accumulate inhib-
itors (abscisic acid, caffeic acid, cinnamon, scopoletin,
coumarins) during growth and development, which
cause tubers to enter a state of deep natural dormancy
(Gemeda, 2017). Therewith, the shoots of freshly picked
tubers are delayed or not formed. Thus, the germination
rate of the examined varieties ranged from 4 to 76%,
depending on the variety (Table 1).

Table 1. The germination rate of freshly picked tubers during summer potato planting,
depending on the variety, average for 2014-2015

No. Variety Similarity, %
1 Tyras 76
2 Skarbnytsia 67
3 Serpanok 48
4 Ivankivs’ka rannia 69
5 Strumok 66
6 Shchedryk 5
7 Partner 14
8 Povin’ 18
9 Hlazurna 23
10 Kimmeriia 4

Source: compiled by the authors

Low germination caused the thinning out of most
of the varieties under study. As a result, this did not al-
low getting a second harvest of seed material of the
Povin', Partner, Hlazurna, Kimmeriia, and Shchedryk va-
rieties. This study suggests that when determining the
timing of harvesting the first crop of tubers, it is nec-
essary to consider the physiological and biochemical
state of each variety. This is due to the fact that a cer-
tain part of the varieties in the flowering phase already
forms tubers, which begin to enter a dormant state and
almost do not form shoots. Therewith, a certain part of
the varieties still continues to form stolons, from which
tubers have not yet formed. It is advisable to determine
the timing of harvesting freshly harvested tubers not
by the onset of the phenological phase of flowering,
but by the accumulation of germination inhibitors in
maturing tubers. Therewith, harvesting of the first crop
is proposed to be conducted when a sufficient number
of tubers of the seed fraction have formed. This allows
economically justifying the first terms of harvesting
and determining in a timely manner the last terms at
which seedlings can still be obtained.

Regardless of the growing region, the accumula-
tion of germination inhibitors in maturing tubers large-
ly depends on varietal characteristics. In accordance
with the duration of the tuber formation period of each
individual variety, the optimal time for harvesting and

Scientific Horizons, 2023, Vol. 26, No. 2

planting freshly picked tubers is individual (Haider,
2021). Weather conditions have a substantial impact
on the physiological and biochemical state of potato
plants. All factors that accelerate the maturation of
tubers contribute to the accumulation of germination
inhibitors (abscisic acid, cinnamon, scopoletin, caffeic
acid, coumarins, etc.).

The suitability of freshly picked tubers for planting
can be visually determined based on the condition of
the peel. In physiologically young tubers that are still
able to form shoots, the periderm layer is very thin and
easily torn off. Therefore, these tubers should be planted
immediately after harvesting, before they lose their tur-
gor or rot. Therewith, before treatment with a solution
of stimulants, it is advisable to make 10-20 pricks over
the entire surface of tubers to the depth of the vascu-
lar ring. This technique also increases the germination
rate of tubers by 6-13% (Table 2). Short-term germina-
tion of these tubers is ineffective, even when combined
with chemical treatment with stimulants and pricking.

Field studies were conducted on the Tyras variety,
which responds best to second-crop cultivation tech-
nology to determine the effect of the physiological and
biochemical state of plants on the ability of freshly har-
vested tubers to form seedlings. The condition of fresh-
ly harvested tubers, depending on the time of harvest-
ing, is shown in the figure (Fig. 4).
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Table 2. Germination rate of freshly picked tubers depending on the method of pre-planting preparation
and varietal characteristics, %, average for 2012-2014

Variety
No. Pre-planting treatment options
Serpanok Skarbnytsia
1 Chemical treatment (control) 55 68
2 Chemical treatment + germination 27 30
3 Chemical treatment + pricking 68 74
4 Chemical treatment + germination + pricking 21 36

Source: compiled by the authors

Figure 4. Freshly picked potato tubers of the Tyras variety after 60, 63, 66, 69, and 72 days of vegetation

Source: compiled by the authors

When harvesting the first crop 60 days after
planting, the Tyras variety forms 25% of the tubers
of the seed fraction suitable for planting. In the fu-
ture, their share gradually continues to grow to 62%.

In this case, the yield was determined by both the
number and average weight of tubers. Its growth
over 12 days was 4.9 t/ha (from 10.1 to 15.0 t/ha)
(Table 3).

Table 3. Productivity of the first potato crop of the Tyras variety, depending
on the time of harvesting, is average for 2016-2018

Duration of vegetation, Number of tubers,

No.

Average weight

Seed fraction, % Yield, t/ha

days pcs./bush of tubers, g
1 60 4.2 43 25 10.1
2 63 45 42 29 10.7
3 66 47 47 35 12.1
4 69 5.1 49 46 13.6
5 72 5.4 50 62 15.0

Source: compiled by the authors

After pricking and short-term immersion in a
four-component solution of stimulants, the tubers
were immediately planted in the ground on the day
of harvesting. Therewith, the activity of germination
inhibitors in freshly picked tubers, namely in the eyes,
was determined using biotesting. It is at the growth
points that the main physiological and biochemical
activity of maturing tubers is observed. Using other

parts of the plant (tuber pulp or stem) to produce wa-
ter extraction is less effective, presumably due to the
low concentration of inhibitors in them and the pres-
ence of other chemicals. The difference in the amount
of white mustard seeds sprouted on the extract in re-
lation to those sprouted on distilled water indicates
an increase in the content of inhibitors and their effect
on growth processes (Fig. 5).
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Figure 5. Germination of white mustard seeds on extract from the juice of freshly picked tubers

Source: compiled by the authors

Starting from the 60™ day of vegetation, the
number of germination inhibitors gradually increas-
es in maturing tubers. According to the results of
allelopathic testing, the activity of these inhibitors

increases from 36 to 66% within 12 days. In turn, this
leads to a decrease in the germination rate of fresh-
ly picked tubers of the examined variety from 87 to
38% (Table 4).

Table 4. Physiological and biochemical state of freshly picked potato tubers depending on the harvesting period, %

Activity of germination

Germination of freshly picked

Starch content Presence of cell juice staining

No. inhibitors, % tubers, % in tubers, % in reaction with iodine
solution
1 36 87 6.2 No
2 42 80 6.3 No
3 52 59 6.4 No
4 57 50 6.8 No
5 66 38 6.9 Yes

Source: compiled by the authors

In maturing tubers, the peel parenchyma gradually
accumulates storage substances, in particular, starch.
There is evidence of a relationship between its content
and the concentration of abscisic acid, which is an auxin
antagonist and accelerates the maturation and entry of
tubers into a natural state of deep dormancy (Tkashuk
& Shevchuk, 2018). When harvesting, every three days
there is a tendency to increase the starch content in

freshly picked tubers from 6.2 to 6.9%. Therewith, the
reaction of vegetable juice with an iodine solution can
be observed by its intense colour in black and purple
(Fig. 6). This allows determining the starch concentra-
tion in freshly picked tubers, at which abscisic acid and
other inhibitors accumulate in an amount at which they
begin to enter a state of deep natural dormancy and
field germination sharply decreases.

Figure 6. Discolouration of vegetable juice from freshly picked tubers by chemical reaction with iodine solution
depending on the starch content and harvesting time

Source: compiled by the authors
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Therewith, the yield from summer planting with  This is mostly due to a decrease in plant density due to a
freshly picked tubers is maximum during the first planting  deterioration in germination,and a reduction in the grow-
period (26.2 t/ha),and then decreases to 9.3 t/ha (Table 5).  ing season,which is limited by the onset of autumn frosts.

Table 5. Productivity of the second potato crop of the Tyras variety, depending
on the time of harvesting, average for 2016-2018

No. Duration 3: ;l/segetation, Num;ce;/futstabers, Av:fr:gg ::se’ight Seed fraction, % Yield, t/ha

1 98 7.0 77 54 26.2

2 95 7.0 80 49 25.2

3 92 7.0 67 41 15.0

4 89 6.3 74 50 141

5 86 5.0 67 38 9.3

Source: compiled by the authors
Damage to the vegetative mass of plants by mi- night to-3°C leads to substantial damage to the veg-

nor frosts on the soil surface occurs mainly in early etative mass and causes a stop in the vegetation of
October. In the future, a drop in air temperature at  plants (Fig. 7).

Figure 7. Condition of potato plants and their frost damage in October
Source: compiled by the authors

The second potato crop consists of physiologically However, this material has a formed periderm and is
youngtubers,the vast majority of which are seedfraction.  suitable for perennial storage (Fig. 8).

Figure 7. Condition of potato plants and their frost damage in October
Source: compiled by the authors
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Depending on the duration of the growing season,
when the first and second crops of seed potatoes are
formed, substantial changes are observed in the number
of tubers formed. The largest number of tubers in the first
crop was formed by plants after 72 days of vegetation
(5.4 pcs./bush).However,inthe second crop,the maximum

number of tubers (7.0 pcs./bush) is formed during the
first term of planting freshly picked tubers.This affects
the value of the reproduction coefficient, which is the
main indicator of the effectiveness of second-crop tech-
nology for growing seed potatoes. Depending on the
experiment variant, it ranges from 1:26 to 1:10 (Table 6).

Table 6. Seed productivity of Tyras potatoes with a second-crop culture depending
on the time of harvesting, t/ha, 2016-2018

Number of tubers in the crop, pcs./bush

No. first crop second crop Reproduction rate
1 42 7.0 1:26
: 5 70 125
3 47 7.0 119
4 >1 6.3 116
> 5.4 5.0 1:10

Source: compiled by the authors

Therewith, it is determined not only by the number
of tubers that the plant formed by a certain harvesting
period but also by the number of plants that formed
shoots during summer planting with freshly picked tu-
bers of the first crop. That is why there is a high re-
production rate for the sequential propagation of seed
potatoes in variants with the highest germination of
freshly picked tubers.

Similar studies were conducted by Balashova et
al. (2020) in the southern part of Ukraine. According to
their results, the growing conditions of the region do
not correspond to the biological requirements of the
crop. According to this data, a substantial negative im-
pact of climatic factors on the formation of potato seed
material is a violation of the development of tubers
and intensive degeneration of seed material. A corre-
sponding scheme of potato seed production has been
developed, which provides for a second-crop cycle of
its cultivation. Therewith, harvesting of the first crop is
proposed to be conducted during the flowering phase
and within two weeks after it, and freshly picked tubers
after appropriate preparation should be planted to ob-
tain a second crop in autumn. The trend towards mete-
orological changes observed over the past 20-25 years
in the Forest-Steppe of Ukraine creates conditions for
the emergence of similar problems with the cultivation
of seed potatoes in this region. The presented results
confirmed the possibility of obtaining seed potatoes in
a second-crop culture with a certain improvement in
this technology.

Chernychenko (2012), Boyarkina (2019), and Vozhe-
hova (2021) also note the need to adapt the technology
of growing seed potatoes to climate change. They anal-
ysed the influence of meteorological conditions on the
formation of the first and second potato crops and in-
vestigated the effectiveness of technological methods

Scientific Horizons, 2023, Vol. 26, No. 2

for planting dates, the fractional composition of tubers,
irrigation, fertilisation, and the use of biologically active
substances. The data obtained by researchers confirm
the need to stimulate planting material to accelerate
the emergence of seedlings, intensify the development
of vegetative mass, and activate stolon and tuberous
formation. They pay special attention to the varietal re-
action of potatoes to second-crop cultivation technolo-
gy. The potato varieties of Ukrainian selection proposed
by Osypchuk (2012) allow forming stable yields of seed
material in the soil and climatic conditions of southern
Ukraine. However, according to the data of this study,
these recommendations on the suitability of varieties
require certain changes for use in the conditions of the
Forest-Steppe of Ukraine,in particular,in its eastern part.

The influence of varietal characteristics on the abil-
ity of freshly picked tubers to come out of dormancy
is noted by Balashova (2021). The results of this study
confirm the data obtained by the researcher on the ac-
cumulation of germination inhibitors in tubers of the
first crop and the need for the use of growth stimulants.
The high efficiency of a four-component solution for in-
terrupting the dormancy period has been proven: 10 g/l
of thiourea +10 g/l of potassium rhodanide +20 mg/l of
succinic acid +5 mg/l of gibberellin.

According to Semenchenko (2020), treatment of
freshly picked tubers with a solution of fumar with gib-
berellin leads to an increase in the yield of the Dutch
Impala variety by 1.8-1.9 t/ha, and solutions of bioglo-
bin and reastim with gibberellin - the Ukrainian Zahad-
ka variety. However, in this study, there is no high effect
on the germination of freshly picked tubers, which can
be explained by the physiological and biochemical fea-
tures of the examined varieties.

Deligios (2020) notes a substantial effect of gib-
berellic acid on the release of tubers from dormancy.




Therewith, there is an increase in the effect of cutting
tubers in half, which is confirmed by the results of this
study on mechanical pricking them to the depth of the
vascular ring. According to Gemeda (2017), the use of
gibberellic acid to disrupt the dormancy of tubers also
contributes to an increase in yield by 23-92% and an
improvement in potato quality.

Haider (2021) draws attention to the physiological
changes in tubers that accompany their dormant state.
Of particular importance is the ratio between abscis-
ic acid and cytokinin and between abscisic acid and
gibberellic acid. The author also notes the inhibition
of catalase and the accumulation of soluble carbohy-
drates. Therewith, Bajji et al. (2007) state about rapid
and synchronous germination of tubers treated with
thiourea (catalase inhibitor) or exogenous hydrogen
peroxide. This confirms the data of this study on the
accumulation of germination inhibitors in tubers (in
particular, abscisic acid), the possibility of exposure to
them by chemical methods, and information on the re-
lationship with changes in carbohydrates (starch, etc.).

Thus, the results of the conducted studies largely
confirm the previously obtained data on the substantial
influence of the physiological and biochemical state
and the varietal reaction of plants on the effectiveness
of potato seed formation in the conditions of the For-
est-Steppe of Ukraine using second-crop cultivation
technology. Therewith, it is proposed to determine the
activity of germination inhibitors of freshly harvested
tubers based on the results of allelopathic testing and
plan the number and timing of harvesting the first crop
based on the iodine reaction with the cell juice of these
tubers. In the future, this allows for getting full shoots
and forming a second crop of high-quality seed potatoes.

CONCLUSIONS

During the study, it was identified that the second-crop
technology of growing seed potatoes in the condi-
tions of climate changes observed in the eastern For-

Melnyk et al.

is advisable to prick their surface to the depth of the
vascular ring. This improves germination by 8-13%, de-
pending on the variety.

However, as the study showed, not all potato va-
rieties are able to form the first crop of tubers before
the flowering phase, which form shoots during summer
planting. The germination rate of freshly picked tubers
at the level of 48-76% was identified in the varieties
Serpanok, Tyras, Skarbnitsa, Strumok, and Ivankivs'ka
rannia. Therewith, the first crop is 17.8-27.0 t/ha, the
second - 6.7-14.5 t/ha. According to the reaction to the
second-crop cultivation technology, the examined va-
rieties can be divided into three groups: varieties that
react well; varieties that react poorly; varieties that al-
most do not react.

Harvesting of the first potato crop of the Tyras va-
riety, depending on the physiological and biochemical
state of the plants, allowed obtaining the germination
rate of freshly harvested tubers at the level of 87 to 38%.
This is largely determined by the activity of germination
inhibitors, which gradually accumulate in the tubers of
the first crop. The dependence of the content of abscisic
acid, which is the main inhibitor of germination, with
the concentration of starch in tubers allows using a
chemical reaction with aniodine solution to visually de-
termine the suitability of freshly picked tubers for sum-
mer planting. When harvesting the first crop of tubers
of the Tyras variety, 60 and 63 days after planting, the
maximum germination rate of freshly harvested tubers
is observed, and the highest density of crops is formed.
The reproduction rate is 1:26 and 1:25, respectively.

Further research onthe mechanism of accumulation
of germination inhibitors in the process of maturation of
tubers will attract promising potato varieties to the pro-
cess of seed production using second-crop technology
in the soil and climatic conditions of the Forest-Steppe
of Ukraine, which will halve the four-year seed pro-
duction scheme and increase the reproduction rate.

est-Steppe of Ukraine allows obtaining seed material ACKNOWLEDGEMENTS
twice during one season. This allows for maintaining  None.
high seed quality and shortening the seed produc-
tion scheme. In addition to the use of chemicals, to CONFLICT OF INTEREST
stimulate freshly harvested tubers of the first crop, it  None.
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disionoro-6ioxiMiuHe 06rpyHTYBaHHSA
ABOBPOXaMNHOI KynbTypu KapTtonni (Solanum tuberosum L.)
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AHoTauif. AKTyanbHiCTb NPOBEAEHUX AOCNIAKEHD NONATAE Y HEOOXiAHOCTI BAOCKOHANEHHI TEXHONOTIT BUPOLLYBAHHS
KapTonni 3i cBixo03ibpaHux 6ynbb 33 yMOB NITHBOrO CaAiHHA AN MOKPALLAHHA SKOCTi HACIHHEBOrO MaTepiany. MeToto
pocnipkeHb 6yno BU3HAYeHHS BNAMBY @i3ionoro-6ioximMi4yHOro ctaHy Ta COPTOBUX 0COBAMBOCTEN POCIMH KapTomni
Ha 3[aTHICTb CBiX03i6paHux Bynbb hopMyBaTH AKICHUIA HACIHHEBMI MaTepian 3a ABOYPOXAMHOI KyNbTypu B yMOBAX
Nicocteny Ykpaiun. Onga npoBeaeHHs [OCAIOXKEHb BMKOPUCTOBYBANMCSA MOMbOBI, CTaTUCTUYHI, PO3PaxyHKOBO-
aHaNiTMYHI Ta nabopaTtopHi MeToau. BcTaHOBNEHO, WO 30MpaHHS NEpLIOro BPOXKako ANS CafliHHA CBiXO3ibpaHuMmu
6ynbbamu y a3y LBITiIHHS Ta BNPOLOBX ABOX TWXHIB NiC/9 MOro 3aBepLUEHHS AN9 AeSKUX COPTiB € HeeeKTUBHUMM.
Mpu LbOMY, NEpLUNIA ypOXKal CKNada€e B cepeaHboMy 18,5 T1/ra,a apyruit — 5,1 7/ra. [leski copTv MatoTb HU3bKY CXOXICTb
3i cBiIXK03iBpaHMx 6ynbb (B 4 8o 76 %) abo B3arani ix He yTBOPHOHOTH. LLe MOACHIOETHCS HAKOMMYEHHSAM Y 103PiBarUMX
6ynbbax iHribiTopiB NPOpOCTaHHA (@BCUM30BOI KUCIOTU Ta iHWMX), WO CNPUYMHAE TMOOKUIA NMPUPOAHUIA CMOKIN
6ynbb. [ponoHyeEMO BpaxoBYBAaTU AaKTUBHICTb iHriBITOPiB NPOPOCTaHHS Yy CBiXO3ibpaHMx Bynbbax 3a AONOMOrow
anenonaTMYyHOro TECTYBAHHS, LLO [03BOJISIE BCTAHOBMTM ONTUMAsbHI CTPOKM iX 36MpaHHA Ta cagiHHs. Lie 3abe3neuye
CXOXiCTb Ha piBHi 80-87%. MNpu uboMy nepLumnit ypoxan b6ynbb cknagae Big 10,1 po 15,0 7/ra, a apyrun - Big 26,2
[0 9,3 1/ra. 3anexHicTb BMiCTy abCuUM30BOi KMCIOTU 3 HAaKOMUYEHHAM y Bynbbax KpoxManio A03BONSE Bi3yanbHO
BM3HAYMTU NPUAATHICTb iX 4O NPOPOCTaHHS 33 XiMIYHOK pPeaKLi€E POC/IMHHOMO COKY 3 pO34MHOM KHody. [pakTnyHa
LiHHICTb pob0TK NONSArae y MOXIMBOCTI OTPUMAHHS ABOX BPOXaiB HACIHHEBOI KapTOMAi Ha piK, NpY LbOMY NepLunii
Bpoxaln dopmyetbcs 3a 60-70 gi6, a apyruii — 90-100 pi6 Big cadiHHS. He 3Baxarouu Ha MOPIBHSHO HEBWMCOKY
BPOXaMHICTb, OTPUMAHUIM HACiHHEBMI MaTepian € @i3ionoriyHo MONOAMM, BiNbHUM Bif XBOPOO i MaE BUCOKMM
noTeHuian NpoayKTMBHOCTI. Lle n03BONSIE CKOPOTUTM CXEMY HACIHHMLUTBA, NiABULWMTU KOEdiLiEHT PO3MHOXEHHS
KapTonni Ta 3a0lWaanTh pecypcu

KniouoBi cnoBa: kapTonns; HaCiHHMLTBO; CBiX03i6paHi 6ynbbu; Ba Bpoxai; KoediLieHT pO3MHOXEHHS; anenonaTuyHe
TeCTyBaHHA
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Abstract. Soybean diseases reduce the energy of seed germination, dilute
crops, reduce the photosynthetic surface and productivity of cultivated
plants, and worsen quality indicators. The purpose of the study was to
determine the effect of fungicidal protection on the yield and quality
of soybean grain. The following methods were used to achieve it: field,
chemical (to determine the quality indicators of soybean grain), and
statistical (to assess the reliability of data). The study was conducted
in 2021-2022 in the conditions of TOV Savarske, Obukhiv district, Kyiv
region. Soybean varieties Amadea and Aurelina and 10 variants of
fungicidal protection were examined. It was identified that the increase
in soybean grain yield when using fungicides is 0.41-0.72 t/ha, compared
to the control. The highest yield in the experiment was obtained on the
variants Celest top 312.5 FS, TH (1 l/t) + Abacus (2 I/ha) and Standak Top
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(2 l/t) + Abacus (2 L/ha) - 3.31 and 3.37 t/ha and 3.06 and 3.13 t/ha, respectively, in the varieties Amadea and
Aurelina. There was no effect of the fungicides under study on the moisture content of soybean grains and the
fat content of soybean seeds. There is an increase in protein content by 0.3-1.8% in variants with the use of
fungicidal protection, compared to the control. The highest fat and protein content was obtained on the variant
Standak Top (2 l/t) + Abacus (2 l/ha) and Celest top 312.5 FS, TH (1 I/t) + Abacus (2 I/ha) - 21.9 and 21.7% and
38.5 and 42.4%, respectively, in the varieties Amadea and Aurelina. The results of the conducted studies can be
used in production conditions to improve the protection of soybean crops from diseases and increase the yield

and quality of grain of this crop

Keywords: soy; fungicides; productivity; grain quality; pre-sowing seed treatment

INTRODUCTION
Soybeans are one of the most profitable crops in
Ukraine, and its global acreage increases every year.
Therewith, the yield of this crop is unstable and chang-
es under the influence of many factors, one of which is
the infection of soybean seedlings and the leaf appara-
tus by fungal diseases. The use of plant protection prod-
ucts is required to level or reduce the impact of fungal
diseases on soybean plants, one of the most effective of
which are fungicides. Due to the emergence of new fun-
gicidal preparations, it becomes expedient to examine
their effect on the yield and quality of soybean grain.

The studies (Baysal-Gurel, 2018; Kots, 2021) note
that high economic and food losses from damage to
soybean plants by phytopathogens cause the need for
crop protection. Modern fungicides are effective com-
pounds that act on specific biochemical processes of
pathogen growth and development and stimulate the
protective mechanisms of cultivated plants. However,
there are problems using synthetic fungicides, which
include hazards to human health, damage to aquatic
ecosystems, reduction of the number of beneficial mi-
croorganisms in the soil,and even damage to the ozone
layer. According to Christopher (2010), frequent and in-
discriminate use of fungicides can promote the devel-
opment of fungicide resistance.

The study by Bandara et al. (2020) identified a
substantial and positive association between soy-
bean yield and fungicide use in most years of the
study. According to the data obtained by Kandel et al.
(2021), mixtures of fungicides from several groups of
active ingredients (two or three ingredients) increase
soybean vyield by 3.0% compared to the control.
Therewith, the average yield increase over the years
of observation (2005-2018) is 2.7%. As noted in the
study by Bluck (2015), the absence of fungicides in
the soybean cultivation system reduced grain yields
in 5 out of 13 years of the experiment (2000-2013)
by 0.21-0.79 t/ha, and their use increased yields by an
average of 0.47 t/ha.

According to the results of the study conducted
with the fungicides Triazole (tebuconazole) and Stro-
bilurine (pyraclostrobin) by Swoboda (2009), it was
identified that their separate and combined use in
soybean crops did not result in a substantial effect on

grain yield. In this study, fungicides were used in the
absence of fungal diseases and had no non-fungicidal
physiological effect on soybean plants.

Hanna (2008) and Mourtzinis (2017) think that the
phase of crop development in which the fungicide is
used substantially affects its effectiveness and ability
to suppress diseases. In addition, there is a decrease in
the effectiveness of fungicides due to unfavourable en-
vironmental conditions and their use on soybean vari-
eties that are resistant to diseases. According to Bestor
(2011) and Chanda (2014), there is no clear understand-
ing of the correct period of application of fungicides.
In many soybean-producing countries, the use of fun-
gicides for disease control is based on a fixed stage of
crop growth, usually between R3 and R5. This phenol-
ogy-based criterion is widely accepted because of its
ease of implementation, as it does not require disease
detection or diagnosis (Carmona, 2015).

According to Pavlishche et al. (2017), soybean seed
treatment had a negative impact on nodulation pro-
cesses, nodule nitrogen-fixing activity, photosynthetic
intensity, and leaf transpiration. Therewith, the degree
of manifestation of the effect depended on the drug
and the method of treatment. Early, two weeks before
sowing, seed treatment had less effect on the symbiotic
apparatus compared to etching together with inocula-
tion on the day of sowing, but it had a stronger effect
on the physiological state of the plant itself, in partic-
ular, on photosynthesis and transpiration. Rybachenko
(2021) studies showed that the fungicides Fever and
Standak Top slightly inhibit the nodulation activity
of rhizobia in the phase of 2 true leaves of soybean.
Therewith, in the phase of 3 true leaves and budding,
these drugs activate the processes of nodule formation
and fixation of molecular nitrogen. Therewith, the re-
sults of field experiments by Omelchuk (2019) show
that the use of Acanto Plus fungicide contributed to a
more complete realisation of the productive capacity of
soy-rhizobial symbiosis of soybeans and an increase in
seed weight by 21% compared to the control.

Mostovyak & Kravchenko (2018) note that in the
conditions of the Forest-Steppe of Ukraine, the use of
fungicides Acanto Plus 28 KS (1.0 l/ha), Amistar Extra
280 SC (0.75 l/ha), Bumper Super 490 SE (1.5 l/ha),
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Impact K, KC (0.8 L/ha), Coronet 300 SC KS (0.8 L/ha)
in crops soy leads to intensive passage of growth and
photosynthetic processes in plants, accompanied by an
increase of 20-48% of the leaf surface area, 58-79% of
the amount of chlorophylls A and B in the leaves, and
7-9% of the net productivity of photosynthesis of crops.

According to Kandel et al. (2016) and Bradley
(2008), fungicides can be used for preventive purposes
to increase soybean yields, but their use was profitable
in about 14% of cases based on the average market
price of soybeans in 2008-2014. According to Orlowski
(2016), the use of fungicides is profitable even in the
absence of diseases. In addition, as noted by Bergman
et al. (2020), it is necessary to adhere to the principles
of Integrated disease control and use fungicides only if
they are known or highly likely to occur. A similar opin-

ion is shared by Swoboda et al. (2009), which indicates
that environmental conditions and disease assessment
should be used as a reference for foliar application of
fungicides on soybeans.

A review of literature sources indicates a lack of
consensus on the type of fungicides, the period of their
application, and their impact on the growth processes,
productivity, and quality indicators of soybeans. There-
fore, the purpose of these studies was to identify the
features of the formation of productivity and quality of
soybean grain depending on fungicidal protection.

MATERIALS AND METHODS

The study was conducted in 2021-2022 in the condi-
tions of TOV Savarske, Obukhiv district, Kyiv region. The
scheme of the experiment is shown in Table 1.

Table 1. Experiment scheme

Soybean varieties (factor A)

Fungicides (Factor B)

Amadea

Control

Maxim Advance (1.25 l/t)

Vibrance (1 l/t)

Celest top (1 /1)

Standak Top (2 V/t)

Aurelina

Abacus (2 l/ha)

Maxim Advance (1.25 l/t) + Abacus (2 l/ha)

Vibrance (1 l/t) + Abacus (2 l/ha)

Celest top (1 U/t) + Abacus (2 l/ha)

Standak Top (2 l/t) + Abacus (2 |/ha)

Source: compiled by the authors

Seed treatment with fungicides was conducted
before sowing and spraying of crops during the grow-
ing season (before the budding phase) by applying a
working solution (250 l/ha) in experimental plots. On
the control variants, seeds were treated, and crops were
sprayed with water at the rate of 250 l/ha during the
period when fungicides were applied.

The total area of the basic plot is 144 m?, account-
ing - 120 m2 The experiment is repeated three times.
Soil of experimental plots - typical medium-loamy
loamy chernozem. The content of humus is 2.56%, eas-
ily hydrolysed nitrogen - 145 mg/kg, mobile phospho-
rus - 167 mg/kg, exchange potassium - 178 mg/kg. The
degree of soil pH acidity - 6.1.

In 2021, the weather conditions were favourable
for the growth, development, and formation of soy-
bean productivity. In some months (May and July), there
was 63 and 78% more precipitation compared to the
long-term average. In 2022, air and soil droughts were
observed in May and June, and there was an excess of
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precipitation only in September (112.6 mm), which did
not affect soybean productivity. That is, this year was
unfavourable for soybeans in terms of climate indica-
tors.

Yield accounting was conducted separately by the
method of continuous threshing of each plot, followed
by recalculation for 100% purity and standard humidi-
ty. The protein content was determined by the Kjeldahl
method, and the fat content was determined by the ex-
traction of the suspension with ethyl ether in the Soxlet
apparatus according to DSTU 4964:2008 (2010). The
analysis of the obtained data was conducted using the
methods of dispersion and variation analysis using Mi-
crosoft Excel and Statistics 12.0 computer programmes.

RESULTS AND DISCUSSION

Based on the results of the conducted studies, it was
identified that the yield of the soybean varieties under
study depended both on the hydrothermal conditions of
the year of research and the use of fungicides (Table 2).
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Table 2. Effect of fungicides on soybean grain yield, t/ha

Increase compared

Experiment variant 2021 2022 Average with control
Amadea
Control 2.98 2.03 2.50 -
Maxim Advance (1.25 l/t) 3.50 2.34 2.92 0.42
Vibrance (1 Vt) 3.52 2.35 2.94 0.44
Celest top (1 l/t) 3.78 2.58 3.18 0.68
Standak Top (2 l/t) 3.84 2.64 3.24 0.74
Abacus (2 l/ha) 3.42 2.28 2.85 0.35
Maxim Advance (1.25 l/t) + Abacus (2 l/ha) 3.63 2.51 3.07 0.57
Vibrance (1 l/t) + Abacus (2 l/ha) 3.66 2.52 3.09 0.59
Celest top (1 l/t) + Abacus (2 I/ha) 393 2.69 3.31 0.81
Standak Top (2 l/t) + Abacus (2 /ha) 4.00 2.74 3.37 0.87
Aurelina
Control 3.03 1.84 243 -
Maxim Advance (1.25 l/t) 3.27 2.20 273 0.30
Vibrance (1 l/t) 3.30 2.21 2.75 0.32
Celest top (1 /1) 3.50 241 2.95 0.52
Standak Top (2 W/t) 3.52 2.46 2.99 0.55
Abacus (2 l/ha) 3.20 2.18 2.69 0.26
Maxim Advance (1.25 l/t) + Abacus (2 l/ha) 3.42 2.36 2.89 0.46
Vibrance (1 l/t) + Abacus (2 l/ha) 3.44 2.38 291 0.48
Celest top (1 l/t) + Abacus (2 I/ha) 3.59 2.54 3.06 0.63
Standak Top (2 l/t) + Abacus (2 l/ha) 3.67 2.60 3.13 0.70
HIP 0.11 0.09 0.12

05

Source: compiled by the authors

The weather conditions of 2022 were unfavourable
for soybeans, which affected the growth and develop-
ment of plants and the level of crop yield in general.
Depending on the factors under study, it ranged from
1.84 (Aurelina variety, control) to 2.74 t/ha (Amadea
variety, Standak Top (2 l/t) + Abacus (2 l/ha)). In 2021,
the hydrothermal regime during the growing season
of soybeans contributed to the maximum realisation
of the genetic potential of soybean varieties, which al-
lowed obtaining grain yields from 2.98 (Amadea variety,
control) to 4.00 t/ha (Amadea variety, Standak Top (2 l/t)
+ Abacus (2 I/ha)). The decrease in yield in 2022 was
28.2-33.4% compared to the previous year.

The use of fungicides had a positive effect on in-
creasing the yield of soybeans of both varieties during
the years of research. Thus, under the influence of this
technological measure, the yield increase was 0.42-
0.87 t/ha for the Amadea variety and 0.30-0.70 t/ha
for the Aurelina variety, compared to the control. The
difference between the fungicide protection options
was greater in 2022. On average, for two years, the
most effective option was pre-sowing seed treatment
with Standak Top (2 l/t) and spraying plants during
the growing season with Abacus (2 L/ha). The grain

yield was 3.37 and 3.13 t/ha, respectively, in the
varieties Amadea and Aurelina. Notably, in both va-
rieties there was no substantial difference between
this option and the use of Celest top (1 l/t) + Aba-
cus (2 l/ha), which was within the error range of the
experiment (HIPO5 in 2021 - 0.11, in 2022 - 0.09 t/
ha). There is also no substantial difference between
the use of Maxim Advance (1.25 l/t) + Abacus (2 l/ha)
and Vaibrans (1 l/t) + Abacus (2 l/ha), Maxim Advance
(1.25 l/t) and Vaibrans (1 l/t), and Celest top (1 l/t) and
Standak Top (2 l/t). This is due to the similar mecha-
nism of action of the examined drugs, especially in
the initial period, on pathogens.

In general, options with the combined use of
pre-sowing seed treatment and the introduction of
fungicides on vegetative soybean plants were more ef-
fective. Therewith, in areas with pre-sowing treatment
of seeds with Maxim Advance (1.25 l/t), the grain yield
was 0.4-0.7 t/ha higher than with post-emergence ap-
plication of Abacus (2 l/ha). On average over the years
of the study, the grain yield of the Amadea variety was
2.7-7.7% higher than the Aurelina variety. The yield of
the Amadea variety was in the range of 2.03-3.70 t/ha
and the Aurelina variety - 1.84-3.43 t/ha (Fig. 1).
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Figure 1.Yield of soybean varieties depending on the application of fungicidal protection, t/ha

Source: compiled by the authors

The use of fungicides provides an increase in the
yield of soybean grain in the range of 0.41-0.72 t/
ha, compared to the control. The above-mentioned
increases in the yield level indicate a high efficien-
cy of using fungicides. Based on the results of the

variance analysis of data for the years of research,
the share of involvement of the factors under study
and their interaction in the formation of grain yield
of soybean varieties Amadea and Aurelina was es-
tablished (Table 3).

Table 3. Variance analysis of soybean yield in 2021-2022

Factor MS p Involvement part, % Substantiality
Variety (A) 3.288 <0.001 171 *
Fungicides (B) 2.404 <0.001 12.5 *
Year (Y) 12.519 <0.001 65.1 *
AxB 0.808 <0.001 4.3 *
BxY 0.154 <0.001 0.8 *
Other interactions <0,01 >0.05 0.2 ns

Note: p<0.05; ns - not substantial, p>0.05
Source: compiled by the authors

Weather conditions (year) had the greatest impact
(65.1%) on the formation of soybean yields. The genotypic
effect (variety) was at the level of 17.1% and the share of
fungicides in the formation of soybean yield was 12.5%.
The interaction “variety - fungicidal protection”was sub-
stantial (4.3%), and the interaction “fungicides - weather
conditions (year)” was insubstantial. A direct high rela-
tionship was established between the yield and precip-
itation for the soybean growing season (r=0.85 in 2021
and r=0.92in 2022) and the sum of effective temperatures
for the growing season (r=0.88 in 2021, r=0.96 in 2022).

According to Podpryatov (2014), the moisture con-
tent of soybean grain during harvesting should be 14-
16%, because at values of 11-12%, beans crack, cracks

form in the seeds, through which pathogens enter, lead-
ing to substantial grain losses. When the grain moisture
content is over 20%, the seeds are deformed, the em-
bryo is damaged and cannot be completely grounded
from the beans.

There was no effect of the fungicides under study
on the moisture content of soybean grain, this indicator
depended on the weather conditions of the year and
varietal characteristics (Table 4). The highest indicators
of grain moisture were in 2022 - 8.9-9.6% and 8.4-9.2%
and lower in 2021 - 7.8-8.6% and 7.8-8.4%, respective-
ly, in the varieties Amadea and Aurelina. The Amadea
Variety had a 0.2-0.7% higher grain moisture content
compared to the Aurelina variety.

Table 4. Effect of fungicides on grain moisture of soybean varieties, %

Experiment variant 2021 2022 Average
Amadea
Control 8.1 9.4 8.8
Maxim Advance (1.25 l/t) 8.4 9.0 8.7
Vibrance (1 l/t) 8.3 8.9 8.6
Celest top (1 /) 79 9.1 8.5
Standak Top (2 l/t) 8.2 9.4 8.8

Scientific Horizons, 2023, Vol. 26, No. 2
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Table 4, Continued

Experiment variant 2021 2022 Average
Amadea
Abacus (2 I/ha) 7.8 9.6 8.7
Maxim Advance (1.25 l/t) + Abacus (2 l/ha) 8.0 9.3 8.7
Vibrance (1 l/t) + Abacus (2 /ha) 8.6 9.3 9.0
Celest top (1 l/t) + Abacus (2 L/ha) 8.5 9.0 8.8
Standak Top (2 l/t) + Abacus (2 /ha) 79 9.5 8.7
Aurelina
Control 8.3 8.8 8.6
Maxim Advance (1.25 I/t) 7.8 8.7 8.3
Vibrance (1 I/t) 8.6 9.2 8.9
Celest top (1 /) 79 8.7 8.3
Standak Top (2 L/t) 8.0 8.9 8.5
Abacus (2 l/ha) 7.8 9.0 8.4
Maxim Advance (1.25 l/t) + Abacus (2 l/ha) 8.4 8.5 8.5
Vibrance (1 l/t) + Abacus (2 /ha) 79 8.6 8.3
Celest top (1 l/t) + Abacus (2 I/ha) 7.8 8.7 8.3
Standak Top (2 l/t) + Abacus (2 L/ha) 7.8 8.4 8.1
HIP 0.1 0.2 0.2

05

Source: compiled by the authors

The fat content of soybean seeds depended on the
genotypic characteristics of the studied varieties. There
was no substantial effect of fungicides on fat accumu-
lation in soybean grain, there was only a tendency to
increase it by 0.1-0.4% in the experimental areas with
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their use, compared to the control. In the Amadea vari-
ety, on average for two years, this indicator was higher
than in the Aurelina variety by 0.1-0.4% and varied in
the range of 21.3-21.7%, and in the Aurelina variety, it
was 21.0-21.6% (Fig. 2).
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Figure 2. Soybean grain fat content (average for 2021-2022), %

Source: compiled by the authors
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The protein content in soybean grains varied be-
tween 37.5-38.5% in the Amadea variety and 40.6-
42.4% in the Aurelina variety (Fig. 3). In the Amadea vari-
ety, the protein content in the grain was 3.1-3.9% lower
compared to the Aurelina variety. In the variants using
fungicidal protection, the protein content increased
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Figure 3. Protein content in soybean
Source: compiled by the authors

Consequently, an increase in soybean grain yield
was identified in the range from 0.41 to 0.72 t/ha and
protein content from 0.3 to 1.8%, on variants using fun-
gicides, compared with the control. The effect of the
fungicides under study on the moisture content of soy-
bean grains and the fat content of soybean seeds was
not established. The highest yield of soybeans in the
experiment, in the varieties Amadea and Aurelina, was
obtained on the variants Celest top 312.5 FS,TH (1 /t) +
Abacus (2 I/ha) and Standak Top (2 L/t) + Abacus (2 /ha) -
3.31 and 3.37 t/ha and 3.06 and 3.13 t/ha.

According to the results of the conducted studies,
a substantial increase in the yield of soybean grain on
variants using fungicides was established. This is con-
sistent with the data of other researchers. Thus, Kosy-
lovych & Golyachuk (2020) identified that the highest
soybean yield was obtained when applying fungicides
Aliette, 80% WP (1.5 kg/ha), Propulse, 25% SE (0.8 l/ha) -
37.5 cwt/ha, which was 11.0 cwt/ha in addition to
the control. Shendryk (2018), in the conditions of the
Bila Tserkiva experimental breeding station, the high
efficiency of the fungicide Propulse 250 SE against a

Scientific Horizons, 2023, Vol. 26, No. 2

in the varieties Amadea and Aurelina by 0.3-1.0% and
0.7-1.8%, compared to the control. The highest pro-
tein content in both varieties was obtained using Ce-
lest top (1 l/t) + Abacus (2 l/ha) - 38.4 and 42.1 % and
Standak Top (2 l/t) + Abacus (2 l/ha) - 38.5 and 42.4%,
respectively, in the varieties Amadea and Aurelina.
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complex of soybean diseases and an increase in soy-
bean yield by 1.0-1.5 t/ha, compared to the control, was
established. As noted by Shcherbachuk (2015), double
application of fungicides Coronet (0.6 l/ha) and Aba-
cus (1.5 /ha) provides the highest yield of soybeans -
2.70 t/ha and the highest protein content - 37.8%.
Kolisnyk (2020) identifyed that pre-sowing seed
treatment with Rhizoactive + Maxim XL 035 FS in com-
bination with Abacus fungicide contributed to an in-
crease in soybean seed yield to 2.65 t/ha. According to
Ng (2018), fungicide treatment of soybean seeds and
crops increased yields in 4 out of 12 years of testing
compared to the control. The use of a separate fungi-
cide, insecticide, or a mixture of both did not improve
yields in the absence of harmful entomofauna or phy-
topathogens at threshold levels on soybean plants. In
the studies by Mostovyak (2019), soybean grain yields
increased by 11-15% when using fungicides. Other re-
searchers also note the positive effect of fungicides on
soybean productivity (Kolisnyk, 2020; Grassini, 2015;
Vann, 2021). Some researchers (Swoboda & Pedersen,
2009; Ng, 2018) emphasise the importance of requlated




use of fungicides in soybean cultivation. As noted,
(Bergman, 2020; Junqueira, 2021; Bestor, 2011) fungi-
cides should only be used if certain diseases are pres-
ent or highly likely to occur in soybean crops.

According To Rotundo (2009), high air temperatures
and low precipitation during seed formation and repro-
ductive growth lead to higher protein concentrations
in soybean seeds. The increase in protein synthesis de-
pends on the time and degree of environmental stress.
This increase in protein content may be the reason for
the low correlation of protein content with grain yield.

According to the results obtained, the protein con-
tent depended on varietal characteristics and did not
change substantially over the years of the study. The
authors did not calculate the correlation between grain
yield and protein content. An increase in protein con-
tent of 0.3-1.8% was identified in variants using fun-
gicidal protection, compared with the control. This is
consistent with the data obtained by Hryhor'eva (2020)
and Hadzovsky (2020).

According to the data obtained, the use of fungi-
cides did not cause substantial differences in changes
in the fat content in soybean grains, which is confirmed
by other researchers (Kosylovych, 2020; Prochazka,
2017; Ghahari, 2017). However, based on the results ob-
tained by Siddiqui (2006) with an increase in the dose
of fungicides, the protein and fat content in soybean
grains decreased. The insufficient number of studies to
examine the effect of fungicides on the quality indica-
tors of soybean grain is notable. That is, the question
of the effect of fungicides on protein and fat content
requires further study.

CONCLUSIONS

Based on the results of the conducted studies, the in-
fluence of pre-sowing seed treatment and post-emer-
gence use of fungicides on the productivity of soybean
varieties was established. On average, the increase
in soybean grain yield is 0.41-0.72 t/ha, compared to
the control. The highest yield in the experiment was
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obtained on the following variants: Celest top 312.5
FS, TH (1 l/t) + Abacus (2 I/ha) and Standak Top (2 l/t)
+ Abacus (2 l/ha) - 3.31 and 3.37 t/ha and 3.06 and
3.13 t/ha, respectively, in the varieties Amadea and Au-
relina. The grain yield in the Amadea variety was 2.7-
7.7% higher than in the Aurelina variety.

Soybean productivity depended on the hydrother-
mal conditions of the year. Thus, in the best in terms of
precipitation year of 2021, the yield of Amadea and Au-
relina varieties, depending on the fungicidal protection,
was 2.98-4.00and 3.03-3.67t/ha,respectively.Andinthe
unfavourable climaticyear 2022,the yield was 2.03-2.74
and 1.84-2.60 t/ha, respectively. The decrease in yield
in 2022 was 28.2-33.4% compared to the previous year.

The effect of the fungicides under study on the
moisture content of soybean grains and the fat content
of soybean seeds was not established. An increase in
protein content by 0.3-1.8% was identified in variants
using fungicidal protection, compared with the control.
The highest fat and protein content is obtained when
using fungicides Standak Top (2 l/t) + Abacus (2 /ha) -
21.9 and 21.7% and 38.5 and 42.4%, respectively, in the
varieties Amadea and Aurelin. The high efficiency of
the examined fungicides is explained by their effect on
pathogens in the initial period of soybean plant onto-
genesis and the development of fungal diseases during
the growing season. Therewith, it requires further re-
search to determine the effectiveness of fungicides
as preventive drugs, justify the economic feasibility of
their use, and their impact on the quality indicators of
soybean grain.
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AHoTauisi. XBopobu COoi 3HMXYHOTb €HEPrit0 MPOPOCTAHHA HACiHHS Ta MOr0 CXOXIiCTb, 3PiJKYHOTb MOCIBU, 3MEHLLYHOTb
(DOTOCMHTETUYHY NOBEPXHIO M NPOAYKTUBHICTb KYNbTYPHUX POC/INH, NOTipLLYOTb IKICHI NOKa3HMKK. MeTo AocnigkeHb
6yn0 BU3HAYEHHS BNAMBY QYHMILMAHOIO 3aXMCTY HA YPOXAWMHICTb Ta AKICTb 3epHa COPTIiB COi. Y npoueci BUKOHAHHS
[OCNiAKEeHb BUKOPUCTOBYBAIM HACTYMHI METOAM: NONLOBUIA, XIMIYHMI (819 BU3HAYEHHSA SKICHUX NMOKA3HMKIB 3epHa
COi) Ta CTAaTUCTUYHMI (BNS OLIHKKM JOCTOBipHOCTI AaHumx). DocnigpkeHHs npoeogunuca B 2021-2022 pp. B yMOBax
TOB «CaBapcbke» Obyxiscbkoro parioHy Kuiscbkoi obnacti. BuByanu coptu coi AMapea T1a AypeniHa ta 10 BapiaHTiB
bYHriUMAHOro 3axucTy. BusBneHo, Wo npupicT BPOXaMHOCTI 3epHa COT NpW 3aCTOCYBaHHI QYHriLMAIB CTAaHOBUTb
0,41-0,72 1/ra, NOpiBHAHO 3 KOHTpPONeM. HaiBuLLA ypOXalHICTb B AOCNIAI OTPMMAHA Ha BapiaHTax Cenect Ton 312.5
FS,TH (1 n/1) + ABakyc (2 n/ra) i Crangak Ton (2 n/7) + ABakyc (2 n/ra) - 3,311 3,37 1/rata 3,06 3,13 7/ra, BianoBigHo
y copTiB AMagea Ta AypeniHa. He BigMiyeHo BNaMBY BoCAiAXyBaHWUX QYHTiLMAIB HA BOMOTiCTb 3€pHA COi Ta BMICT XMPY
B HaciHHi coi. CnocTepiraeTbcs 3pocTaHHs BMicTy 6inky Ha 0,3-1,8 % Ha BapiaHTax i3 3aCTOCYyBaHHAM QYHriLMAHOIO
3aXMCTY, NMOPIBHAHO 3 KOHTponeM. HarBuwuid BMicT xupy Ta 6inka oTpumaHo Ha BapiaHTax CraHpak Ton (2 n/1) +
Ab6akyc (2 n/ra) i Cenect ton 312.5 FS, TH (1 n/7) + Abakyc (2 n/ra) - 21,9 i 21,7 % 1a 38,5 i 42,4 %, BinnoBiaHo y
coptiB AMagea Ta AypeniHa. Pe3ynsTaTv npoBeAeHUX LOCNiAXEHb MOXYTb 6YTU BUKOPUCTaHHI B BUPOBHUYMX yMOBaX
[NS NOKPALLEHHS 3aXMUCTY NOCIBIB COi Bij, XBOPOO Ta MiABULLEHHS YPOXAMHOCTI Ta AKOCTI 3epHa LLEi KynbTypwu

KniouoBi cnoBa: cos; GyHriumam; npoayKTUBHICTb; SIKiCTb 3epHa; nepeanociBHa 06pobka HACiHHA
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Abstract. The relevance of the results of these studies lies in the fact
that until recently, changes in the mineral composition of different types
of meadow agrophytocenoses under the influence of symbiotic alfalfa
and mineral nitrogen in the content of macro- and microelements,
heavy metals, and nitrates in feed biomass have not yet been sufficiently
investigated, which hinders the development and implementation of
feed production findings in agricultural production. The purpose of the
study is to establish changes in the accumulation of various meadow
agrophytocenoses in dry feed biomass on various agricultural zones of
mineral elements during cultivation on dark grey soils of the Right-Bank
Forest-Steppe. During this study, field and laboratory methods were used,
and an analytical method was used to determine the mineral composition
of dry feed biomass. The results of studies on the accumulation of alfalfa,
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alfalfa-cereals, and cereal stands in in dry feed mass on various backgrounds of fertilisation and liming of raw
ash, macro- and microelements, heavy metals, and nitrate nitrogen are presented. It is shown that under the
action of symbiotic nitrogen in alfalfa and alfalfa cereal stands, compared with cereals in the dry mass of feed,
raw ash accumulates more macroelements, trace elements, and heavy metals by 0.6-0.8%, the ratio of calcium
to phosphorus increases by 0.11-0.26, and potassium to the sum of calcium and magnesium decreases by
0.11-0.26. Under the action of mineral nitrogen in the case of the introduction of N90 in the cereal stand, the
content of nitrates increases from 0.02 to 0.04%, zinc - from 9.1-9.2 to 12.4-12.6 or by 3.2-3.5 mg/kg, copper -
from 3.4-3.7 to 5.3-5.5 mg/kg, as well as manganese, lead, nickel, cadmium in the dry mass of the feed of the
cereal stand. It is proved that the content of macro- and microelements in the dry mass of feed corresponds
to zootechnical standards for feeding cattle, and nitrates and heavy metals do not exceed the maximum
permissible concentrations. The results of these studies can be used in the development of recommendations
on technologies for growing perennial cereals for feed purposes and in the educational process

Keywords: heavy metals; zootechnical norm; macro- and microelements; nitrates; raw ash; dry mass; cereal feed

INTRODUCTION

The effective functioning of animal husbandry largely
depends on providing this branch of agriculture with
cheap cereal feed. Hayfields, pastures, and crops of pe-
rennial cereals are their main source. One of the ways of
environmentally safe intensification of feed production
and meadow culture is the creation of feed agrophyto-
cenoses with a high content of legumes. Due to symbi-
otic nitrogen fixation, they not only increase the pro-
ductivity of forage lands but also improve the quality of
feed, in particular, their mineral composition. Therefore,
the results of researching the mineral composition of
different types of meadow agrophytocenoses are cer-
tainly relevant.

Analysis of the studies (Dziubailo et al., 2020;
Kovtun et al., 2020; Kamalongo & Cannon, 2020) shows
that replacing mineral nitrogen in the cultivation of
perennial cereals with symbiotically fixed nitrogen of
perennial legumes for growing them in a single-spe-
cies crop or mixed with cereals substantially reduces
the energy costs of growing forage agrophytocenoses.
Ultimately, the nitrogen of mineral fertilisers, used for
the cultivation of highly productive cereal stands, can
account for half or more of all total costs.

Due to the substantial increase in mineral nitrogen,
increasing the use of perennial legumes as a source of
symbiotic nitrogen in meadow culture and feed pro-
duction is an important component of the programme
for introducing energy-saving technologies abroad, in-
cluding for organic agricultural production (Hannaway
etal.,2018; Kim et al., 2019; Karbivska et al., 2020).

The studies (Bo et al., 2022; Odzijewicz et al., 2023)
identified that symbiotic nitrogen of perennial legumes
both in legume-cereal mixtures and in single-species
crops improves the chemical composition of feed. In
particular, it helps to increase the content of crude pro-
tein, protein,macroelements of calcium and magnesium
in the dry mass, improve the digestibility of feed, the
nutritional content of feed units and energy intensity in
the content of metabolic energy,and reduce the amount
of nitrogen-free extractives, crude fibre, and potassium.
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Authors (Bogovin & Ptashnyk, 2020; Tamahina &
Turabov,2021; Kurgak & Karbovskaya, 2020) also estab-
lished that the quality of feed of cereal phytocenoses is
positively affected by nitrogen mineral fertilisers. When
it is applied, the content of crude protein and protein in
herbs increases, the content of nitrogen-free extractive
substances and, in particular, their component part -
hydrocarbons, including water-soluble or sugars, de-
creases. However, it should be noted that the increase
in the content of crude protein in herbs under the in-
fluence of nitrogen fertilisers in different conditions
occurs at different rates.

Itis known that the mineral composition of the feed,
in particular, the content of macro- and microelements,
is important in feeding animals. The content of miner-
al elements in the biomass of perennial phytocenoses
depends on their species composition, fertiliser system,
timing and frequency of harvesting, and other techno-
logical measures of cultivation (Nilsdotter-Linde et al.,
2016; Kurhak et al., 2020; Martsinko et al., 2021).

In the studies (Monti et al., 2008; Demidas & Ga-
lushko, 2020) it is noted that a substantial danger to
animals may arise from mineral fertilisers due to the
introduction of increased doses of nitrogen and the ac-
cumulation of nitrate nitrogen (N-NO,), which as part
of crude protein accumulates in the biomass of herbs,
in such cereal feed. It is also highlighted that in the
early phases of vegetation (tillering of cereals and
shoot formation of legumes), the nitrate content is sub-
stantially higher than in optimal periods of harvesting
cereal stands (earing of cereals budding or flowering
of legumes). It is also proved that the accumulation
of N-NO, over 0.07% of the dry mass of feed is harm-
ful, 0.07-0.2% can lead to poisoning, and over 0.25%
can be fatal for cattle. According to DSTU 8528:2015
(2017), the maximum permissible concentration (MPC)
of N-NO, which is safe for cattle is considered to be
500.0 mg/kg of dry weight or 0.05%.

All of the above indicates the need to apply such fer-
tilisers and other agrotechnical measures that increase




not only the productivity of forage lands but also con-
tribute to obtaining high-qualityfeed in terms of mineral
composition.Therefore, it is important to use such doses
of nitrogen fertilisers that would not increase the accu-
mulation of toxic elements (nitrates and heavy metals) in
the feed over the maximum permissible concentration.

However, until recently, changes in the mineral
composition of different types of meadow agrophyto-
cenoses under the influence of symbiotic alfalfa and
mineral nitrogen in terms of the content of macro- and
microelements and heavy metals and nitrates in feed
biomass have not yet been sufficiently examined and
highlighted in open print, which hinders the introduc-
tion of feed production findings in agricultural produc-
tion. The purpose of this study was to investigate these
issues, the results of which are presented in the paper.

The purpose of the study is to establish changes in
the accumulation of feed in the dry mass from various
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meadow agrophytocenoses macro-and microelements
and heavy metals and nitrates on various agricultur-
al backgrounds for growing on dark grey soils of the
Right-Bank Forest-Steppe.

MATERIALS AND METHODS

The study of the mineral composition of the dry mass
of alfalfa, alfalfa-cereals, and cereals of perennial for-
age agrophytocenoses was conducted during 2019-
2021. Plant samples for determining the mineral
composition of feed were selected, according to re-
search programmes, in the National Scientific Centre
“Institute of Agriculture of the National Academy of
Agrarian Sciences of Ukraine” on dark grey podzolic
large-dusty-light-loamy soil of the Forest-Steppe of
Ukraine (Chabany village, Kyiv region) in a three-fac-
tor experiment, which was conducted according to the
following scheme (Table 1):

Table 1. Scheme of the conducted experiment

Herbage factor (types of cereals, their mixtures, and
seeding rates, kg/ha)

(Llime doses, t/ha)

Fertiliser factor
(nutrients and doses, kg/ha)

Liming factor

Alfalfa, 18

Without liming Without fertilisers

Alfalfa, 10 + smooth brome, 15

P,K

45790

1.5 t/ha

Alfalfa, 10 + smooth brome, 14 + eastern fescue, 8

Smooth brome, 15 + eastern fescue, 14

Smooth brome, 15 + eastern fescue, 14 + Ny . 51, 5

Source: compiled by the authors

In a 0-20 cm layer of soil, the humus content was at
the level of 2.4%; pH (salt) - 5.2; the content of easily
hydrolysed nitrogen - 13.1, mobile phosphorus - 17.1,
and exchange potassium - 12.9 mg per 100 g of soil.
Lime was applied once in pre-sowing tillage during al-
kalinisation in the spring of 2019. Mineral fertilisers,
according to the scheme of the experiment, were ap-
plied annually. Phosphorous and potash fertilisers were
applied in the spring, and nitrogen fertilisers in the ce-
real stand - in equal parts for each harvest.

Therepetition rate of the experiment is fourfold with
an area of the sown plot of 16 m2, accounting - 10 m2,
Perennial herbs in the experiment were grown accord-
ing to the generally accepted technology in the region,
with the exception of the factors under study. Zoned
varieties of perennial cereals were used in the experi-
ment: alfalfa - the Narechena Pivnochi variety, smooth
brome - Vizant, and eastern fescue - Domenika, mainly
selected by the NSC of the Institute of Agriculture of the
National Academy of Agrarian Sciences of Ukraine. Field
studies were performed in accordance with generally
accepted methods in feed production (Babich, 1994).

The content of crude ash and macroelements of
phosphorus and potassium in dry plant samples was
determined by infrared spectroscopy in accordance
with DSTU 4117:2007 (2008). The content of macro-

elements (calcium and magnesium), trace elements
(copper, zinc, manganese, iron), and heavy metals (lead,
nickel, cadmium) was determined by atomic absorption
spectrometry on the AAS-30 device. Nitrate nitrogen
concentration (N-NO,) calculated for the dry mass was
determined by the ionometric method.

The analysis of the results was conducted by com-
paring changes in the mineral composition of the feed,
which were obtained on different variants of the field
experiment. Evaluation of the results was also conduct-
ed by comparing the content of macro- and microele-
ments with zootechnical standards for feeding cattle,
and safety indicators for the content of heavy metals
and nitrates — with the maximum permissible concen-
trations (MPC). Zootechnical standards for the content
of mineral elements according to citation (Demidas
& Galushko, 2020) and the MPC according to DSTU
8528:2015 (2017) are shown in the tables of the fol-
lowing section, where the results are presented.

Agrochemical indicators of the soil were deter-
mined before laying a field experiment in a 0-20 cm
layer of soil according to the following generally ac-
cepted methods: humus - according to Tyurin, easily
hydrolysed nitrogen - according to Cornfield, mobile
phosphorus and potassium — according to Chirikov, pH
(salt) — potentiometrically.

Scientific Horizons, 2023, Vol. 26, No. 2
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Mathematical processing of the reliability of the
obtained experimental data on the content of mineral
elements and nitrate nitrogen in the dry mass of feed in
the studies was conducted by the method of dispersion
analysis according to the indicators of the smallest sub-
stantial difference (HIP ) (Ermantraut, 2007).

RESULTS AND DISCUSSION

The results of the study on average for 2019-2021 of
the content of crude ash, macroelements, and their

ratio in the biomass of alfalfa alfalfa-cereal, and cere-
al mixtures are shown in Table 2. These data indicate
that on all fertiliser backgrounds, the highest content
in the dry mass of raw ash (9.0-9.5%), calcium (0.56-
0.63%), magnesium (0.13-0.18%), phosphorus (0.40-
0.45%), and the lowest content of potassium (2.35-
2.58%) was in the dry mass of alfalfa and its mixtures
with cereals, respectively 0.6-0.8%, 0.13-0.16%, 0.07-
0.08%, 0.03-0.04% more and 0.13-0.21% less than in
dry feed biomass of cereal stand.

Table 2. The content of raw ash and macroelements and their ratio in the dry mass
of alfalfa, alfalfa-cereals, and cereal stands in (average for 2019-2021), %

Herbage (types of
cereals and seeding Liming*  Fertiliser Raw ash P K Ca Mg K:(Ca+Mg) Ca:P
rate, kg/ha)
Without 9.4 0.44 2.35 0.60 017 3.05 1.36
_ fertilisers
P,.Ks, 95 0.45 2.40 0.61 0.18 3.04 1.36
Alfalfa, 18 :
Without 9.4 0.41 245 0.62 0.17 3.10 151
+ fertilisers
P,.K, 95 0.43 2.53 0.63 0.18 312 147
Without 9.1 0.41 2.50 0.56 0.15 3.52 1.37
_ fertilisers
Alfalfa, 10 + smooth P,.K,, 93 0.43 2.58 0.57 0.15 3.58 1.32
brome, 15 ;
Without 9.0 0.41 2.40 0.58 0.14 3.33 1.41
+ fertilisers
P,.Ks, 9.2 0.43 2.48 0.59 0.13 3.44 1.37
Without 9.0 0.41 2.50 0.56 0.15 3.52 137
_ fertilisers
Alfalfa, 10 + smooth Py 9.2 043 2.58 0.57 0.15 3.58 133
brome, 8 + eastern -
fescue, 6 Without 91 0.40 2.45 0.58 0.15 3.56 145
+ fertilisers
P,.K,, 9.2 0.43 2.53 0.60 0.14 342 1.40
Without 8.3 0.37 267 0.41 011 5.13 111
_ fertilisers
P,.Ks, 8.4 0.39 2.68 0.43 0.11 496 1.10
Without 8.3 0.41 2.60 0.48 0.11 4.41 117
fertilisers
Smooth brome, 15 +
eastern fescue, 14 P,.K,, 8.4 0.43 2.58 0.47 0.11 4.45 1.09
Ny, 8.7 0.36 2.60 0.45 0.10 473 1.25
Nyo PKso 8.8 0.37 2.65 0.45 0.10 4.82 1.22
Ny, 8.7 0.36 2.60 0.47 0.10 4.56 1.31
.
Ny, PKs, 8.8 0.37 2.65 0.48 0.10 457 1.30
Zootechnical norm 02-035 1.0-30 03-06 0.12-026 25-55  0.7-2.5
HIP _ % 0.4 0.02 0.12 0.03 0.01

05°

Source: compiled by the authors

In the dry mass of herbage with alfalfa in com-
parison with cereal herbage, the content of crude ash,
calcium, and magnesium was correspondingly higher
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by 0.3-0.6%, 0.06-0.10%, 0.01-0.06%, and the content
of potassium was less by 0.04-0.12%. Notably, the ad-
vantage of the alfalfa stands in comparison with the




cereal stands in terms of the content of raw ash and the
above-mentioned mineral elements was substantially
greater than the advantage of alfalfa-cereal stands.
According to the data listed in Table 2 on the
background of all fertilisers, a higher ratio of calci-
um to phosphorus Ca:P (in the range of 1.33-1.51)
and a lower ratio of potassium to the sum of cal-
cium and magnesium (K:(Ca+Mgq)) (in the range of
3.04-3.58) were in the dry mass of alfalfa and alfal-
fa-cereal mixtures, which, respectively, is 0.11-0.26
units more and 0.83-2.08 units less than in dry feed
biomass cereal stand. Similar patterns regarding the
effect of nitrogen symbiotic fixation on changes in
the ratio of these macroelements in the dry mass of
feed were observed by other researchers (Karbivska
2019; Demidas & Galushko, 2020; Kurhak et al., 2020).
Comparison of the content of macroelements indi-
cated in Table 2 in the dry mass of feed from differ-
ent types of herbage with zootechnical standards for
feeding cattle showed that it mainly corresponded to
them. However, in these studies the following devia-
tions were noted: a slight excess of the zootechnical
norm (0.2-0.35%) in the content of phosphorus in the
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dry mass of alfalfa feed and its mixtures with cereals,
which is positive, and a decrease from the norm (0.12-
0.26%) of magnesium, which is negative.

However, both the ratio of K:(Ca+Mg) and the ra-
tio of Ca:P did not go beyond the limits of zootechnical
standards for cattle. This indicates that the biomass for
the production of cereal feed from the examined cereal
stands is quite suitable for feeding cattle. Analysis of
these studies showed that phosphorous and potash fer-
tilisers had little effect on the mineral composition of the
feed and on the ratio of mineral elements. However, un-
derthe influence of nitrogen application at a dose of N90
in the cereal stand, an increase in the content of crude
ash,a decrease in the content of phosphorus and potas-
sium, and an increase in the Ca:P ratio, were observed.

According to the data (Table 3), nitrate content (N-
NO,) in the dry mass of alfalfa, alfalfa-cereal mixtures,
and cereal stand on different backgrounds, the average
use of fertiliser for 2019-2021 ranged between 0.0-
0.04% and did not go beyond the maximum permissible
concentration (0.07%). Experimental data indicate that
the content of nitrates (N-NO,) in the dry mass of feed
when eaten by animals is not harmful to animal health.

81

Table 3. Nitrate concentration (N-NQ3) in the dry mass of alfalfa,
alfalfa-cereals, and cereal stands in on different backgrounds of fertiliser and liming, % (2019-2020)

Years of life

Herbage (types of cereals Average for three

Liming* Fertiliser

and seeding rate, kg/ha) 1st nd 3nd years
Without fertilisers 0.04 0.02 0.02 0.03
P,Keo 0.04 0.03 0.02 0.03
Alfalfa, 18

Without fertilisers 0.04 0.03 0.02 0.03

+
P,:Keo 0.04 0.03 0.02 0.03
Without fertilisers 0.04 0.02 0.02 0.03
Alfalfa, 10 + smooth brome, PasKeo 004 002 002 0.03
15 Without fertilisers 0.04 0.02 0.02 0.03

+
P.Keo 0.04 0.03 0.02 0.03
Without fertilisers 0.04 0.02 0.02 0.03
Alfalfa, 10 + smooth brome, PasKeo 004 002 002 0.03
8 + eastern fescue, 6 Without fertilisers 004 002 002 0.03

+
P.Keo 0.04 0.03 0.02 0.03
Without fertilisers 0.03 0.01 0.01 0.02
P,:Keo 0.03 0.01 0.01 0.02
Without fertilisers 0.03 0.02 0.01 0.02

+
Smooth brome, 15 + eastern PsKeo 0.03 0.02 0.01 0.02
fescue, 14 Nao g0 30 30, 005 003 003 0.04
Noo PsKeo 0.05 0.03 0.03 0.04
Nyo 0.05 0.04 0.03 0.04

+
Ngo P.sKeo 0.05 0.04 0.03 0.04
HIP , % 0.005 0.005 0.005 0.005

MPC, % 0.05

Source: compiled by the authors
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In the dry mass of alfalfa and alfalfa-cereal stands in
comparison with cereal ones on the same fertiliser back-
grounds (options without fertilisers and application of
P,.K,,) onaverage,0.01% more nitrates accumulated over
the years of research. When applying nitrogen fertilisers
at a dose of Ny, (variants N, and N, P,.K, ), the content
of nitrates in the dry mass of cereal stands on average for
2019-2021 increased by 0.02%. Thus, introducing miner-
al nitrogen at a dose of N90 affects the accumulation of
N-NO, more than the use of symbiotic nitrogen of alfalfa
both in single-species sowing and alfalfa-cereal mixtures.

In the analysis of N-NO, accumulation over the
years of use, it was identified that the nitrate content
also changed noticeably. In the 1st year of life and use of
herbage (2019),0.01-0.02% more N-NO, was accumulat-
ed than in 2020 and 2021. However, patterns of changes
in N-NO, accumulation under the influence of symbiotic
nitrogen, alfalfa,and mineral nitrogen were preserved on
the cereal stand for all years. In all years of research, the
content of N-NO, did not exceed the maximum permis-

sible concentration (0.05% in the dry mass of the feed).

It is known that both under the influence of mineral
nitrogenin fertilisersand underthe influence of nitrogen
symbioticfixationofperenniallegumes,themicroelement
composition of feed biomass also changes substantially.

The studies (Table 4) also indicate that both when
using nitrogen symbiotic fixation of alfalfa in feed ag-
rophytocenoses with it,and mineral nitrogen fertilisers
on perennial cereal stands substantially changed the
microelement composition of cereal feed and the accu-
mulation of heavy metals in it. Thus, in particular, in the
dry mass of alfalfa and alfalfa-cereal stands with various
cereal components,in comparison with cereal stands on
nitrogen-free fertiliser backgrounds (variants without
fertilisers and P,K, ), zinc content increased from 9.0-
9.2 to 12.3-14.8 mg/kg or by 3.3-5.6 mg, copper - from
3.3-3.7 to 4.4-4.7 or by 1.0-1.1 mg/kg, iron - from 54.6-
62.7 to 58.3-72.1 or by 3.7-9.4 mg/kg, lead - from 1.4-
1.5 t0 2.0-2.2 mg or by 0.6-0.7 mg, nickel - from 1-1.2 to
1.8 mg/kg, cadmium - from 0.1 to 0.2 mg/kg of dry mass.

Table 4. Content of trace elements and heavy metals in the dry mass of alfalfa,
alfalfa-cereal, and cereal stands, depending on the fertiliser and liming systems (average for 2019-2021), mg/kg

Herbage (types of Microelements Heavy metals
cereals and seeding Liming* Fertiliser
rate, kg/ha) Zn Cu Mn Fe Pb Ni Cd
Without 13.9 44 44.6 65.9 22 18 02
_ fertilisers
P.Ky, 147 45 46.2 721 2.2 1.8 0.2
Alfalfa, 18 :
Without 143 46 448 65.9 2.2 18 0.2
+ fertilisers
P,.Ky 14.8 47 46.4 721 2.2 1.8 0.2
Without 135 44 433 66.9 20 18 0.2
_ fertilisers
Alfalfa, 10 + smooth P.K, 145 45 455 71.0 2.0 1.8 0.2
brome, 15 ;
Without 13.8 45 435 66.9 20 18 02
+ fertilisers
P.Ky, 147 46 458 71.0 2.0 1.8 0.2
Without 12.3 44 38.9 59.0 20 18 0.2
_ fertilisers
Alfalfa, 10 + smooth P,.Ky, 12.9 4.5 439 58.3 2.0 1.8 0.2
brome, 8 + eastern th
fescue, 6 Without 125 45 393 59.0 20 18 0.2
+ fertilisers
P.Kyy 13.2 46 44 58.3 2.0 1.8 0.2
Without 9.0 33 452 54.6 1.4 11 01
- fertilisers
P,.Ky 9.2 37 54.3 62.5 1.5 1.2 0.1
Without 9.0 3.4 454 54.6 15 11 01
+ fertilisers
Smooth brome, 15 +
eastern fescue, 14 P.Kyy 9.1 37 54.3 62.7 1.5 1.2 0.1
N, 124 53 65.9 58.2 1.7 1.3 0.2
Ny P.cKog 126 55 66.4 58.3 1.8 1.3 0.2
Ny, 12.5 54 65.6 58.5 1.8 1.4 0.2
+
N, P,.K 126 55 66.2 58.7 1.8 14 0.2
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Table 4, Continued

Herbage (types of Microelements Heavy metals
cereals and seeding  Liming* Fertiliser i
rate, kg/ha) Zn Cu Mn Fe Pb Ni Cd
Zootechnical norm 20-50 4-10 250 200 - - -
MPC 50.0 30.0 - - 2-3 2.0 0.3
HIP ., % 0.6 0.2 2.2 3.2 0.1 0.1 0.01

05

Note: trace elements in high concentrations exceeding MPC are also toxic elements, like heavy metals, and are harmful

to animal health
Source: compiled by the authors

On the cereal stand under the influence of intro-
ducing Ny, on two backgrounds (without fertilisers and
applying P,.K,.) in comparison with non-nitrogen back-
grounds, the content of zinc in the dry mass increased
from 9.1-9.2 to 12.4-12.6 mg/kg or by 3.2-3.5 mg, cop-
per - from 3.4-3.7 to 5.3-5.5 or by 1.9 mg, manganese -
from 45.2-54.3 to 65.6-66.4 mg, lead - from 1.4-1.5 to
1.7-1.8 mg, nickel - from 1.1-1.2 to 1.3-1.4 mg, and cad-
mium - from 0.1 to 0.2 mg/kg or by 0.1 mg/kg of dry mass.

The analysis of the studies showed that the content
ofzinc,copper,manganese,andironinthedrymassoffeed
from alfalfa, alfalfa-cereals, and cereal perennial stands
on various backgrounds of fertilisation and Lliming, with
the exception of minor deviations, did not go beyond
the zootechnical standards, which are given in Table 3.
Indicators of the content of heavy metals (lead, nickel,
cadmium) in the dry mass of feed of these cereal stands,
as evidenced by these studies, did not exceed the max-
imum permissible concentrations (Table 4). This gives
grounds to assert that such feed is quite safe for cattle.

The results of the studies on the mineral composi-
tion of feed obtained from the biomass of alfalfa, alfal-
fa-cereals, and cereal perennial stands, depending on
fertiliser,are confirmed by experimental data from other
researchers.In the studies (Kotyash et al.,2019; Demidas
& Galushko, 2020; Martsinko et al.,2021), as in this one,
it was shown that under the action of symbiotic nitro-
gen in alfalfa and alfalfa-cereal stands, compared with
cereals among mineral elements, to the greatest extent
increased the content of calcium and magnesium in
the dry mass of feed (respectively, to 0.86-1.07% and to
0.21-0.35%), and the content of potassium decreased.

Kurhak et al. (2020) in their study identified that
when applying high doses of nitrogen fertilisers to a
perennial cereal stand, the nitrate content increases in
the aboveground biomass of cereals in an amount that
may exceed the maximum permissible concentration.
When applying moderate doses of nitrogen fertilisers,
as a rule, despite the fact that the accumulation of
nitrates in the dry mass of feed increases, it does not
exceed the MPC and is not harmful to animals, which
confirms this and similar studies.

Most of the experimental data presented in the
studies (Demidas & Galushko, 2020; Kurhak et al., 2020)
concerns changes in the microelement composition of

feed from perennial cereals under the influence of ni-
trogen and mineral fertilisers. In particular, it was iden-
tified that under its influence, the copper content in the
feed biomass of perennial cereals depends on its pres-
ence in the soil. On turf soils that are poor in copper, an
increase in the dose of nitrogen, due to the formation of
complex copper-ammonia compounds, reduces its con-
tent in cereals, while against the background of copper
fertilisers and copper-rich soils, it increases.

The studies (Prorochenko, 2020) show that both
under the influence of symbiotic nitrogen of perennial
legumes, and under the influence of moderate doses
of mineral nitrogen in the dry mass of feed, there is
an increase in the content of trace elements (zinc, cop-
per, iron) within zootechnical standards and without
exceeding the maximum permissible concentrations of
heavy metals (lead, nickel, cadmium)

Thus, the analysis of literature sources showed that
both under the influence of nitrogen of mineral fer-
tilisers and biological, in particular, symbiotic nitrogen,
which is fixed by perennial legumes, the concentration
of trace elements in the feed biomass of perennial ce-
reals can also change substantially, with similar pat-
terns obtained in this study.

CONCLUSIONS

As a result of the study, it was established, that in the
dry mass of feed obtained from alfalfa and alfalfa-ce-
real stands, there is a higher accumulation of raw ash
by 0.6-0.8%, macroelements of calcium - 0.13-0.16%,
magnesium - 0.07-0.08%, phosphorus - 0.03-0.04%,
nitrate nitrogen - 0.01%, and 0.04-0.12% lower accu-
mulation of potassium than in the feed of perennial
cereal stands. The ratio of calcium to phosphorus is
higher - by 0.11-0.26 and the ratio of potassium to the
sum of calcium and magnesium is lower - by 0.11-0.26.
Therewith, in the dry mass of feed made from cereal
stands with alfalfa, the accumulation of the following
elements is higher: zinc - by 3.3-5.6 mg/kg, copper -
1.0-1.1 mg/kg, iron - 3.7-9.4 mg/kg, and heavy metals
of lead - 0.6-0.7 mg/kg, as well as nickel and cadmium,
compared to cereal stands.

The chemical composition of cereal feed made
from cereal stands is most affected by the mineral
composition of the applied nitrogen fertilisers. In the
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dry mass of feed produced with the application of N90,
the content of nitrate nitrogen increases from 0.02 to
0.04%, trace elements of zinc - from 9.1-9.2 to 12.4-
12.6 mg/kg or by 3.2-3.5 mg/kg, copper - from 3.4-3.7
to 5.3-5.5 mg/kg, as well as manganese, heavy metals

metals, does not exceed the maximum permissible con-
centrations. The prospects for further research are to
investigate the cultivation technologies and features of
perennial cereals used for feed purposes.

of lead, nickel, cadmium. ACKNOWLEDGEMENTS
The content of these macro- and microelements in  None.
the dry mass of feed is within the limits of zootech-
nical standards for feeding cattle, and the content of CONFLICT OF INTEREST
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AHoTauif. AKTYyanbHICTb HaBeAEeHUX pe3ynbTaTiB AOCNIAKEHb NOASrae B TOMY, WO A0 OCTAHHLOMO Yacy 3MiHu
MiHEpanbHOro CKNagy Pi3HOTUMHUX Ny4YHMX arpoditoueHosiB nig BMAMBOM CUMMBIOTMYHOrO NHOLEPHU MOCIBHOI
i MiHepanbHOro a3oTy 33 BMICTOM Yy KOPMOBI/ 6iomMaci Makpo- i MiKpoeneMeHTiB Ta BaXKKMX MeTaniB i HIiTparTis
e He [0CTaTHbO BMBYEHO, WO CTPUMYE po3pobneHHs i BMPOBaAXeHHS po3pobok 3 KOpPMOBMPOOHMUTBA Y
CiNbCbKOrocnofapcbke BUPOOHMLUTBO. MeTa [OCNiOXEHb NONAra€ B YCTAHOB/IEHHI 3MiHM 3 HAarpoOMadXeHHs B CyXil
KOpMOBI# 6ioMaci pi3HMX Ny4yHUX arpodiToLeHO3iB Ha pPi3HMX arpodoHax MiHEpaNbHUX efleMEHTIB 32 BUPOLLYBAHHS
Ha TEMHO-Cipux rpyHTax lNpaBobepexHoro Jlicocteny. [Ing AOCNigKEHb BUKOPUCTAHO MOSIbOBUM i nabopaTopHuii
MeToaM, a AN BU3HAYEHHS MiHEPANbHOro CKNagy Cyxoi KOPMOBOi BioMacu — aHaniTM4YHMIA. HaBegeHo pesynbraTtu
LOCNIAXEHb 3 HAKOMWYEHHS Y CyXill KOPMOBIM Maci NOLEPHOBOrO, NIOLEPHO-31aKOBUX i 3/1aKOBOr0 TPAaBOCTOIB Ha
pi3HUX POoHax yaoBpeHHS i BanHYBaHHS CUMPOT 30/1M, MAaKpO-Ta MiKpOENEMEHTIB, BaXKKMX METaNIB i HITPaTHOro a3oTy.
MNMokasaHo, Wo nig Ai€lo cMMBIOTMYHOrO a30Ty B JIOLLEPHOBOMY Ta /OLEPHO-3/1aKOBMX TPAaBOCTOSX MOPIBHAHO 3i
3/1aKOBMM B CyXilt Maci KopMy binblie HarpoMamKyeTbcs cupoi 3041 Ha 0,6-0,8 %, MakpoeneMeHTiB, MikpoeneMeHTiB
Ta BAaXKMX MeTaniB, BifHOLWeEHHS Kanbuito fo docdopy 36inbwyetoca Ha 0,11-0,26, a kanito 40 CyMM KanbLito i
MarHito 3MeHwWyeTbcs - Ha 0,11-0,26.MMig Aieto MiHepanbHOro a3oTy 3a BHeCeHHA Ny, Ha 31aKoBMiA TpaBOCTii B CyXiit
Maci KOpMy 371aKOBOr0 TPABOCTO 36inbLyeTbCs BMicT HiTpaTie Big 0,02 po 0,04 %, umuky - Big 9,1-9,2 po 12,4-12,6
abo Ha 3,2-3,5 mr/kr, Migi - Big 3,4-3,7 0o 5,3-5,5 Mr/Kr, a Takox MapraHLio, CBUHLIO, Hikento, kaaMito. [loBeneHo, Lo
MOKa3HUKM BMIiCTYy Makpo-Ta MiKpOefieMeHTiB B CyXilt Maci KOpMy BiANOBiAAtOTb 300TEXHIYHUM HOPMaM NS roAiBAi
BESIMKOI poraToi xyobu, a HiTpaTiB i BaXKMUX MeTaniB — He BUXOASTb 33 MeXi F[PaHUYHO JOMYCTUMUX KOHLLEHTpaLii.
Pesynbtat umx pocnigpkeHb MOXyTb OyTM BMKOPWUCTaHi nNpu po3pobneHHi pekoMeHAauii LWoJo TexXHONOoriM
BMPOLLYBaHHS 6aratopiyHMX TpaB Ha KOPMOBI LiNi Ta rofiBni TBAPUH, @ TAKOX Y HaBYaSIbHOMY NPOLEeCi

KntouoBi cnoBa: Baxki MeTanu; 300TeXHiYHA HOPMA; MAKPO- Ta MiKpOeNeMeHTH; HIiTpaTK; cMpa 30M1a; Cyxa Maca;
TPaB'SHUI KOpM
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Abstract. Ukraine has a developed agricultural sector of the economy,
where agriculture accounts for 10.4% of the gross domestic product. The
relevance of the subject is due to the fact that agricultural production,
which is of strategic importance for the country, is very sensitive to
ongoing climate changes. Therewith, the crop industry is already
undergoing a process of adaptation to the consequences of climate
change and agrometeorological factors, which is manifested in the
expansion of the range of cultivated crops. The purpose of this study
was to predict the adaptability of heat-loving agricultural crops by their
yield in various natural and climatic zones of Ukraine. In the course of the
research, such methods as analysis, synthesis, factor analysis, correlation-
regression, and mathematical-statistical were used. Based on the results
of the conducted studies, the expediency of considering climate change
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to obtain high yields of both conventional agricultural crops and heat-loving ones, which were not typical for
Polissia and Forest-Steppe, is proved. Based on the analysis of the dynamics of crop yields, it is identified that it
is advisable to reorient agricultural production to the cultivation of heat-loving crops - corn, sunflower, soy, and
rapeseed in the Forest-Steppe, which in recent years give the same or slightly higher yields than in the south
of Ukraine. Growing these crops in the Polissia zone is unprofitable - the yield is quite low, so in these regions,
it is worth continuing to grow conventional crops (cereals, legumes, vegetables, potatoes). The established
dependences of crop yields on climatic and agrometeorological factors allowed identifying a complex of factors
that play a major role in the formation of the yield of specific crops. The developed crop yield models based on
multiple correlation allow for predicting it. The results of the study can be useful in planning and optimising the
activities of agricultural enterprises, and agriculture in general, in various natural and climatic zones of Ukraine,

as a strategic branch of the economy

Keywords: climate change; agricultural adaptability; heat-loving crops; abiotic factors; agroecosystems

INTRODUCTION

Timely adaptation of the agro-industrial complex of
Ukraine to climate change is an urgent environmental,
scientific,and industrial problem.The development of a
strategy for the sustainable development of agricultur-
al production in Ukraine should provide for adaptation
measures considering climatic conditions. There are
about 20 predictive models of climate change at the
global level developed by researchers from different
countries of the world (Adamenko, 2019).

According to the results of such studies, by the end
of the 21st century, there may be an increase in tem-
perature by 2-4°C throughout Ukraine (Yatsyuk et al.,
2021; Christidis & Stott, 2021). Climate change trends
are characterised by an upward vector of growth in the
average annual atmospheric temperature,and therefore,
in the next 20 years, there is a high potential risk of fac-
tual loss of arable land for intensive farming not only in
the Steppe zone of Ukraine but also over half of the area
of agricultural land throughout the country (FAO, 2022).

Therewith, Ukraine has all the prerequisites for ef-
fective management and further development of agri-
culture, including: fertile soils, favourable agroclimatic
conditions, established historical traditions of agricul-
tural activities, sufficient availability of labour resourc-
es, etc. Thus, in 2021, the total share of exports of corn,
barley, rapeseed, and sunflower oil on the world export
market from Ukraine amounted to almost 63% (Chumak
et al.,2012; Mirzoeva, 2022).

Changing climatic conditions in Ukraine cause the
shift of the boundaries of agroclimatic zones from south
to north and northwest, causing the development of
unfavourable agrometeorological phenomena, which
are manifested in a lack of moisture and increased
temperatures of atmospheric air and soil. Based on the
current situation, Howden et al. (2007), Romaschenko et
al.(2003) proposed areas of scientific research aimed at
adapting agricultural production to climate change in
Ukraine and at the planetary level in general. According
to 0.G. Tarariko et al. (2016), the most important task
of the agro-industrial complex of Ukraine, given the
inertial nature of agricultural production, is its timely
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adaptation to climate change. Therewith, the scientific
justification of approaches to more efficient use of heat
as additional agricultural resource potential, and mini-
mising possible risks manifested by all sorts of extreme
phenomena that can substantially worsen both the
ecological state of agricultural landscapes and substan-
tially reduce the productivity of agroecosystems them-
selves is necessary. Muller (2009) considers the tran-
sition to organic farming to be the most effective way
to adapt agriculture to changing climatic conditions.

In addition to the problematic consequences, cli-
mate change also has positive aspects. Thus, Stefanovs-
ka and Pidlisniuk (2010) consider the lengthening of
the growing season, the shift to the north of the area
of cultivation of heat-loving agricultural crops, the im-
provement of the physiological state of fruit crops in
winter, and the increase in grain yields under the in-
fluence of an increase in the concentration of CO, in
the atmosphere as positive. Pisarenko and Khlebniko-
va (2015) believe that high crop yields can be caused,
among other things, by an increase in solar activity. As
a result of climate change, it became possible to grow
heat-loving industrial crops - corn, rapeseed, sunflower,
and soybeans in the Polissia and Forest-Steppe zones.
This was also facilitated by the pricing policy, agricul-
tural market conditions and the orientation of agricul-
tural producers to high yields and substantial profits
at low costs. Every year, the volume of production of
these crops is growing, and that of the agricultural
crops typical for growing in these agroclimatic condi-
tions is decreasing (Klymenko et al., 2021). In recent
years, there has been a tendency to increase the area
under heat-loving crops, violate their cultivation tech-
nologies, and, as a result, an increase in the area of
depleted and degraded soils. Thus, agricultural produc-
tion in the Steppe zone is already substantially affected
by the effects of climate change, intensive and exten-
sive farming, and existing imbalances in the structure
of crops. For example, climate changes that manifest
themselves in the form of abnormal droughts, frosts,
and dust storms in recent years have caused substantial




yield losses in all southern regions of Ukraine (Mirzoe-
va, 2022; Pichura et al., 2022).

The purpose of the study is to examine the features
of adaptation and expediency of growing agricultural
crops in new agroecological conditions in various natu-
ral and climatic zones of Ukraine.

MATERIALS AND METHODS

The research period was from 2010 to 2021. The analy-
sis of climate changes was conducted according to me-
teorological (annual average air temperature, maximum
and minimum soil surface temperatures, average tem-
perature of the arable soil layer and precipitation during
the growing season) and agrometeorological (sum of
effective and positive temperatures, reserves of produc-
tive moisture in the arable soil layer, and hydrothermal
coefficient for the growing season) indicators. Technical
agricultural crops were selected to examine the issue
of adaptation to new agroecological conditions - corn,
sunflower, soy, rapeseed (they are more resistant to cli-
mate change) - their yield in different natural zones of
Ukraine (in Polissia, in the Forest-Steppe, and Steppe).

The information database for the research was the
materials of the State Statistics Service of Ukraine; the
Main Department of Statistics in Rivne,Volyn, Zhytomyr,
Vinnytsia, Poltava,Kirovohrad,Kherson,Mykolaiv, Odesa,
and Zaporizhia regions; the Departments of Agro-Indus-
trial Development and Departments of Ecology and Nat-
ural Resources of the above-mentioned regions; mate-
rials of meteorological observations of regional centres
of Ukraine on hydrometeorology and weather stations;
papers of Ukrainian and foreign researchers, periodicals.

The study was conducted using the following gen-
eral scientific, specific scientific,and special methods of
scientific knowledge:

- analysis and synthesis - for collecting and ana-
lysing statistical information on meteorological, agro-
meteorological data and indicators of agricultural pro-
duction; for assessing the factual state, dynamics, and
trends in the development of crop production in the
Polissia, Forest-Steppe, and Steppe zones of Ukraine;

- factor analysis - for detailed analysis of natural
and anthropogenic factors influencing the productivity
indicators of agricultural production of crop products;

- correlation-regression analysis - establishing
the dependence of the yield of corn, sunflower, soy,
and rapeseed on climatic and agrometeorological in-
dicators separately performed based on the values of
correlation coefficients and determination, complex
action - using the multiple correlation function (R),
which characterises the degree of tightness of the re-
lationship between the dependent variable (yield) and
several independent variables (climatic and agromete-
orological indicators). These coefficients were deter-
mined using mathematical-statistical methods, name-
ly regression analysis, using Microsoft Excel software
tools, which allowed forming mathematical models
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for predicting the adaptability of agricultural crops (by
yield indicator) from climatic and agrometeorological
factors. The statistical reliability of regression models
with a small sample of data was checked using the
F- criterion (Fischer's criterion).

RESULTS AND DISCUSSION

The natural-climatic conditions in the territory of
Ukraine are quite favourable for the development of
agricultural production. Therewith, its further intensi-
fication has certain negative consequences. Thus, due
to the increase in the level of anthropogenic load in
Ukraine in 2018, for the first time since 1990, the is-
sue of carbon dioxide in the atmospheric air from ag-
ricultural activities exceeded the volume, which can be
accumulated by forests. Therewith, there is a decrease
in the absorption of greenhouse gases by forests by
about 20%. Depending on management practices and
weather conditions, the flow of greenhouse gases into
the atmosphere from arable land and pastures varies
substantially. Thus, in the early 90s, the introduction of
substantial amounts of organic and mineral fertilisers
provided sufficient absorption of greenhouse gases.
Modern organic application rates have substantially
decreased compared to 1990 and amount to only 5%,
while mineral fertilisers — approximately 88%. In ad-
dition, due to changes in the ratio between industrial
and oil crops, the overall structure of agricultural land
has also been transformed. Thus, the share of industri-
al crops (hemp, sugar beet, flax) decreased from 35%
to 10%, and the share of oilseeds (soybeans, sunflow-
er, rapeseed) increased from 7 to 30%. This radically
changed the trend of carbon dioxide absorption in the
range of 5 million tonnes-eq of CO, to the emission
at the level of 48 million tonnes-eq of CO,FAQ. STAT,,
2022). All this makes it necessary to control the struc-
ture of agricultural land and crop rotations.

Notably, withan increase in the anthropogenic load
on agroecosystems intensifies the consequences of un-
controlled manifestations of climate change. It is estab-
lished that in the Polissia and Forest-Steppe zones of
Ukraine, the average annual air temperature increased
by 0.8-1.0°C over the centuries and by about 0.5°C - in
the Steppe, while the number of natural phenomena
increased by 7-15% (Adamenko, 2019; Klymenko et al.,
2021). Therewith, according to the Ukrainian hydrome-
teorological centre, over the past 30 years, the average
annual air temperature in the whole country has al-
ready increased by 1.2°C. The same trend is established
based on the results of statistical studies, the data of
which are presented on the official FAO website (Fig. 1)
(Ministry of EEP of Ukraine, 2020).

The increase in air temperature from November
to March averages 1.3°C, and from April to October -
1.1°C. Notably, in the entire history of instrumental me-
teorological observations on the territory of Ukraine,
the deviation from the normal air temperature for the

Scientific Horizons, 2023, Vol. 26, No. 2
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period of 1989-2019 was the largest. In each subse-
quent decade, since 1991, the air temperature has in-
creased by: 0.5°C in 1991-2000, 1.2°C in 2001-2010,
and 1.7°Cin 2011-2019. Analysis of regional warming

rates for 1975-2019 indicates a substantial rate of in-
crease in atmospheric air temperature in the region -
by 0.61-0.82°C/10 years, while in neighbouring coun-
tries - 0.47-0.59°C/10 years (Adamenko, 2019).

Figure 1. Dynamics of average annual atmospheric air temperature, CO, emissions into the atmospheric air,
and the share of arable land in the structure of agricultural landscapes for 1990-2021

Source: FAQ. STAT, 2022

According to the results of joint study by research-
ers of the Chinese Academy of Agricultural Sciences
(CAAS) Meng Fanhua and Zhou Chian and researchers
of Sumy National Agrarian University, due to the mani-
festation of adverse weather conditions caused by cli-
mate change, the cultivation of winter wheat is accom-
panied by substantial yield instability (Bakumenko et
al., 2019). There is a negative trend in the correlation
between the yield of the main crops and the values
of the average maximum and minimum temperatures
during the growing season. The development of such a
situation may lead to the need for irrigation and those
crops that have not previously required it (Tao et al.,
2006). In accordance with potential changes in climatic
factors, farmers are forced to change the range of crops
grown to those that are more economically feasible.
However, the adaptation of the crop industry to climate
change and shifting climate zones may have substan-
tial promising trends (Kussul et al., 2020).

Considering the actual climate changes on the ter-
ritory of Ukraine, the dynamics of meteorological (av-
erage air temperature, maximum and minimum soil
surface temperature, average temperature of the arable
soil layer, the amount of precipitation) and agrometeo-
rological (sums of positive and effective temperatures,
reserves of productive moisture of the arable soil layer,
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hydrothermal coefficient) factors were analysed (Kly-
menko et al., 2021) for the period 2010-2021 in the
Polissia, Forest-Steppe, and Steppe zones.

In Polissia and the Forest-Steppe, the average air
temperature during the growing season is almost the
same and ranges from 13-14°C during the study peri-
od. In the Steppe zone, this indicator is 1.4 times higher
and is in the range of 18-20°C. Changes in the tempera-
ture regime during the warm period of the year affected
the thermal resources of Ukraine. The indicator of the
sum of active air temperatures above +10°C accumulat-
ed during the warm period was used to evaluate them.
Analysis of the dynamics of these amounts for different
periods allowed recording their increase by an aver-
age of 200-400°C. In the far south, a thermal zone has
formed, where the sum of temperatures exceeds 3400-
3700°C - these are the southern districts of Kherson,
Mykolaiv, Odesa, and Zaporizhia regions, where there is
quite enough heat for very heat-loving crops. In addition,
in the previous decade, the heat supply of the Vinnytsia,
Poltava, Kharkiv, and Kirovohrad regions in the period
2010-2019 was the same as that of the Kherson region.
Thus, the regions of the Northern Steppe and Southern
Forest-Steppe of Ukraine are already close to the condi-
tions of the Southern Steppe. However, it is noted that
the increase in the amount of heat is more rapid in the




northern regions (indicated in parentheses in Table 1),
for example, the increase in active temperatures over
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the past decade for the Steppe zone was +150°C, For-
est-Steppe -+200°C,Polissia-+220°C(Adamenko,2019).

Table 1. Sums of active air temperatures above +10°C in agroclimatic zones of Ukraine for different periods

Periods
Agroclimatic zone
1961-1990 1991-2009 2010-2019
Steppe 3145 3400 (+255) 3550 (+150)
Forest-Steppe 2705 2950 (+245) 3150 (+200)
Polissia 2500 2770 (+200) 2950 (+220)

Source: Adamenko, 2019

The sums of positive and effective temperatures
of 10°C and above for the Steppe zone range from
4030-4353°C and 2805-3198°C, respectively (Fig. 2).
For the Polissia and Forest-Steppe zones, the values of

a)

these indicators are the same, changes occurred in the
range of 2805-3245°C and 1190-1350°C, respectively,
which is 1.4 and 2.1 times less than the indicators of
the Steppe zone.

b)

Figure 2. Dynamics of the sum of positive (a) and effective (b) temperatures of 10°Cand above during the growing season

Source: compiled by the authors

The maximum soil surface temperature is slight-
ly higher in the Steppe than in Polissia and For-
est-Steppe (Fig. 3), but in percentage terms, it does
not exceed an average of 8 and 14%. The values of
this indicator for the study period range from 56-64°C
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in Polissia, 55-61°C in the Forest-Steppe, and
62-66°C in the Steppe. It should also be noted that
the Forest-Steppe and Polissia zones are more char-
acterised by extreme temperatures of the minimum
soil surface.
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Figure 3. Dynamics of maximum (a) and minimum (b) soil surface temperatures during the growing season

Source: compiled by the authors

As shown in Figure 3 (b), the minimum soil surface
temperature is substantially higher in the Steppe area

and varies within -2...+2°C. Therewith, in Polissia and in
the Forest-Steppe zone, this indicator is almost the same

Scientific Horizons, 2023, Vol. 26, No. 2
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and ranges from -6..-29°C and -6..-25°C, respectively.
Notably, since 2014, the minimum soil surface tempera-
ture inthe examined zones of Polissia and Forest-Steppe
has not lowered below -13°C and -10°C, respectively.

The average temperature of the arable layer (O-
20 cm) of soil during the growing season (Fig. 4) in

°C 20

16
14
12
10

2010
2011
2012
2013
2014

—— Polissia

18 M

the Steppe zone is 28% and 19% higher relative to the
same indicator in the Polissia and Forest-Steppe zones,
respectively. In general, the value of the average tem-
perature of the arable soil layer for the study period
varied in the range of 11-17°C in Polissia, 14-17°C in
the Forest-Steppe, and 17-20°C in the Steppe.

N

years

2015
2016
2017
2018
2019
2020

Forest-Steppe —#— Steppe

Figure 4. Dynamics of the average temperature of the arable soil layer (0-20 cm) during the growing season of 2010-2021

Source: compiled by the authors

Almost all areas of agricultural crops in Ukraine are
in the zone of risky farming, that is, in areas with a nat-
ural lack of precipitation, where in an excessively dry
year there is a constant risk of loss of harvest volumes
or in a too rainy year - loss of harvest quality, while
global climate change factors only increase such risks.

Depending on the level of natural moisture, the
territory of Ukraine is divided into six typical zones:
excessively humid (4.5% of the territory), humid (30%),
insufficiently humid (16%), arid (20%), dry (22%), and
extremely dry (7.5%). During the period of 1991-2015,
compared to 1961-1990, the area of territories with a
substantial water supply deficit increased by 7% and
already covers almost a third (29.5%) of the area of
Ukraine or 11.6 million ha (37%) of arable land. The
area of the territory with excessive and sufficient at-
mospheric moisture decreased by 10% and amounts to
22.5%, including 7.6 million ha of arable land. Accord-
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ing to the medium-term forecast until 2050, the tem-
perature regime is expected to continue to increase by
1.24°C-1.48°C compared to the current period. Given
this, it can be assumed that the area with insufficient
moisture will increase by 56% and only 28% of the
territory will have humid and excessively humid condi-
tions (Yatsyuk et al., 2021).

In the agroclimatic zones of Polissia and For-
est-Steppe, the amount of precipitation is 2.1-2.2 times
higher compared to the Steppe zone. The total amount
of precipitation for the study period of 2010-2021
varied in the range of 326-627 mm/year in Polissia,
326-598 mm/year in the Forest-Steppe, and 134-
297 mm/year in the Steppe (Fig. 5). Considering the
fact that the norm of this indicator for sustainable ag-
riculture is 700 mm/year or more (Adamenko, 2019),
today a moisture deficit of 100-150 mm/year is already
determined for the Polissia and Forest-Steppe zones.
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Figure 5. Dynamics of precipitation during the growing season for 2010-2021, mm

Source: compiled by the authors
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In accordance with one of the climate scenari-
0s, which considers the increase in atmospheric air
temperature by 1.5°C, the total climatic balance of
the territory of Ukraine by 2050 will decrease by 45-
115 mm, and its deficit in the Steppe zone is projected
to be 2560 mm, the percentage of territories with in-
sufficient moisture will increase to 56%. The forecast

2050
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model for 2100 indicates a lack of water supply in the
southern, central, and eastern regions - 400-470 mm,
and this corresponds to the current conditions of the
Steppe zone of Ukraine. The percentage of territories
with insufficient moisture can reach 71%, and those
with sufficient moisture will not exceed 12% (Fig. 6)
(Yatsyuk et al., 2021).

2100

Figure 6. Forecast models of the natural water supply of the territory of Ukraine, considering potential climate changes

Source: Yatsyuk et al. (2021)

Another substantial factor that negatively affects
the yield is the lack of soil moisture during the grow-
ing season, the main source of which is precipitation
or irrigation systems of irrigation agriculture. It is the
amount of precipitation that determines the level of
soil moisture supply.As shown in Figure 7,the reserves

of productive moisture of the arable soil layer on the
territory of the Forest-Steppe are higher and during
the period under study varied in the range of 25-
36 mm, which is 1.6 times more than in Polissia (15-
26 mm), and 1.7 times more than in the Steppe zone
(15-21 mm).
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Figure 7. Dynamics of the productive moisture reserve of the arable soil layer (0-20 cm)
during the growing season in 2010-2021, mm

Source: compiled by the authors

The hydrothermal coefficient (HTC), which is an in-
dicator of the moisture content of the territory during
the growing season, is determined. The amount of pre-
cipitation for the period in which the average daily air
temperature is above 10°C and the sum of active tem-
peratures for the same period during 2010-2021 were
considered (Fig. 8).

Ontheterritoryof Polissiaand Forest-Steppe,the HTC
was almost the same, its value ranged from 0.8, which
is typical for dry conditions, to 1.8 - conditions of exces-
sive moisture. In the Steppe zone, it ranged from 0.2-1
(extremely dry conditions - satisfactory moisture). The
average value of the HTCfor the period under review was
1.3 for Polissia and Forest-Steppe and 0.5 - for Steppe.
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Figure 8. Dynamics of the hydrothermal coefficient for the growing season in 2010-2021

Source: compiled by the authors

The yield of agricultural crops is determined by
natural-climatic conditions and organisational-eco-
nomic capabilities, depends on many factors, and
therefore can act as a qualitative complex indicator.

During the study, the yield of heat-loving agricultural
crops in the Polissia, Forest-Steppe, and Steppe zones
was analysed. Figure 9 shows the dynamics of corn
yield for 2010-2021.

cwt/ha 100
90
80 —
70 —
60 —
50 —
40 +— — = —
30 - — L -
20 - —
10
O .
o ~— o~ N < LN \O [N e} (o)) o
~ ~ ~— ~ ~ ~— ~— ~ ~— ~— o~
o o o o o o o o o o o Years
o~ o~ o (] o~ o (] o~ o (] (@]
M Polissia m Forest-Steppe W Steppe

Figure 9. Dynamics of corn yield for 2010-2021., cwt/ha

Source: compiled by the authors

Analysis of the dynamics of corn yield in differ-
ent natural and climatic zones allows concluding that
the most favourable conditions for growing corn were
formed in the Forest-Steppe zone, with an average yield
of 2.1 and 2.4 times higher than in Polissia and Steppe,
respectively (with the exception of 2021). In general, for
the period 2010-2021, the yield of corn varied in the
range of 32-39 cwt/ha in Polissia, 41-89 cwt/ha in the
Forest-Steppe, and 16-75 cwt/ha in the Steppe.

For both corn and sunflower, the Forest-Steppe
zone was identified to be more suitable for cultivation
(Fig. 10). Sunflower yields are on average 3.5 and 1.4
times higher than in Polissia and Steppe, respectively.
In general, for the period 2010-2021, the yield of sun-
flower varied from 1.7 to 13.2 cwt/ha in Polissia, 11.3-
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28.3 cwt/ha in the Forest-Steppe, and 12.6-20 cwt/ha in
the Steppe. Consequently, it is unprofitable to cultivate
sunflower in the Polissia zone, but there is a tendency to
increase its yield in the Forest-Steppe zone and instabil-
ity in obtaining high yields in the Steppe.

For agricultural enterprises located in the Steppe
zone, for many years in a row, the practice of managing
with substantial violations of sunflower cultivation tech-
nology has been inherent, which consists in insufficient
consideration of its biological characteristics and possi-
ble impact on the yield of subsequent crops. As a result,
an unreasonably high share of this crop in the structure of
acreage, which exceeds 15%, causes drying of the upper
and lower layers of the soil, which, in turn, will negatively
affecttheyield of 2-3 harvest following it (Mirzoeva,2022).
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Figure 10. Dynamics of sunflower yield for 2010-2021, cwt/ha
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The Steppe zone is more suitable for growing soy-
bean (Fig. 11) since its yield is 2.3 and 1.3 times higher
than in the Polissia and Forest-Steppe zones, respec-
tively. During the period under study, there was an in-

crease in soybean yield from North to South in all the
examined zones, indicators fluctuated in the Polissia
zone in the range of 7-21 cwt/ha, in the Forest-Steppe
zone - 11-29 cwt/ha, and 18-36 cwt/ha in the Steppe.
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Figure 11. Dynamics of soybean yield for 2010-2021, cwt/ha

Source: compiled by the authors

The yield of rapeseed is substantially higher in the
Forest-Steppe compared to Polissia, and slightly higher or
close to the yield in the Steppe zone. However, as Figure
12 shows, from 2014 to 2015, there was a decrease in
rapeseed yield by 1.7 times in the Forest-Steppe zone and

by 15 times in the Polissia zone. In the Steppe, on the con-
trary, there is some stability in the yield of this agricultural
crop.In general,rapeseed yield during the study period was
in the range of 0.5-15.1 cwt/ha in Polissia, 20.1-34 cwt/ha
in the Forest-Steppe, and 12.7-24.6 cwt/ha in the Steppe.
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Figure 12. Dynamics of rapeseed yield in 2010-2021, cwt/ha

Source: compiled by the authors

Scientific Horizons, 2023, Vol. 26, No. 2

95



96

Forecasting the adaptability of heat-loving crops...

Based on the above information, the influence of
meteorological and agrometeorological factors on the
yield of heat-loving agricultural crops in Polissia, For-

est-Steppe, and Steppe of Ukraine for the period 2010-
2021 is analysed. Results of calculation of correlation
coefficient values are presented in Table 2.

Table 2. Results of the correlation coefficient calculation

Indicators

meteorological

agrometeorological

S o
Name of = g2 g2 =
TS E%S E%S o 2T
the culture ot 2w/ S+ ® 22w
o) — E:l— E:;‘- S® o
o X n @ = n ¥ o =9
o x a (= a o ©
S T — £ > 8
= == s RS 95
ru“ wn B v = (Dg
I
=

amount of
precipitation
sum of effective
temperatures
sum of positive
temperatures
productive
moisture
reserves
HTC

corn -0.20 0.18 -0.50 -0.32 -0.29 -0.33 -0.11 -0.40 -0.19
sunflower 0.36 0.07 0.50 -0.16 0.18 0.22 0.65 0.42 -0.06
soybean 0.23 -0.43 0.09 -0.01 0.07 0.23 0.68 0.45 -0.23
rapeseed -0.29 0.42 -0.28 -0.22 -0.33 -0.42 -0.51 -0.42 -0.02
Forest-Steppe

corn 0.42 0.32 0.68 -0.34 0.09 0.14 0.62 0.26 -0.08
sunflower 0.46 0.60 0.69 -0.24 -0.32 0.27 0.73 0.28 -0.38
soybean 0.57 0.66 0.72 -0.11 0.13 0.30 0.80 0.56 0.00
rapeseed 0.38 0.10 0.56 -0.54 -0.20 0.01 0.41 0.14 -0.14

corn 0.00 0.65 0.29 0.27 -0.07 -0.06 0.19 0.61 0.06
sunflower -0.18 0.22 0.05 0.07 -0.45 0.02 0.02 -0.03 -0.27
soybean 0.29 0.54 0.06 0.60 -0.25 0.18 0.02 0.49 -0.35
rapeseed 0.28 0.47 0.59 -0.29 -0.24 0.31 0.54 0.11 -0.33

Source: compiled by the authors

Analysis of the results of calculating the correlation
coefficient shown in Table 2 allows concluding that each
individual factor taken from the examined factors does
not have a substantial importance in the formation of
crop yields.This is confirmed by the results of correlation
analysis - in most cases, an insubstantial relationship
was established (r<0.7). Therewith, the results obtained
allowed for establishing limiting factors of influence on

the yield of heat-loving industrial crops. These include
the average temperature value, the sum of positive tem-
peratures,and the soil surface temperature (r=0.57-0.80).

A mathematical analysis of the data was performed
using the multiple correlation coefficient to confirm the
overall effect of the limiting factors established as a
result of the study on crop yields. The results of calcu-
lation are presented in Table 3.

Table 3. Results of the multiple correlation coefficient calculation

Factors

Name of the culture ;
meteorological

agrometeorological

meteorological and agrometeorological

corn 0.819 0.573 0.997
sunflower 0.568 0.862 1
soybean 0.634 0.817 0.997
rapeseed 0.699 0.617 0.968
Forest-Steppe
corn 0.739 0.782 0.927
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Table 3, Continued

Factors

Name of the culture -
meteorological

agrometeorological

meteorological and agrometeorological

Forest-Steppe

sunflower 0.933 0.925 0.998
soybean 0.891 0.934 0.975
rapeseed 0.658 0.637 0.813
Steppe

corn 0.942 0.766 0.999
sunflower 0.823 0.153 0.967
soybean 1 0.979 1
rapeseed 0.84 0.452 0.992

Source: developed by the authors (Klymenko et al., 2021; Sobko et al., 2021)

The results of calculating the multiple correlation
coefficient (Table 3) give grounds to assert that it is the
combined effect of meteorological and agrometeoro-
logical factors that has a substantial impact on the yield
of the considered agricultural crops in the territories of
the examined agroclimatic zones. The greatest depen-
dence of yield on the group of meteorological factors
was identified for corn in Polissia (R=0.819), sunflower
in the Forest-Steppe (R=0.933), soybeans in the Steppe
(R=1); on agrometeorological factors — in Polissia for

sunflower (R=0.862), soybeans in the Forest-Steppe
(R=0.934) and Steppe (R=0.979); on meteorological and
agrometeorological factors together - for sunflower in
Polissia (R=1) and Forest-Steppe (R=0.998), soybeans in
the Steppe (R=1).

Regression models are proposed (Table 4), which
consider meteorological and agrometeorological fac-
tors characteristic of the Polissia, Forest-Steppe, and
Steppe zones of Ukraine to predict the yield of the con-
sidered agricultural crops.

Table 4. Regression models of crop yields

Name of the F-criterion
Group of factors Regression models
cultural tour P<0.05 F.
1 2 3 4 5
POLISSIA
climatic y=2.86"x,+0.23"x,-0.36"x,-0.53"x ,+0.002"x.-14.02 3.2 3.05
g agrometeorological y=-0.03"x,+0.01"x,-0.2"x,+0.25"x,+52.27 3.36 1.15
o . . * * * * * *
climatic and y=18.53 x1—0.07* xz—0.66*x3—0.61*x4+0.01 X,-0.05"x - 29 2475
agrometeorological 0.02"x,+0.13"x,-2.32"x,-97.87
A y=-5.79"x,+0.04"x,+0.58*x,+0.17*x +
o climatic 100.04*x25+89.863 4 3.33 0.59
g agrometeorological y=-0.07"x,+0.05"x_+0.14"x,+0.44"x,-41.58 3.48 5.69
(=
c
5 L y=-182.73"x,+3.19"x,+7.33*x,+9.45"x,-0.11"x,+0.5"x +0.12"x-
” opodmaticand ' 129142792+ T sm 12.38
g 9 1357.24
climatic y=9.36"x,-1.57"x,-0.19"x,-0.4"x,+0.004"x.-17.97 3.2 1
c
©
_“0; agrometeorological y=-0.05"x,+0.04"x,+0.34"x,-1.55"x.-38.51 3.36 4.74
a climatic and =-32.17"x,-0.59"x,+0.61"x,+1.1*x -0.05" X+ 29 24.75
agrometeorological 0.04"x,+0.11"x,-0.46"x,+16.18"x,+111.01 ) )
. climatic y:-5.37*x1+1.3*x2-0§55;x3-0.31*x4-0.01*x5+ 3.2 1.44
(]
g agrometeorological y=-0.02"x,-0.02"x,-0.25"x,-1.59"x,+79.79 3.36 143
© . . * * * * * *
= climatic and y=37.75"x,+0.95"x,-1.01"x,-1.68"x,+0.05"x,-0.09"x - 29 392

agrometeorological

0.1%x,+0.82°x,-18.28"x,-161.39

Scientific Horizons, 2023, Vol. 26, No. 2



98

Forecasting the adaptability of heat-loving crops...

Table 4, Continued

1 2 3 4 5
FOREST-STEPPE
N y=-15.77"x,+3.61*x,+1.51*x,-4.05"x, .+
climatic 10.02*x5+2154.94 3 4 3.2 1.83
g agrometeorological y=-0.23"x,+0.14"x -0.33*x-1.91"x.-30.61 3.36 3.65
o
climatic and y=32.48"x,+6.07"x,+4.97"x,+24.01"x,+0.05" 29 154
agrometeorological X;-0.48"x,+0.02"x,-10.6"X,+23.27"X,-224.35 : )
_ climatic =-8.4"x,+1.66"x,+0.85"x,+0.43"x,-0.02"x .+ 39 10.04
g 56.25
% agrometeorological y=-0.09"x,+0.05*x,+0.45"x-8.6"x,-10.66 3.36 14.33
p} . . * * * *. * * *
o climatic and. =-3.76"x,+1.32 x2+1.2§ x3+4.9£t x,-0.02"x,-0.08"x,+0.02"x,- 29 2475
agrometeorological 1.49"x,+3.35"x,+15.11
climatic y=-4.68"x,+2.07"x,+0.57"x,-0.57"x,+0.01"x,.-21.16 3.2 5.64
C
3 agrometeorological y=-0.07"x,+0.05" x,+0.47*x,-1.92*x -47.46 3.36 15.62
o
>
2 climatic and y=4.11"x,+1.84*x,+0.91"x,+4.02*x,+0.01"x,-0.11"x,+0.02"x, - 29 475
agrometeorological 1.54"x,+3.65"x,-91.25 ’ ’
- climatic =-1.15"x,+0.62"x,+0.14"x,-1.99"x,+40.72 3.2 1.13
[}
& agrometeorological y=-0.06"x,+0.03*x-0.03*x,-1.91"x,+22.63 3.36 1.62
[
& climatic and y=8.64"x,+0.58"x,-0.34"x,-2.8"x,-0.01"x,- 59 0.49
agrometeorological 0.08"x,+0.01"x,+0.3*x,-0.24"x,-26.82 : ’
STEPPE
climatic y=-4.34"x,+1.28 xz—z‘r.ég X, +3.3"x,-0.13*x+ 39 1214
g agrometeorological =-0.02"x,+0.02"x,-3.41"x,-4.17*x,+60.55 3.36 3.5
climatic and. y=-10.1*x1+0.59*x2-5.3:x3+0.12*§4+0.06*x5-0.02*x6+0.06*x7- 29 2475
agrometeorological 3.08"x,-33.06"x,+50.38
= climatic =-1.24"x,+0.73"x,-0.53"x,-0.07"x,-0.01"x.-5.64 3.2 3.19
[}
2 agrometeorological =-0.01"x,-0.29"x,-0.49"x,+38.39 3.36 0.05
[
§ climatic and. y=2.46"x,+1.73"x,+1.65",-9.85"x,-0.05"x+ 29 397
agrometeorological 0.04"x,+0.32"x,+8.3"x,-53.59
. y=5.32"x.-2.49*x,-2.17*x,-3.15"x,-0.02"x +
c climatic 1 215769 4 5 4.39 24.75
©
% agrometeorological =-0.26"x,+0.23"x,+5.29"x,-57.3"x,-317.82 4.53 16
climatic and y=-1.87"x -2.85*x. +0.04"x -0.01"x, +95.35 41 -37.13
agrometeorological 2 3 6 7
= climatic y=1.17"x,+2.42"x +1.08"x,-3.49"x,-0.02"x.-91.13 3.2 3.67
(]
@ agrometeorological y=-0.01"x,+0.02*x_+0.77"x,-4.22*x -60.37 3.36 0.58
[}
Q H H * *. *. * *. * *.
© climatic and y=-4.34"x,+1.45"x,-0.88 x3+*4.95 X, -0.02%x,+0.04"x,+2.44"X - 29 12.25
agrometeorological 4.53"x,-238.62
x, — average air temperature for the growing season, °C; x, - maximum soil surface temperature during the growing
season, °C; x, - minimum soil surface temperature during the growing season, °C; x, - average temperature of the
Y arable soil layer (20 cm) during the growing season, °C; x, - the amount of precipitation during the growing season,
2 mm; x, — the sum of effective temperatures of 10°C and above for the growing season, °C; x, - the sum of positive

>F

Ic table

temperatures of 10°C and above for the growing season, °C; x, - reserves of productive moisture in the arable soil
layer (0-20 cm) during the growing season, mm; x, — hydrothermal coefficient (HTC) for the growing season.

- the regression model is statistically substantial P<0.05 (condition F is observed) (Klymenko et al., 2021)

Source: compiled by the authors

The trends established as a result of the study are
confirmed bya number of researchers.Thus,researchers of
the Scientific Centre for Aerospace Research of the Earth
of the National Academy of Sciences of Ukraine (Lyalko et
al.,2020) established thataccording to the average annual
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indicators of gross primary productivity of vegetation
cover, the most highly productive territories include the
western regions (with the exception of Khmelnitska and
Ternopil) and Zhytomyr region using MOD17 A3 satellite
images. Most of Podillia (Vinnytsia, Ternopil, Khmelnytska




regions), the remaining northern regions and the Cher-
kasy region form a normally productive part of the terri-
tory of Ukraine. Other administrative regions belong to a
moderately productive part of the territory of the state.

The examination of the trend in the dynamics of
yield of heat-loving crops is confirmed by the results
of the study by O.S. Budziak, (2022). Due to the increase
in the sum of effective temperatures, favourable condi-
tions have emerged In the Western Forest-Steppe zone
for growing heat-loving crops such as sunflower, corn for
grain, soybeans, etc. The area under them is constantly
growing, which causes changes in the structure of both
acreage and agricultural landscapes. In 2000-2021, the
area of crops increased rapidly - under soybeans (20
times), rapeseed (5 times), corn for grain (4 times), and
sunflower (2 times). The change in land use manage-
ment practices from grain-feed to grain-technical was
also caused by an economic factor (Budziak et al., 2022).

Poliovyi (2019) notes that the total amount of pre-
cipitation for the year and for the growing season can-
not be a reliable initial criterion for assessing the real
moisture supply of agricultural crops during the grow-
ing season.The data obtained by the researcher indicate
that the processes caused by global warming have sub-
stantially worsened the supply of moisture to plants. It
was identified that the reserves of productive moisture
under winter wheat in the soil layer of 0-100 cm, with
almost the same amount of precipitation in June-July of
2013-2018, were half as much as in 1985-1990. There
is a gradual aridisation of the territory. Although due to
an increase in the amount of winter precipitation and
its better assimilation by the soil if it freezes slightly
early spring moisture reserves somewhat increase, in
summer there are clearly pronounced downward trends.

An increase in air and soil temperature during the
growing season of agricultural crops,combined with in-
creased winds and a decrease in relative humidity, sub-
stantially increases the evaporation of moisture, which
leads to a worse moisture supply for plants, even if the
amount of precipitation does not decrease (Poliovyi
et al., 2019). The hydrothermal coefficient established
in the course of the study, which is an indicator of the
moisture content of the territory during the growing
season, confirms this trend.

In the modern agricultural production of Ukraine, a
special place is occupied by corn,which is characterised
by high potential productivity compared to other grain
crops. Since 1998, the area under corn and sunflower
crops in Polissia has substantially increased. Previously,
agroclimatic conditions were not favourable for grow-
ing these heat-loving crops in the Polissia zone, since
they did not have time to ripen at insufficient tempera-
tures. However, due to climate change, this has become
attainable, and in some areas, it is now possible to
get even two harvests from one field per season (Liu
et al., 2021; Johnston & Chiotti, 2000). Over the past
20 years, the acreage under corn in the Polissia zone
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has increased by 98,843 hectares, and sunflower - by
126,963 hectares, while in the Steppe zone these ar-
eas are 361,551 hectares for corn and 473,044 hect-
ares for sunflower. Over the past decade, the area of
corn crops in Ukraine has increased more than 2 times
and amounts to about 5 million tonnes despite the fact
that according to scientific recommendations, the opti-
mal area of corn sowing for grain and silage in Ukraine
should be within 3 million hectares (FAO, 2022).

Corn yields in Ukraine almost doubled from 2000
to 2021 - from 27 cwt/ha (2000) to 50 cwt/ha (2021).
The maximum vyield of corn in individual agricultural
enterprises located in the Forest-Steppe zone, under
the conditions of production intensification, reached
170-180 cwt/ha (Tkachuk & Bondarenko, 2022).

Notably, the cultivation of not only conventional
agricultural crops but also heat-loving ones forms a
tendency to intensify the development of degradation
processes of the soil cover, which in turn causes an in-
crease in the area of degraded and depleted soils. This
is due to a violation of the technology of agricultural
production when growing heat-loving crops on unrea-
sonably large areas. A study by V.S. Chumak et al. (2012)
allowed establishing that “with one ton of the main
product of rapeseed, 65 kg of nitrogen, 24 kg of phos-
phorus, and 42 kg of potassium are removed from the
soil, sunflower - 43 kg, 17 kg, and 10 kg, respectively,
corn 24 kg, 9 kg, and 22 kg, respectively”. Thus, a nega-
tive balance of nutrients in the soil is formed, which can
only be partially compensated by the introduction of
mineral and organic fertilisers. Due to this, in the con-
ditions of intensive farming, there is a decrease in soil
fertility, which leads to a decrease in yield (Stepanenko
et al.,2011; Klymenko et al., 2021).

It is necessary that climatic and agrometeorologi-
cal indicators are within certain optimal limits to ob-
tain the planned yield of agricultural crops (Hanson et
al., 2007; Khudaverdiyeva, 2022), which is confirmed
by the environmental laws of J. Liebig (the law of the
minimum) and V. Shelford (the law of tolerance). The
processes taking place in the agricultural sector due to
climate change are ambiguous. Fast and excessive heat
accumulation caused by them can lead to a reduction
in the growing season, premature ripening of crops, and
a decrease in yield (Petersen, 2008; Nelson et al., 2014).

T.I. Adamenko (2019) states that there is a high
probability of the transition of Polissia and Western For-
est-Steppe from a zone of sufficient moisture to azone of
unstable and insufficient moisture.This is due to the fact
that in the coming years not only an increase in air tem-
perature is to be expected, but also a decrease in precipi-
tation.This trend requires attention and further research.

CONCLUSIONS

This study confirmed that climate changes take an active
part in the complex process of forming the productivi-
ty of agroecosystems of Polissia, the Forest-Steppe, and
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the Steppe of Ukraine, considering which will allow ag-
ricultural enterprises to obtain high yields of both con-
ventional agricultural crops and heat-loving ones. Crop
yields are largely determined, along with other factors,
by climatic and agrometeorological factors. The obtained
results of correlation analysis allowed establishing lim-
iting factors of influence on the yield of corn, sunflow-
er, soy, and rapeseed, namely: the average value of air
temperature, the sum of positive temperatures and soil
surface temperature (r=0.57-0.80). The complex effect
of meteorological and agrometeorological factors has a
more substantial impact on the yield of the considered
agricultural crops in the territories of the examined agro-
climatic zones (R>0.7). The greatest dependence of yield
on the group of meteorological factors was identified for
corn in Polissia (R=0.819), sunflower in the Forest-Steppe
(R=0.933), soybeans in the Steppe (R=1); on agromete-
orological factors - in Polissia for sunflower (R=0.862),
soybeans in the Forest-Steppe (R=0.934) and Steppe

climatic and agrometeorological factors, there is an ur-
gent need to quickly adapt to the variability of natural
conditions and search for optimal methods of agricul-
tural activity. Following the strategy of sustainable de-
velopment, in the post-war period, it will be necessary
for Ukraine, as an independent state with strong ag-
ricultural potential, to restore agricultural production
with high crop yields, considering the potential risks of
natural and anthropogenicorigin. It is suggested to fore-
cast the adaptability of agricultural crops in different
natural and climatic zones of Ukraine by yield indicator
using the developed regression models, most of which
are statistically reliable with an error level of no over
5% (P<0.05) to solve this problem. Further research will
be aimed at investigating the possibility of introducing
other agricultural crops into crop rotations, their adap-
tation to new agroecological conditions, and the possi-
ble consequences of such actions for agroecosystems.

(R=0.979); on meteorological and agrometeorological ACKNOWLEDGEMENTS
factors together — for sunflower in Polissia (R=1) and  None.
Forest-Steppe (R=0.998), soybeans in the Steppe (R=1).
Considering the forecasts of further increase in CONFLICT OF INTEREST
air temperature, which leads to substantial changes in  None.
REFERENCES

[1] Adamenko, T. (2019). Climate change and agriculture in Ukraine: What should farmers know? Kyiv: German-
Ukrainian agropolitical dialogue.

[2] Bakumenko, O.,Vlasenko, V., Osmachno, O., Fanhua, M., & Zhou, C. (2019). Selection evaluation of the modern
Chinese assortment of soft winter wheat in the conditions of the northeastern Lsosteppe of Ukraine. Bulletin of
the Sumy National Agrarian University, Series Agronomy and Biology”,3(37),3-11.doi: 10.32845/agrobio.2019.3.1.

[3] Budziak, O.,Budziak, V., & Drebot, O.(2022). Climate-oriented land use management. Agricultural and Resource
Economics: International Scientific E-Journal, 8(3),98-122. doi: 10.51599/are.2022.08.03.06.

[4] Christidis, N., & Stott, PA. (2021). The influence of anthropogenic climate change on wet and dry summers in
Europe. Science Bulletin, 66(8), 813-823. doi: 10.1016/j.scib.2021.01.020.

[5] Chumak, V., Desyatnik, L., & Kokhan, A. (2012). Nutrient regime of grain and oilseed crops on chernozems of
Ukraine. Bulletin of the Institute of Agriculture of the Steppe Zone of the National Academy of Sciences of Ukraine,
(3),131-134.

[6] Food and Agriculture Organization of the United Nations. (2023). STAT. Retrieved from https://www.fao.org/
faostat/en/#country/230.

[71 Hanson, J.D., Liebig, M.A., Merrill, S.D., Tanaka, D.L., Krupinsky, J.M., & Stott, D.E. (2007). Dynamic cropping
systems: Increasing adaptability amid an uncertain future. Agronomy Journal, 99(4), 939-943. doi: 10.2134/
agronj2006.0133s.

[8] Howden, S.M., Soussana, J.F., Tubiello, F.N., Chhetri, N., Dunlop, M., & Meinke, H. (2007). Adapting agriculture
to climate change. Proceedings of the National Academy of Sciences, 104(50), 19691-19696. doi: 10.1073/
pnas.0701890104.

[9] Johnston,T., & Chiotti, Q. (2000). Climate change and the adaptability of agriculture: A review. Journal of the Air
& Waste Management Association, 50(4), 563-569. doi: 10.1080/10473289.2000.10464028.

[10] Khudaverdiyeva, V. (2022). Priorities of innovative development of the agricultural industry. International
Science Journal of Engineering & Agriculture, 1(3), 62-86.

[11] Klymenko, M., Vozniuk, N., Sobko, Z., & Masovets, B. (2021). Strategy of sustainable development of agricultural
production under conditions of climate change (on the example of Rivne region). Rivne: NUVHP.

[12] Kussul, N., Shelestoy, A., Yailymoy, B., Yailymova, H., Lavreniuk, M., Shumilo, L., & Bilokonska, Y. (2020). Crop
monitoring technology based on time series of satellite imagery. In 2020 IEEE 11 International Conference on
Dependable Systems, Services and Technologies (pp.346-350).Kyiv:IEEE.d0i: 10.1109/dessert50317.2020.9125031.

[13] Liy, Y., Zhang, J., Pan, T., & Ge, Q. (2021). Assessing the adaptability of maize phenology to climate change:
The role of anthropogenic-management practices. Journal of Environmental Management, 293, article number
112874.doi: 10.1016/j.jenvman.2021.112874.

Scientific Horizons, 2023, Vol. 26, No. 2



https://agravery.com/uk/posts/show/tetana-adamenko-zmini-klimatu-graut-na-korist-silskomu-gospodarstvu-ukraini
https://snaubulletin.com.ua/index.php/ab/article/view/21
https://are-journal.com/are/article/view/572
https://www.sciencedirect.com/science/article/pii/S2095927321000566
https://journal-grain-crops.com/uk/arhiv/view/5965fd2a8257a.pdf
https://journal-grain-crops.com/uk/arhiv/view/5965fd2a8257a.pdf
https://www.fao.org/faostat/en/#country/230
https://www.fao.org/faostat/en/#country/230
https://acsess.onlinelibrary.wiley.com/doi/abs/10.2134/agronj2006.0133s
https://acsess.onlinelibrary.wiley.com/doi/abs/10.2134/agronj2006.0133s
https://www.pnas.org/doi/10.1073/pnas.0701890104
https://www.pnas.org/doi/10.1073/pnas.0701890104
https://www.tandfonline.com/doi/abs/10.1080/10473289.2000.10464028
https://isg-journal.com/isjea/article/view/16
https://ep3.nuwm.edu.ua/20686/
https://ep3.nuwm.edu.ua/20686/
https://ieeexplore.ieee.org/document/9125031/citations?tabFilter=papers#citations
https://www.sciencedirect.com/science/article/pii/S0301479721009361

Vozniuk et al.

[14] Lupenko, Y.0., & Mesel-Veseliak, V.. (2012). Strategic directions of development of agriculture of Ukraine for the
period till 2020. Kyiv: NNTs “IAE”.

[15] Lyalko,V.,Sakhatskyi,O.,Zholobak,G.,Apostolov,0., & Yelistratova,L.(2020).Study of the dynamics of average annual
indicators of the gross primary productivity of the territory of Ukraine during 2000-2010. Kyiv: Akademperiodyka.

[16] Ministry of Energy and Environmental Protection of Ukraine. (2020). Ukraine’s greenhouse gas inventory 1990-
2018 (draft). Retrieved from https://webcache.googleusercontent.com/search?g=cache:ZUf2vSwoVd8J:https://
mepr.gov.ua/news/32422.html&cd=1&hl=ru&ct=clnk &gl=ua.

[17] Mirzoeva, T. (2022). Regarding the need to optimize the structure of crop rotation in the conditions of modern
threats and challenges. In Environmental safety and balanced nature management in agro-industrial production
(pp. 96-100). Kyiv: DIA.

[18] Muller, A. (2009). Benefits of organic agriculture as a climate change adaptation and mitigation strategy for
developing countries. Retrieved from https://orgprints.org/id/eprint/16506/1/mueller-2009-Benefits_of
Organic_Agriculture-EfD09.pdf.

[19] Nelson, G.C., Valin, H., Sands, R.D., Havlik, P., Ahammad, H., Deryng, D., Elliott, J., Fujimori, Sh., Hasegawa, T.,
Heyhoe, E., Kyle, P, von Lampe, M., Lotze-Campen, H., d'Croz, D.M., van Meijl, H., van der Mensbrugghe, D.,
Mdiller, Ch., Popp,A., Robertson, R., Robinson, Sh., Schmid, E., Schmitz, Ch., Tabeau, A., & Willenbockel, D. (2014).
Climate change effects on agriculture: Economic responses to biophysical shocks. Proceedings of the National
Academy of Sciences, 111(9), 3274-3279. doi: 10.1073/pnas.1222465110.

[20] Paraschiv,S., & Paraschiv,L.S.(2020b).Trends of carbon dioxide (CO2) emissions fromfossil fuels combustion (coal,
gasandoil)intheEUmemberstatesfrom1960t02018.EnergyReports,6,237-242.doi:10.1016/j.egyr.2020.11.116.

[21] Petersen, J.E. (2008). Energy production with agricultural biomass: Environmental implications and analytical
challenges. European Review of Agricultural Economics, 35(3), 385-408. doi: 10.1093/erae/jbn016.

[22] Pichura, V.I,, Potravka, L.O., Vdovenko, N., Biloshkurenko, O.S., Stratichuk, N., & Baysha, K. (2022). Changes in
climate and bioclimatic potential in the steppe zone of Ukraine. Journal of Ecological Engineering, 23(12), 189-
202.d0i: 10.12911/22998993/154844.

[23] Pisarenko, P., & Khlebnikova, Ya. (2015). About the possibility of influence of solar activity on the yield of
agricultural crops in the Poltava region. Bulletin of the Poltava State Agrarian Academy, (1-2), 11-21.

[24] Polevyi, V., Lukashchuk, L., & Lukyanik, M. (2019). The impact of climate change on the development of crop
production in the conditions of the Western region. Bulletin of Agrarian Science, 9(798), 29-34. doi: 10.31073/
agrovisnyk201909-04.

[25] Romaschenko, M., Sobko, O., Savchuk, D., & Kulbida, M. (2003). About some tasks of agricultural science in
connection with climate changes: Scientific report-information. Kyiv: Institute of Hydraulic Engineering and
Land Reclamation of the Ukrainian Academy of Sciences.

[26] Sobko, Z.Z., Vozniuk, N.M., Likho, O.A., Pryshchepa, A.M., Budnik, ZM., Hakalo, O.l., & Skyba, V.P. (2021).
Development of agroecosystems under climate change in Western Polissya, Ukraine. Ukrainian Journal of
Ecology, 11(3), 256-261.doi: 10.15421/2021 169.

[27] Sorokhtin, 0.G.,Chilingar, G.V., & Sorokhtin,N.O.(2011).Adiabatic theory of the greenhouse effect. Developments
in Earth and Environmental Sciences, 10, 469-498. doi: 10.1016/b978-0-444-53757-7.00013-1.

[28] State Statistics Service of Ukraine. (2023). Retrieved from https://ukrstat.gov.ua/.

[29] Stefanovska, T., & Pidlisniuk, V. (2010). Assessment of vulnerability to changes in the climate of agriculture in
Ukraine. Environmental Security, 1(62-66).

[30] Stepanenko, S.M., Polovyy, A.M., & Shkol'nyy, Ye.P. (2011). Assessment of the impact of climate change on the
economy of Ukraine. Odesa: Ekolohiya.

[31] Sustainable intensification of crop production. FAQ. (2023). Retrieved from https://www.fao.org/policy-
support/policy-themes/sustainable-intensificationagriculture/.

[32] Tao, F., Yokozawa, M., Xu, Y., Hayashi, Y., & Zhang, Z. (2006). Climate changes and trends in phenology and
yields of field crops in China, 1981-2000. Agricultural and Forest Meteorology, 138(1-4), 82-92. doi: 10.1016/].
agrformet.2006.03.014.

[33] Tarariko, O., Ilyenko, T., & Kuchma, T. (2016). Impact of climate change on productivity and gross yield of cereal
crops: Analysis and forecast. Ukrainian Geographical Journal, 1,14-22. doi: 10.15407/agrisp4.02.003.

[34] Tkachuk, O., & Bondarenko, M. (2022). Ecological assessment of repeated sowing of corn in Ukraine. Agriculture
and Forestry, 1(24), 182-191.

[35] Yatsyuk, M., Adamenko, T., Romaschenko, M., Tsvetkova, G., Kolmaz, Yu., Kulbida, M., Prokopenko, A., Saidak, R.,
& Sydorenko, 0. (2021). Conceptual foundations of the drought management plan in Ukraine. Kyiv. Retrieved from
https://dspace.organic-platform.org/xmlui/handle/data/424?locale-attribute=uk.

[36] Zhang, H., Huo, S., Yeager, K.M,, Li, C., Xi, B., Zhang, J., He, Zh., & Ma, C. (2019). Apparent relationships between
anthropogenic factors and climate change indicators and POPs deposition in a lacustrine system. Journal of
Environmental Sciences, 83,174-182.doi: 10.1016/j.jes.2019.03.024.

Scientific Horizons, 2023, Vol. 26, No. 2

101


https://www.nas.gov.ua/siaz/Ways_of_development_of_Ukrainian_science/article/12064.017.pdf
https://www.nas.gov.ua/siaz/Ways_of_development_of_Ukrainian_science/article/12064.017.pdf
https://www.casre.kiev.ua/images/files/block_ljalko_vi_biobibliographija.pdf
https://www.casre.kiev.ua/images/files/block_ljalko_vi_biobibliographija.pdf
https://webcache.googleusercontent.com/search?q=cache:ZUf2vSwoVd8J:https://mepr.gov.ua/news/32422.ht
https://webcache.googleusercontent.com/search?q=cache:ZUf2vSwoVd8J:https://mepr.gov.ua/news/32422.ht
https://www.agroeco.org.ua/wp-content/uploads/zbirnyk_2022.06_part2.pdf
https://www.agroeco.org.ua/wp-content/uploads/zbirnyk_2022.06_part2.pdf
https://orgprints.org/id/eprint/16506/1/mueller-2009-Benefits_of_Organic_Agriculture-EfD09.pdf
https://orgprints.org/id/eprint/16506/1/mueller-2009-Benefits_of_Organic_Agriculture-EfD09.pdf
https://www.pnas.org/doi/10.1073/pnas.1222465110
https://www.sciencedirect.com/science/article/pii/S2352484720315419
https://academic.oup.com/erae/article-abstract/35/3/385/465204?redirectedFrom=fulltext
http://www.jeeng.net/Changes-in-Climate-and-Bioclimatic-Potential-in-the-Steppe-Zone-of-Ukraine,154844,0,2.html
http://webcache.googleusercontent.com/search?q=cache:SnKTJAbaNA0J:journals.pdaa.edu.ua/visnyk/article/view/930/1270&cd=1&hl=ru&ct=clnk&gl=ua
http://webcache.googleusercontent.com/search?q=cache:SnKTJAbaNA0J:journals.pdaa.edu.ua/visnyk/article/view/930/1270&cd=1&hl=ru&ct=clnk&gl=ua
https://agrovisnyk.com/archive_en_2019_09_04.html
https://agrovisnyk.com/archive_en_2019_09_04.html
https://scholar.google.com/citations?view_op=view_citation&hl=th&user=V1Z8unwAAAAJ&citation_for_view=V1Z8unwAAAAJ:hqOjcs7Dif8C
https://scholar.google.com/citations?view_op=view_citation&hl=th&user=V1Z8unwAAAAJ&citation_for_view=V1Z8unwAAAAJ:hqOjcs7Dif8C
https://www.ujecology.com/articles/development-of-agroecosystems-under-climate-change-in-western-polissya-ukraine.pdf
https://www.sciencedirect.com/science/article/abs/pii/B9780444537577000131
https://ukrstat.gov.ua/
https://necu.org.ua/wp-content/uploads/ukraine_cc_vulnerability.pdf
https://necu.org.ua/wp-content/uploads/ukraine_cc_vulnerability.pdf
http://eprints.library.odeku.edu.ua/id/eprint/2252/
http://eprints.library.odeku.edu.ua/id/eprint/2252/
https://www.fao.org/policy-support/policy-themes/sustainable-intensificationagriculture/
https://www.fao.org/policy-support/policy-themes/sustainable-intensificationagriculture/
https://www.sciencedirect.com/science/article/abs/pii/S0168192306001018
https://www.sciencedirect.com/science/article/abs/pii/S0168192306001018
https://agrisp.com/index.php/agrisp/article/view/105
http://forestry.vsau.org/storage/articles/May2022/TXCjmhMHpapYOUsf1Ob9.pdf
https://dspace.organic-platform.org/xmlui/handle/data/424?locale-attribute=uk
https://pubmed.ncbi.nlm.nih.gov/31221380/

102

Forecasting the adaptability of heat-loving crops...

MporHosyBaHHA afanTUBHOCTI TeNNONIO6HUX KyNnbTyp
00 3MiH K/liMaTy B yMoOBaxX YKpaiHU
Harania MukonaiBHa BosHiok

KaHaMpaT CinbCbKOrocnoAapcbKMx Hayk
HauioHanbHWI yHiBEpCMTET BOAHOIO rOCNOAAPCTBA Ta NPUPOLOKOPUCTYBAHHS
33000, syn. CobopHa, 11, M. PiBHe, YKpaiHa
https://orcid.org// 0000-0001-9947-4027
Bikropia MasniBHa Ckuba

KaHamMpaT CcinbCbKOrocnoaapcbKnx HayK
TaBpiiCbKWiA fepXKaBHUI arpOTEXHONOTIYHUI yHiBEpcUTET iMeHi IMMTpa MoTopHOoro
69600, Byn. XXykoBcbkoro, 66, M. 3anopixoks, YkpaiHa
https://orcid.org/0000-0003-2233-9438

OneHa AHTOHiBHa Jlixo

Kananaat cinbcbkorocnofapCbkux Hayk, 4OLEHT
HauioHanbHWI yHiBEpCUTET BOAHOIO rOCNOAAPCTBA Ta MPUPOAOKOPUCTYBAHHS
33000, Byn. CobopHa, 11, M. PiBHe, YkpaiHa
https://orcid.org/0000-0001-5991-5035
3opsaHa 3opecnasiBHa Cobko

Kanaunaat cinbcbkorocnofapcbkmx Hayk
PiBHEHCbKMIM 06M1ACHMIA LLEHTp 3 rigpoMeTeoponorii
33028, Byn. lorons, 4, M. PiBHe, YKpaiHa
https://orcid.org/0000-0002-3732-8574

Terana BikTopisHa KnumeHnko

Kananaat cinbCbKorocnoaapCbkux HayK, 4OLEHT
Monicbkni HaLioOHaNbHWI YHiBEPCUTET
10002, Crapuin 6ynbBap, 7, M. XKutoMump, YkpaiHa
https.//orcid.org/0000-0002-2017-6802

AHoTauif. YKpaiHa Ma€e pO3BMHYTWUIA arpapHuii cektop ekoHoMiku, ae 10,4 % BanoBOro BHYTPILUHbOrO MPOAYKTY
NpUNagaE Ha CinbCbKe rocnoaapcTBo. AKTyanbHiCTb TEeMU 0BYMOBAEHA TUM, LLO CiIbCbKOrOCNoAapcbke BUPOOHULITBO,
fKe M€ CTpaTeriyHe 3HAYeHHN AN KpaiHW, AyXe YyTAMBe A0 KNIMaTUYHWMX 3MiH, Wo BiadysawTbes. [pn ubomy
BXE€ NPOXOAWTb MpoLecC agantauil pOCAMHHMLBKOI ranysi A0 HacniAKiB 3MiHW KniMaTy Ta arpoOMeTeoponoriyHmx
dakTopiB, WO NPOABASETLCS Y PO3LUMPEHHI CNEKTPY BUPOLLYBAHUX CiNbCbKOrOCNOAapCbKUX KynbTyp. MeTol AaHoro
LOCNimKeHHS 6yno NporHo3yBaHHS a4anTUBHOCTI TENN0NOHUX CiIbCbKOrOCNOAAPChKMX KYNbTYP 33 iX BPOXAMHICTIO
B Pi3HMX NPUPOAHO-KNIMAaTUUYHMX 30HaX YKpaiHW. Y npoueci gocnigkeHb 6yno BUKOPUCTaHO Taki METOAM, SIK: aHanis3,
CUHTe3, MaKTOPHUIM aHani3, KopenauiiHo-perpeciiHnii, MaTeMaTMKO-CTaTUCTUUYHMIA. 33 pe3ynbTaTaMu NpoBefeHnxX
[OCNiAXeHb AOBeAEHO AO0LINbHICTb BPaXyBAHHSA KNiMAaTUUYHMX 3MiH ANS OTPUMAHHS BUCOKUX BPOXKAIB K TPAAULLIMHUX
CiNbCbKOroCnoAapCbKUX KybTyp, Tak i TennontobHux, aki He 6ynun Tunosumu ans lMNonicca Ta Jlicocteny. Ha niacraBi
aHani3y AMHAMIKW BPOXAMHOCTI CiNbCbKOroCnoA4apCbkux KynsTyp 6yno BCTAHOBNEHO, WO Ha TepuTopii Jlicocteny
[OLiNbHO 3AiMCHIOBATM MEepeopieHTALLI0 CiNbCbKOrOCNOAAPCbKOr0 BMPOOHMUTBA HA BMPOLLYBAHHA TENAONHOHUX
KYNbTyp — KYKYPYZ3M, COHSILLHMKA, COi, pinaky, ki B OCTaHHIi pPOKM Oat0Tb Taki X abo W Aelo BMLL Bpoxai Hix
Ha NiBAHI YKkpaiHu. BupoliyBaHHS X umx KynbTyp Yy lonicbKi 30HI € 36MTKOBUM — BPOXAMHICTb JOCUTb HU3bKA,
TOMY B LMX perioHax BapTO MPOLOBXYBaTWM BMPOLLYBATWU TPaAMLiMHI KynbTypu (3epHOBi, 3epHOH6060BI, OBOYEBI
KynbTypu, KapTonnw). BCTaHOBNEHI 3aneXHOCTi BPOXAMHOCTI CiflbCbKOrOCNOAAPChbKUX KYAbTYp Bif, KAIMAaTUYHUX
i arpoMeTeoponoriYHMX YMHHUKIB A03BOAUAWN BUSBUTU KOMMAeKC ¢akTopiB, WO BiAirpalTb roNOBHY pofb Yy
(hOpMyBaHHI BpOXal KOHKPETHUX KynbTyp. Po3pobneHi Moaeni BpoOXaiHOCTI CinbCbKOrOCNOAAPCHKMX KYNbTYp Ha
OCHOBI MHOXWHHOI KOpensuii A03BONAOTb 3A4IACHIOBATM ii NPOrHO3yBaHHSA. Pe3ynbtat focnigmKeHHsS MOXyTb ByTu
KOPWUCHMMM NPU MAaHYBAHHI Ta ONTUMI3aLii AiSNbHOCTI CiIbCbKOroCNoAapChKMX NiANPUEMCTB, i B LLIIOMY CiNbCbKOMO
rocnojapcTsa, B PisHUX NPUPOOHO-KNIMaTUUHMUX 30HaX YKpaiHu, K CTpaTeriyHoi ranysi eKOHOMiKu
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Abstract. Recently, the problem of preserving biodiversity on the planet
has become increasingly relevant. Therefore, research on the ecological
characteristics of organisms that play an important role in the functioning
of biogeocoenoses is especially relevant. Chilipoda millipedes are one
of these groups. Currently, many questions on the ecology of Chilopods,
especially in the territory of Albania, remain unresolved. This motivates
researchers to seek answers to these issues. The primary research aim is
to analyse the specific features of the ecology of the Chilipoda millipedes
inhabiting Vlora. The material used for the study was the author's collections
of centipedes. Manual collection and soil sampling methods were used in
the research. Determination of the taxonomic affiliation of centipedes was
performed by examining the morphological features of centipedes under
a stereoscopic microscope and further determining specimens with the
help of determination keys. In the field under investigation, the Chilipoda
fauna is represented by 6 species from 4 orders, 6 genera, and 5 families.
Temperature and humidity have been shown to have a significant influence
on the geographical distribution of chilopods: thus, the occurrence of
centipedes in litter and the upper soil layer decreases significantly with
the onset of drought. The character of flora plays a secondary role in the
distribution of centipedes. It was established that soils with high content
of humus and nitrogen are a favourable habitat for centipedes. The
paper presents, for the first time for the Vlora region, data on the vertical
distribution of S. coleoptrata along the soil profile. Scootigers preferred litter
and did not migrate into the soil. Other representatives of Chilipoda were
mainly found in the uppermost soil layer (0-10 cm), moreover Chilipoda
were concentrated in the litter,and only a small part of them descended to
a depth of 20 cm. The obtained results contribute to the knowledge of the
ecological features of chilopods
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INTRODUCTION
In recent decades, the problem of preserving the plan-
et’s biodiversity was of substantial relevance. This is
mainly caused by the detrimental human impact on
natural communities: the destruction of habitats of
living organisms, extreme exploitation of biological
resources, and pollution of the environment. This prob-
lem is especially relevant in insufficiently studied re-
gions subject to increasing anthropogenic impact, such
as southern Albania. Therefore, studies of the ecolog-
ical features of different living organism groups that
play an important role in the functioning of biogeoco-
enoses are of particular importance.

One of these groups is the class Chilipoda or centi-
pedes.This is one of the largest classes of terrestrial ar-
thropods. The world fauna of chilopods includes more
than 3,000 species, although Sombke & Harzsch (2015)
and Vuji¢ et al. (2022) suggest that only a fraction of
the species has been currently described, while about
8,000 species may exist worldwide.

Chilipods live a hidden life, avoiding daylight and
dry locations. Most often they can be found under rocks,
in broken trees, and in other covers. Centipedes are typ-
ical polyphagous predators. They inhabit the topsoil
layer and litter and play an important role in regulating
populations of soil invertebrates. They feed on insects,
including pests of important crops, their larvae, earth-
worms, spiders, and several other animals. E. lorio et al.
(2020) and Yahata et al.(2018) showed the importance of
chilopodans as a reliable indicator for determining the
level of anthropogenic pressure on the environment. Al-
though representatives of the Chilipoda class are pres-
entin many landscape zones, except deserts, little atten-
tion has been paid to the study of the ecological factors
influencing the distribution of centipedes in Albania.

Thus, P. Stoev (1996) published the first research on
Chilipoda in Albania in 35 years. In this paper, the main
attention is devoted to the Chilipoda fauna. The author
highlighted 21 species of chilopods, six of which were
mentioned in Albanian fauna for the first time. The sec-
ond part of the research (Stoev, 2000) was published,
in which the author demonstrated data on 27 species
of Chilipoda collected in Albania, including a complete
checklist (58 species and subspecies) and gave a brief
zoogeographical description of the Albanian centi-
pedes. H. Kicaj (2018) presented a zoogeographic anal-
ysis of the Chilipoda fauna in Vlora, southern Albania.

Researchers have not given much attention to the
ecological features of chilopods in Albania. A study by
H. Kicaj and M. Qirjo (2014) and Cassar & Zapparoli
(2021) is devoted to the distribution of centipedes over
the soil profile in Vlora. However, many issues on the
ecology of the centipedes remain uncovered. Overall,
the insufficient study of the centipede ecology in south-
ern Albania is evident and requires further research.

The purpose of the study is to investigate the spe-
cific features of the centipede ecology of the Vlora,
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southern Albania. To reach the purpose, the following
objectives were set: to analyse the species composition
of Chilipoda in Vlora, southern Albania; evaluate the
influence of climatic factors on the geographical dis-
tribution of centipedes in the study area; characterise
the features of the biotopic distribution of chilopods;
analyse the specific features of the vertical distribution
of chilopods along the soil profile.

MATERIALS AND METHODS

The material for the research was based on the au-
thor's collections of centipedes in Vlora, southern Al-
bania. Manual collection and soil sampling methods
were used in the research. The sample size was at least
25 m? (50 cm by 50 cm). Four experimental samples
were established in each plot, from which material was
selected randomly. Within the boundaries of the se-
lected one, leaf litter was carefully moved on the poly-
ethylene prepared in advance. Then, it was thoroughly
hand-picked over, noting all detected chilopods.

To assess the influence of climatic factors on the
geographical distribution of chilopods, specimens were
collected in spring, summer, and autumn under rocks,
tree leaves, and mosses, in tree hollows, or the upper
soil layer. The study covered areas at different altitudes;
in some cases, the soil sampling method was used. To
determine the period of drought in the research region,
an ombrothermic diagram was constructed, showing
changes in such indicators as temperature and amount
of precipitation within each month throughout the year.
Such a diagram was first constructed by Kaminska et al.
(2016) to determine drought periods in the Mediterra-
nean environment.

To research the biotopic distribution of chilopods,
two stationary collection points were selected from
which material was collected during the spring, sum-
mer, and fall using the soil sampling method. Biotope 1
is located 10-50 m above sea level. In this biotope, the
vegetation is represented by deciduous trees (lemon,
plum), reed, and other plants, which play an important
role in agriculture. Biotope 2 is a coniferous forest at
900-950 meters above sea level. A total of 18 samples
were collected and analysed. Biotope monitoring con-
tinued during the winter months, but no centipedes
were collected at this time.

The vertical distribution of centipedes over the soil
profile was also analysed in one in Vlora. In this case,
excavation and disassembly of samples were conduct-
ed separately in two layers, each 10 cm deep. The cen-
tipedes were collected and recorded separately from
each sample and layer. A total of about 680 specimens
of Chilipoda were collected. The detected specimens
were placed in tubes with 80% ethyl alcohol with the
addition of a few drops of ether to preserve the natural
coloration of the specimens. Each sample was labelled
conventionally with complete information.




Determination of the taxonomic affiliation of cen-
tipedes was performed by addressing such morpholog-
ical characteristics as body size and shape, number of
segments and pairs of legs, presence of gonopods, body
coloration, placement of the tergal plates, etc. These
characters were examined under a stereoscopic micro-
scope EMZ13TR, Trinocular Zoom with a magnification
of 10 to 70 times. Identification of specimens was also
carried out using identification keys for class Chilipoda
species developed by P. Stoev (1996; 2000).

RESULTS

The characteristic of the entire class Chilopoda. Like
representatives of other groups of centipedes, Chilipo-
da is associated with the soil and leads mainly a hidden
life, hiding most of the time under rocks, tree bark, on
the forest floor, and in cracks of rocks and soil. As a rule,
Chilipoda comes out to hunt at night.

The characteristic of the entire class Chilopoda is
that the legs of the first body segment are converted
to jawfoot, with venomous gland ducts opening at the
ends of the claws, which are used by these centipedes
to strike prey and defend themselves.

Within the class Chyloroda, there are 5 currently
living types (Zapparoli, 2016). These groups represent
separate branches of evolution with traces of one or
another specialisation:

Geophilomorphs (Geophilomorpha): The body is
worm-shaped, with 27-191 pairs of legs, usually co-
loured in yellow and brown tones. The size of centi-
pedes in this group does not exceed 22 cm. They can
migrate into the soil to a depth of 70 cm. Most often,
centipedes of this group settle under tree roots, in
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ants' nests, and sometimes they occupy mouse burrows
(Shear & Krejca, 2019). More than 1,000 species from
246 types have been described.

Scolopendromorpha: The body of the scolopendra is
broad and dense, dorsoventrally flattened, with 21-23
pairs of legs, coloured yellow or brown. The body is sub-
divided into the head and torso. The size of centipedes
in this group varies from 1.2 cm to 27 cm. The head
bears a pair of well-defined antennae, a pair of man-
dibles, and two pairs of maxillae. Around 100 species
from 132 types have been described.

Scutigeromorpha: The body is short, consisting of
15 segments and the same number of legs. Hind legs
are twice as big as walking legs. Segments of the body
are covered by 8 tergal plates. Currently, more than 540
species of 132 types are known to science.

Common British centipede (Lithobiomorpha): The
common British centipede body is divided into head
and body and consists of 19 segments with 15 pairs
of walking legs. The body length can reach up to 5 cm.
At the front, on the sides of the head, there are 13-
100 membered antennae and simple eyes in varying
numbers, which may be absent in some species. More
than 130 species of 30 types have been described.

Craterostigmomorpha: The body consists of 21
tergites. This group is also characterised by 15 pairs
of walking legs. The body length varies from 3.7 cm
to 5 cm. There are 17-18 membered antennae on the
sides of the head in front. Science knows 2 species of
the same type.

The chilopod species composition in Vlora. Under
our observations, 6 species of centipedes from 4 orders,6
types,and 5 familieswere foundintheregionunder study.

Table 1. Class Chilipoda

Order Family Genus Discoverer
Dignathodon Meinert, 1870
Dignathodon microcephalus Lucas, 1860
Dignathodontidae
Henia Koch, 1847
Geophilomorpha
Heniaillyrica Meinert, 1870
Clinopodes Latreille, 1817
Geophilidae
Clinopodesflavidus Koch, 1847
Scolopendra Linnaeus, 1758
Scolopendromorpha Scolopendridae
Scolopendracingulata Latreille, 1892
Schutigera Lamark, 1801
Schutigeromorpha Schutigeridae
Schutigeracoleoptrata Linneaus, 1758
Lithobius Leach, 1814
Lithobiomorpha Lithobiidae

Lithobiuslapidicola Meinert, 1872

Source: compiled by the author
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Influence of climatic factors on the geographical
distribution of centipedes. Southern Albania has a mild
Mediterranean climate. The region can be divided into
several climatic subzones. The average January tem-
perature varies from -3°C to 10°C, while the average
July temperature ranges from 17°Cto 26°C. The average

daily temperature does not fall below 10°C for 156 days
a year. The average precipitation is 1,480 mm per year.
(Ivask et al., 2019). Table 2 shows data for each month
on the precipitation and air temperature collected over
several years in Vlora (Rost-Roszkowska et al., 2020), ac-
cording to which the average rainfall is about 953.8 mm.

Table 2. Average air temperature and precipitation in Vlora

Month
> @ . b b
§ § ¢ =¥ § ¢ z § £ 3 § ¢
2 5 ks : 2 3 2 g g & g g
[ 7] -
Temperature, °C 9.2 10 11.4 144 18.3 22 24.1 24.2 21.6 179 14.1 10.8
Precipitation,mm 126 99.5 83.5 69.6 53.5 22.8 16.7 29 57.9 111.5 148.4 136.3

Source: Rost-Roszkowska et al. (2020)

However, in southern Albania, the geographical
distribution of precipitation is uneven: the western
areas, facing the bringing cyclones, are more humid
than the leeward eastern ones. This situation caus-
es dry summers and often in other seasons as well
as rainy winters. Nevertheless, Table 2 shows that the
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driest month in Vlora is July. Currently, the average air
temperature is 24.2°C, and the amount of precipitation
decreases to 16.7 mm. These results are confirmed by
the data in the ombrothermic diagram (Fig. 1), show-
ing the change of such indicators as temperature and
precipitation within each month throughout the year.
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Figure 1. Ombrothermic diagram for Vlora

Source: H. Kicaj (2012)

The issue of the influence of climatic factors on
the geographical distribution of centipedes is insuffi-
ciently covered. The results of the studies are present-
ed in Table 3. According to the data obtained, only a
representative of the Scolopendra species, S. cingula-
ta, was observed in summer. This group of centipedes
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was also registered in other seasons of the year. As
seen from Table 3, members of the Geophilomorpha
species were found in spring and fall, while centi-
pedes of the Schutigeromorpha species were noted
only in spring, and a representative of the L. lapidico-
la - only in autumn.




Kicaj
Table 3. Seasonal changes in the occurrence of centipedes in Vlora
Spring Summer Autumn
Geophilomorpha + +
Scolopendromorpha + + +
Schutigeromorpha +

Lithobiomorpha

Source: completed by the author based on author’s researchers’ data

Seasonal changes in the occurrence of centipedes
in VloraPeculiarities of the topic distribution of chilo-
pods. The study of their biotopical variability is neces-
sary to comprehend the influence of ecological factors
on centipedes. When assessing the biotopic distribution
of the Chilipoda class members in Vlora, only specimens
collected by soil sampling were considered. Biotope 1
was 10-50 m above sea level. Vegetation was repre-

sented by trees such as plums, lemons, etc., and reeds.

In addition, grass vegetation was completely absent in
this biotope (ASH, 1975; 1989; 1991).

Soil chemical composition: humus - 56%; nitro-
gen - 92 mg/100g soil; phosphorus - 66 mg/100g soil.

Biotope 2 was a coniferous forest located 900-
950 m above sea level. This biotope is dominated by
conifers Pinus heldreichii, Pinus nigra, Abies borisii-regis.
Soil is low in humus and nitrogen. In Biotope 1, where
deciduous trees predominated, inhabited by represen-
tatives of all 4 species of the class Chilipoda, while in
biotope 2, where coniferous trees mainly grew, repre-
sentatives of the order Schutigeromorpha were absent.

Table 4 shows that S. cingulata was the most fre-
quent species among all centipedes in both biotopes
studied: the occurrence of this species was 48% and
58% for deciduous trees and coniferous forests, re-
spectively. Density and occurrence rates for another
genus of centipedes, Geophilomorpha, were about the
same in both cases. All found specimens were found
at a depth of more than 30 cm. It is also interesting
to note the fact that during the collection of soil sam-
ples, specimens of Henia illyrica and Clinopodes flavidus
were found in both biotopes. Table 4 shows that the
total population density of centipedes is higher in the
biotope dominated by deciduous trees than in the co-
niferous forest. However, the occurrence of chilopods
is influenced more by temperature and moisture, soil
chemical composition, than by the species compo-
sition of litter. First of all, this is because Diplopoda
are predators, so, on the one hand, their occurrence is
not associated with vegetation, but, on the other hand,
the species composition of plants affects the chemical
composition of the landscape soil.

Table 4. Seasonal changes in the appearance of centipedes in Vlora

Geophilomorpha Scolopendromorpha Schutigeromorpha Lithobiomorpha
Biotop 1
Occurrence, % 35 48 5 12
Density, species/m? 2.3 3.2 0.3 0.8
Overall density, species/m? 6.6
Biotop 2
Occurrence, % 34 58 - 8
Density, species/m? 1.8 2.7 - 0.5
Overall density, species/m? 6

Source: compiled by the author based on the own research data

Peculiarities of the vertical distribution of Chilipo-
da along the soil profile in Vlora. In the region under
study, most specimens of chilopods were found at a
depth of 0-10 cm (Fig. 2). No centipedes were found
at depths greater than 30 cm. The vertical distribution
of centipedes is influenced by a complex of biotic and

abiotic factors. As can be seen in Figure 2, S. coleoptrata,
a representative of the order Schutigeromorpha, every-
where prefers litter, whereas S. cingulata (Scolopendro-
morphaspecies) is widely distributed not only in a litter
but also in the upper soil horizon, and also these milli-
pedes migrate to soil depth in small numbers.
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Figure 2. Distribution of Chilipoda along the soil profile in Vlora

Following the obtained results, L. lapidicola de-
scended into the soil 10 cm and lower and was not
found in the litter. Since members of Lithobiomorpha
prefer dark habitats with high humidity, therefore, they
are not often found in open areas. Geophilomorpha spe-
cies were almost equally distributed between the litter
and the top soil layer up to 10 cm and were absent
in deeper soil layers. The centipedes of this group are
widespread in places characterised by high humidity.

DISCUSSION

The research area is inhabited by centipedes from 4
species of the class Chilipoda. The most numerous are
representatives of Geophila and Scolopendra. The ob-
tained results coincide with the data presented in the
literature. It is worth noting that two Geophilomorpha
species: Henia illyrica and Clinopodes flavidus have been
recorded in the Vlora fauna relatively recently (Kicaj,
2018). During the study, members of these two species
were observed both in coniferous forests and in decidu-
ous tree stands, which may indicate a wider distribution
of H.illyrica and C. flavidus recently in southern Albania.
Climatic factors play a significant role in the geograph-
ical distribution of centipedes.

There has been insufficient attention devoted to
this issue, especially within the territory under study.
In this connection, the study by H. Kicaj (2012; 2018)
should be highlighted, which analysed the effect of
temperature and humidity on the distribution of rep-
resentatives of the family Glomeridae belonging to the
class Diplopoda. Glomeridae belongs to another class of
centipedes - Diplopoda. The researcher noted that the
smallest number of diplopods was found in July-August
since this period of the year is the driest (Kicaj, 2012).

For members of the class Chilipoda, such data are
absent, which determines the need for this study. The
obtained data fully coincides with the observations of
H. Kicaj (2012; 2018): the smallest number of chilopods
was observed in summer. Only S. cingulata, a representa-
tive of the Scolopendra species, was found (Table 3).This

Scientific Horizons, 2023, Vol. 26, No. 2

may indicate a wide ecological tolerance of this species.
The centipedes burrowed into deeper soil layers with
the onset of drought. The period of drought in southern
Albania occurs inJuly and August when high air tempera-
tures and the least amount of precipitation become char-
acteristic of the climate in Vlora. There are known cases
when during drought, centipedes migrated to a depth of
1.5 meters, where they were nourished by worms that
migrated deeper into the soil due to high air tempera-
tures and lack of precipitation (Poloczek et al., 2016).
Members of the Lithobiomorpha species were ob-
served only in the fall. Since lapidomorphs can be active
and mobile at lower temperatures, they can remain for
longer periods in the upper soil layers, unlike other cen-
tipedes. The species L. lapidicola found in the research
area can easily deal, for example, with leafminer cater-
pillars that were inaccessible to it in the warm season
(Poloczek et al., 2016). Thus, during drought, the occur-
rence of centipedes significantly decreases in the region,
and such climatic factors as temperature and humidity
influence the geographical distribution of chilopods.
Recent researches show that, in addition to climat-
ic factors, the distribution of centipedes is influenced
by vegetation and hydrothermal soil composition (de
Oliveira et al., 2019; Bouzan et al., 2022; de Almeida
et al., 2022). However, similar data for chilopods in Al-
bania are practically absent. Observations show that in
Biotope 1, where deciduous trees dominated and her-
baceous vegetation was absent, representatives of all 4
species of the Chilipoda class were present, whereas, in
Biotope 2, where coniferous trees were growing, cen-
tipedes from the type Schutigeromorpha were absent.
Itcanbeassumedthatthisis conditioned bythe chem-
ical composition of the soil, especially the lower content
of humus and nitrogen in the pine plantations.Whereas in
the soil of Biotope 1, which was characterised by a high-
er content of humus and nitrogen, Scutiger was found.
In addition, S. coleoptrata leads a synanthropic lifestyle
(Shear & Edgecombe, 2010; Mitic et al, 2022), so its pres-
ence in a human-altered landscape is quite reasonable.




S.cingulate, a representative of the Scolopendromor-
pha type, was found most often among the chilopods.
This may indicate the resistance of this species to the
chemical composition of soils. The occurrence and den-
sity of Geophilomorpha were approximately the same in
both habitats, although the density of Geophiles in the
coniferous forest was slightly lower compared to this
indicator in Biotope 1 (Table 4). This can be explained
by the fact that the soil in pine forests is dense and it is
difficult for centipedes to move in it.

In turn, the occurrence and density of knucklegrass
were higher in Biotope 1. It can be assumed that the
presence of leaf litter is a favourable factor for Lithobio-
morpha. In Biotope 1, where vegetation is represented
by trees such as plum, lemon, etc., and reed, the total
density of centipedes was 1.3 times higher than in the
coniferous forest (Table 4). Thus, soil with high content
of humus and nitrogen acts as a more favourable hab-
itat for chilopods. However, the data obtained indicate
that vegetation and soil chemistry has little influence
on this group of centipedes.

In studying the ecological characteristics of cen-
tipedes, their vertical distribution in the soil profile is
an important parameter. Most centipedes migrate be-
tween different soil layers. They migrate to survive un-
der unfavourable environmental factors. For example,
representatives of the type Geophilomorpha during the
tropical rainy season are most often found in the up-
per soil layer up to 7 m, and with the onset of drought,
they migrate to a depth of up to 14 cm (Cabanillas and
Robla, 2022; Anselmo and Selvaggi, 2022). Regarding
the region under study, H. Kicaj and M. Qirjo (2014)
made a comparative study of the vertical distribution
of centipedes from the Diplopoda and Chilipoda Geo-
philomorpha classes in Vlora. In their study, the authors
noted that chilopods burrow deeper than centipedes.
They attributed this feature to the faster movement of
centipedes at the time of collection.

However, Diplopoda is saprophagous, actively de-
stroying leaf litter, so they are more often found in forest
litter and on the soil surface. In comparison with Diplop-
oda centipedes, they are more tolerant to low humidity.
Moreover, for the Vlora region, the researchers found
representatives of 3 groups of centipedes: Geophilomor-
pha, Scolopendromorpha and Lithobiomorpha, and anal-
ysed the features of their distribution in the soil profile.
Most of the centipedes lived in the litter and at a depth of
0-10 cm,while only 18% of the chilopods and diplopods
migrated to a depth of 10-20 cm. (Kicaj and Qirjo, 2014).

The results of this research coincide with the data
obtained by H.Kicaj and M. Qirjo (2014). In addition, the
vertical distribution of S. coleoptrata in the soil profile
of southern Albania was shown for the first time in this
work. S. coleoptrata, a representative of the Schutigero-
morpha type, universally prefer litter and does not oc-
cur in soil (Fig. 2). On the contrary, L. lapidicola migrated
mainly to a depth of up to 10 cm.

Kicaj

As indicated by many authors studying the ecolo-
gy of the common British centipede, most of these in-
sects prefer dark and moist habitats, most often found
in litter and upper soil layers (Tuf, 2015; Netto et al.,
2021), also representatives of this group of centipedes
in small numbers were found in deeper soil layers up
to 20 cm (Fig. 2). Geophytes inhabited mainly litter and
the top 0-10 cm soil layer, and they did not descend to
a depth of more than 10 cm at all. Most often, the depth
at which the centipedes descended depended on the
hydrothermal conditions of the soil.

Thus, the greatest number of Chilipoda was found in
the uppermost soil layer (0-10 cm), the centipedes were
also concentrated in the litter, and only a small part
of them migrated to the depth. However, the maximum
depth of Chilipoda migration did not exceed 20 cm.

CONCLUSIONS

The results reveal that there are four groups of cen-
tipedes in the Vlora fauna. The most numerous are
representatives of the Geophilomorpha and Scolopen-
dromorpha types. Air temperature and humidity have a
paramount influence on the geographical distribution
of chilopods. Only one species of centipedes, S. cin-
gulata, was recorded during the aridest period, which
may indicate a wide ecological tolerance of this spe-
cies. This statement is supported by the fact that it was
found more often than other chilopods in two different
biotopes, which may also testify to the loyalty of ringed
scolopendra to the chemical composition of the soil.
Vegetation plays an insignificant role in the distribu-
tion of centipedes. But the soil with high humus and
nitrogen content is a favourable factor for the habitat
of these invertebrates.

During the research, specimens of H. illyrica and
C. flavidus, relatively recently described for the Vlora
fauna, were noted both in the coniferous forest and
among deciduous trees, which may indicate a wider
recent distribution of these in southern Albania. The
study of the vertical distribution of Chilipoda along the
soil profile showed that the greatest number of centi-
pedes was found in the uppermost layer of soil (0-10
cm), also Chilipoda were concentrated in the litter, and
only a small part of them migrated to a depth of 20 cm.
It is worth noting the following features of the vertical
distribution of S. coleoptrata: the centipedes preferred
litter and did not migrate into the soil. These data were
obtained for the first time in southern Albania.

The problem of the ecological peculiarities of cen-
tipedes in Albania is a complex and multifaceted one.
The present research forms prerequisites for a more
comprehensive study of this issue. The main prospects
for further studies are related to the analysis of the sex
and age structure of chilopods in Albania and the in-
vestigation of their locomotor activity. Thus, the eco-
logical features of centipedes of the class Chilipoda in
Vlora, southern Albania, were studied.
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ExkonoriyHi ¢pakTopu, Lo BNIMBaIOTb
Ha nowupeHHa Knacy Chilopoda rpynu Myriapoda

Xapxpap Kivait
[lokTop Hayk, poueHTa
YHiBepcuteT Icmaina Kemani
9401, syn. Kocosa, M. Bnbopa, AnbaHis
https.//orcid.org/0000-0002-2611-2882

AHoTauis. OctaHHIM Yacom npobnema 36epexeHHs Biopi3HOMaHITTA Ha NNaHeTi HabyBae Bce BiNbLLIOT aKTyanbHOCTI.
ToMy [OCNiOXEHHS eKONOriYHMX 0COBNMBOCTEN OpraHisMiB, fKi BifirpaloTb BaXIMBY posb Y GYHKLIOHYBAHHI
bioreoueHo3iB, € 0c0O6NMBO akTyanbHUMK. baraToHixkkn Chilipoda € ogHieto 3 Takux rpyn. Hapasi 6arato nuTaHb
3 ekonorii xinonoa, oco6nMBo Ha Teputopii AnbaHii, 3anuWaTbCs HeBUpiWeHWMU. Lle cnoHyKae [OoCNigHUKIB
LyKaTK BiANOBiAi Ha Li nuTaHHSA. OCHOBHa MeTa AOCNIAXEHHS — NPOaHani3yBaT 0CoBAMBOCTI €KOOrii GaraToH KoK
Chilipoda, Wwo MelwkatoTb Ha TepuTopii Bnopu. MatepianoM LocnimKeHHS CyryBanu BNacHi KoekLii 6araToHixoK.
Y BoCnigXeHHAX BUKOPUCTOBYBANM METOAM pydyHOro 36o0py Ta Bigbopy npob rpyHTY. BU3HaYeHHS TaKCOHOMIYHOI
HaNeXHOCTi 6araToHIXXOK NPOBOAM/IU LUISXOM BUBYEHHS MOPDONOriYHMX 03HAK BAraTOHIKOK Mif, CTepeOoCKONiYHUM
MiKPOCKOMOM Ta MOAANbLIOIO BU3HAYEHHS €K3eMMAsAPIB 32 AONOMOroK BUM3HAYHMKIB. Ha pocnigxysaHin Teputopii
dayHa Chilipoda npencrasneHa 6 Buaamu 3 4 paais, 6 poais i 5 poaumH. lNokasaHo, Wo TemMnepaTtypa i BONOricTb MakoTb
3HaYHUM BNAKUB Ha reorpadivyHnin po3noain rybok: Tak, 3 HaCTaHHAM MOCYXM 3HAYHO 3MEHLLYETLCS KiNbKiCTb CTOHOT Y
NiaCcTUALI Ta BEpXHbOMY LWapi IpyHTY. XapakTtep dnopu Bifirpae apyropsaHy ponb y po3noaini CToHir. BctaHoBneHo,
L0 IPYHTU 3 BUCOKMM BMICTOM ryMyCy Ta @30Ty € CNPUSTIMBUM CEPELOBULLEM iICHYBAHHS ANs 6araToHKOK. Y poboTi
Brepwe gns perioHy Bnopa HaBeneHo AaHi Npo BepTMKaNnbHUI po3noain S. coleoptrata no rpyHTOBOMY npodinto.
CKyHCM HapaBanu nepesary MiACTMALi i He MirpyBanu B rpyHT. IHwi npencrtaBHukm Chilipoda 6ynn BusiBneHi
nepeBaxHoO y BepXHbOMY wapi rpyHTy (0-10 cM), TakoxX CKYTEPU KOHLEHTPYBANMCS B MIACTUALI, | IMLIE HE3HAYHa iX
YaCTMHA CNycKanacs Ha runbuHy ao 20 cM. OTpUMaHi pe3ynbTaTh € BHECKOM Y Mi3HAaHHS €KONOriYHMX 0CobanBocTen
rybyactux 6araToHixoK

KniouoBi cnoBa: 6araTtoHixkK; 'pyHTOBMIA Npodinb; KNiMaTUYHi yMoBU; BioTon, AnbaHis
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economic activity of Azerbaijan. Establishing the effective use of physical economics in the functioning

Scientific Horizons, 26(2), 112-123. of the country will help identify the main flaws and develop the main
ways to improve the economic activity of Azerbaijan. That is why the
study aims to investigate and generalise the aspects of physical economic
theory implementation in the economic activity of Azerbaijan. By using
the induction method, the determinants of the physical economy were
established, which include indicators of industry, energy, trade, and human
capital. The analytical method determined that although the economy of
Azerbaijan employs a physical economy efficiently, there are problems with
the development of production, energy consumption, and labour force. As
such, it was determined that the main ways to improve the efficiency of
the physical economic theory implementation in the economic activity of
Azerbaijan should be: the development and implementation of measures
to increase the efficiency of beverage and tobacco, mineral fuel, lubricant,
and related material production and employment of measures to reduce
energy consumption in the production of non-metallic minerals, iron and
steel, chemical and petrochemical products, non-ferrous metals through
the introduction of innovative technologies. At the same time, the number
of jobs should be increased, the skills of workers should be developed,
and the quality of education in Azerbaijan should be improved following
international standards. As such, the practical value of the research is
predetermined by the characterisation of the main determinants of the
physical economy of the country, which can be used in further scientific
research to analyse the effectiveness of the physical economic theory
implementation in the economic activity of countries
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INTRODUCTION
With the development of economic science, the concept
of physical economic theory was introduced. The mod-
ern economic activity of Azerbaijan is based on the use
of physical economic theory. The effectiveness of this
theory usage is an important issue in the aspect of the
development of Azerbaijan's economic stability. It is im-
portant to establish the definition and origin of “physi-
cal economy” as this term is a new concept that requires
a detailed study and personification. Currently, there is
no single defined approach to the interpretation of this
concept and the corresponding theory. The first to ad-
dress the concept of “physical economy” was L. Larush
(1997), who interpreted this concept as an economy
based on the exact natural sciences. The basis of this
theory is that the mathematical form of economic laws
coincides with the mathematical form of several phys-
ical laws. L.F. Vasilevich and M.L. Vasilevich (2013) and
Hasanov & Huseynov (2013) considered the nature of
physical economics and added the word “fuzzy” to this
term, explaining that in economics not all quantities
can be measured as in physics, so the authors consider
it appropriate to set some of the indicators in the form
of fuzzy data, and the theory is called “fuzzy physical
economics”. Researchers have established that the ba-
sic principle of fuzzy physical economy is an optimal
approach for the main categories of economics, which
include information, risk, and cost. When making eco-
nomic decisions,the one that is available under the con-
dition of acceptable risk, minimum time, and provides
the maximum value per information required is accept-
ed.D.A. Nayko and O.F. Shevchuk (2011) and Magalhaes
et al. (2019) consider the physical economy as a system
of measures to build the economy on the model of nat-
ural sciences (physics) using mathematical modelling.
The physical economy is viewed by researchers based
on three principles. First, human actions are formed
based on behavioural reactions formalised in the form
of supply, demand, income, and expenditure functions.
Secondly, although market stability is ensured by the
balance of supply and demand, and costs and revenues,
these functions are variable due to the development
of science and technology, which is why equilibrium
never occurs, although the system is constantly moving
towards it. Thirdly, physical economy according to sci-
entists should be based on the theory of systems. E.Jon-
athan (2022) explains physical economics as a theory of
physics and economics whose main goal is to establish
a connection between financial currency and the use of
energy as the most reliable method of enrichment and
progress. Wealth and progress are also investigated in
this theory. Physical economics is not considered by the
researcher as an ideology. According to the author, the
physical economy is that humanity is the main factor of
progress and wealth, following the current level. That
is, the world is predetermined to progress. Progress
in terms of physical economic theory is seen as an in-
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crease in the amount of energy that humanity converts
from one form to another. S. Gierlinger and F. Kraus-
man (2012) and Raupova et al. (2014) interpreted the
concept of physical economy as the evolution of the
use of materials and energy. That is, the authors define
material intensity as the main indicator of physical eco-
nomic theory. The main indicators of the physical econ-
omy of a country are domestic production, imports, and
exports; domestic consumption of materials, physical
trade balance, and material intensity, which is the in-
verse of material productivity. The researchers also call
the level of material and energy consumption per capi-
ta the metabolic rate. P.Richmond, J. Mimkes and S. Hut-
zler (2013) considered the physical economy based on
the approach based on two-dimensional numbers and
a model that defines the production process as a cycle.

As such, the physical economy should be consid-
ered as a set of economic processes that have specific
patterns, derive from the cycle of production created
by mankind, and can be explained by mathematical
modelling. As for Azerbaijan, the physical economy is
gaining momentum, accompanied by the significant
economic growth of the country in the world markets.
The purpose of this study is to analyse the aspects of
implementation of physical and economic theory in the
economic activity of Azerbaijan.

MATERIALS AND METHODS

The theory and methodology of the study are based
on the main expert and scientific research on physical
economic theory from Azerbaijan, the European Union,
France, Ukraine, and the United States of America. The
following methods were used in the study. The analysis
was used to establish the specific features of the mean-
ing of the category “physical economy”, to define the es-
sence of physical economic theory, and to establish the
main determinants of physical economy.

The analysis was used to determine the features
of the physical economic theory implementation in the
economic activity of Azerbaijan during 2017-2021. This
method was also used to systematise the data on the
determinants of the physical economy industry of Azer-
baijan in terms of the structure and production of food
and live animals, beverages and tobacco, raw materials,
inedible, except for fuel, mineral fuels, lubricants, and
related materials, animal and vegetable oils, fats and
waxes, chemicals and related products, industrial goods
classified mainly by material, machinery and trans-
port equipment, various industrial products, and other
goods. This method was used to analyse the determi-
nants of energy in the physical economy of Azerbaijan
and to consider the indicators of GDP at purchasing
power parity in 2017, final energy consumption, ener-
gy capacity, total energy supply, energy intensity, and
GDP produced as a result of energy consumption per
unit, and to determine the amount of energy consumed
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for the production of iron and steel, chemical and pet-
rochemical products, non-ferrous metals, non-metallic
minerals, transport equipment, machinery, food, and
tobacco. The analysis was also used to highlight the
determinants of physical economy trade in Azerbaijan
and to identify the main trends in the development of
exports, imports, trade turnover, and trade balance of
the country under study. This method was used in the
analysis of human capital determinants of the physical
economy efficiency in the country's economic activity
and was employed in the consideration of indicators of
the average annual population, the number of the eco-
nomically active population, the number of employed,
including by ownership, the number of unemployed
persons, the number of those who received the status
of unemployed in the state employment service and
those receiving unemployment benefits, the number of
employed women, the number of employees.

By using the induction method on the preliminary
analysis of the state of physical economy indicators, the
ways of improving the efficiency of the application of
physical economic theory in the economic activity of
Azerbaijan were developed and the main areas of im-
provement of industry, energy, and human capital de-
velopment were characterised.

The research information is based on the studies
by researchers from Azerbaijan, the European Union,

Ukraine, France,and the United States of America on the
effectiveness of the application of physical economic
theory in the economic activity of the country. For char-
acterising the determinants of the effectiveness of the
implementation of physical economic theory in the eco-
nomic activity of Azerbaijan, the data of the State Sta-
tistics Committee of Azerbaijan (2021) on the metrics
of industrial production, energy consumption, the trade
balance of the country,and the labour market was used.

RESULTS

The issue of analysing the effectiveness of the physical
economic theory in the economic activity of the coun-
try has not been previously considered in the scientific
literature. Nowadays, physical economic theory is quite
vague and does not have a clearly defined approach. It
is only established that the physical economy is based
on the use of material resources and energy and their
transformation into wealth by a person, which, in turn,
entails certain laws and can be mathematically mod-
elled (Richmond et al., 2013). However, there are no
specifics as to which indicators of the country’s activity
should be attributed to the physical economy in the sci-
entific literature today. That is why the study identified
the determinants of the physical economy and divided
them into indicators of industrial, energy, trade, and hu-
man capital development (Fig. 1).

Physical economy determinants

4 4

4 4

[ Industry ’ [ Energetics ’

‘ Trade ’ [ Human capital ’

Figure 1. Physical economy determinants relative to the economic activity of the country

Source: compiled by the author

Determinants of the physical economy industry
concerning the economic activity of the country reflect
the specific features of the state of production results.
That is, they facilitate the analysis of the production
of the goods by using the country's resources. This is
where the law of physical economy is used when one
energy is transformed into another. Energy indicators
in the aspect of the physical economy should be con-
sidered as the consumption of energy resources for
production. The use of energy allows changing the
form of materials from one to another. Meanwhile, for-
eign trade, mainly exports and imports, is also a de-
terminant of the physical economy. The trade balance
of the country reflects the physical economic activity
of the state in international markets. Human capital
is integral for the circulation and interaction of the
above determinants of the physical economy. After all,
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it is the person who is the basis of the economic and
physical development of the country. In this aspect, it
is advisable to consider the saturation of the country's
labour market, which allows the introduction of the
latest technologies and innovations in the country. In
general, a set of industrial, energy, and trade deter-
minants in interaction with human capital form the
physical economy of the country.

During further research in order to analyse the
effectiveness of the physical economic theory in the
economic activity of Azerbaijan, the features of the
development of certain determinants of the physical
economy are considered. First, the analysis was carried
out and the growth rates of the determinants of the
industry of the physical economy of Azerbaijan were
determined. The main indicators are the volume of pro-
duction in the country by industry (Table 1).
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Table 1. Industrial physical economic determinant dynamics of Azerbaijan according
to the industry sphere, thousand USD, 2017-2021

Sections of commodities 2017 2018 2019 2020 2021 Growth
rate. %
Total 8.783.301  11.465915 13.667.475 10.732.039 11.705.787 3327
Food and live animals 1282743 1270899  1558.029 1553766  1.768.186 37.84
Beverages and tobacco 231.804 250.314 182.630 143.657 165.614 -28.55
Raw and inedible materials (except fuels) 231.128 313.645 362.083 271.888 323.304 39.88
Mineral fuels. Lubricants, 378811 723720 827328 280263 333637  -11.93
and related materials
Animal and vegetable products, 125.217 114.043 115.474 137.930 188.839 50.81
fats, and waxes
Chemicals and related products, 1.040.095 1192782 1313403  1.347707  1.520.877 46.22
not specified elsewhere
Manufactured goods classified 1684695 2173823 2140640 2002315 2148879 2755
primarily by material
Machinery and transport equipment 2.933.283 3.481.462 3.876.177 4.033.988 4.054.860 38.24
Miscellaneous manufactured articles 860.019 1.124.657 1.161.676 959.591 1.102.344 28.18
Commodities not classified 15.507 820570  2.130.037 934 99.248 540.00

elsewhere in SITC

Source: The State Statistical Committee of the Republic of Azerbaijan (2021)

Table 1 shows that in general, production in the
industry of Azerbaijan tended to grow by 33.27%,
which indicates an increase in the level of efficiency
of the physical economic theory application in the
country's economic activity. At the same time, during
2017-2021, there was an increase in the production
of food products, raw inedible materials (except fuel),
animal and vegetable oils, fats and waxes, chemicals
and related products, industrial goods (classified

mainly by material), machinery and transport equip-
ment, various industrial products. Goods that are not
classified to the rest have experienced significant
growth in the industry. At the same time, the volume
of industrial production in Azerbaijan of beverages
and tobacco, mineral fuels, lubricants, and related
materials decreased. Industrial production structure
in the span of the analysed period had the following
nature (Table 2).

Table 2. Dynamics of the industrial physical economic determinant dynamics
of Azerbaijan according to the industry sphere, % from 2017 to 2021

Sections of commodities 2017 2018 2019 2020 2021
Total 100.0 100.0 100.0 100.0 100.0
Food and live animals 14.6 111 114 14.5 15.1
Beverages and tobacco 2.6 2.2 13 1.3 1.4
Raw inedible materials (except fuels) 2.6 2.7 2.6 2.5 2.8
Mineral fuels, lubricants,
and related materials 4.3 6.3 6.1 26 29
Animal and vegetable products, 14 1.0 08 13 16
fats, and waxes
Chemicals aqd related products, 118 104 96 126 13.0
not specified elsewhere
Manufactured goods classified 19.2 19.0 157 187 184
primarily by material
Machinery and transport equipment 334 30.4 284 37.6 34.6
Miscellaneous manufactured articles 9.8 9.8 8.5 8.9 9.4
Commodities not classified 03 71 156 0.0 08

elsewhere in SITC

Source: The State Statistical Committee of the Republic of Azerbaijan (2021)
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Table 2 shows that the most significant deter-
minants of the industrial efficiency of the physical
economy of Azerbaijan during 2017-2021 were indus-
trial goods, categorised mainly by material, machin-
ery, transport equipment, and food. The production in
these industries in general during the analysed peri-
od took about half of the country's production. At the
same time, a significant impact on the performance of
the physical economy of the country’'s economic activ-
ity was made by the production of various industrial
products and chemicals and related products. Bever-
ages and tobacco, raw materials, inedibles, mineral

fuels, lubricants, and related materials, animal and
vegetable oils, fats and waxes were completely in-
significant in the structure of industrial production of
Azerbaijan. It can be concluded that due to the growth
of production of the main structural elements of the
country’'s industry, the effectiveness of the application
of physical economic theory in the economic activity
of Azerbaijan has a positive trend.

Further research attention is focused on the devel-
opment of physical economy energy determinants of
Azerbaijan. Firstly, the specific features of energy gen-
eration in the country will be analysed (Table 3).

Table 3. Physical economy energy determinants dynamics in the context
of Azerbaijan's energy intensity trends during 2017-2021

Energy capacity (GDP. PPP) *) 2017 2018 2019 2020 2021 f;:’:’t/h
. /0
GDP by purchasing power parity prices 1391558 1412401 1447711 1385459  146.304.6 5.14
of 2017, million USD
Energy final consumption -
total. thousand TOE 9.361.2 9.894.3 11.348.5 11.264.1 12.053.7 28.76
Energy capacity (conversion to the final
consumption of total energy), thousand 67.3 70.1 78.4 81.3 82.4 22.47
TOE /thousand USD
Total energy supply, thousand TOE 15.506.8 15.590.7 17.085.6 16.642.8 17.566.6 13.28
Energy capacity (in conversion to total
energy consumption). thousand TOE / 111.4 110.4 118.0 120.1 120.1 7.75
thousand USD
GDP produced per unit of energy 9.0 91 85 8.3 8.3 719

consumption. 1 USD/ thousand TOE

Source: The State Statistical Committee of the Republic of Azerbaijan (2021)

Table 3 shows that almost all energy intensity indi-
cators of Azerbaijan during the analysed period tended
to increase, which indicates both the growth of energy
efficiency and the effectiveness of the application of
physical economic theory in the country’'s economic ac-
tivity. GDP at purchasing power parity in 2017 increased
by 5% during 2017-2021, and such low growth rates
were characterised by the energy intensity indicator
(in terms of total energy consumption). The indicators
of final energy consumption and energy capacity were
relatively better developed in the energy sector of

Azerbaijan. Although at the same time, there is a de-
crease in the GDP produced as a result of energy con-
sumption per unit, which can be explained by econom-
ic changes in the country, such as inflation and rising
prices, which has nothing to do with the efficiency of
the use of physical economic theory. Thus, the increase
in production in the country is accompanied by an in-
crease in energy consumption, which is another postu-
late of physical economic theory. Therefore, it is neces-
sary to analyse the dynamics of the volume of energy
consumed to produce the respective product (Table 4).

Table 4. The volume of energy products consumed to produce a product in the amount
of 1 AZN (at current prices) in the industrial sectors, kg of oil equivalent/AZN during 2017-2021

Industry 2017 2018 2019 2020 2021 Growth rate, %
Industry 0.139 0.118 0.153 0.149 0.121 -13.22
Iron and steel 0.203 0.170 0.184 0.167 0.143 -29.65
Chemical and petrochemical 0.369 0.365 0.729 0.772 0.287 -22.31
Non-ferrous metal 0.325 0.290 0.302 0.328 0.235 -27.57
Non-metallic minerals 0.470 0.375 0.395 0.550 0.520 10.58
Transport equipment 0.117 0.118 0.005 0.006 0.006 -95.06
Machinery 0.039 0.034 0.045 0.040 0.033 -15.76

Scientific Horizons, 2023, Vol. 26, No. 2




Ismayil-zada

Table 4, Continued

Industry 2017 2018 2019 2020 2021 Growth rate, %
Food and tobacco 0.067 0.051 0.071 0.039 0.038 -43.00
Paper, pulp, and printing 0.032 0.031 0.043 0.039 0.041 2742
Wood and wood products 0.077 0.050 0.060 0.067 0.055 -28.51
Textile and leather 0.072 0.063 0.064 0.055 0.046 -36.20
Non specified 0.048 0.036 0.043 0.026 0.029 -38.88

Source: The State Statistical Committee of the Republic of Azerbaijan (2021)

Table 4 shows that the highest volume of energy
was used to produce non-metallic minerals.Asignificant
amount of energy consumption in Azerbaijan during
2017-2021 was also required to produce iron and steel,
chemical, and petrochemical products, and non-fer-
rous metals. Relatively small amounts of energy were
consumed in the production of transport equipment,
machinery, food and tobacco, paper, pulp and printing,
wood and wood products, textiles and leather, and oth-

er unspecified products. Moreover, in general, during
the period there is a general decrease in energy con-
sumption, which can be explained by the effectiveness
of the application of physical economic theory in the
economic activity of Azerbaijan as there is an expansion
of production using fewer energy resources due to the
introduction of new technologies. The specific features
of the development of physical economy trade determi-
nants in Azerbaijan were further investigated (Table 5).

Table 5. Dynamics of physical economy trade determinants of Azerbaijan during 2017-2021

Indicator 2017 2018 2019 2020 2021 Growth rate, %
trade turnover  24,103.3 30,955 33,302.7 24,464.6 33,912.5 40.7
In million US imports 8,783.3 11,465.9 13,667.5 10,732 11,705.8 33.3
dollars exports 15,320 19,489.1 19,635.2 13,7326 22,206.7 45.0
balance 6,536.7 8,023.2 5,967.7 3,000.6 10,500.9 60.6
Actual prices  trade turnover 85.2 96.1 96.8 72.7 87.2 2.3
asapercentof o000 83.8 100.2 935 64 90 74

the previous

year* exports 86.1 93.8 98.8 78.8 85 -1.3

Source: The State Statistical Committee of the Republic of Azerbaijan (2021)

Table 5 shows that the determinants of trade in the
analysed country during 2017-2021 had growth trends,
which indicates an increase in the efficiency of the use
of physical economic theory in the economic activity
of Azerbaijan. During the analysed period, trade turn-
over increased by 40.7%, imports increased by 33.3%,
and exports - by 45%. Accordingly, the trade balance
had a positive trend and increased by 60.6%, which
indicates the high productivity of production in the
country. That is, Azerbaijan produces much more prod-
ucts than is purchased in other countries. Such trends
indicate that economic activity is focused on the use

of physical economic theory as the basis of econom-
ic activity in Azerbaijan is the production of products
from materials, i.e., transformation from one form to
another. At the same time, the actual prices as a per-
centage of the previous year's turnover and imports in
the study period increased and decreased relative to
exports, which indicates a high quantitative physical
and positive trade balance. During the further study,
the features of the creation of one of the significant
determinants of Azerbaijan's physical economy are an-
alysed. Such a metric is human capital as without a
person no processes would take place in the country.

Table 6. Dynamics of physical economy trade determinants of Azerbaijan during 2017-2021

Main social-economic indicators

Growth rate,

of the labour market 2017 2018 2019 2020 2021 %

Average annual number of 9.854.0 9.939.8 10.024.3 10.093.1 101378 29
populations - thsd. persons

Number of the economically active 5073.8 51331 51901 62595 5 3059 is

population, thsd. persons
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Table 6, Continued

Main social-economic indicators Growth rate,
of the labour market 2017 2018 2019 2020 2021 o%
Number of employed persons, thsd. - g5, 4 48793 49385 4.876.6 4.988.2 3.4
persons
including by property forms:
State 1.158.4 1.154.9 1.156.8 1.123.2 1.115.3 -3.7
Non-state 3.663.7 3.724.4 3.781.7 3.753.4 3.872.9 5.7
Number of unemployed persons, 2517 253.8 2516 375.9 3157 254
thsd. persons
Persons received unemployment
status in a state employment agency, 38.481 20.088 812.724 2,012.0
person
of which receiving benefits as 6974 11179 5409 7275 43
unemployed
Number of employed women - 23193 2.349.9 2,3817 23515 2.408.1 3.8
thsd. persons
) _
Number of employees 1.525.0 1.551.7 1.646.6 1.698.7 1.709.1 121
thsd. persons
Average monthly nominal wages and 528.5 544.6 635.1 7077 7321 38.5
salaries of employees — manat
Professional training of staff — person 4502 5,629 5.130 3478 3.713 -17.5
Number of officials and specialists 11.499 17,676 26.037 14122 14.604 27.0
who improved qualifications - person
Costs spent on upgrading of
professmpal leyel of thg staff, t.ra|n|ng 95 116 116 58 9.2 3.2
new qualifications, and improving the
professional skills, mln AZN
Special weight of costs incurred the
increase the vocational training of 0.08 010 008 0.04 0.05 391

employees in the total labour costs,
percent

Source: The State Statistical Committee of the Republic of Azerbaijan (2021)

Table 6 shows that the average annual population
during the study period in Azerbaijan increased by 2.9%,
the number of economically active population increased
by 4.5%, and the number of employed also increased by
3.4% due to employment in non-state structures. The
increase in the number of unemployment had a rather
high growth trend during 2017-2021, as their number
increased by 25.4%. That is, the efficiency of the physi-
cal economy is slowing down due to the irrational use
of labour in the country. At the same time, the number
of people who received the status of unemployed in the
state employment service increased significantly, and
the number of people receiving unemployment bene-
fits was insignificant to the total and had insignificant
growth trends. The low level of unemployment benefits
and the high number of unemployed are followed by
the migration of the population,i.e., the loss of the main
components of building an effective physical economy
in the country. The number of employed women and the
total number of employees is also increasing, which is
caused by a significant increase in the average monthly
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nominal wage of employees (The State Statistical Com-
mittee..., 2021). Professional training of personnel rel-
ative to the number of people in Azerbaijan during the
period under review tended to decrease, although the
number of officials and specialists who improved their
qualifications increased. Moreover, the number of ex-
penditures spent on raising the professional level of
staff, training new qualifications, and improving profes-
sional skills decreased. At the same time, the share of
expenditures on the professional development of em-
ployees in total labour costs also decreased. This trend
reflects the concentration of the improvement of the
determinants of human capital in Azerbaijan only on
officials, which in the future may be accompanied by
a decrease in the level of efficiency of the application
of physical economic theory in the economic activity of
the country (Mammadoy, 2021).

Following the analysis of the physical economic
theory implementation efficiency in the economic ac-
tivity of Azerbaijan, it is possible to identify the follow-
ing ways of its improvement (Fig. 2).
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Physical-economic theory implementation efficiency improvement methods
in the economic activity of Azerbaijan

Increase in industrial production of beverages and tobacco, mineral fuels,
lubricants, and related materials

Development of methods to reduce the use of energy in the production of non-metallic minerals,
iron, steel, chemical and petrochemical products, and non-ferrous metals

Increasing the number of jobs and focusing on improving the skills
of employees and the development of science

Figure 2. Methods of physical economic theory implementation efficiency improvement
in the economic activity of Azerbaijan

Source: compiled by the author

To improve the efficiency of the physical econom-
ic theory implementation in the economic activity of
Azerbaijan, it is necessary to expand the production of
beverages and tobacco, mineral fuels, lubricants, and
related materials, which will increase the determinants
of the physical economy of the country's industry. The
decrease in the production of these products is caused
by a decrease in demand based on higher prices for
these goods (Mammadov & Vali, 2020). Therefore, the
authorities should take measures to slow down the in-
flation rate. At the same time, it is important to take
measures to introduce newer technologies that would
help to reduce energy consumption in the production
of non-metallic minerals, iron, steel, chemical and pet-
rochemical products, and non-ferrous metals. It is also
important to improve the state of human capital in the
labour market of Azerbaijan. After all, human develop-
ment and qualification are the basis of the efficiency of
the physical economy. The country's authorities should
focus on the development and introduction of new
jobs for the population (Integrated Country Strategy,
2022). For example, one such measure can be support
for small and medium-sized businesses in the coun-
try, reducing the tax burden on the private sector of
Azerbaijan. It is also important to develop a quality
education system, which should be guided by inter-
national standards and technological progress. At the
same time, it is important to eradicate corruption from
the education system and conduct a qualitative assess-
ment of the knowledge of future specialists. It is also
recommended to establish requirements for the coun-
try's enterprises to develop and introduce separate de-
partments in firms, which should be engaged in the
motivation and professional training of workers and
carry out measures to improve the skills of the com-
pany's employees (Asian Development Bank, 2022). All
the above-mentioned measures will help increase the

efficiency of human actions towards increasing wealth
and progress in the country through the transformation
of energy and matter from one form to another, which
is the main principle of the application of physical eco-
nomic theory in the economic activity of the country.

DISCUSSION

The issue of the physical economic theory implementa-
tion effectiveness in economic activity today is ambig-
uous and has no consistent approach. In addition, the
problem of the physical economictheory of employment
effectiveness in Azerbaijan has not been studied before.

L.F. Vasilevich and M.L. Vasilevich (2013) in their
study only generalised the essentials and principles of
physical economic theory. It was determined that from
the central principle of fuzzy physical economics, the
law of capital interaction and the law of the duration
of economic cycles are derived, the mathematical form
of which coincides with the form of the thermodynamic
law. The researchers suggest that the duration of eco-
nomic cycles is determined by the critical degree of
capital concentration. The argument of the thermody-
namic approach in these laws is determined by a fuzzy
set of the economic environment, the characteristics of
which cannot be clearly defined. Based on the general
approach of fuzzy physical economics and the law of
the duration of economic cycles, the authors suggest a
hypothesis that the power of economic crises coincides
in form with the thermodynamic law of Stefan-Boltz-
mann (Gilberto et al., 2022). Accordingly, from the cen-
tral principle and law of fuzzy physical economics iden-
tified by the researchers, it is established in the paper
that economic crises will be observed more often, and
their negative impact will be even greater. Therefore,
the researchers recommend a transition from a market
economy to a regulatory market economy and consider
it necessary to reproduce a rational ratio of these two
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regulators. Although, the researcher notes that it is no
longer possible to change the speed of the process of
capital concentration, which is the main factor of crises,
only by changing the economic environment without
changes in the person (Vasilevich & Vasilevich, 2013).

Temel et al. (2003) in his study reviewed the liter-
ature of previous researchers on this issue and sum-
marised these materials mainly from a philosophical
point of view. The author noted that in terms of physical
economy, the wealth of a nation or state is equal to the
amount of energy that can be converted from one form
to another, which is also the most important indicator
of progress. The researcher determined that energy
cannot be created or destroyed because it is only trans-
formed from one form to another. This is what humanity
creates, that is,from the simplest biological functions to
the most advanced technologies, it is @ man who trans-
forms energy and matter from one form to another. The
author noted that there is a limited amount of energy in
the universe,which is why there is a consistent standard
by which the economy can be measured. Physical eco-
nomic theory, according to the scientist, allows one to
determine the value of the economy by establishing the
amount of energy converted from one form to another
in this economy. It is important to develop an indica-
tor or measurement that should be clear and constant
to measure the efficiency of the physical economy. The
researcher emphasises that such an area will require
the joint work of physicists and economists and a lot of
time. At the same time, he recommends first formulat-
ing the goal of the physical economy based on estab-
lishing a link between financial currency and the use of
energy as a means of the most reliable and consistent
creation of wealth and progress. Such a goal of physical
economy, according to the author, would contribute to
the unification of science, economics, and philosophy.

E. Jonathan (2022) and Nasibov (2018) noted that
physical economics does not provide religious security
and is not an ideology, because it is only the best the-
ory of wealth and progress that is available according
to the current level of knowledge. That is, the author
resorted to philosophy and determined that this view
may constitute the logical core of the worldview, but
it is not necessarily a worldview, because the choice is
always up to the individual.

The literature review included the paper by S. Gi-
erlinger and F. Krausman (2012), which is based on the
consideration of the physical economy of the United
States of America. This study is more analytical than
theoretical and is based on the consideration of indi-
cators of the physical economy concerning the United
States. The physical economy of the country was con-
sidered in the aspect of resource use.To compile a com-
prehensive database of physical economy development
metrics in the country, an array of data on trends in the
development of material and energy flows in the U.S.
economy was formed and standard methods of general
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economic accounting of material flows were used, and
the used production, imports, and exports were quanti-
fied. The study provided indicators of the main groups
of materials: biomass, fossil energy, ores, and non-me-
tallic minerals. The work of these researchers has es-
tablished that the development of the US physical
economy over the past century reflects a characteristic
pattern of sociometabolism and transition, as there has
been a significant increase in both the production and
trade of materials, a transition from the dominance of
renewable biomass to fossil and mineral materials, as
well as an increase in the reproduction rate.

Wang et al. (2022) and Polimeni and Polimeni
(2007) established that the analysis of flows showed
that population growth plays a significant role in this
aspect. The authors also found that the US economy
is characterised by a disproportionately large share of
global resource use. Indeed, the per capita consumption
of materials in the US is higher than in other developed
countries. The study also shows that decisions on the
spatial organisation of the economy and infrastructure
have a long-term impact on resource use. At the same
time, the exact interaction of the main factors that con-
tribute to the use of materials is not fully understood
and requires further research.

L. Freeman (2022) in his study recommended that
African citizens develop the physical economy. The re-
searcher explained that the basis of the physical eco-
nomic theory is that wealth is not formed based on the
financial system, but its base is a person and what they
produce. The author suggests that it is possible to im-
prove the development of Africa through science and
technology because the human mind is the only known
force in the world that can discover new physical princi-
ples. Discoveries of physical principles are accompanied
by the creation of new technologies that allow produc-
ing more wealth with the same or less effort. Scientist
suggests that the African continent's desire to spread nu-
clear energy in its economies will not only increase ener-
gy production but also the growth of the entire physical
economy. Such trends will contribute to raising the level
of education, skilled labour, development of scientific
centres, and modernisation of the economy. According to
the researcher, the development of the physical econo-
my will help to improve the infrastructure of this contin-
gent, because the introduction of the latest technologies
increases the productivity of workers. Improvement and
development of the physical economy contribute not
only to the expansion of production but also increase
the level of influence of each citizen and increase the
standard of living of the population. That is if most of the
population does not participate in the production itself,
but at the same time develops technologies and scientific
potential of the country and participates in the economic
development of the country (Freeman, 2022). Human de-
velopment and quality organisation of social activity are
the main factors of efficiency of the physical economy.




As for Azerbaijan, there are studies and reviews
of the general state of the economy (Nuri Aras & Su-
leymanoy, 2016; McNerney et al., 2021). The most de-
tailed among the latest studies on the development of
the Azerbaijani economy is the study by E. Mammad-
ov (2021). The researcher found that according to the
results of 2021, the economy recovers after the pan-
demic, but the risks remain high, which is explained by
the rising inflation rate in the country. The increase in
nominal income and wages is relative to the price lev-
el, as inflation arose due to higher prices for import-
ed goods. As a result of such trends, the Central Bank
of Azerbaijan raised the discount rate, referring to the
growth of inflationary pressures from outside and in-
side the country. Although the primary task should be
to prevent price increases. The researcher noted that
the exchange rate dynamics remained stable due to the
massive inflow of foreign currencies. Moreover, despite
the positive signs of growth in non-oil production, the
economic recovery mainly lasted until 2021, because
the country's dependence on hydrocarbons continues
to be higher, which necessitates further strengthening
of the market-oriented economic structure, and diversi-
fication of the economy (Quality of life indicators, 2021).

As such, the conducted study of the research papers
on the analysis of the efficiency of physical economic
theory implementation has shown that the researchers
have not previously identified these aspects concern-
ing the Azerbaijan region, and in most papers, there is
no clear separation of indicators that characterise the
physical economy of the country. The study conduct-
ed by the author allows including the shortcomings of
the previous ones and considering the specific features
of the determinants of the physical economy, with the
help of which it is possible to analyse the effectiveness
of the use of this theory in the country and to establish
further ways to improve the efficiency of the applica-
tion of physical economic theory in the economic ac-
tivity of Azerbaijan.

CONCLUSIONS

As such, the study of physical economic theory estab-
lished that its nature is human actions to increase
wealth and development progress in the country
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country and its progress. The study also identified the
main determinants of the physical economy, which
include industry, energy, trade, and human capital. Ac-
cordingly, while analysing the effectiveness of the ap-
plication of physical economic theory in the economic
activity of Azerbaijan, it was found that the country's
industry was characterised by an increase in production
in all sectors, except for the creation of beverages and
tobacco, mineral fuels, lubricants, and related materials.
At the same time, the analysis of energy determinants
reflected the presence of expansion of production us-
ing fewer energy resources due to the introduction of
new technologies in Azerbaijan. The study of the state
of trade determinants in the country showed that there
is a high level of productivity in the country, as Azer-
baijan produces much more products than purchased
in other countries and there is a high quantitative
physical and positive trade balance. The analysis of the
determinants of human capital showed that the unem-
ployment rate in the country is growing, the degree of
professional training of workers is decreasing, and the
level of qualification of employees is decreasing, which
is accompanied by the migration of the population. Ac-
cording to the analysis of the determinants of the phys-
ical economy of Azerbaijan, the ways to improve the ef-
ficiency of the application of physical economic theory
in the economic activity of the country were identified,
the main of which was to increase the efficiency of in-
dustrial production, reduce energy consumption and in-
crease the potential of the country's labour force.

Further research of the physical and economic the-
ory in the economic activity of Azerbaijan should be
based on the development of measures to increase the
productivity of production of beverages and tobacco,
mineral fuels, lubricants, and related materials, imple-
mentation of measures to reduce energy consumption
in the production of non-metallic minerals, iron and
steel, chemical and petrochemical products, non-fer-
rous metals and the development of methods aimed
at expanding jobs, raising the qualification of workers,
improving the quality of life, and improving the effi-
ciency of the economy.
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AHanis edpekTUBHOCTI BNpoBag)XeHHS Pi3nKo-eKOHOMIUYHOI Teopii
B €KOHOMIUYHY AianbHicTb A3epb6ang)KkaHy
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AHoTauif. Di3nKo-eKOHOMIYHA TEOPIs € HEAOCTATHLO JOC/IAXKEHOK TEMOH) | HE MAE YiTKOT0 BU3HAYEHHS ii LeTEPMiHAHT.
OCHOBHOI MeTO EKOHOMIYHOT AisNIbHOCTI ByAb-SKOT KpaiHM € dopMyBaHHS KanitanyTa nporpecy.[ins Asepbangxany
XapakTepHe eKOHOMiYHe 3pOCTaHH{, SKe CYrNpOBOOXYETHCS BUKOPUCTAHHAM MaTepiasbHUX pecypciB KpaiHu i
BMPOOHULITBOM TOBapiB 33 AOMNOMOIO eHepreTUYHUX pecypciB i poboyoi cunu. [locuTb BaXXIMBUM € paLlioHaNbHe
BMKOPWUCTaHHS MaTepianbHUX pecypciB, WO € OCHOBOK AN GOPMYBaHHS NPMOYTKOBOCTI KpaiHW Ta BNPOBaAXEHHS
iHHOBaUi1. CaMe TOMY NUTaHHS iMNeMeHTaLUii di3MKo-eKOHOMIYHOI Teopii B rocnofapcbky AisnbHicTb A3epbanakany
€ aKTyanbHUM. BctaHoBNeHHs edekTMBHOMO BUKOPUCTaHHS di3MUYHOI eKOHOMIi Yy BYHKLIOHYBAHHI KpaiHM AONOMOXe
BMSIBUTU OCHOBHI HeJO0/iKM Ta BCTAHOBUTU OCHOBHI LLISIXM BAOCKOHANEHHS! EKOHOMIYHOI AianbHOCTI AsepbaiaxaHy.
Came ToMy MeTol pobOTM € AOCNIAXKEHHS Ta y3araAbHeHHS acnekTiB BNpoBagKeHHs (i3nko-eKOHOMiYHOI Teopii
B E€KOHOMIiYHy AianbHicTb AsepbaigkaHy. 3a 4ONOMOrol MeTody iHAYKLUii BCTAHOBMEHO AeTepMiHAHTU ¢i3nyHOi
E€KOHOMiKM, A0 SKUX BiAHECEHO MNOKAa3HWMKM MNPOMMUCIOBOCTI, EHepreTMKKn, TOPriBAi Ta NOACLKOro Kanitany. 3a
[LONMOMOrOK aHaNITUYHOrO METOAY BM3HAYeHO, WO Xo4ya eKoHOMika A3zepbaiigkaHy edeKTMBHO BMKOPUCTOBYE
di3nyYHY eKOHOMIKY, iICHYHOTb NPO6IEMU 3 PO3BUTKOM BUPODOHMLTBA, CMOXMBAHHAM eHeprii Ta po6oyoi cunu. Y 3B'a3ky
3 UMM 6yN0 BM3HAYEHO, WO OCHOBHWMMU LUNSXAMM NiABULLEHHS eEKTUBHOCTI BNPOBAOXEHHS (i3MKO-eKOHOMIYHOI
Teopii B rocnofapcbKy AisnbHicTb A3epbaiikaHy MatoTb CTaTU: po3pobKka Ta peanisalis 3aX0A4iB WOLO MNiABULLEHHS
eeKTMBHOCTI BMPOOGHULTBA HAMOIB Ta THOTIOHOBMX BMpPOOIB, MiHEPANbHOIO MaAWBa, MACTU/IbHUX MaTepianiB Ta
NOB'A3aHMX 3 HUMK MaTepiabHUX BUPODHULITB, @ TAKOX 3aCTOCYBaHHS 3aX0AIB OO0 3HMKEHHS EHEPrOCMOXMBAHHS
Y BUPOOHULTBI HEMETANEBUX KOPUCHUX KOMAJIMH, YaBYHY Ta CTani, XiMiYHOI Ta HadTOXiMi4YHOI NpoayKLii, KONbOPOBMX
MeTaNiB 3a PaxyHOK 3amnpoBafXeHHs iHHOBAaUiHWX TexHonorin. OgHoyacHo Mae OyTu 36inblueHa KinbKicTb
poboumnx Micup, NigBULLEHA KBaNiikaLia pobiTHMKIB Ta NOKpaLLeHa AKicTb OCBiTM B A3epbaiiaaHi BiagnNoBigHO A0
MiXXHapOAHMX CTaHAAPTIB. TaKUM YMHOM, NPAKTUYHA LiHHICTb AOCNIAXKEHHS 3yMOB/IEHA XapaKTEPUCTUKO OCHOBHMUX
[eTepMiHaHT Gi3NYHOT eKOHOMIKM KpaiHW, SKi MOXYTb BYTM BMKOPUCTaHI B MOAANbLUMX HAYKOBUX AOCHIAKEHHAX
AN aHanizy edeKTMBHOCTI BMNPOBaAXKEHHS (i3MKO-eKOHOMIYHOI Teopii B rocnogapcbKy AisNbHICTb KpaiH
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Abstract. Agricultural organisations in Ukrainian market play an important
role.In 2022, during the worsening economic crisis and war on the territory
of the entire country, the stable functioning of an agricultural sphere is a
topical issue. The demonstration of “transactional spending” is somewhat
unclear at the current stage. Thus, the purpose of the study is to investigate
the field and generalisation of institutional aspects of the demonstration of
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transactional spending in agricultural organisations. With the employment
of analysis and scientific research systematisation methods, it was noted
that transactional spending of an agricultural organisation includes
spending on information regarding the market functioning gathering,
legal expenses, quality control, and property security. During the research,
a demonstration of transactional spending of agricultural organisation
subaccounts is unclear and requires the development of a unified approach
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to the spending regulation. The main ways of transactional spending accounting of agricultural organisations
were determined. Practical aspects of transactional spending accounting in agricultural organisations of Ukraine
were also denoted. A model of transactional spending accounting was developed, which is based on a creation
of a new account 99 “Transactional spendings”. A new transactional spending accounting system was developed,
which sorts transactional spending according to the classification in the new account subaccounts. These changes
in accounting may be used to create new financial statement systems for agricultural organisations. The proposed
transactional spending accounting system includes every possible risk of payment duplication or payment not
being included in the statement. It may be employed not only by agricultural organisations but also used for the
standards of bookkeeping practice

Keywords: analytical accounting; synthetic accounting; specification spendings; business spendings; legal

spendings; monitoring spendings; value for money

INTRODUCTION

With the development of agricultural organisations, the
competitiveness of these companies is determined by
the success of bookkeeping practice. A demonstration
of transactional spending in accounting is currently an
unresolved question. Due to the substantial meaning
of transactional spending in the agricultural sphere,
their proper demonstration is key to the effectiveness
of the agricultural functionality. The notion of “transac-
tional spending” is a scientific neo-institutional postu-
late, which has fully studied the matter. However, the
results of these spending accounting research have
shown no distinctive and clear notions determined.
Many opinions regarding transactional spending exist,
which complicates the research and information collec-
tion by the agricultural organisation of respective level,
amount, and spending size.

Researcher D.O. Lyudovenko (2020) has proposed to
implement a whole new class of transactional spend-
ing in the Account Bookkeeping Plan (2022). The author
also recommended renaming the 8th account class.
l. Prykhodko et al. (2014) suggest the creation of a new
synthetic account in 9 classes of accounts with place
for respective subaccounts for agricultural accounting
bookkeeping. Suggested Account 99 “Transactional
spendings” (n.d.) is deemed active. V.S. Lytvynenko and
VV. Tolstonoh (2015) denote “transactional spendings”
with overhead expenses with an explanation, that
these spendings ensure the interaction of an organi-
sation with an outside world with intention of trans-
acting and include the information gathering expens-
es, negotiation expenses, contract compilation, and
performance. Therefore, the researchers recommend
dedicating a whole chapter to transactional spending
in bookkeeping while focusing on the spending clas-
sification approach variety. A.Yu. Zelinskyy (2015) and
Struk & Shevchuk (2018) in the study on transaction-
al spending, has also focused on the lack of dedicated
transactional spending creation in financial accounting
and management. Therefore, the researcher has sug-
gested a quantitative analysis of transactional spend-
ing on basis of their average percentage. H.V. Holovchak
and 0.B. Yurchenko (2018), in their research, suggested

accounting transactional spending on subaccount 978
under the types of transactional spending, which are to
be determined by the Accounting Policy of the Enter-
prise (2021). Researchers also stated that transactional
spending is to be noted in line 2180 “Other Operational
Spendings” (2021) of the Overall Income Statement.

It is possible to conclude after the review of scien-
tists’ opinions, that the unified approach to the prob-
lem was not defined. It is important to properly clas-
sify and sort the transactional spending accounting to
prevent duplicating of expenses. Incorrect distribution
of transactional spending may result in inefficient
spending overall and in the deformation of the struc-
ture, which will lead to incorrect management deci-
sion-making. Duplication of expenses in transactional
spending during bookkeeping is a common problem,
which leads to a lowered level of agricultural organisa-
tion profitableness. Incorrect financial statement of the
company is not only an outer risk (having to pay fines
during examinations) but also an inner risk (false direc-
tors’ and employers’ depiction of business profitability
and spending structure). This is why it was necessary
to create a classification of transactional spending of
agricultural organisations and, on its basis, to develop
aspects of its accounting, which should calculate the
main notions of book keeping standards.

The purpose of the study is to explore the field and
summarise the institutional aspects of the demonstra-
tion of transaction costs for agricultural organisations.

MATERIALS AND METHODS
The theory and methods of the research are based on
the main regulations of bookkeeping standards. The
following methods were used in the research. The sys-
temic approach was utilised to define the “transaction-
al spending” category of the agricultural organisation,
to instate a notion of agricultural organisation spend-
ings bookkeeping, to determine the specific features
of demonstration of business keeping spending, legal
spending, monitoring spending, registration and licens-
ing spending, partner search spendings, potential cli-
ent information gathering spendings, quality assurance
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spendings, property security spendings, transaction
negotiation spendings. The analysis method was em-
ployed to analyse the agricultural organisation transac-
tional spending bookkeeping, to analyse recent studies
on the agricultural organisation transactional spending
accounting, and to classify the specific features of ag-
ricultural organisation transactional spending. Specif-
ic features of legal spending accounting, monitoring
spending, partner search spending, potential client in-
formation gathering spending, quality assurance spend-
ing, property security spending, transaction negotiation
spending,and business keeping spending were analysed.

The subjective and objective approach was also
used to determine the issues of agricultural organisation
transactional spending accounting. This method was
used to determine an agricultural organisation’s trans-
actional spending division according to the expenses.
The subjective and objective approach determined
the specific features of reflecting transaction costs on
sub-accounts of agricultural organisations. A conceptu-
al approach was also used to indicate areas of agricul-
tural organisation transactional spending accounting
improvement. To analyse the transactional spending
accounting features,a bookkeeping and economical diag-
nostic method was employed. The formalisation method
was used to simulate transactional spending accounting
systems, while the program-target method and integra-
tive approach were used to develop a new transactional
spending accounting system. The informational basis of
the study is the International Financial Reporting Stan-
dards (2011), International Accounting Standards (2017),
the law and legislative acts of transactional spending
of Ukraine, and publications in periodic journals about
transactional spending in agricultural organisations.

The basis of the agricultural organisation trans-
actional spending accounting research was a series
of financial reports of ‘Agroprodservice” (2021) private
agro-industrial enterprise (PAE), where transactional

spending was concentrated on selling and other opera-
tional expenses.Moreover,during the study, the financial
statements of one of the leading agricultural companies
of the limited liability company (LLC) “KERNEL-TRADE”
(2021) were considered, where accounting policy re-
garding transactional spending is in their demonstra-
tion in administrative and operational expenses, while
other selling expenses are still present. A study of the
financial statements of the private joint-stock compa-
ny (PJSC) “Agricultural Production Firm “Agroton” (2020)
has shown that inter-stock expenses of the company
are demonstrated in other operational expenses. Over-
all, the analysis of agricultural organisation financial
reporting has shown that the inter-stock expenses
accounting system is relatively variative and unclear.

RESULTS

Inter-stock expenses accounting is currently insuffi-
ciently analysed. During the agricultural organisation
inter-stock expense accounting, it is worth denoting
the term “inter-stock expense” of the organisation. The
notion itself is denoted as those, related to the coordi-
nation and interaction of organisation subjects, usual-
ly expenses, which occur during the business process.
Therefore, during the agricultural organisation activity,
a series of required expenses occur, such as information
gathering expenses, agreement compilation expenses,
quality assurance expenses, and property security ex-
penses are all integral elements of each company's
functioning. After researching the term “transaction-
al expenses” and their accounting features (Makalyuk,
2013; Ishchenko, 2020), it is apparent, that their notion
and accounting on an agricultural organisation heavily
depend on their classification. Transactional expenses
classifications vary and, as such, their features affect
the expenses accounting. Thus, study suggests using
the following classification of transactional expenses
in agricultural organisations (Fig. 1).

Transactional spendings

¥ ¥

¥ ¥

Information Legal agreement Quality assurance Specification apd Protgctlon from
property security third party
expenses expenses expenses
expenses expenses

Figure 1. Classification of transactional expenses in agricultural organisation

Source: compiled by the authors based on I. Paska (2015)

Information spendings, in an aspect of transaction-
al expenses, are followed in agricultural organisations
by gathering information regarding agricultural market
state, new customer or trader search, and expenses on
collecting aforementioned information. Insufficient and
incomplete information support cause new expenses to
arise,which are followed by much more expensive goods
acquisition and much less profitable goods selling.
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Marketing expenses, sales team expenses, and fair par-
ticipation expenses, commission trading expenses, and
agricultural organisation informational database func-
tioning expenses are all to be included in the informa-
tion expenses. Legal agreement expenses are denoted
as expenses for the development of the agreement
and negotiation process. Legal agreement expedition,
notarial attestation of the agreement, communication




expenses, and like are also to be included in this type
of expense. Legal control and expedition expenses are
also to be included in the category. As for the quality
assurance transactional expenses aspect, the agricul-
tural product quality assurance services are to be cate-
gorised into the category. Amongst those are quality as-
surance technical expenses, standardisation expenses,
warranty repair and maintenance expenses, and mea-
suring during goods transportation expenses. Specifi-
cation and property security transactional expenses are
the agricultural organisation patents expenses, license
acquisition expenses, and court proceedings expenses.

Protection from third-party transactional expenses
is the risks insurance expenses, protection from a third
party, and others, who are not stated in the agreement,
expenses. Thus, transactional spending of an agricul-
tural organisation is formed based on spending on in-
formation regarding the market functioning gathering,
legal expenses, quality control, and property security.
During the research of transactional expenses in agri-
cultural organisations accounting demonstration insti-
tutional aspects, it is worth investigating the specific
features of transactional expenses demonstration in
bookkeeping. The authors will investigate the specif-
ics of transactional spending on information gathering
(Zakharchyn, 2009). As such, marketing expenses, ad-
vertisement expenses, sales expenses, and commission
trading expenses are all demonstrated in account 93
“Selling expenses”. Moreover, the show and fair expens-
es, and information database functioning expenses of
the agricultural organisation are all demonstrated in
accounts 92 ‘Administrative expenses” (2019) and 93
“Selling expenses” (2019).

Dubinina et al.

As for the legal expenses accounting, the transac-
tional expenses on legal negotiation expenses, agree-
ment expenses, notarial attestation expenses, repre-
sentational expenses, and communication expenses are
categorised,according to the rules of bookkeeping,to ac-
count 92 “Administrative expenses” (2019). Transactional
quality assurance expenses are demonstrated by vari-
ous accounts (Yushchak & Melnyk, 2009). As such, goods
measuring during goods loading expenses and warranty
maintenance and repair expenses are demonstrated by
account 93 “Selling expenses” (2019). While quality as-
surance team expenses are demonstrated by account 91
“General production expenses”. Specification and prop-
erty security transactional expenses are also demon-
strated by various bookkeeping accounts. Transactional
expenses of patent acquisition and court proceedings ex-
penses are demonstrated by account 92 “Administrative
expenses” (2019). As for the protection from third-party
expenses accounting, the responsibilities of expedition
expenses are demonstrated by account 94 “Other oper-
ational activity expenses” (2019), while risks insurance
is demonstrated by accounts 91, 92, and 93 (2019).

From the concluded research, it may be stated, that
transactional expense accounting is done on various
accounts. This accounting system is ambiguous and has
certain contradictions, which may cause false demon-
stration of expenses. To investigate specific features
of transactional spending accounting in agricultural
organisations, the authors will analyse the main ac-
counting notions on an example of several agricultural
market leaders: PAE “Agroprodservice” (2021), “KER-
NEL-TRADE” LLC (2021), PISC “Agricultural Production
Firm “Agroton” (2020) (Table 1).

Table 1. Features of agricultural organisation transactional expenses accounting

Transactional spendings

Expenses account « .
PAE “Agroprodservice”

PJSC “Agricultural Production Firm

“KERNEL-TRADE” LLC « »
‘Agroton

91 “General-production
expenses”

92 “Administrative
expenses”

Legal expenses, product
certification expenses

Marketing team payment
expenses, business trips expenses,
representational expenses,
professional services (notary and

Agreement compilation and
performance expenses

legal) expenses

Marketing expenses, advertisement
expenses, marketing team business
trips expenses, product certification
expenses, packing material
expenses

93 “Selling expenses”

Final product preparation and

Marketing and advertisement

transportation expenses expenses

Exchange rate expenses, license
and patents expenses, insurance
expenses, agreement compilation
expenses, negotiation expenses,

94 “Other operational
activity expenses”

Periodic publishing expenses,
exchange rate difference expenses

Final product packing and shipment
expenses, trade and marketing
agents expenses, insurance

. . expenses.
information expenses

95 “Financial expenses” -

97 “Other expenses” -

Financial investment

implementation expenses

Source: PAE Agroprodservice’, 2021; “KERNEL-TRADE” LLC, 2021, PISC ‘Agricultural Production Firm ‘Agroton’, 2020
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Table 1 shows that agricultural organisation trans-
actional expense categorisation is ambiguous, as each
company categorises the same spending on different
accounts, For example, in the case of account 91 “Gener-
al-production expenses” (2019), it was not used for any
on the transactional expenses even though, according
to the results of researchers, it could be used for quality
assurance spendings. In this case, PAE “Agroprodservice”
has categorised product certification services on ac-
count 92 (2019), while LLC*KERNEL-TRADE” categorises
these expenses on account 94 (2019).Table 1 shows the
ambiguity in the categorisation of sales team payment
expenses. LLC “KERNEL-TRADE”, during the transac-
tional expenses accounting, has categorised marketing
team payments expenses to account 92 ‘Administrative
expenses” (2019), which is logical, because this catego-
ry accounts for all the employee payments, according
to the bookkeeping standards. PAE “Agroprodservice”
has demonstrated the same expenses on account 93
“Selling expenses” (2019), as marketing team payment
is closely tied to the sales of the agricultural organi-
sation goods, which also proves the logic of the cat-
egorisation. Meanwhile, the PJSC “Agricultural Produc-
tion Firm “Agroton” categorises the sales and marketing
agent payments to account 94 “Other operational ac-
tivity expenses” (2019), which may be explained due to
the temporary nature of these employees. During the
analysis of the agricultural organisation transaction-
al expenses bookkeeping, authors noted, that goods
packing, and transportation expenses are mostly cate-
gorised to account 93 “Selling expenses” (2019), while
PJSC “Agrotron” categorised those to account 94 (2019).

The same case can be seen in the legal expenses on
agreement compilation. PAE “Agroprodservice”,and PJSC
‘Agrotron” demonstrate their transactional expenses on
account 92 ‘Administrative expenses’, while LLC “KER-
NEL-TRADE” - on account 94 (2019).

In general, from the results of agricultural organisa-
tion transactional spending analysis, it may be conclud-
ed, that there is no valid system. This causes, several
problems regarding transactional expense account-
ing system validity. The lack of a unified transactional
spending accounting system causes expense duplica-
tion, which distorts the organisation’s expense infor-
mation. Incorrect division of transactional expenses to
accounts may cause a false demonstration of the ex-
pense structure, which may later cause inefficient man-
agement decision-making on expense optimisation. Ac-
cordingly, in the global plane, improper categorisation
of transactional spending during financial report for-
mation will cause the efficiency of the agricultural or-
ganisation to drop as overestimated or underestimated
spending in reports causes further destructive manage-
ment actions. These actions bear a negative effect on
the financial result and, in the future, cause more harm.
With intentions of avoiding further false agricultural
organisation financial reporting, it is worth using a uni-
fied system of transactional expenses accounting, which
may later be used as a standard bookkeeping practice.
A suggested transactional expense accounting system
is mainly a creation of a new account 99 “Transactional
expenses” (2019). These include marketing and adver-
tisements, client base employment and expansion, in-
formation gathering, processing, and storage (Table 2).

Table 2. Features of agricultural organisation transactional expense accounting
in the aspect of account 99 “Transactional expenses” implementation

Transactional expense

Transactional expense name
subaccount

Transactional expenses, which are categorised to this account

991 Information expenses

Marketing expenses, advertisement expenses, sales team
functioning expenses, fair and show participation expenses,
commission trading expenses, agricultural organisation client
base creation and development expenses

992. Legal agreement expenses

Representational expenses, professional legal services
to perform an agreement expense, negotiation expenses,
agreement compilation expenses, agreement conditions
performance and expedition expenses, communication
services expenses, agreement notarial attestation expenses,
responsibilities performance

993 Quality assurance expenses

Quality assurance expenses, goods measuring during loading
expenses, warranty maintenance and repairs expenses

994

Specification and property security expenses

Patent acquisition expenses, license acquisition expenses, court
proceeding expenses

995

Protection from third party expenses

Risk insurance expenses, agricultural information protection

expenses

Source: compiled by the authors based on Recommendations of the Transfer Pricing Forum (2021), Technical Line (2022)

Transactional expenses on subaccount 991 (2019)
should indicate spendings on agreement performance -
agreement signing negotiations, agreement develop-
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ment, and its fulfilment expenses. Quality assurance
expenses are demonstrated by account 993 (2019) and
are related to quality control features, goods loading,




and warranty repairs and maintenance. Subaccount 992
(2019) is to demonstrate patent, license, and certificate
acquisition expenses and court proceeding expenses.
The worthy benefit of transactional expenses is that
they do not add up to the product manufacturing cost
and to the gross profit of the organisation or even con-
tribute to the gross earnings. The suggested bookkeep-
ing system would allow demonstrating transactional
expenses based on their classification, which would
allow avoiding transactional spending duplications
on accounts and will enhance the expense structure
demonstration in bookkeeping. It is important to note,
that account 99 (2019) should remain active. Moreover,
this agricultural organisation’s transactional spending
accounting system will ensure its control. Bookkeep-
ing practice requires immediate additions regarding
transactional expense accounting. The suggested ac-
counting system will allow categorising transactional
expenses to respective subaccounts according to their
classification, will avoid any duplication, and will en-
sure expense demonstration.

DISCUSSION

Several researchers have focused their attention on
the problem of a unified transactional expenses sys-
tem and have suggested various accounting systems.
The ideas of most scientists are closely tied to the re-
search, as they are suggesting the creation of a new
account system, which would be dedicated to transac-
tional expenses. Zh.M. Yushchak and S.I. Melnyk (2009)
suggests creating an additional subaccount of class 9,
related to the transactional expenses. These research-
ers also suggest dividing transactional spending into
information search, negotiation and agreement compi-
lation, calculations, and ownership rights defence ex-
penses. However, those researchers do not indicate a
need for quality control expenses, which is one of the
key elements of agricultural organisation transactional
spending. Lack of quality control transactional expens-
es demonstration will lead to false financial reporting.
As a result, these researchers have not found a solu-
tion for transactional expense accounting. Researchers
N. Lokhanova (2012) and Ye. Bozhko (2019), during the
research of animal husbandry agricultural organisa-
tion transactional expenses accounting and informa-
tion sphere main problematics, has described only the
transactional expense demonstration in bookkeeping.
The scientist only reviews the approaches of other re-
searchers on transactional expenses accounting and
agrees with an opinion, that suggests the addition of
a whole new account with its subaccount to the book-
keeping practice, which will be an important notion in
economic theory enhancement.

V.S. Lytvynenko (2013), VV. Bonarev (2017) and
N.O. Pacheva (2018) during their research of housing
and public facilities transactional expenses accounting
features, have simulated the creation of transactional
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expense accounting, which consisted of 5 steps. At the
initial stage, the scientists recommend developing a list
of transactional expenses and to develop a concept of
their accounting and reporting. At the next stage, re-
searchers suggest the creation of an accounting pol-
icy in parts of transactional expenses accounting on
subaccounts 978 per their expense types. At the third
stage, researchers recommend commencing a devel-
opment procedure to control transactional expenses
demonstration. At the next stage, they recommend de-
veloping a registry of transactional expenses account-
ing and reporting. And, at the last stage, researchers
recommend making changes to the National provisions
(standards) of accounting 1, with intentions of transac-
tional expenses demonstration in article 2180 “Other
operational expenses” (2021) in their overall income
report. These recommendations, while logical, will not
allow for transactional expense bookkeeping follow-
ing their content and classification. O.V. Palchuk (2012),
A. Nygaard (2018), 0.0. Boyko and D.O. Norets (2021)
during the research of transactional expenses account-
ing features, have categorised the spending content
according to the bookkeeping practice. At the begin-
ning of the research, the researchers separated the
transactional expenses classification, which is based on
dividing transactional expense types into single, condi-
tionally consistent, and conditionally variable. Then, the
study (Horstmeyer et al., 2022) recommends separating
transactional expense contents following the existing
articles of bookkeeping practice.

D. Lundenberg (2016), S. Shahab (2018), A. Petraki
(2020), in their research, have developed an algorithm
for the creation of transactional expense accounting
methods. In the first stage, scientists recommended
building a new conception of their accounting, then -
concluding a reconstruction of the bookkeeping meth-
odology with a transactional and institutional approach
in mind. At the third stage, researchers recommend re-
fining the organisation’s transactional expense demon-
stration and its expense control mechanisms. Then
researchers recommended developing methodical
recommendations on rebuilding the expense account-
ing with the transactional component in mind. And, at
the last stage, researchers recommended changing the
methodological basis of expense information demon-
stration in financial reporting. While researchers inves-
tigate the bookkeeping practice changes, they do not
determine the clear distinction between transaction-
al expense subaccounts, which does not improve the
transactional expense accounting system. S. Anderson
and H. Dekker (2009), N. Plotnikova and N. Gorodnova
(2015), Y. Chou (2022) have analysed the transaction-
al expense forming specifics per transaction procedure
stages in the organisation. The researchers have high-
lighted, that at the stage of organisation registration,
transactional spending of specification takes place (or-
ganisation registration expenses, license acquisition
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expenses, back account expenses). Then, during the
potential partner information gathering, the organisa-
tion concludes the information gathering and process-
ing expenses and suffers from losses due to its lacking.
During the partner search on organisation transactions,
production, goods, and service quality assurance, which
are the grounds for the ownership rights transfer, is
commenced. During the agreement preparations, ne-
gotiation expenses, ownership security expenses, and
opportunist behaviour avoidance expenses occur. In an
agreement development stage, legal expenses occur.
At the last stage, during further agreement fulfilment
control, agreement performance monitor expenses, and
responsibility insurance expenses occur.

M. Daferner (2017), Siegert et al. (2019), T. Reitsam
(2021), during their study of transactional expenses’
influence on the effectiveness of organisation sales,
have highlighted, that transactional spending should
be denoted through two methods. The first method is
an apparent method, which is based on transaction-
al spending financial report data. The second method
should be non-apparent, which is the losses due to
changes in the market environment or lost opportunity.
The authors also recommended using a new Transac-
tion expenses registry during the systematic detection
and collection of transactional expenses. The research-
ers recommended dividing the registry according to
the classification of transactional expenses into groups
of external, internal, and lost profit expenses. The au-
thors (Bentkowska, 2019; Adryjanek, 2022) noted that
in bookkeeping, transactional expenses are not sepa-
rated on some accounts and their share is demonstrat-
ed on account 92 “Administrative expenses” and other
parts on account 93 “Selling expenses”. However, during
bookkeeping practice, lost opportunity expenses are
not demonstrated at all, as this variable can only be
determined by calculation through expert questioning.

The suggested system of transactional spending ac-
counting is mostly similar to those of W. Pizto (2009),
M.Polasik (2015), K. Kowalska (2021), where authors also
suggest implementing account 99 “Transactional spend-
ings” (2019). However, the researchers have denoted 3
subaccounts of transactional expenses, which is abun-
dant due to their overlapping. As such, the above-men-
tioned scientists have determined subaccounts 991
“Information gathering expenses”(2019),992 “Represen-
tative expenses” (2019), 993 “Ownership rights protec-
tion and professional services expenses”(2019). As such,
expenses on account 993 “Ownership rights protection
and professional services expenses” (2019) may overlap
with account 992 “Representative expenses” (2019) as
both subaccounts cover regulation of agreement con-
ditions. It was suggested not to determine a series of a
subaccount, but to categorise,according to the classifica-
tion,a subaccount 991 “Information gathering expenses”
(2019),which would include all the organisation expens-
es, related to agreement development and fulfilment.
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W. Rembisz and S. Stanko (2007), D. Puciato (2018)
have noted that a variety of problems with transactional
expenses are present during the organisation takeover
or absorption. It is related to the unique accounting pol-
icy of each organisation, in which transactional spend-
ing is categorised differently. As such, during the take-
over or absorption of companies, equal transactional
expenses articles, duplication, or removal of those from
accounting reports take place. Researchers suggested
the development of a transactional spending account-
ing system through the separation of transactional
spending in a new article 9 “Transactional spendings”.
J.Plichta (2019) has reviewed transactional expense ac-
counting features during the evaluation of the planning
policy. The researcher highlighted, that classification of
transactional expenses has to be made following the ex-
pense planning sequence. Per this, he noted, that trans-
actional spending can be divided into ex-ante, which
are formed on a stage of expense planning, constant
expenses, which are created during sales monitoring,
and post-factum expenses, which are formed during
expense plan evaluation. This provides clarification of
the transactional spending classification, yet it does
not fully resolve the question of transactional spend-
ing demonstration in bookkeeping. Chotkowski (2010),
Przenajkowska and Polasik (2018), in their researches of
the transactional expenses’ notion, have noted, that the
balance demonstration of transactional expenses ac-
cording to the bookkeeping standards of the USA most-
ly corresponds with Accounting policy of the enterprise
(2021), even though there are certain differences in
expense accounting and demonstration on obligation
commissions, which were covered by the credit lines.
As such, in comparison of acquired results of results
with previous postulates on transactional spending ac-
counting, it is possible to conclude, that a developed
system of accounting will enable more precise trans-
actional spending of the agricultural organisation by
its demonstration with accordance to the classification.

CONCLUSIONS
The conducted analysis of transactional spending in-
stitutional aspects has shown, that there is no unified
expenses accounting system present. Transactional
spending during the compilation of financial reports is
demonstrated on various accounts.Those mostly are tar-
geted for account 92 ‘Administrative expenses”, account
93 “Selling expenses”, and account 94 “Other opera-
tional activity expenses”. In practice, other accounts are
also used. Moreover, the lack of a unified transactional
spending classification approach and the lack of account
categorisation during the development of financial re-
port compilation cause a series of problems. The main
problem is the duplication of transactional expenses
during their categorisation by account, which causes
improper financial reports of the company and the de-
formation of the agricultural organisation’s payment




structure. False structure data and amounts of ex-
penses may cause non-effective management deci-
sion-making in the future, which, in turn, will cause
the lowering of agricultural organisation profitability.
This is why authors suggest the creation of account 99
“Transactional spendings”with the aim of enhancement
of transactional spending accounting. An important as-
pect during the inclusion of this account is the addition
of subaccounts, which would utilise the classification of
transactional expenses. A classification category and a
subaccount “Information expenses” will allow systemis-
ing of all transactional spending, which was aimed at
information expansion, employment, and keeping. Ex-
penses on development and fulfilment of agreements
will include all the expenses on negotiations, contract
compilation, and control expenses, which would allow
clearly stating the expenses on the subaccount in ac-
cordance with the agreement.

Subaccount, where quality assurance expenses
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systemising the transactional spending on the license,
parent and allowance acquisition, and other similar
expenses. Protection from third-party expenses - is an
intermediate subaccount, created during the company
activity. The suggested classification of transactional
expenses will allow differentiating these expenses from
the specifics of their origin, which will ensure the fur-
ther validity of their categorisation during the account-
ing. The suggested transactional expense accounting
system makes any duplications or absence from reports
impossible and may be used by agricultural organisa-
tions in practice. Further research in the agricultural
organisation transactional expense accounting is to be
based on the study of the expense division features and
development of the unified transactional expense clas-
sification system, which is to be used in the future as a
basis to form an expense accounting system.

ACKNOWLEDGEMENTS

are demonstrated, will allow unifying the agricultural  None.
organisation’s expenses on support, control, and re-
search of the product quality features. Subaccount for CONFLICT OF INTEREST
specification and property security expenses will allow  None.
REFERENCES

[1] “KERNEL-TRADE” LLC. (2021). Financial statements for 2020. Retrieved from https://clarity-project.info/

edr/31454383/finances?current_year=2020.

[2] Account 91. General production expenses. (2019). Retrieved from https://kodeksy.com.ua/buh/plan-rahunkiv/

class-9/rahunok-91.htm.

[3] Account 92. Administrative expenses. (2019). Retrieved from https://kodeksy.com.ua/buh/plan-rahunkiv/

class-9/rahunok-92.htm.

[4] Account 93. Selling and distribution expenses. (2019). Retrieved from https://kodeksy.com.ua/buh/plan-

rahunkiv/class-9/rahunok-93.htm.

[5] Account 94. Other expenses of operating activities. (2019). Retrieved from https://kodeksy.com.ua/buh/plan-

rahunkiv/class-9/rahunok-94.htm.

[6] Account 99 “Transactional spendings”. (2019). Retrieved from https://kodeksy.com.ua/buh/plan-rahunkiv/

class-9/rahunok-99.htm.

[71 Account Bookkeeping Plan. (2022). Retrieved from https://www.buhoblik.org.ua/uchet/organizacziya-

buxgalterskogo-ucheta/388-plan-raxunkiv.html.

[8] Accounting policy of the enterprise. (2021). Retrieved from https://buhplatforma.com.ua/article/6018-gqqg-17-
m1-13-01-2017-oblkova-poltika-pdprimstva-za-yakim-standartom.

[9] Adryjanek, A. (2022). Accounting for production costs taking into account manufacturing costs of products.

Retrieved from

https://www.dsr.com.pl/rozliczanie-kosztow-produkcji-z-uwzglednieniem-kosztow-

wytworzenia-produktow/.

[10] Anderson, S., & Dekker, H. (2009). Accounting in Networks: The Transaction Cost Economics Perspective. Retrieved

from https://cutt.ly/vBEwmi7.

[11] Bentkowska, K. (2019). Transaction costs in the export activity of food industry enterprises. Retrieved from
https://www.researchgate.net/publication/330779890_Koszty transakcyjne w_dzialalnosci_eksportowej_

przedsiebiorstw_branzy spozywczej.

[12] Bonarey, VV. (2017). Theoretical foundations of transaction cost management for effective enterprise

development. Investments: Practice and Experience, 5, 10-14.
[13] Boyko, 0.0., & Norets, D.O. (2021). Methodology for estimating transaction costs. In Materials of the scientific
and practical conference “Economic processes in the conditions of transformational changes” (pp. 52-56).

Kherson: Young Scientist.

[14] Bozhko, Ye. (2019). The economic nature of transaction costs. Retrieved from https://kneu.edu.ua/ua/confere_

nce/conf social dev_ukr_12/section3/Bozhko2/.

Scientific Horizons, 2023, Vol. 26, No. 2

131


https://clarity-project.info/edr/31454383/finances?current_year=2020
https://clarity-project.info/edr/31454383/finances?current_year=2020
https://kodeksy.com.ua/buh/plan-rahunkiv/class-9/rahunok-91.htm
https://kodeksy.com.ua/buh/plan-rahunkiv/class-9/rahunok-91.htm
https://kodeksy.com.ua/buh/plan-rahunkiv/class-9/rahunok-92.htm
https://kodeksy.com.ua/buh/plan-rahunkiv/class-9/rahunok-92.htm
https://kodeksy.com.ua/buh/plan-rahunkiv/class-9/rahunok-93.htm
https://kodeksy.com.ua/buh/plan-rahunkiv/class-9/rahunok-93.htm
https://kodeksy.com.ua/buh/plan-rahunkiv/class-9/rahunok-94.htm
https://kodeksy.com.ua/buh/plan-rahunkiv/class-9/rahunok-94.htm
https://kodeksy.com.ua/buh/plan-rahunkiv/class-9/rahunok-99.htm
https://kodeksy.com.ua/buh/plan-rahunkiv/class-9/rahunok-99.htm
https://www.buhoblik.org.ua/uchet/organizacziya-buxgalterskogo-ucheta/388-plan-raxunkiv.html
https://www.buhoblik.org.ua/uchet/organizacziya-buxgalterskogo-ucheta/388-plan-raxunkiv.html
https://buhplatforma.com.ua/article/6018-qqq-17-m1-13-01-2017-oblkova-poltika-pdprimstva-za-yakim-standartom
https://buhplatforma.com.ua/article/6018-qqq-17-m1-13-01-2017-oblkova-poltika-pdprimstva-za-yakim-standartom
https://www.dsr.com.pl/rozliczanie-kosztow-produkcji-z-uwzglednieniem-kosztow-wytworzenia-produktow/
https://www.dsr.com.pl/rozliczanie-kosztow-produkcji-z-uwzglednieniem-kosztow-wytworzenia-produktow/
https://cutt.ly/vBEwmi7
https://www.researchgate.net/publication/330779890_Koszty_transakcyjne_w_dzialalnosci_eksportowej_przedsiebiorstw_branzy_spozywczej
https://www.researchgate.net/publication/330779890_Koszty_transakcyjne_w_dzialalnosci_eksportowej_przedsiebiorstw_branzy_spozywczej
http://www.investplan.com.ua/pdf/5_2017/4.pdf
http://www.investplan.com.ua/pdf/5_2017/4.pdf
https://kneu.edu.ua/ua/confere_nce/conf_social_dev_ukr_12/section3/Bozhko2/
https://kneu.edu.ua/ua/confere_nce/conf_social_dev_ukr_12/section3/Bozhko2/

132

Institutional aspects of transactional spending accounting demonstration...

[15] Chotkowski, J. (2010). Market institutions and transactional costs basic concepts of the new institutional
economy. Roczniki Nauk Rolniczych, 97(2), 107-108.

[16] Chou, Y. (2022). Maximizing tax benefits of transaction costs. Retrieved from https://www.bdo.com/insights/tax/
federal-tax/maximizing-tax-benefits-of-transaction-costs.

[17] Daferner, M. (2017). The transaction cost theory. Fundamentals, influencing factors and the market hierarchy
paradigm. Munich: GRIN Verlag.

[18] Holovchak, H.V., & Yurchenko, O.B. (2018). Accounting for transaction costs in the housing and communal
services market. Scientific Bulletin of the Uzhhorod National University, 21(1), 55-59.

[19] Horstmeyer, D., Favro, M., & Yelland, M. (2022). Options Markets: How Far Have Implied Transaction Costs Fallen?
Retrieved from https://blogs.cfainstitute.org/investor/2022/03/09/options-markets-how-far-have-implied-
transaction-costs-fallen/.

[20] International Accounting Standards. (2017). Retrieved from https://ips.ligazakon.net/document/MU17028.

[21] International Financial Reporting Standards. (2011). Retrieved from https://zakon.rada.gov.ua/laws/
show/929_010#Text.

[22] Ishchenko,Ya.P.(2020).Eeatures of the formation and accounting of transaction costs. Business Inform,1,280-286.

[23] Kowalska, K. (2021). Contracts and transaction costs in new institutional economics. The Polish Journal of
Economics, 201(7-8),45-64. doi: 10.33119/GN/101521.

[24] Line 2180 "Other operating expenses”. (2021). Retrieved from https://oblik.press/ryadok-2180-inshi-
operatsijni-vytraty/.

[25] Lokhanova, N. (2012). Problems of accounting and control of transaction costs in the system of managing the
economic stability of enterprises. Herald of TNEU, 1,161-171.

[26] Lundenberg, D. (2016). Accounting for Transaction Costs and Earn-outs in M&A. Retrieved from https://cutt.ly/
vBW63cl.

[27] Lytvynenko, V.S. (2013). Transaction costs as an innovative object of accounting and control. Scientific Bulletin
of the National University of Bioresources and Nature Management of Ukraine, 181(3), 150-155.

[28] Lytvynenko, V.S., & Tolstonoh, V.V. (2015). Cost management accounting and control: An institutional approach.
Kyiv: Fitosotsiotsentr.

[29] Lyudovenko, D.O. (2020). The main problems of identifying transaction costs in accounting and information-
based management of an agricultural enterprise engaged in animal husbandry. Economic Analysis, 30(1), 126-
132.doi: 10.35774/econa2020.01.01.126.

[30] Makalyuk, V. (2013). Problems of identifying transaction costs in the enterprise accounting information system.
Retrieved from http://www.economy.nayka.com.ua/?op=1&z=1814.

[31] Nygaard,A.(2022).From linear to circular economy:Atransaction cost approach to the ecological transformation
of the firm. Circular Economy and Sustainability, 2,1127-1142. doi: 10.1007/543615-022-00158-w.

[32] Pacheva,N.O.(2018). The impact of transaction costs on the effectiveness of personnel management. Economic
Space, 131, 152-160.

[33] PAE “Agroprodservice”: Accounting reporting and financial analysis for 2020. (2021). Retrieved from https://
zvitnist.com/30356854 PRYVATNE AHROPROMYSLOVE PIDPRYYEMSTVO AHROPRODSER.

[34] Palchuk, OV. (2012). Problems of the formation of information support for the management of transaction
costs in the accounting system. Scientific works of the Kirovohrad National Technical University, 2(2), 428-433.

[35] Paska, I. (2015). Transaction costs and their impact on the efficiency of agricultural products sales. Agroworld,
16,19-24.

[36] Petraki, A. (2020). The transaction costs manual. London: Schroder Investment Management Limited.

[37] Pizto, W. (2009). The enterprise in the information society in the light of the theory of institutional economics.
Warsaw: SGGW Publishing House.

[38] PJSC “Agricultural Production Firm “Agroton”. (2020). Reports of the issuer. Retrieved from http://agroton.pat.
ua/emitents/reports.

[39] Plichta,J. (2019). Measurement of transaction costs - different approaches and research perspective. Economist,
3,291-320.

[40] Plotnikova, N., & Gorodnova, N. (2015). Development of the accounting centre of transaction costs for
enterprises. In: The 9 International Days of Statistics and Economics (pp. 1345-1354). Prague: Prague University
of Economics and Business. doi: 10.13140/RG.2.2.20514.43205.

[41] Polasik, M. (2015). The state and potential of the development of the payment card acceptance network in
Poland. Economy, 46(1), 23-58. doi: 10.12775/AUNC_ECON.2015.002.

[42] Prykhodko, I., Pavlova, H., & Vasyuta, M. (2014). Transaction costs as an innovative object of accounting and
control. Ukrainian Science: Past, Present, Future, 19(1), 121-129.

Scientific Horizons, 2023, Vol. 26, No. 2



https://bazekon.uek.krakow.pl/rekord/171285379
https://bazekon.uek.krakow.pl/rekord/171285379
https://www.bdo.com/insights/tax/federal-tax/maximizing-tax-benefits-of-transaction-costs
https://www.bdo.com/insights/tax/federal-tax/maximizing-tax-benefits-of-transaction-costs
http://www.visnyk-econom.uzhnu.uz.ua/archive/21_1_2018ua/14.pdf
http://www.visnyk-econom.uzhnu.uz.ua/archive/21_1_2018ua/14.pdf
https://blogs.cfainstitute.org/investor/2022/03/09/options-markets-how-far-have-implied-transaction-costs-fallen/
https://blogs.cfainstitute.org/investor/2022/03/09/options-markets-how-far-have-implied-transaction-costs-fallen/
https://ips.ligazakon.net/document/MU17028
https://zakon.rada.gov.ua/laws/show/929_010#Text
https://zakon.rada.gov.ua/laws/show/929_010#Text
https://magazine.faaf.org.ua/osoblivosti-formuvannya-ta-obliku-transakciynih-vitrat.html
https://gnpje.sgh.waw.pl/Kontraktowanie-i-koszty-transakcyjne-w-nowej-ekonomii-instytucjonalnej,101521,0,2.html
https://oblik.press/ryadok-2180-inshi-operatsijni-vytraty/
https://oblik.press/ryadok-2180-inshi-operatsijni-vytraty/
http://webcache.googleusercontent.com/search?q=cache:E0a3wSDR2KEJ:visnykj.wunu.edu.ua/index.php/visnykj/article/download/411/423&cd=2&hl=ru&ct=clnk&gl=ua
http://webcache.googleusercontent.com/search?q=cache:E0a3wSDR2KEJ:visnykj.wunu.edu.ua/index.php/visnykj/article/download/411/423&cd=2&hl=ru&ct=clnk&gl=ua
https://cutt.ly/vBW63cI
https://cutt.ly/vBW63cI
https://nubip.edu.ua/sites/default/files/%D0%9B%D0%98%D0%A2%D0%92%D0%98%D0%9D%D0%95%D0%9D%D0%9A%D0%9E%20%D0%92.%D0%A1_%D0%A2%D0%A0%D0%90%D0%9D%D0%A1%D0%90%D0%9A%D0%A6%D0%86%D0%99%D0%9D%D0%86%20%D0%92%D0%98%D0%A2%D0%A0%D0%90%D0%A2%D0%98%20%D0%AF%D0%9A%20%D0%86%D0%9D%D0%9D%D0%9E%D0%92%D0%90%D0%A6%D0%86%D0%99%D0%9D%D0%98%D0%99%20%D0%9E%D0%91%E2%80%99%D0%84%D0%9A%D0%A2%20%D0%9E%D0%91%D0%9B%D0%86%D0%9A%D0%A3%20%D0%86%20%D0%9A%D0%9E%D0%9D%D0%A2%D0%A0%D0%9E%D0%9B%D0%AE.pdf
https://www.econa.org.ua/index.php/econa/article/view/1779
http://www.economy.nayka.com.ua/?op=1&z=1814
https://link.springer.com/article/10.1007/s43615-022-00158-w
http://www.prostir.pdaba.dp.ua/index.php/journal/article/view/213
https://zvitnist.com/30356854_PRYVATNE_AHROPROMYSLOVE_PIDPRYYEMSTVO_AHROPRODSER
https://zvitnist.com/30356854_PRYVATNE_AHROPROMYSLOVE_PIDPRYYEMSTVO_AHROPRODSER
http://webcache.googleusercontent.com/search?q=cache:fOuPYATCdPMJ:www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe%3FI21DBN%3DLINK%26P21DBN%3DUJRN%26Z21ID%3D%26S21REF%3D10%26S21CNR%3D20%26S21STN%3D1%26S21FMT%3DASP_meta%26C21COM%3DS%262_S21P03%3DFILA%3D%262_S21STR%3DNpkntu_e_2012_22(2)__73&cd=1&hl=ru&ct=clnk&gl=ua
http://webcache.googleusercontent.com/search?q=cache:fOuPYATCdPMJ:www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe%3FI21DBN%3DLINK%26P21DBN%3DUJRN%26Z21ID%3D%26S21REF%3D10%26S21CNR%3D20%26S21STN%3D1%26S21FMT%3DASP_meta%26C21COM%3DS%262_S21P03%3DFILA%3D%262_S21STR%3DNpkntu_e_2012_22(2)__73&cd=1&hl=ru&ct=clnk&gl=ua
http://www.agrosvit.info/?op=1&z=1966&i=3
http://www.agrosvit.info/?op=1&z=1966&i=3
https://www.researchgate.net/publication/343282838_Przedsiebiorstwo_w_spoleczenstwie_informacyjnym_w_swietle_teorii_ekonomii_instytucjonalnej
http://agroton.pat.ua/emitents/reports
http://agroton.pat.ua/emitents/reports
https://www.researchgate.net/publication/306012048_DEVELOPMENT_OF_THE_ACCOUNTING_CENTER_OF_TRANSACTION_COSTS_FOR_ENTERPRISES
https://apcz.umk.pl/AUNC_EKON/article/view/AUNC_ECON.2015.002
http://unmsm.wunu.edu.ua/index.php/unmsm/article/view/172
http://unmsm.wunu.edu.ua/index.php/unmsm/article/view/172

Dubinina et al.

[43] Przenajkowska, K., & Polasik, M. (2018). Costs of cash and electronic payment instruments in the European
Union. Economic Problems of Services, 2(131/1), 283-290.

[44] Puciato, D. (2018). Transaction costs of public procurement. Economy, 16(367),91-101.

[45] Recommendations of the Transfer Pricing Forum regarding the description of the cost plus method. (2021).
Retrieved from https://www.podatki.gov.pl/media/7246/rekomendacje-fct-dot-opisu-metody-koszt-plus.pdf.

[46] Reitsam, T. (2021). Asset price bubbles and dynamic super-replication under transaction costs . Munich: LMU.

[47] Rembisz, W., & Stanko, S. (2007). Market intervention in agriculture. In The agricultural market in functional
terms (pp. 141-169). Warszawa: WSFiZ.

[48] Shahab, S. (2018). Accounting for transaction costs in planning policy evaluation. Land Use Policy, 70, 263-272.
doi: 10.1016/j.landusepol.2017.09.028.

[49] Siegert, A., Buscher, H.S., & Ohliger, R. (2019). Transaction costs and recruitment of skilled workers an
explanatory approach based on institutional economics. Retrieved from https://www.researchgate.net/
publication/257207363_Transaktionskosten_und_Fachkraftewerbung_Ein_Erklarungsansatz_auf_Grundlage_
der_Institutionenokonomik.

[50] Struk, N.S., & Shevchuk, A.M. (2018). Identification of transaction costs in the accounting system of a small
enterprise. Scientific Bulletin of the International Humanitarian University, 29,110-114.

[51] Subaccount 991. Losses from natural disasters. (2019). Retrieved from https://kodeksy.com.ua/buh/plan-
rahunkiv/class-9/rahunok-99/subrahunok-991.htm.

[52] Subaccount 992. Losses from man-made disasters and accidents. (2019). Retrieved from https://kodeksy.com.
ua/buh/plan-rahunkiv/class-9/rahunok-99/subrahunok-992.htm.

[53] Sub-account 993. Other extraordinary expenses. (2019). retrieved from https://kodeksy.com.ua/buh/plan-
rahunkiv/class-9/rahunok-99/subrahunok-993.htm.

[54] Technical Line: A closer look at accounting for financial instruments issued by SPACs. (2022). Retrieved from
https://assets.ey.com/content/dam/ey-sites/ey-com/en_us/topics/assurance/accountinglink/ey-tl15264-
221us-03-03-2022.pdf?download.

[55] Yushchak,Zh.M., & Melnyk, S.I.(2009). Transaction costs in the domestic accounting system: The 21st century -
a new vision of the future. Problems of the Theory and Methodology of Accounting, Control and Analysis, 1(13),
155-163.

[56] Zakharchyn, H.M. (2009). Research on the structure of transaction costs of a business entity. /nvestments:
Practice and Experience, 8, 34-36.

[57] Zelinskyy,A.Yu.(2015).On the issue of quantifying transaction costs. Scientific Bulletin of Kherson State University,
5(4),133-136.

Scientific Horizons, 2023, Vol. 26, No. 2

133


https://wnus.edu.pl/epu/file/article/download/15029.pdf
https://wnus.edu.pl/epu/file/article/download/15029.pdf
https://www.podatki.gov.pl/media/7246/rekomendacje-fct-dot-opisu-metody-koszt-plus.pdf
https://d-nb.info/1247435784/34
https://www.sciencedirect.com/science/article/abs/pii/S0264837716312285
https://www.researchgate.net/publication/257207363_Transaktionskosten_und_Fachkraftewerbung_Ein_Erklarungsansatz_auf_Grundlage_der_Institutionenokonomik
https://www.researchgate.net/publication/257207363_Transaktionskosten_und_Fachkraftewerbung_Ein_Erklarungsansatz_auf_Grundlage_der_Institutionenokonomik
https://www.researchgate.net/publication/257207363_Transaktionskosten_und_Fachkraftewerbung_Ein_Erklarungsansatz_auf_Grundlage_der_Institutionenokonomik
http://vestnik-econom.mgu.od.ua/journal/2018/29-2018/23.pdf
http://vestnik-econom.mgu.od.ua/journal/2018/29-2018/23.pdf
https://kodeksy.com.ua/buh/plan-rahunkiv/class-9/rahunok-99/subrahunok-991.htm
https://kodeksy.com.ua/buh/plan-rahunkiv/class-9/rahunok-99/subrahunok-991.htm
https://kodeksy.com.ua/buh/plan-rahunkiv/class-9/rahunok-99/subrahunok-992.htm
https://kodeksy.com.ua/buh/plan-rahunkiv/class-9/rahunok-99/subrahunok-992.htm
https://kodeksy.com.ua/buh/plan-rahunkiv/class-9/rahunok-99/subrahunok-993.htm
https://kodeksy.com.ua/buh/plan-rahunkiv/class-9/rahunok-99/subrahunok-993.htm
https://assets.ey.com/content/dam/ey-sites/ey-com/en_us/topics/assurance/accountinglink/ey-tl15264-2
https://assets.ey.com/content/dam/ey-sites/ey-com/en_us/topics/assurance/accountinglink/ey-tl15264-2
http://www.investplan.com.ua/pdf/8_2009/9.pdf
http://www.ej.kherson.ua/journal/economic_15/4/34.pdf

134

Institutional aspects of transactional spending accounting demonstration...

IHCTUTYUINHI acneKTn AeMOHCcTpauii 065iKy TpaHCaKUWiMHUX BUTpaT
B Ci/IbCbKOrocnoaapcbKMX opraHisauisx
MapuHa BiktopiBHa [ly6iHiHa
[IOKTOp eKOHOMIYHMX HayK, npodecop
Mu1KONAIBCbKMIM HALiOHANbHUI arpapHuUii yHiBepcuTeT

54008, syn.I.ToHraase, 9, M. Mukonais, YkpaiHa
https.//orcid.org/0000-0002-3993-0622

Harana BonoaumupisHa MNotpusaesa

[loKTOp eKOHOMIYHMX HayK, npodecop
MWKONaiBCbKMI HALLIOHANbHWIA arpapHUiA YHiBepCUTeT
54008, syn. I.ToHraase, 9, M. Mukonais, YkpaiHa
https.//orcid.org/0000-0002-9781-6529

Onbra MukonaisHa BuwHeBcbka

[oKTOp eKOHOMIYHMX HayK, npodecop
MuKONAiBCbKMIM HaLiOHAaNbHUI arpapHuUii yHiBepcuTeT
54008, Byn.I. loHraase, 9, M. Mukonais, YkpaiHa
https://orcid.org/0000-0003-1996-4590

OneHa MukonaiBHa YcukoBa

[IOKTOp EKOHOMIYHUX HayK, OOLEHT
MWKoNaiBCbKMIA HALiOHANbHWIA arpapHUiA YHiBepCUTeT
54008, syn. I. loHragse, 9, M. Mukonais, YkpaiHa
https://orcid.org/0000-0001-6734-5757
Bitanii BikropoBuu Kysboma
KaHamMpat eKOHOMIYHMX HayK, AOLUEHT
MWKONAiBCbKMI HALIOHANbHWIA arpapHUiA YHiBepCUTET

54008, syn.I. loHranse, 9, M. Mukonais, YkpaiHa
https://orcid.org/0000-0002-6763-2120

AnoTtauis. CinbCbKorocnoaapcbki opraHisauii Ha puMHKY YKkpaiHu BigirpatoTb BaxauBy ponb. Y 2022 poui, nig yac
3aroCTpeHHs1 eKOHOMIYHOI KpU3u Ta BiliHWM Ha TepuTopii BCi€i KpaiHW, cTabinbHe QYHKLIOHYBaHHS arpapHoi chepu
€ aKTyabHUM NUTaHHAM. [posB "TpaHCaKUiMHUX BUTPAT" € AELL0 HEe3pO3yMiAMM Ha MNOTOYHOMY eTani. Takum
YMHOM, METOIO JOCNIAKEHHA € BUBYEHHS Ta y3araibHEHHA IHCTUTYLIMHWX acnekTiB NPosBY TPaHCAKLiMHUX BUTPAT B
CiNbCbKOroCnoaapCcbKMx OpraHisawisx. 3a 4ONOMOrow MeToiB aHaNi3y Ta CUCTEMATU3ALLii HAYKOBMX AOCIAKEHb Byno
BMAB/IEHO, WO TPAHCAKLLiMHI BUTPATH CiNbCbKOrOCNOAAPCHKOi OpraHisalii BKAYaoTb BUTPATH Ha 36ip iHpopmauii
WoA0 QYHKLIOHYBAHHS PUHKY, IOPUAMYHI BUTPATHU, KOHTPO/b SKOCTI Ta OXOPOHY BNACHOCTI. B xoai mocnigkeHHs
BMAB/IEHO, L0 BiA0OPaXKeHHSA TPAHCAKLiMHMX BUTpATHa cybpaxyHkax Byxrantepcbkoro 06iky CinbCbKOrocnoaapCcbKmx
OpraHizauii € HeuviTkuM i noTpebye po3pobKM €AMHOrO NiAXOAY A0 PeryntoBaHHS BUTpaT. BM3HaueHO OCHOBHI
cnocobu 0bniky TpaHCAKLUiMHMX BUTPAT CilbCbKOrOCMOAapCbKMX opraHisauii. OkpecneHo NpakTUYHi acnekTu obniky
TPaHCaKLUiMHMX BUTPAT B CifIbCbKOrOCNOAAPCbKMX OpraHi3auisax Ykpainu. Po3pobneHo Moaenb 06iky TpaHCaKLinHUX
BUTPAT, 1Ka 6a3yeTbCs HAa CTBOPEHHI HOBOro paxyHKy 99 "TpaHcakuiiHi BuTpatu'. Po3pobneHo HOBY cucteMy 06iky
TPaHCaKLUiMHUX BUTPaT, IKa COPTYE TPAHCAKLiMHI BUTpaTV BiANOBiAHO A0 Knacudikauii Ha cybpaxyHkax HOBOrO
paxyHky. LLi 3MiHM B 06niky MOXyTb 6yTM BMKOPWUCTaHi AN CTBOPEHHS HOBMX CMCTeM (iHAHCOBOI 3BITHOCTI ANS
CiNbCbKOroCnoAapCbKMX OpraHisaLin. 3anponoHoBaHa cucTeMa 06iKy TpaHCaKLUiMHUX BUTPAT BPAaXOBYE BCi MOX/MBI
pY3uKM Oy6nt0BaHHS MiaTexiB abo He BK/OYEHHS NnaTexiB y 3BiTHICTb. BoHa Moxe 6yTW BMKOpPUCTaHA He TiNbKu
CiNbCbKOroCnoAapCbKMMU OpraHisaLisgMu, ane v AN cTaHfapTiB Oyxrantepcbkoi NPakTUKK
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BUTPATU; MOHITOPUHI BUTPAT; CMiBBIAHOWEHHS LiHX Ta SKOCTI

Scientific Horizons, 2023, Vol. 26, No. 2




SCIENTIFIC HORIZONS

Journal homepage: https://sciencehorizon.com.ua
Scientific Horizons, 26(2), 135-144

uUDC 620.9
DOI: 10.48077/scihor.26(2).2023.135-144

Energy and environmental security of the European Union
in the context of russia's unstable military and economic policy

Oleh Semenenko’
Doctor of Military Sciences, Professor
Central Research Institute of the Armed Forces of Ukraine
03049, 28B Povitroflotskyy Ave., Kyiv, Ukraine
https://orcid.org/0000-0001-6477-3414

Uzef Dobrovolskyi
Candidate of Technical Sciences, Associate Professor
National Aviation University
03058, 1 Liubomyr Huzar Ave., Kyiv, Ukraine
https://orcid.org/0000-0002-1077-1402

Polina Tolok
Candidate of Economic Sciences, Doctoral Student
Central Scientific Research Institute of Armament and Military Equipment of the Armed Forces of Ukraine
03049, 28 Povitroflotskyy Ave., Kyiv, Ukraine
https://orcid.org/0000-0002-2481-8152

Andrii Onofriichuk
Doctor of Economics, Associate Professor
University of Economics and Law “KROK”
03113, 30-32 Tabirna Str., Kyiv, Ukraine
https://orcid.org/0000-0002-4370-0176

Vitalii Onofriichuk
Candidate of Economic Sciences
Ministry of Foreign Affairs of Ukraine
01018, 1 Mukhailivska Sq., Kyiv, Ukraine
https://orcid.org/0000-0001-6990-2537

Article’s History: Abstract. The countries of the European Union are experiencing the first
Received: 24.12.2022 real global energy crisis in history, bearing in mind that reliability and
Revised: 25.02.2023 the possibility of receiving the required amount of energy resources are
Accepted: 15.03.2023 the basis of full functioning and further sustainable social and economic

development of countries. The purpose of the study is to analyse European
Suggested Citation: Union energy and environmental security regulatory measures in terms of

Semenenko, 0., Dobrovolskyi, U., unpredictable actions of the main supplier of energy resources. A set of
Tolok,P.,OnofriichukA., & Onofriichuk,V. general scientific and special methods of scientific cognition was used: the
(2023). Energy and environmental historical method with a systematic analysis of energy law; the structural
security of the European Union in the and functional method; synthesis; deduction and induction. As a result of
context of russia’s unstable military the conducted study, the main areas of increasing energy security in the
and economic policy. Scientific Horizons, European Union were determined based on scientific programmes using
26(2),135-144. renewable energy sources, which gradually reduce the demand for organic

Copyright © The Author(s). This is an open access article distributed under the terms of the
Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)

*Corresponding author



136

Energy and environmental security of the European Union...

fossil fuels (natural gas, oil, coal, peat, oil shale). The situation of dependence of EU states on the export of russian
energy resources was also characterised and the process of changing the EU energy policy was illustrated. This
research contains an analysis of the ecological aspect of the change in the situation with energy security in the
EU, and forecasts regarding the situation on the international energy market of russia. The primary theoretical
principles, conclusions, and practical recommendations in the industry of the energy market would help accelerate
the diversification of the natural gas market in Ukraine in terms of joining the European Union energy market

Keywords: environmental risks; energy carriers; renewable energy; international security; energy market;

environmental policy

INTRODUCTION

Energy security is determined by the technical ability of
energy industries to provide appropriate services at a
reasonable price and to meet the current and prospec-
tive needs of energy consumers. The armed aggression
of the russian federation against Ukraine has violated
the global energy system and entails security risks due
to high energy prices and excessive dependence on gas,
oil, and coal imports. The russian federation remains
one of the three largest worldwide producers of natural
gas and oil, competing for first place with Saudi Arabia
and the United States of America (USA). Two products
the russian federation depends on income from are
natural gas and oil. It could be seen from the 2021 bud-
get report, that these two items represent 45% of GDP
(gross domestic product). S. Ghaderi (2022) states that
the scarcity of availability to robust and sustainable en-
ergy in the European Union (EU) is an obvious threat to
the security of the entire European continent. Accord-
ing to data from the European Commission, the energy
consumption of russian electricity by EU member states
was the biggest in the year of 2021. EU countries” en-
ergy dependence on supply from the russian federation
became an additional impetus to the further search for
ways, forms and means of diversifying the supply of lig-
uefied natural gas (LNG) to the EU countries to main-
tain the reliability of natural gas delivery and energy
security in general. With the beginning of the conflict,
the EU began to conclude short-term agreements for
the LNG supply to compensate for the sharp decrease in
supplies through russian pipelines (Fit for 55...,2022).

According to G. Sgaravatti et al. (2022), the ex-
port of natural non-renewable energy resources to EU
countries allows balancing the needs of the economy
in energy resources in the winter period. Competition
for LNG supplies and a decrease in russian gas pipe-
line supplies have led to increase in prices on energy
markets. In combination with increase in prices for food
products, prices for other non-energy goods increased,
and increase in prices for imported fuel led to a sharp
increase in general consumer prices in many Europe-
an countries and inflation reached double digits. In
response, governments have taken a number of short-
term actions to facilitate the pressure of rising prices
on energy carriers for utilities and businesses.J.L. Iriarte
Angel et al. (2022) proves that since energy prices are
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expected to continue to increase, and financial support
will increase with a decrease in total national income,
the development of cost-effective support policies will
be a key policy task in EU countries.

In addition to the political situation, issues regard-
ing the deterioration of the environmental situation
in the world and the issue of transition from renew-
able energy sources (oil, coal, gas) to renewable energy
sources (RES) remained relevant. According to forecasts
of J.D. Hughes (2014), in the 21st century, the reserves
of hydrocarbon resources will be significantly depleted,
and including the growth of the Earth’s population, the
level of energy consumption will increase.

Increase in prices on energy markets and the threat
of instability in the energy resources supply led to a
more active implementation of planned measures to
ensure climate neutrality. What was previously planned
for environmental concerns with the increase in energy
prices, has gained economic advisability. Considering
the challenges facing the global community and indi-
vidual countries in connection with climate change (in
particular, the summer drought in Europe), the issue of
energy security is becoming increasingly relevant. And
although it is difficult to deny the importance of tran-
sitioning to more ecological energy sources as soon as
possible, states actually have to perform a difficult dual
task: on the one hand, reducing the harmful influence
on the climate, and on the other hand, continuously
providing their countries with sufficient amounts of en-
ergy carriers and their maximum supply.

The main purpose of the study is to analyse the
regulatory measures of the European Union energy sys-
tem security in terms of unpredictable actions of the
main supplier of energy resources.

POSSIBILITIES AND RISKS OF EUROPEAN
ENERGY AND ENVIRONMENTAL SECURITY
Energy security should be understood as the ability of
the state represented by its governing bodies to provide
end consumers with energy in the necessaryamount and
appropriate quality under normal conditions, including
during the action of destabilising factors (emergency
situations) of an internal or external nature within the
guaranteed coverage of the minimum amount of the
country’s most important needs, its individual districts,




cities, villages or objects in fuel and power resources.
The European energy security system is based on cate-
gories of availability and acceptable level of prices for
energy resources. M. Stetsyuk (2021) suggests that the
dependence on russian energy could be reduced by di-
versifying energy carriers into alternative ways of sup-
plying liquefied gas imported from Egypt, Israel and the
countries of the Middle East and that are the compo-
nents of energy security, such as consumption and sup-
ply. According to Z. Kovacic and L.J. Di Felice (2019), it is
almost impossible to form a relevant picture of energy
security based only on the analysis of scientific pub-
lications and documents. That is why the found data
cannot be re-approved at the legislative level or agreed
upon without partial loss of valuable information.

Based on the theory of resource dependence pre-
sented by J. Colgan (2013), the russian-Ukrainian war
from the perspective of energy and energy markets
began as early as 2014. It was the deployment of hos-
tilities on the territory of Ukraine and the annexation
of the Crimean Peninsula by russia that caused the
energy confrontation. According to J. Johannesson and
D. Clowes (2022), one cannot deny russia’'s extreme de-
pendence on profits from the export of energy prod-
ucts to Europe, and Ukrainian energy pipeline systems
are a direct potential and competitive threat to russian
energy exports. V.S. Herindrasti (2022) suggests that at
this stage of the transition of the EU countries from the
usual energy resources to alternative ones, there is an
emergence of inequality in the speed of transformation
of energy systems. This phenomenon may leave a nega-
tive mark on the energy security of the European Union.
The world population is constantly growing, leading to
a rise in the global energy use carriers, according to G.
Cotella and S. Crivello (2016), in the long-term perspec-
tive until around 2050, the growth of the world demand
for energy is predicted by another 100%.

Trends in the global environmental situation are
worsening, according to H. Ritchie et al. (2020), carbon
dioxide emissions increased from 1.95 billion tonnes in
1900 to 36.44 billion tonnes in 2019. As of 2019, the
largest emissions volumes were registered in the Peo-
ple’s Republic of China - 10.17 billion tonnes, the USA -
5.28 billion tonnes, and also in the EU countries - 2.92
billion tonnes. P. Borawski et al. (2022) notes that a com-
prehensive approach explains the need for legal regu-
lation in conditions of limited resources, as well as the
importance of introducing certain global management
parameters to prevent conflict situations in achieving
energy security of the EU countries. P. Kivimaa (2022), in
the framework of studying the guarantee of energy secu-
rity in the EU states, also considered the process of bal-
ancing between, on the one hand, new energy sources,
and, on the other hand, the growing demand of consum-
ers due to their imports.As R.Sakwa (2022) states in their
publications, natural gas reserves in EU countries con-
tinue to grow and currently their amount are about 75%.

Semenenko et al.

In accordance with the conditions of the Renewable
Energy Directive (2009), the diversification of resourc-
es of energy is planned in the EU until 2030, which
involves the use of a combination of different energy
sources, fuel cycles, energy resources types, relying not
only on natural gas and nuclear energy, but also on
coal, oil, sun, wind, biomass, geothermal energy sources,
etc. T.Walde (1995) provides an evaluation of the Green
Paper - A European Strategy for Sustainable, Competi-
tive and Secure Energy (2006), which can accelerate the
current situation, therefore, the European Commission
introduced political support for an alternative energy
transition aimed at building a climate-neutral conti-
nent in EU countries. The cooperation of the Interna-
tional Energy Agency (IEA) (2022) and the International
Renewable Energy Agency (2022) will develop a global
energy security, which would resolve the issue of gas
and oil market dissonance, mitigate geopolitical ten-
sion and uncertainty to achieve reliability and availabil-
ity energy in the context of environmental challenges.
The activation of investment in alternative energy
sources and the introduction of energy saving at the
national level will be a logical result of the increase in
the price of non-renewable types of energy. Meanwhile,
the rise of the price of natural gas may trigger a switch
to coal. An increase in tariffs for carbon emissions may
also be applied to regulate the environmental situa-
tion at enterprises. However, global fossil fuel prices
will decrease in the future. Renewable energy sources
(RES) (solar, wind, marine, geothermal, and bioenergy)
are considered as a “critical point” in interstate energy
relations and are completely changing the landscape of
international relations. The process of transition from
one dominant type of energy to another is revealed in
the most exciting way in the view of geopolitics in the
global dimension. The fact is that fossil fuels will end
one way or another, and then the question of using re-
newable types of energy will arise. Energy emphasis
will be transferred from one country to another as soon
as traditional types of energy are replaced by alterna-
tive ones. This process will also have an impact on the
strategies and models of concluded energy relations
between the countries (Ari et al., 2022).

CURRENT SITUATION OF DEPENDENCE
OF EU COUNTRIES ON rUSSIAN GAS
Today, the Southern Gas Corridor is the main project
for the diversification of European energy security. The
project will enable the countries of Central Asia and
the Middle East to export such an important resource
as natural gas to the member countries of the European
Union. Statistics for 2022 from the International Energy
Agency (2022) show that it is known that the Middle
East has the largest share of natural gas reserves of
more than 40%. In the recent 20 years, consumption of
natural gas and oil reserves in the region has increased
by 30%, mainly with the help of the discovery of new
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fields in Qatar and Iran. The CIS countries rank second
in terms of the volume of deposits, their share is more
than 30% of the global stocks of natural gas, and the
share of the russian federation is more than 20%. How-
ever, over the past two decades, the russian federation
gas reserves have increased by 13% and reached 37.6
trillion m3 compared to Iran’s reserves of 32.1 trillion m3
and Qatar of 24.7 trillion m> The volume of deposits
of the United States of America is 12.6 trillion m?, and
Turkmenistan is 13.6 trillion m3. Other countries in the
world do not have large deposits, the largest, for exam-
ple, in Norway, but the main European gas producer has
reserves of only 1.5 trillion m>. At the same time, natu-
ral gas reserves in the EU amount 0.4 trillion m? or only
0.2% of the global (EU gas storage..., 2022). According
to the President of the European Commission, Ursula
von der Leyen, due to the gradual rejection of russian
raw materials, the supply of liquefied natural gas from
the USA to Europe increased by 75% compared to 2021.

Measures are being taken against the russian fed-
eration in the form of an antimonopoly process against
Gazprom to eliminate obstacles in the natural gas flow
to EU countries. According to EU statistics, an average
of 43% of all gas brought to the European Union in
2020 came from the russian federation. However, as of
mid-2022, the EU countries most dependent on pipe-
line gas supplies from the russian federation are: Ger-
many, ltaly, Poland, Bulgaria, and Austria (Khattak et al.,

2018). First, the countries that are members of the Eu-
ropean Union plan to significantly reduce (by a third)
the consumption of russian gas by the end of 2022. In
August 2022, an unusually rapid reduction in gas flows
could be observed. Some of them were reduced by the
states, others were stopped by Gazprom. It is worth not-
ing that some countries of the European Union have
completely abandoned the consumption of electricity
from russia. Among such countries are Estonia, Lithua-
nia, and Latvia, which completely cut off the supply of
russian gas in April. Bulgaria, Poland, and the Nether-
lands also announced their lack of intention to extend
gas supplies from russia. In total, due to the refusal of
countries to cooperate in energy or due to the cessation
of supplies to the russian federation, Finland, Denmark,
the Netherlands, Bulgaria, and Poland stopped energy
consumption from Gazprom. As for the decisions made
by Gazprom, in June-July 2022, gas supplies by the com-
pany to Italy were reduced by 15% and to Germany by
60%. The situation with gas supplies to Moldova re-
mains unclear. Slovakia also supported the initiative to
reduce the consumption of russian gas, reducing sup-
plies in 2022 by 66%. The supply of energy resources
is used by russia as a weapon to punish the European
Union for imposing sanctions and to put more pressure
on European countries. Data for August 2022 show that
gas consumption from russia by EU countries decreased
by 42% (Table 1) EU gas storage..., 2022).

Table 1. Features of agricultural organisation transactional expenses accounting

russian federation’ russian federation’

dependence on

EU countries
dependence on the

EU countries Stopped in 04-08,

Countries gas implort in 2020, gas pr'odu.ct.ion in3 russian energy russian federation’ gas 2022 (in relation to
in Tl 2020,in billion m carriers, % in 2020, in billion m* 2020)
Austria 305.616 8.0 76 6.1
Belgium 633.872 16.6 8 1.3
Bulgaria 102.234 2.7 73 2.0 2.7
Greece 206.346 5.4 39 2.1
Denmark 86.828 23 - 0 23
Estonia 14.376 0.4 46 0.2 0.4
Iceland 190.695 5.0 0
Spain 1.168.586 30.6 11 3.23
Italy 2,448,407 64.0 41 26.2 54.4
Latvia 38.111 1.0 100 1.0 1.0
Lithuania 82.553 2.2 50 1.1 2.2
Luxembourg 26.011 0.7 25 0.2
Malta 12.820 0.3 0
Netherlands 1.316.248 344 36 13.36 34.3
Germany 3.118.859 81.6 46 373 32.6
Cyprus - 0 0 0
Poland 715.468 18.7 46 8.69 18.7
Portugal 216.612 5.7 10 0.55
Romania 382.802 10.0 9 0.86
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Table 1, Continued

Slovakia 170.552 4.5 88 3.94 2.0

Slovenia 30.795 0.8 12 0.09

Hungary 366.421 9.6 111 10.6

Finland 87.792 2.3 68 16 2.3
France 1.463.842 38.2 20 77

Croatia 100.733 2.6 0 0

R(S;EETic 304.646 8.0 86 6.9

Sweden 52.459 14 14 0.19
Total 356.9 139.9 152.9

Source: EU gas storage and LNG capacity as responses to the war in Ukraine (2022)

Compared to the average norms for the supply of
natural gas to the EU from russia in 2021 (3 billion m?
per week), at the beginning of August 2022, there was a
positive trend in reducing imports of energy resources
(1 billion m* per week). Moreover, the supply of RUSSIAN
gas through the Yamal-Europe pipeline was completely
stopped. Because of this, russia used only 40% of the
transit capacity of the Ukrainian transit system, which
was previously paid for and reserved. In addition, russia
completely stopped the supply through “Nord Stream-1".
Gas prices have more than tripled since the start of 2022,
with serious consequences for commercial and retail
customers. The reduction in supplies has significantly
raised the European gas price. To increase the reliability
of energy supply in the EU, its member states agreed
on July 26, 2022 to voluntarily reduce gas consumption
by at least 15% (drawing a parallel with the average
amount of consumption over the past five years). The
established changes entered into force from August 1,
2022 to March 31,2023 (Member states commit...,2022).

Germany, seeking to contribute to global climate
change, has implemented a strategy of refusal of nu-
clear energy and coal by 2022, so as of August 13,2022,
it was particularly dependent on RUSSIAn natural gas
inflows. However, at the national level, Energy Security
Act press release called for a 20% reduction in natural
gas consumption to prevent gas shortages in winter.
Specific energy-saving measures were indicated: low-
ering the minimum heating temperature in work plac-
es, population, administrations and companies to 19°C.
In addition, gas suppliers and landlords should inform
customers and tenants of their expected gas consump-
tion and associated with is costs from the perspective
of potential savings. Specific energy-saving measures
were suggested: a ban on heating private swimming
pools, aesthetic lighting of residential buildings, shops
and advertising at night. Germany will additionally
need to purchase about 10 GW of liquefied gas from
the USA to compensate for the missing supplies from
the russian federation.

Italy's strategy to reduce dependence on the russian
federation is based on efforts to replace non-renewable

energy resources and gradually abandon the import of
russian natural gas. In particular, the Italian govern-
ment plans to reduce the volume of gas imports from
the russian federation from 40% to 25%, respectively. It
is also necessary to accelerate investments in renew-
able energy sources without specifying unforeseen cir-
cumstances, plans to increase the storage level of this
energy. Moreover, Italy introduced certain measures in
May that relate to the temperature in public buildings.
Compared to Italy and Germany, France's dependence
on gas supplies from russia is much less. For this rea-
son, France presented an "energy sobriety" plan, accord-
ing to which the country will achieve energy savings of
more than 10% in 2 years (compared to 2019). Spain,
which is even less dependent on russian supplies, has
already adopted a number of measures, such as limiting
the temperature of cooling, heating, and electric light-
ing in public places. Implementation of the programme
to promote investments in alternative kinds of energy
and energy savings would lead towards 7% of the total
energy savings by March 2023.

Exports of russian oil and energy raw materials to
Europe, the United States of America, Japan, and South
Korea have decreased since the beginning of the war,
but losses in production have been reduced due to the
diversion of flows from other countries like India, China,
and Turkey, and domestic demand in russia itself. In July,
oil production in russia was just 3% of pre-war levels,
and oil exports also fell by less than 2%. Income from
russian oil exports decreased from USD 21 billion to 19
USD billion in June 2018. However, according to russian
customs, the total amount of 10 incomes for the full
year of 2021 is USD 111 billion. Oil exports were also
reduced inertially, by 115,000 barrels per day (BPD), to
7.4 million BPD.

The International Energy Agency (2022) notes that
Western sanctions have so far had only a limited impact
on russian oil production: an embargo on sea imports
of russian crude oil (about 90% of oil imports into the
EU),a ban on the import of oil products, except for pipe-
line oil. Temporary measures on the consumption of oil
and petroleum products were provided for contracts
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execution on global market and existing contracts, six
months for marine crude oil and eight months for pe-
troleum products, which are not expected to take full
effect until December 2022 and February 2023, respec-
tively. A further reduction in the supply of russian oil is

the desired result of the EU ban on its imports from the
russian federation. It is associated because the russian
federation will definitely have to find new sales mar-
kets for 1 million barrels per day of oil products and 1.3
million barrels per day of crude oil (Table 2).

Table 2. russian oil export, mbpd

Oil consuming states 08.2021 01.2022 02.2022 03.2022 04.2022 05.2022 06.2022

EU oil 21 23 24 21 21 20 1.8

EU petroleum products 1.3 1.5 1.6 1.3 14 1.3 11
USA + Great Britain 0.7 0.6 0.9 0.2 0.1 0 0
China 1.6 1.7 1.6 1.8 1.8 20 1.8

India 0.1 0.1 0.1 0.5 1.0 1.0 0.8

Turkey 0.2 0.2 0.2 0.4 0.4 0.3 0.4

Central Asian countries 0.4 0.4 0.3 0.3 0.3 0 0.1
Other states 1.2 1.1 0.9 1.0 0.9 1.0 1.4
Total 7.5 8.0 79 7.7 79 7.6 74

Source: National Policies to Shield Consumers from Rising Energy Prices (2022)

The lowest level of crude oil exports in the russian
federation fell on August 2021. Then the total volume
of external supplies amounted to 7.4 million barrels per
day, which is 250,000 barrels less than usual. However,
in the case of the export of petroleum products, the sit-
uation remained stable: 2.4 million barrels of products
were exported per day. Meanwhile, export income in-
creased by USD 700,000 per day up to USD 20.4 billion
per month, which is 40% higher than the previous year’s
average due to increasing crude oil prices (Internation-
al Energy Agency, 2022).

Low level of taxation of the oil and gas sector: the
russian budget for July underestimated additional tax
income from this economical sector by RUB 74.7 bil-
lion (USD ~1.3 billion) (that is, the actual tax income
turned out to be lower than expected by the Ministry
of Finance). According to the Ministry of Finance, total
income from the oil and gas sector in July amounted
to RUB 770.5 billion, down 22.5% compared to July 21.
For example, revenue from export duties was down by a
third compared to the previous year. Oil and gas income
in June amounted to RUB 138.9 billion (USD ~2.4 bil-
lion), higher than the forecast of the Ministry of Finance.
Oil and gas income in May amounted to RUB 263.7 bil-
lion (USD ~4.2 billion), higher than the forecast of the
Ministry of Finance. In April, the russian budget showed
that tax income amounted to RUB 1.3-3.1 billion. In the
russian budget as of March, tax income from the oil and
gas economical field were short-received by RUB 302
billion (USD ~2.9 billion) In the russian budget as of
February, tax income from the oil and gas sector were
short-received by RUB 216.4 billion (USD ~2.8 billion),
but for January income were short-received by RUB 74.8
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billion (USD ~1 billion) deficit (Energy Security: Reli-
able..., 2022). The diversification of the energy supply
sources of the EU countries can be determined both by
the consequences of energy cooperation and by various
political aspects. In the context of business relation-
ships the states of the European Union with russia, it is
necessary to focus on the following directions: military
aggression of the russian federation against Ukraine,
which endangers the reliability of the energy security
system in EU countries; ensuring stable energy sup-
plies; reducing the energy dependence of the European
Union on russia through cooperation with third coun-
tries; diversification of transport routes, suppliers; RES.

DYNAMICS OF DEVELOPMENT

ENERGY SYSTEM IN EU COUNTRIES
Currently, the most progressive in the advance of alter-
native energy are the USA and the countries of the EU.
Their mission is to minimise the number of pollutions
from energy enterprises. In the event of minimising
Europe's energy dependence on russian resources, the
issue of guaranteeing the EU's energy security system
can be solved. Decreasing consumption of energy and
rising the overall level of energy efficiency can also
have a positive effect. Implementation of the plans is
possible with the use of RES that have sufficient poten-
tial to ensure the energy consumption of the European
Union countries.

Therefore, in the course of the study, it was estab-
lished that EU countries operate in two dimensions of
energy security: external and internal. The internal di-
mension takes place in the EU itself and includes the
implementation of energy security measures between




member states, regulated by the Lisbon Convention
standards. As for the external dimension, it includes the
relations normalisation in the area of energy security
between the EU and partner countries. Legal regulation
of these relations is also carried out in accordance with
the security criteria of supply, secondary legal criteria
set forth in proposals, agreements with third countries
participating in the energy supply chain. Providing
energy security suggests that the EU member states
implement a coordinated policy in the foreign policy
arena. The European plan to ensure sustainable, com-
petitive and secure energy system is defined by general
instruments of foreign energy policy. However, T. Lan et
al. (2022) suggest a quick resumption of work in accor-
dance with the Green Book of the European Commission,
which includes partnership relations with manufactur-
ers, countries of transit,and other international entities.

Currently, the International Energy Agency (2022)
community ensures around 75% of the worldwide
energy requirement for more than 5 billion users. On
August 11,2022, the IEA published the “Oil Market Re-
port”, which applies to the switching between gas and
oil as well as to the rising usage of oil demand to pro-
duce more electricity. In July 2022, oil supplies reached
their post-pandemic high, so the IEA revised its forecast
for global oil supply towards higher consumption, in-
dicating that the decrease in russian supplies is more
limited than previously expected. Recently, a bilateral
Declaration of Association was signed between Ukraine
and the IEA that will allow participation in the summits
of the permanent groups and committees of the IEA, as
well as in personal ministers meetings.

Analysis of the EU energy security structure allows
stating the need to use a wide range of energy resourc-
es, such as: nuclear energy, natural gas, crude oil, coal,
hydropower, biomass and waste, wind, solar radiation,
geothermal energy, tidal energy, etc. Scientific progress
based on the decarbonisation of the energy economy
and the minimisation of harmful effects on the envi-
ronment will allow the formation of the latest RES. This
step will dramatically decrease the intake of fossil fuels
within the European Union. Among the leading factors
of the further alternative energy development within
ensuring the energy security of the EU member states
could be called: the ability to provide states with in-
dependence from the import of energy carriers and to
positively influence global economic processes by es-
tablishing stable pricing.

The change of course in the energy security system
of the EU member states due to the supply of liquefied
natural gas, oil and coal, and the further course towards
the RES development and the replacement of natural
gas with other types of energy (for example, electricity)
deserves special attention. In particular, for this pur-
pose, Austria is introducing restrictions on electricity
prices for the period from December 2022 to June 2024.
LV. Perevozova et al. (2022) emphasise the increase in
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LNG supplies as of June 2022, where the USA delivered
more LNG to the EU by tankers than was delivered by
pipelines from the russian federation during the same
period of time, but access to LNG requires the EU states
to build special import terminals and integrate them to
their gas networks.

Inthe area of energy security,an external dimension
has been suggested between the relations of Ukraine
and the EU, because Ukraine is taking all necessary
measures before becoming a member of the EU. This
is evidenced by the agreement signed on December 18,
2009, after which Ukraine became a full member of the
Energy Community. Crises encourage the EU countries
to take the discourse towards ensuring energy security
more intensively. For example, during the previous en-
ergy crisis between Ukraine on the one hand and rus-
sia on the other, the EU states were concerned about
ensuring that russian gas supplies were as intense as
before. R. Ktaczynski (2022) suggests that the EU coun-
tries insist that gas transit from russia should still take
place through Ukraine as an important transit territory.

Renewable energy, which has huge potential in the
EU countries, is gaining high popularity. The EU is build-
ing mechanisms aimed at developing an algorithm for
the implementation of alternative energy sources. In
addition, environmental and climate problems regard-
ing CO emissions from burning natural gas are growing.
European societies are ready for the transition from the
generally accepted use of energy resources to ‘green”
energy. The economy of the EU countries is energy-con-
suming, because electricity production, gas and water
supply alone account for a third of total energy con-
sumption. The implementation of big new investments
in RES projects, exploration of new oil and gas depos-
its, construction of pipelines, new nuclear reactors is
an urgent line of EU energy security. L.V. Yakovyuk and
K.V. Tsypyshchuk (2021) emphasise that, on the one
hand, energy carriers from the russian federation solve
in the long term the problems of outdated equipment
and low energy and economic efficiency, and on the
other hand, 60% of equipment is outdated, and in oil
refining 80% of capacities are at a disappointing age
from 30 to 60 years.

The EU states really depend on the gas of the rus-
sian federation. For this reason, one way or another,
part of the system of energy security in the Europe is
the stability of the supply of energy products from the
russian federation. For example, russia has positioned
the South Stream 1 and Nord Stream 2 projects as op-
tions for strengthening energy security in European
countries. However, with the beginning of russia's ag-
gression against Ukraine, the “REPowerEU” energy se-
curity plan was approved, which should reduce the EU's
energy dependence on russian gas to zero by 2027.

By limiting the EU's dependence on russian oil and
gas, the russian federation will lose its market, which
will force it to export resources to China and other Asian
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countries. According to L. Tichy (2020), it is established
that from the supply side of oil and gas fields in West-
ern siberia, consumption there will definitely decrease.
Thus, in the future, the energy sector of the russian fed-
eration should move to Eastern siberia and the Arctic,
requiring new infrastructure, the development and ap-
plication of advanced technologies to strengthen the
dependence of the russian federation on commercial
partners from outside. The studied issues of energy
security in the EU countries somehow collide with the
russian energy sector, and it will not be without nega-
tive consequences. The discussion of the consequences
depends primarily on how far the russian federation
will continue to monopolise the energy sector, without
competition from private and foreign holdings. An im-
portant and urgent task of Ukraine today is to explore
the relevant mechanisms of energy security and deter-
mine the EU strategy, as an import-dependent country
to ensure resistance to possible energy shocks, inter-
ruptions in the supply of energy carriers in the short
term, and to reduce dependence on specific fuel types.

CONCLUSIONS
As part of this study, it was found that in order to ensure
the energy security of the EU and reduce dependence on
the russia’s sources of energy, the values and standards
of energy security are used. In order to successfully build
new energy sectors in the EU countries, it is necessary
to establish public and private ownership balance in
the energy sector. In the case of energy security deter-
mination, it is not the problem of unifying approach-

regulatory framework for regulating the energy sector.
Therefore, it is necessary to agree on the positions of
researchers and adopt important acts in this area, con-
sidering the conclusions of researchers. The study also
determined that with the loss of russia's permanent
exporters of gas and oil products, the situation in the
energy market of the russian federation may begin to
develop towards the East, selling energy resources to
China and other Asian countries. From the perspective
of improving energy security in the European Union,
it is important for countries to switch from non-re-
newable types of energy to alternative ones, as well
as to reduce the total volume of energy consumption.

The price crisis in the energy market has shown
that the EU is too dependent on carbon fuels. In the
mid-term, biomethane and hydrogen will be the basis
for decarbonisation in a wide range of sectors and in-
crease EU autonomy through domestic production. Ac-
cording to experts’ forecasts, in the future until 2040,
there will be further steady growth of renewable en-
ergy. The course taken by the European states towards
the alternative energy sources development of was
once again confirmed by the dramatically changed cir-
cumstances in the energy area with the onset of the
energy crisis in 2022, which was provoked by the russia
war aggression against Ukraine. Despite the fact that
currently the studied issues are in a state of rapid dy-
namics, the methods and solutions determined during
the study will not lose their relevance.
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AHortauis. KpaiHu €sponeiicbkoro Colo3y nepexxuBatoTb NepLly B iCTOpii CNPaBXHI0 06anbHy eHepreTuyHy Kpusy,
MaluM Ha yBasi, WO HAAIMHICTb Ta MOX/MBICTb OTPUMAHHSA HEOOXiAHOT KiNbKOCTI eHepropecypciB € OCHOBOW
MOBHOLHHOMO YHKLiIOHYBaHHA Ta NOAANbLIOrO CTaNoro CouiaNbHO-EKOHOMIYHOMO PO3BUTKY KpaiH. MeToto
LOCNIIKEHHS € aHANI3 3aX0AiB peryntoBaHHs eHepreTMYHOI Ta eKonoriyHoi 6esnekn Esponericbkoro Cot3y B yMoBax
HenepenbayyBaHWX Aii OCHOBHOrO NOCTavajbHMKA eHepropecypciB. BUKOpUCTaHO kOMMeKC 3aranbHOHAyKOBUX
Ta cnewuiaNbHMX METOAIB HAYKOBOMO Mi3HAHHS: ICTOPUYHMIA METOf, i3 CUCTEMHUM aHaNi30M eHepreTM4yHOro npasa;
CTPYKTYPHO-GbYHKLIOHANbHMI METOA,; CUHTE3; AedyKuis Ta iHAyKuig. Y pesynbtaTi NpoBeAeHOro AO0CAIAKEHHS
BM3HAYEHO OCHOBHI HanMpsMW NiABULLEHHS eHepreTuyHoi 6e3nekn €sponedicbkoro Coro3y HA OCHOBI HAayKOBMX
Nporpam 3 BUKOPUCTAHHAM BiQHOBIHOBAHUX AXepen eHeprii, Ki NOCTYNOBO 3MEHLYIOTb MOMUT HA OpraHiyHi BUKOMHI
BMAM NanuBa (NpUpoAHUI ras, HadTa, Byrinng, Topd, roptoyi cnaHui). Takox oxapakTepu3oBaHO CUTYaLLit0 3a1eXHOCTI
KpaiH €C BiA ekcnopTy pOCIMCbKMX eHepropecypcis Ta MPOINOCTPOBAHO MpoLeC 3MiHWM eHepreTMYHOI MONITUKK
€C. JocnipxeHHsa MICTUTb aHANi3 €KOMOriYHOro acnekTy 3MiHWM cuTyauii 3 eHepreTMyHo Besnekoto B €C, a TaKoX
MPOrHO3K LWOA0 CUTYaLlii Ha MDXHapOAHOMY eHepreTMYHOMY PUHKY pocii. OCHOBHI TEOPETUYHI NONOXEHHS, BUCHOBKM
Ta NPaKTUYHi pekoMeHAauii B ranysi eHepreTM4YHoro puHKY CNpUSTUMYTb NMPUCKOPEHHI0 AuBepcudikauii puHKY
NpupOAHOro rasy B YkpaiHi B yMOBaX NPUEAHAHHSA [0 eHepreTMYHoro puHky €sponericbkoro Cotosy
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