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Abstract. The most common nematode in rabbits is passalurosis, and
climate change in Ukraine in recent decades has altered the epizootic
manifestation of this parasitosis, which predetermines the relevance of
this study. Therefore, the purpose of this paper was to establish the
epizootic situation regarding the passalurosis invasion and to investigate
the pathological and histological changes in both the large and small
intestines of rabbits with a high degree of damage by Passalurus ambiguus.
The study used the McMaster method, the improved method of incomplete
helminthological dissection according to K.I. Scriabin Private households
in the Polissia zone of Ukraine were found to be the most vulnerable in
terms of passalurosis infestation, where 37.70-41.67% of sick rabbits were
registered. In the seasonal aspect, the highest infection of animals was
found in winter (invasion extensiveness (IE) was 35.27%), with a peak in
January (IE = 35.29%), the lowest - in summer (IE = 25.79%). Rabbits aged 1
to 2 years had the highest incidence of the pathogen Passalurus ambiguus
(82.76%). It was found that with a high degree of damage (invasion
intensiveness (II) - 2446.67 + 422.11 eqggs in 1 g of faeces) rabbits with
passalurosis had catarrhal and catarrhal-haemorrhagic inflammation,
swelling of the mucous membrane of the intestines with dotted or striped
haemorrhages. The destruction of the villi of the mucous membrane of the
small, caecum, and colon, crypt cells and infiltration by lymphocytes and
monocytes, severe swelling of the submucosal base and muscle membrane,
and a state of granular dystrophy of all smooth muscle cells of the muscle
membrane were established. The detection of seasonal, age-related, and
pathological-histological changes in rabbits with passalurosis will allow
controlling the degree of infection of animals and promptly taking effective
countermeasures, which predetermines the practical value of this study

Keywords: nematodosis of rabbits, Passalurus ambiguus, passalurosis, invasion
extensiveness and intensiveness, histological changes
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INTRODUCTION
Rabbit breeding in Ukraine is a major area in the de-
velopment of meat breeding. Parasitosis is a restraining
factor in the development of the industry. In the body
of an animal of this species, several types of parasites
can be localized, which form a parasitocenosis, and de-
termine the relevance of this study.

One of the most common nematodes in the para-
sitocenosis of rabbits is passalurosis, which is caused by
the pathogen Passalurus ambiguus Rudolphi, 1819 of the
Oxyuridae family (Sheng et al., 2015; Sultan et al., 2015).
Helminths parasitize in the caecum and large intes-
tine of animals and lead to various digestive disorders,
weight loss, and with a high degree of exposure even
to death (Pilarczyk et al., 2008; Abdel-Gaber et al., 2019).

According to N.M. Hussein et al. (2022), infection
of animals with the Passalurus ambiguus pathogen in
rabbit farms in Egypt reaches 45%, and in Italy - up
to 82.3% with the invasion intensiveness from a few
eggs of the pathogen to about 200 specimens in 1 g of
faeces (Nosal et al., 2006). According to scientists, pas-
salurosis of rabbits in Serbia was registered in 17.09%
of animals (Ili¢ et al., 2018), in Italy - 12.9% (Sergi et al.,
2018), in Poland - 21.9% (Kornas et al., 2015), in Iraqg -
10% (Athraa, 2014), 32.37% (Marhoon, 2018), 52.1%
(Al-Moula, 2005). That is, despite a sufficient number
of reports, this disease stays relevant in rabbit farms
around the world today.

When studying the age dynamics of invasion in
rabbits, it was established that animals of different age
groups were invaded differently. In rabbits aged under
one year, the invasion intensiveness of Passalurus am-
biguus was 5.8%, while in adults it increased to 23.3%
(Ilicet al.,2018).0lder animals were more often infected
with nematodes. As a result of reinfestation in 180-day-
old rabbits, the intensiveness of P.ambiguus lesions in-
creased 4.0 times (Prus et al., 2021). With the age of
the animals, the invasion extensiveness increases and
ranges within 26.67-77.33% already in 12 months. The
average invasion intensiveness in 4-month-old animals
is 1,271 specimens of the pathogen, and in 5-7-month-
old animals, it is 2,418 specimens.At the age of one year
and older, with an increase in the invasion extensive-
ness, a simultaneous decrease in its intensiveness was
detected (from 875 to 343 specimen in one animal). Ac-
cording to G. Sioutas et al. (2021), rabbits at 3-6 months
are most prone to passalurous invasion, the invasion
extensiveness in which was 60%, and the invasion in-
tensiveness was higher in animals aged 6-12 months.
However, according to M. Varga (2014), passalurosis is
more dangerous for young than for adult rabbits.

In the seasonal aspect, according to N.M. Soroka
and |.A. Berehovets (2011), in Ukraine passalurosis is
registered almost throughout the year, but the peak of
invasion is observed in the winter-spring period. In ad-
dition, I. Elshahawy and A. El-Goniemy (2018) noted that
the most animals with passalurosis are registered in
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summer (38.3%) and winter (33.3%). Its distribution, ac-
cording to ZK. Terentyeva et al. (2021) is contributed by the
unsanitary conditions of keeping rabbits on unchanged
bedding or floors. The optimal air temperature for egg
development, according to V. Yevstafieva et al. (2021,
2022) is +35°C. This coincides with the reports of B. Boag
(2001), who emphasizes that the maximum percentage
of infected animals was detected in January, and the mini-
mum infection of rabbits was registered already in April.

Pathogenic effect of passalurosis, according to
H.Legendre et al. (2021), depends on the invasion inten-
siveness. Upon crawling out of the anus of the female,
the pinworms cause severe itching in rabbits and thus
disturb the animals. In rabbits, intensive reinvasion by
the causative agent of passalurosis continually occurs,
due to which mature parasites are simultaneously found
in the intestines of animals next to young pinwormes.
The pinworms are tightly pressed to the intestinal mu-
cosa, located between the intestinal villi and oppose
peristalsis; penetrating in numerous instances into the
Lieberkiihn glands, pinworms cause strong mechanical
irritation of the epithelial cells. Research by J. Vadlejch
et al. (2010) found that the pathogens of Passalurus am-
biguus are coprophages, although R. Frank et al. (2013)
sometimes observed haematophagy in pinworms.

According to pathomorphological studies (Voi-
tovska, 2019; Karamushka et al., 2022), toxicosis phe-
nomena are observed in the caecum, colon, mesenteric
lymph nodes, liver, kidneys, heart muscle, in the lungs -
signs of enterotoxemia, and in places of localization
(caecum and colon intestines) areas of necrosis are
formed. Exhaustion is noted in rabbits that died from
passalurosis. Mesenteric lymph nodes are juicy, swollen,
enlarged 2-3 times. Liquid contents in the large intes-
tine.The mucous membrane of the appendix of the cae-
cum is swollen, often with speckled or striped haemor-
rhages, easily peels off and separates from the muscle
layer of the intestinal wall, traumatic injuries of varying
intensity on the vulva and anus. In the chronic course
of passalurosis, S.M. Mykhailiutenko et al. (2019) estab-
lished pathomorphological changes in parenchymal or-
gans (lymphohistiocytic interstitial hepatitis and fatty
and granular dystrophy of hepatocytes were noted in
the liver; necrotic, lipoid, and protein nephrosis, serous
extracapillary glomerulonephritis, diffuse lymphohis-
tiocytic interstitial nephritis in the kidneys; lymph node
hyperplasia in the spleen). At a high invasion intensive-
ness by pinworms, the death of rabbits due to peritonitis
and haemorrhagic colitis is noted.

The climate in Ukraine has changed a lot in
recent decades, which has led to a change in the epi-
zootic manifestation of parasitosis. With the change of
climate in the country, the epizootic situation regarding
this nematode of rabbits was not studied at all in the
entire territory of Ukraine, with only individual regions
described. Therefore, the purpose of this study was to




establish the epizootic situation regarding passalurosis in
Ukraine and to investigate the pathological and histo-
logical changes in the intestines of rabbits with a high
level of invasion intensiveness.

MATERIALS AND METHODS

The spread of passalurosis infestation was investigated
through clinical observation and coproscopic studies
of 1,209 domestic rabbits (Oryctolagus cuniculus) aged
from birth to 4 years in large and small private house-
holds from different regions of Ukraine: Volyn, Dni-
propetrovsk, Zhytomyr, Zaporizhzhia, Ivano-Frankivsk,
Kirovohrad, Lviv, Odesa, Poltava, Kharkiv, Kherson,
Khmelnytskyi, Cherkasy. The age and seasonal dynamics
of passalurosis were studied in rabbits in the territo-
ries of Dnipropetrovsk and Zaporizhzhia regions during
2014-2020. The study was conducted in the scientific
laboratories of the Department of Parasitology and Vet-
erinary Expertise of the Faculty of Veterinary Medicine
of the Dnipro State Agrarian and Economic University.
Passalurus ambiguus eggs were identified based on their
size and morphological characteristics using the atlas
of differential diagnosis of helminthiasis by I.S. Dakhno
et al. (2001). To determine the level of infection of rabbits
with pathogens of Passalurus ambiguus, faecal samples were
examined using McMaster slide (Cringoli et al., 2004).
Therewith, 2 g of faeces were placed in a glass container,
mixed with 28 ml of flotation solution (preferably am-
monium nitrate), thoroughly mixed and filtered through
a strainer. The filtered mixture was resuspended with a
pipette, introduced into the counting chamber and left
for flotation for 2-3 minutes. Under a microscope, all
helminth eggs in the specified fields of two chambers
were counted, multiplied by 50 and the number of eggs
in 1 g of faeces was obtained.

Autopsies and examination of carcasses of slaugh-
tered rabbits were performed using the improved method
of incomplete helminthological dissection according to
K.l. Skryabin in the generally accepted sequence (Skryabin,
1928). For histological examination, small pieces, no more
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than 2 cm thick, of different sections of the intestine
were taken. The sampled biological material was fixed
in 10% neutral formalin solution. The obtained mate-
rial was dehydrated in ethanol of increasing strength,
embedded in paraffin according to generally accepted
methods. Sections were made on a slide microtome (up
to 5 um thick) and stained with Karatsi’s haematoxylin
and eosin. Microscopy of the obtained histopreparations
was performed under an MC 100 LED microscope, and
photomicrography was performed through the NDPL-2
photo nozzle (2x) with a Canon DS12671 camera. Histo-
logical preparations were examined under a microscope
at magnifications: x100, 200, 400.

Statistical processing of experimental results to
determine biometric indicators (arithmetic mean values (M)
and their errors (m)) was calculated using the Microsoft
Excel-16 program.

When working with animals, the provisions of
Article 26 of the Law of Ukraine No. 3447-VI dated
10/16/2012 “On the Protection of Animals from Cruelty”
(Law of Ukraine No. 3447-VI), “General Ethical Principles
of Animal Experiments”, approved on The First National
Congress on Bioethics (Reznikov, 2003), the require-
ments of the European Convention “On the Protection
of Vertebrate Animals Used for Research and Other Sci-
entific Purposes” (European convention, 1986), the Dec-
laration “On the Humane Treatment of Animals” (Universal
Declaration, 2007).

RESULTS AND DISCUSSION

The conditions of natural and climatic zones are of
leading importance in the spread of parasitosis among
rabbits. The territory of the flat part of Ukraine comprises
three geographical zones: Polyssia, Forest-Steppe, and
Steppe, each of which has climatic differences. To es-
tablish the epizootic situation regarding rabbit passaluro-
sis, 1,209 animals from 13 regions of Ukraine, located in
different natural and climatic zones, were investigated.
Infestation of rabbits with passalurosis in different cli-
matic zones is presented in Table 1.

Table 1. Invasion of rabbits with Passalurus ambiguus in households of Ukraine,
depending on the natural and climatic zone (own data; M = m,n = 1209)

Natural and climatic zones Infection rates 2019 2020
o IE, % 41.67 3770
Polissia(p)
11, eggs/g 161.67 £ 2742 162.30 = 28.84
Forest-Steppe(l) IE, % 26.92 26.06
11, eggs/g 116.03 £ 19.20 105.45 £ 17.58
IE, % 39.49 37.19
Steppe(s) Il, eggs/g 18437 + 1741 17824 % 15161
IE, % 36.27 34.12
On average Il, eggs/g 163.20 + 12.40 156,20 + 11.04

Note: [l - significant (p<0.01) difference with the specified group of this year

Source: compiled by the authors
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During 2019-2020, the highest number of pas-
salurosis patients (41.67% and 37.70%) were registered
in rabbits of personal subsidiary farms in the Polissia
zone of Ukraine, simultaneously with an elevated level
of invasion intensity (161.67 * 27.42 and 162.30 * 28.84
eggs per 1 g of faeces, respectively). This zone includes
the surveyed Volyn, Zhytomyr, Ivano-Frankivsk, and Lviv
regions. This zone occupies the northern part of Ukraine.
The climate of Polissia is continental, with mild winters
and humid and warm summers. The average air tem-
perature in July is +17 to +19°C, the average air tem-
perature in January drops to -4.5 - -7.8°C. The average
annual precipitation is 550-650 mm (Vrublevska et al.,
2012). According to the authors, the climate of Polissia

is the most favourable for the development of Passal-
urus ambiguus from the three climatic zones of Ukraine.

It has been established that passalurosis is a
widespread nematodosis of rabbits, which was registered
in households in all regions of Ukraine during 2019-2020.
IE was, respectively, 36.27% and 34.12% (on average
35.20%). The number of parasites in the external envi-
ronment, as well as changes in the physiological state
of the body and the functioning of the immune system,
depend on the season (Duda et al., 2019; Duda et al.,
2020). During 2014-2020, in the conditions of farms of
the Zaporizhzhia and Dnipropetrovsk regions, during co-
proovoscopic studies, seasonal patterns of infection of
rabbits with Passalurus ambiguus were revealed (Table 2).

Table 2. Seasonal dynamics of passalurosis rabbit infestation indicators (M £ m,n = 928)

Seasons
Infection rates
Winter Spring Summer Autumn
IE, % 35.27 34.50 25.79 31.27
I, eggs/g 713.69 = 85.00 207.86 = 39.64 78.73 £ 8.49 200.32 £42.14

Source: compiled by the authors

According to the results presented in Table 2, it was
found that in the summer period of the year, the lowest
IE was found in rabbits with passalurosis (25.79%), the
highest - in the winter period (35.27%). Therewith, the
minimum value of the invasion intensiveness was also
established in summer (78.73 = 8.49 eggs in 1 g of fae-
ces), the maximum - in winter (713.69 * 85.00 eggs/q).
Indicators of infestation by the causative agent of pas-
salurosis of rabbits in spring and autumn were recorded
at the same level, namely IE - 34.50% and 31.27%,

40 -

[l - 207.86 = 39.64 eggs/g and 200.32 £ 42.14 eggs/q,
respectively. The dynamics of the monthly infection of
rabbits with the causative agent of passalurosis was es-
tablished (Fig. 1). The highest indicator of invasion ex-
tensiveness was found in January and February (35.29%
and 35.11%, respectively). With the onset of spring (in
May), the IE decreased to 32.91%, and in the summer,
the IE was the lowest (June) and amounted to 21.43%.
In autumn, the extent of passalurosis infestation in rab-
bits increased, reaching 32.67% in November.
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Figure 1. Dynamics of the invasion extensiveness of passalurosis in rabbits by month

Source: compiled by the authors
Similarly, depending on the season, the indi-

cator of the invasion intensiveness (II) of passaluro-
sis changed (Fig. 2). The highest Il was observed in
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January and February (344.12 + 69.82 and 346.81 *
71.15 eggs/q, respectively), and the lowest - in June
(44.29 = 11.45 eggs/qg).
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Figure 2. Dynamics of the intensity of passalurosis infestation in rabbits by month

Source: compiled by the authors

According to the data obtained in large and small
rabbit farms of Ukraine, the highest rate (35.29%) of infec-
tion of rabbits with passalurosis was noted in January. In
summer (June) this rate is the lowest and was 21.43%, i.e.,

the peak of passalurosis infestation in rabbits observed in
winter.When investigating the age dynamics of passaluro-
sis infestation in rabbits, it was established that animals
of different age groups were invaded differently (Table 3).

Table 3. Age dynamics of passalurosis rabbit infestation indicators (M £ m,n = 928)

Age groups
Infection ge group
rates 1-2 months 2-3 months 3-4 months 4-5months 5-6 months 6-9 months 9-12 months 1-2 years
IE, % 0 23.53 4444 50.00 56.67 7778 81.48 82.76
Il, eqqs/ 0 41.17 133.33 144 .44 376.67 716.67 533.33 479.31
»€995/9 +17.27 + 60.09 +42.95 +96.45 +110.33 + 89.47 £91.96

Source: compiled by the authors

The data presented in Table 3 indicates that no
passalurosis infestation was detected among the rabbits
at the age of 1-2 months. From the age of 2-3 months,
the invasion extensiveness of pasalurosis increased and
in animals aged 1-2 years it was registered in 82.76%
of rabbits. The invasion intensiveness also increased in
animals aged 6-9 months amounted to 716.67 * 110.33
eggs/g.In rabbits older than 9 months,the invasion inten-
siveness of passalurosis decreased and in animals aged

1-2 years it was 479.31 £ 91.96 eggs in 1 g of faeces. The
pathogenic effect of Passalurus ambiguus depends on the
invasion intensiveness (Duda et al., 2019; Shevchik et al.,
2021). As a result of helminthocoproovoscopic studies, it
was established that rabbits suffering from passaluro-
sis had different levels of invasion intensiveness (ll): low
level (Il = 276.47 £ 43.33 eqggs in 1 g of faeces), medium
level (I1=1293.75 + 275,80 eggs in 1 g of faeces) and high
level (Il = 2446.67 £ 422.11 eqggs in 1 g of faeces) (Fig. 3).

Figure 3. Faecal samples of rabbits with different levels of invasion intensiveness

Source: photographed by the authors
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It was found that with a high degree of dam- mucous membrane of the small intestine, the mucous
age to rabbits by passalurosis, catarrhal and catarrh- membrane of the caecum was swollen, with dotted or
al-haemorrhagic inflammation was observed in the striped haemorrhages (Fig. 4).

Figure 4. Small and large intestine of a rabbit affected by Passalurus ambiguus
Source: photographed by the authors

Upon conducting histological studies in the membrane. The submucosa base and muscle mem-
small intestine, distinct microscopic changes were brane are very swollen.All cells of the muscle sheath
established. Strong destruction of villi, disruption of  were in a state of granular dystrophy (Figs. 5; 6). No
the integrity of crypt cells and infiltration by lym-  microscopic changes were detected in the serous
phocytes and monocytes were found in the mucous membrane.

Figure 5. An empty stomach of a rabbit with passalurosis: 1 - destruction of villi; 2 - swelling of the submucosal base;
3 - granular dystrophy of muscle sheath cells; 4 - swelling of the muscle layer

Note: Karatsi’s haematoxylin and eosin, x100

Source: photographed by the authors

Figure 6. Fasting intestine of a rabbit with passalurosis: 1 - destruction of crypt cells; 2 - infiltration of the mucous
membrane by lymphocytes and monocytes
Note: Karatsi’s haematoxylin and eosin, x400
Source: photographed by the authors

Scientific Horizons, 2022, Vol. 25, No. 11




A large amount of cellular detritus was found in
the lumen of the caecum and colon of rabbits with pas-
salurosis. Some of the crypts are destroyed. Relatively
large granuloma-like clusters of lymphocytes and
monocytes were found on the tops of individual folds
of the mucous membrane. The mucous membrane is

S
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infiltrated by a considerable number of lymphocytes
and monocytes. Oedema was found in the submucosa
base (Figs. 7; 8), and in the muscle membrane - oede-
ma, granular and hydropic dystrophy of smooth muscle
cells. Some of the dystrophically changed cells were
destroyed.

Figure 7. Caecum of rabbit with passalurosis: 1 - cellular detritus in the lumen; 2 - destruction of the crypt; 3 -
infiltration of the mucous membrane by lymphocytes and monocytes; 4 - swelling of the submucosal base

Note: Karatsi’s haematoxylin and eosin, x100
Source: photographed by the authors

Figure 8. Caecum of a rabbit with passalurosis: a granuloma-like accumulation of lymphocytes and monocytes at the
top of the fold of the mucous membrane (pointed by an arrow)

Note: Karatsi’s haematoxylin and eosin, x200
Source: photographed by the authors

Therefore, pathogens of Passalurus ambiguus, with
a high degree of damage to the intestines of rabbits, led
to the emergence of a large amount of cellular detritus
in the lumen of the caecum and colon of rabbits, de-
struction of crypt cells, infiltration of the mucous mem-
brane by lymphocytes and monocytes, and oedema in the
submucosa and muscle sheath.

Passalurus ambiguus infestation is one of the most
common nematode diseases in large and small rabbit
farms of Ukraine, and according to the data obtained,
the infestation of rabbits by the causative agent Pas-
salurus ambiguus was 35.20%. Comparable results were
obtained by G. Sioutas et al. (2021), who established that
the level of infestation of rabbits with the pathogen
Passalurus ambiguus in rabbit farms in Greece reaches
31% and I.A. Marhoon et al. (2018) found that rabbits

were affected by this pathogen in Al-Diwaniya province,
Irag - 32.37%. According to V. Yevstafieva et al. (2021),
in the conditions of one-person farms of the Poltava
region, passalurosis was found in an average of 82.09%,
and according to the results of O.S.Klymenko (2015) - in
21.26% of rabbits, while the authors also claim that this
is the most common helminthosis of rabbits.
According to the obtained results, it was es-
tablished that the highest rate of passalurosis in rab-
bits (35.29%) is in January. In the spring, the invasion
extensiveness decreases to 32.91%, and in the summer
(June), this rate is the lowest and is 21.43%. That is, the
peak of passalurosis invasion in rabbits is observed in
the winter period. This coincides with the reports of
B. Boag (2001), who indicates that the maximum per-
centage of infected animals was recorded in January,

Scientific Horizons, 2022, Vol. 25, No. 11
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and the minimum infection of rabbits was detected
already in April. The peak of nematode infestation, ac-
cording to N.M. Soroka et al. (2011), was observed in the
winter-spring period.

Upon the investigation of the age dynamics of
this invasion in rabbits, it was established that ani-
mals of different age groups were invaded differently.
Passalurosis infestation was not detected among the
rabbits at the age of 1-2 months. From the age of
2-3 months, its invasion extensiveness increased and in
animals aged 1-2 years it was registered at 82.76%.The
study results coincide with those obtained by G. Sioutas
et al. (2021), who indicated that rabbits aged 3-6 months
are most prone to passalurosis infestation, and the
invasion intensiveness was higher in animals aged
6-12 months. At the same time, the invasion intensiveness
of passalurosis, according to the present study, was in-
creasing already in animals aged 6-9 months, its decrease
was observed later against the background of a gradual
increase in the infection rate of Passalurus ambiguus
rabbits.

The studies investigating the effect of P am-
biguus on the body of rabbits are outdated and few.
S.M. Mykhailoutenko et al. (2019) described pathomor-
phological changes in rabbits during the chronic course
of passalurosis, i.e., with low Il; ZK.Terentyeva et al. (2021)
described these changes for medium and high Il, where
the main structural changes were revealed only in the
large intestine of rabbits.

According to the obtained data, catarrhal and
catarrhal-haemorrhagic inflammation and swelling of
the mucous membrane of the intestines with dotted or
striped haemorrhages were observed in rabbits with a high
degree of damage by passalurosis. J.R. Jenkins (2004)
also noted that in the presence of up to 500 pinworms
in the intestine there are no changes in the mucous
membrane, in the presence of up to 1000 parasites -
catarrhal inflammation develops, over 1000 passaluro-
sis specimens - haemorrhagic colitis occurs. These data
were confirmed by B. Lord (2012), who noted the death
of rabbits from peritonitis and haemorrhagic colitis only
at a high invasion intensiveness with pinworms. Similar
pathomorphological changes in the intestines are de-
scribed by Z.K. Terentyeva et al. (2021), who indicated
serous-catarrhal and catarrhal-necrotic inflammations
of the large intestine. Mesenteric lymph nodes are en-
larged, hyperaemic, swollen. The mucous membranes of
the caecum, rectum, and anus are hyperaemic, swollen,
with point haemorrhages.

Therewith, according to the results of histological
studies, it was established that the destruction of villi,
crypt cells and infiltration by lymphocytes and mono-
cytes, swelling of the submucosal base and muscular
membrane, granular or hydropic dystrophy of the cells
of the muscular capsule were found in the mucous
membrane of the small intestine, caecum, and colon.
The obtained data coincide with the scientific research
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of M.N. Nermean et al. (2021), who identified similar
pathomorphological changes, namely: Passalurus am-
biguus, penetrating deep into the follicles, caused hy-
perplasia in the lymphoid tissue and cells of the follic-
ular epithelium; granulomatous reaction was induced
due to cellular damage and accumulation of chronic
inflammatory oedema. Comparable results were also
obtained by Szkucik et al. (2014), for chronic passalurosis,
namely destruction of the epithelium of the large intes-
tine, lymphohistiocytic infiltration and oedema of the
submucosal base and muscle membrane.

According to M.Varga (2014), the changes in pas-
salurosis of rabbits are associated with the tight pressing
of nematodes to the mucous membrane between the
intestinal villi, penetration into the Lieberkihn glands
and strong mechanical irritation of the epithelial cells,
as well as due to the effect on the mucous membrane
caused by substances produced P ambiguus (Vadlejch et al.,
2010; Duda et al., 2019).

Thus, mechanical and toxic damage to the intes-
tine by passalurosis with a high degree of damage led
to catarrhal and catarrhal-haemorrhagic inflammation,
swelling of the mucous membrane of the intestines
with dotted or striped haemorrhages. In the mucous
membrane of the small intestine, caecum, and colon, the
destruction of villi, crypt cells and infiltration by lym-
phocytes and monocytes was detected, the submucosa
base and the muscle membrane are strongly swollen,
all smooth muscle cells of the muscle membrane are in
a state of granular dystrophy.

CONCLUSIONS

Passalurosis ambiguus infestation is one of the most
common nematode diseases in rabbit farms of Ukraine,
the infestation of rabbits by Passalurus ambiguus was
35.20%. Rabbits of private households in the Polissia
zone of Ukraine were the most vulnerable in terms of
passalurosis infestation, where 37.70-41.67% of sick
animals were registered.

In terms of seasons, the highest infection rate
for passalurosis of rabbits was detected in the winter
(IE = 35.27%), the lowest - in the summer (25.79%).
The peak of passalurosis infestation in rabbits was
observed in January (35.29%), while in June, the inva-
sion intensiveness is the lowest (21.43%). Passalurosis
infestation was not detected among the rabbits at the
age of 1-2 months. From the age of 2-3 months, its ex-
tensiveness increased. Rabbits aged 1 to 2 years had
the highest incidence of pathogens Passalurus am-
biguus (82.76%).The invasion intensity of passalurosis
also increased and in animals aged 6-9 months was
716.67 £ 110.33 eggs/g. In rabbits older than 9 months,
[l decreased and in animals aged 1-2 years it was
479.31 £91.96 eggs in 1 g of faeces.

Mechanical and toxic damage to the intes-
tine by passalurosis with a high degree of damage
(Il = 2446.67 £ 422.11 eggs in 1 g of faeces) led to




a complex of pathomorphological changes: catarrhal
and catarrhal-haemorrhagic inflammation, swelling of
the mucous membrane of the intestines with dotted or
streaked haemorrhages. Histological examination re-
vealed the destruction of the villi of the mucous mem-
branes of the small, caecum, and colon and cells of the
crypts. In the lumen of the caecum and colon, a large
amount of cellular detritus and relatively large granu-
loma-like accumulations of lymphocytes and monocytes

Prus et al.

on the tops of single folds of the mucous membrane
were found. In the submucous base, a strong oedema
was established, and in the muscular shell - oedema,
granular and hydropic dystrophy of smooth muscle
cells. Some of the dystrophically changed cells were
destroyed. In the future, it is planned to investigate
the microscopic changes in other organs of rabbits with
passalurosis with an elevated level of invasion inten-
siveness.
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Ce30HHa Ta BikOoBa AMHaMiKa Nacanypo3Hoi iHBa3ii KponiB
i naTonoro-ricronoriyHi 3MiHM 3a gaHoOoro HemMaTogo3y

Muxaiino Metpoeuu Mpyc?, Onia BikropisHa Ayaa?, Jloamuna BonogumupieHa Kopeiiba?,
Bbopuc Bonogumuposuu bopuceeuu?, Biktopia BikTopieHa JlicoBa!

'HauioHanbHWit yHiBEpCUTET BiopecypciB i MPUPOAOKOPUCTYBaHHS YKpaiHu
03041, Byn. lepois O6opoHu, 15, M. Kuis, YkpaiHa

2[IHINPOBCbKMI fepXXaBHWIA arpapHO-EKOHOMIYHWUIA YHiBEPCUTET
49600, syn. C. Eppemosa, 25, M. IHinpo, YkpaiHa

AHoTauia. Hanbinblw nowmpeHnMM HeMaToLO30M Yy KpOAiB € Macanypos, a 3MiHa KniMaTy B YKpaiHi 3a OCTaHHi
[ecaTmniTTa npussena A0 3MiHM eni300TUYHOIO NPOsABY AAHOMO Napa3uTO3y, WO 3YMOBIKE aKTYabHICTb BUBYEHHS
uiei npobnemu. Tomy MeToto pob60oTH BYN0 BCTAHOBUTU €Mi300TUYHY CUTYaLLito WOA0 NacanypoO3HOi iHBa3ii Ta BUBUMTU
NaToNoro-ricTONOriYHi 3MiHW 9K Y TOBCTIW, TaK | B TOHKIM KMLLKAX KPOJiB 33 BUCOKOrO CTYMEHI0 ypaxeHHs Passalurus
ambiguus. B poboTi 6yno BukopuctaHo Metog MakMactepa, yA0CKOHANEHMIA MeTO, HEMOBHOMO FeflbMiHTOIOTYHOrO
po3tuHy 3a K. I. CkpsabiHnM. Hanbinbw Hebnaronony4yHUMM LWOAO Nacanypo3Hoi iHBa3ii Oynu BusBNeHi NpuBaTHI
[omMorocnopapctsa 30oHu Monicca Ykpainu, e peectpyBanu Big 37,70 0o 41,67 % xBopux KponiB.Y CE30HHOMY acnekTi
HaMBMLLY 3apakeHiCTb TBAapWH OYyN0 BCTAHOBMEHO B3MMKY (EKCTEHCUBHICTb iHBA3ii (EI) ctaHoBuna 35,27 %), 3 nikom
y ciuHi (El = 35,29 %), HaiHmxuy - BRiTKy (El = 25,79 %). Kponi BikoM Big 1 00 2 pokiB Manu HaMBULLY YpaXKeHiCTb
30ypaHuKoM Passalurus ambiguus (82,76 %). byno 39coBaHO, WO 33 BMCOKOMO CTYMEHK YPaKeHHS (iHTEHCMBHICTb
inBaszii (Il) - 2446,67 * 422,11 seup B 1 1 dekaniin) Kponis nacanypicaMu BigMiYeHO KaTapasibHe Ta KaTapanbHoO-
remMapariyHe 3ananeHHsl, HabpsaKNiCTb CIM30BOi 0OONOHKM KMLIOK 3 KPanKOBMMM UM CMYracTUMM KPOBOBW/IMBAMM
Ta BCTAQHOB/IEHO PYWHYBAHHSA BOPCMHOK CAM30BOI OBONMIOHKM TOHKOI, Cninoi  00040BOI KMLIOK, KAITUH KpUNT
i iHdinbTpauito nimpounTaMmn M MOHOLMTAMM, CUABbHUI HABPAK MiACAM30BOI OCHOBM Ta MA30BOi 0O0NOHKM, CTaH
3epHUCTOi AMcTpodii yCiX Maakux M'A30BUX KNiTUH MA30B0T 06010HKK. BUsSBNEHHS ce30HHMX, BIKOBMX Ta NaTo/oro-
riCTONOrYHUX 3MiH Y KPONiB 33 Nacanypo3sy A03BOSIUTb KOHTPOJIOBATM CTYMiHb 3apaXKEHOCTi TBAPMH Ta CBOEYACHO
BXMBATU eDEKTUBHI 3ax0amn 60pOTbOMU, LLLO 3YMOBIOE NPAKTUYHY LLiIHHICTb Li€i poboTu

KntouvoBi cnoBa: HeMaTono3 Kponis, Passalurus ambiguus, nacanypos, eKCTEHCMBHICTb Ta iHTEHCMBHICTb iHBA3il,
riCTONOriYHI 3MiHM
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INTRODUCTION

The issue of the rapid spread of tuberculosis among
animals and humans has been relevant for many years
throughout the world, as well as in Ukraine. This dis-
ease poses a great epizootological threat and is ac-
companied by considerable economic and social losses
(Pérez-Morote et al.,2020). Two important problems are
still the most understudied. The first is the develop-
ment of anti-tuberculosis preparations to fight infec-
tion (Bihdan et al., 2018; Gotsulya et al., 2020; Hotsulia
etal.,2021).Considerable attention is paid to elucidating
the antimicrobial effect of plant extracts and deriva-
tives of 1,2,4-triazole-3-thiols (Palchykov et al., 2019;
Zazharskyi et al., 2019; Zazharskyi et al., 2020). The sec-
ond is the question of determining all possible ways
of the tuberculosis pathogen entering a previously safe
territory, to interrupt the epizootological chain and pre-
vent new foci of infection. The spread of mycobacterium
tuberculosis is ensured by the exceptional resistance
of mycobacteria to the action of physical and chemical
factors due to the presence of lipids in the composition
of the cell wall, their ability to change to adapt the mi-
croorganism in an unfavourable environment and to re-
sist the protective forces of the macroorganism (Queiroz
et al.,,2017). Changes in the morphology, biological and
biochemical properties of M. bovis are not accidental, they
are related to the maintenance of the viability of the
microbe in the surrounding environment. It is proved
that mycobacteria can change both genotypic and phe-
notypic traits. To survive, mycobacteria can change their
morphological features, tincture, cultural properties, as
well as virulence and enzymatic activity. A typical ex-
ample of the variability of the causative agent of tuber-
culosis is the dissociation of mycobacteria. Dissociative
forms of M. bovis are characterized by a change in the
metabolic processes of the bacterial cell, which contrib-
utes to a wide range of survival of the microbe in the
external environment (Tkachenko et al., 2020).

As a result of adaptation to the conditions of ex-
istence, the pathogen has an expansive range of biolog-
ical and mechanical vectors. M. bovis actively circulates
in nature and maintains its viability due to the large
number of potential reservoirs in nature. Crispell et al.
(2019) described the possibility of both intraspecific
and interspecific transmission of the pathogen. Some
authors demonstrate that insects of various species can
be a source of tuberculosis infection. Thus, Cano et al.
(2018) indicate that Hemiptera insects are potential
carriers of Mycobacterium ulcerans. Silva et al. (2022)
found that Triatomine bugs are carriers of mycobacteria,
namely species of Mycobacterium tuberculosis complex.

During the experimental infection of beetles of
the rice weevil species (Latin Sitophilus oryzae) with
M. bovis by the method of contamination of wheat with
the pathogen’s suspension, it was determined that the
bacteria stay viable in the body of weevils until the
50" day, and are released by the beetles into the
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environment until the 30" day after infection (Tkachenko
etal.,2021).However,the issue of changes in the biolog-
ical properties of mycobacteria after passage through
the body of beetles is understudied and requires fur-
ther research. The expansion of knowledge in this area,
namely on the change in the properties of the patho-
gen due to the replacement of the habitat, is important
and explains the relevance of the subject under study.

The purpose of this study was to figure out the
influence of the rice weevil Sitophilus oryzae on the
biological and biochemical properties of dissociative
forms of M. bovis, to investigate the mechanism of ad-
aptation of mycobacteria in an unfamiliar environment.
The tasks of the study: to establish changes in viru-
lence, viability (by the method of counting the number
of colony-forming units) and biochemical activity of
mycobacterium after passage through the body of beetles
in the dynamics of the experiment.

MATERIALS AND METHODS

The research was conducted in the conditions of the
educational laboratory of the Department of Infectious
Diseases of Animals of the Dnipro State Agrarian and
Economic University during 2020-2021. The subject of
the research is guinea pigs and cultures of the disso-
ciative form of Mycobacterium bovis: the initial culture
of 118 passages (240" generation), which was stored
at 3.0 £ 0.5°Cin the museum of the department, and
cultures obtained after passage through the organism
of the rice weevil (with beetle homogenate 30 days af-
ter infection; from the grain on which the insects were
kept during the experiment after the second to fifth
transplantation (on Days 8,12, 20, and 30 of the exper-
iment) to pre-sterilized grain). This paper is the second
stage of the study. At the first stage, it was established
that beetles can keep mycobacteria in their bodies for
50 days and release them, contaminating objects of the
external environment for 30 days (the methodology
and detailed results of the experiment can be found in
the previous paper). To fulfil the purpose of this study, it
was conducted in three stages:

Stage | (biological research). To determine the
influence of beetles on the change in virulence of the
dissociative form of M. bovis, the original culture of pas-
sage 118, cultures isolated from grain suspensions on
Days 8, 12, 20, and 30, on which infected beetles were
kept,were used,as well as the culture obtained from the
homogenate of beetles on Day 30 of the experiment.

Guinea pigs were divided into 7 experimental
groups and one control group (3 animals in each group).
Animals of the Group | were infected with the original
strain of mycobacteria, which was not exposed to the
body of beetles; Group Il - culture obtained from grain
on Day 4 of the experiment, Group Ill - on Day 8,
Group IV - on Day 12, Group V - on Day 20, Group VI -
on Day 30, Group VII - culture obtained from the beetle
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homogenate on Day 30 of the experiment. The control
group stayed intact throughout the entire study period.
Before infection, the animals were quarantined for
14 days, during which time they were subjected to an
allergy test (tuberculinization) to rule out natural tu-
berculosis. Tuberculinization was carried out by injecting
a process solution (25 IU in a volume of 0.1 cm?) of
PPD-tuberculin for mammals intradermally, the reaction
was recorded after 24 and 48 hours.

Guinea pigs were infected subcutaneously in the
inner part of the thigh with a suspension of experimental
mycobacteria in the amount of 1.0 mg of microbial mass
per 1.0 cm?® of isotonic 0.9% sodium chloride solution.
During the experiment (90 days), the animals were clin-
ically examined and weighed weekly,and on Days 30, 60,
and 90, the sensitizing properties of dissociative forms
of mycobacteria were determined before and after pas-
sage through beetles by tuberculinization. The result of
the biological sample was evaluated by conducting a
anatomical pathology, cultural, and microscopic exam-
ination. After the autopsy, pathological changes in the
lungs, liver, spleen, and lymph nodes were determined.
Virulence was assessed by the degree of damage to in-
ternal organs,which was expressed in points (M.V.Trius
scheme). According to this scheme, specific lesions
were expressed by pluses (“+” - single; “++” - several;
“+++” - numerous nodules) followed by conversion into
digital indicators (each “+” in lymph nodes equals 1; in
the spleen - 2; in the liver - 3; in the lungs - 4), respec-
tively, the maximum index of damage to the body is
30 points. In addition, a suspension was prepared from
internal organs according to the method of A.P. Alikaeva.
The resulting suspension was sown on Mordovsky (“Nove”)
nutrient medium with a pH of 6.5 (an Adwa AD1030 pH
meter was used to determine the pH value).

Stage Il (viability of mycobacteria). At the second
stage of the study, the viability of the microbial cells of
the original culture of mycobacteria and cultures ob-
tained after passage through the body of beetles was
determined by evaluating colony-forming units (CFU)
by conducting serial dilutions. To conduct the research,
Eppendorf-type microtubes were used, in which ster-
ile isotonic 0.9% sodium chloride solution was intro-
duced in the amount of 0.5 cm?® in the first microtube
and 0.4 cm?® in all subsequent microtubes. Test cultures
were collected from the test tubes with a bacteriolog-
ical loop, squeezed between two sheets of filter paper
and weighed 50.0 mg (0.05 g) on a torsion balance. The
weighted mass of mycobacteria was introduced into
microtube No. 1 and suspended by thorough mixing
with a bacterial loop. With an insulin syringe, 0.1 cm?
of the obtained suspension was taken, after which it
was introduced into microtube No. 2, mixed thoroughly,
0.1 cm?® was taken again and transferred to the next
test tube up to and including the tenth. Subsequently,
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0.1 cm? of suspension was taken from each microtube
with separate insulin syringes, which was placed in two
tubes with Mordovsky nutrient medium and distributed
on the surface. In the future, the test tubes were placed
in a thermostat at +37 # 0.5°C.

When determining the viability of microbial
cells of the initial culture of dissociants and the culture
obtained from grain on Day 8 of the experiment, the
calculation was made in the eighth dilution, upon de-
termining the number of CFU of the culture that grew
from the sowing of homogenized beetles on Day 30 of
the experiment and the culture obtained from grain on
Day 12 of the experiment, counting was carried out in
the seventh dilution. When determining the viability of
cultures obtained from grain on Days 20 and 30 of the
experiment, the calculation was made in the sixth dilu-
tion. These dilutions were chosen because at lower dilu-
tions continuous growth was observed,and at higher di-
lutions colony growth was absent. After the occurrence
of colony growth, the number of viable microorganisms
in 1 gram of culture was calculated mathematically.

Stage Il (biochemical activity). The initial culture of
dissociants and cultures isolated after passage through
beetles were examined for changes in biochemical ac-
tivity. Catalase, peroxidase, dehydrogenase activity, the
presence of nitrate reduction and the ability to hydrolyse
Tween 80 were determined.

Catalase and peroxidase activity were deter-
mined simultaneously according to the modified method
of Bogen (1981). A 2.0% solution of hydrogen peroxide
and a 0.5% solution of pyrogallol A were added to the
experimental cultures. Catalase activity was measured
15 and 30 minutes after the reaction was started. Reac-
tions were assessed by visual inspection based on the
turbulent flow and release of the number of oxygen
bubbles: (+++) - considerable release of bubbles; (++) -
moderate; (+) - single; () - no bubbles are released.
Peroxidase activity of dissociants was determined after
1.5-2 hours by evaluating the above reaction. The cal-
culation was carried out visually, determining the for-
mation of brown pigment in the experimental colonies
as a result of the transformation of pyrogallol due to
the action of the peroxidase enzyme into purpurogal-
lin in the presence of hydrogen peroxide: (+++) — dark
brown colouration of the colonies; (++) — brown; (+) -
pale brown; (-) - the colour does not change.

Dehydrogenase activity was established in ag-
glutinating tubes. For this, 4.0 cm® of a suspension of
microbial cells with a concentration of 10.0 mg/cm?®
in a phosphate buffer of pH 7.4-7.6 was mixed with
1.0 cm?® of a 1.0% glucose solution and 0.1 cm? of 0.02%
solution of methylene blue. Sterile vaseline oil was lay-
ered on the contents obtained in the test tube. The test
tubes were incubated in a thermostat at +38 * 0.5°C
and the time of dye discolouration was monitored. The




result of the reaction was evaluated after 15-30 minutes
and 24 hours. Test tubes with mycobacterial suspension
and methylene blue without glucose served as controls.

At the next stage, the nitrate reductase activity
of mycobacteria was evaluated. The presence of nitrate
reduction was determined as follows: 10.0 mg of the
wet biological mass of the experimental culture was
weighed on a torsion balance and placed in a test tube
containing 1.0 cm® of 0.067 M phosphate buffer in
(pH .1) with 0.1% - with sodium nitrate solution. After
suspension, the cultures were seasoned for 20-22 hours
at +37.0 # 0.5°C. Nitrate formation was checked by add-
ing two drops of a 2.0% solution of paradimethylami-
nobenzaldehyde (P-dimethylaminobenzaldehyde) to a
1.0% solution of hydrochloric acid in a test tube.

The hydrolysis reaction of Tween 80 was deter-
mined by the modified method of Wein. The following
reagents were used for the reaction: 1/15 M phosphate
buffer (pH 7.0) - 100.0 cm3, Tween 80 - 0.5 cm?, basic
red 0.1% - 2.0 cm>. All reagents were mixed and poured
into 4.0 cm?® tubes and autoclaved for 15 minutes at
+120.0£0.5°C. Subsequently, the test tubes were placed
in a thermostat for 24 hours to check for sterility. Three
bacteriological loops of each experimental culture
were emulsified in test tubes with a substrate and in-
cubated in a thermostat for 10 days. The reaction was
recorded after 4 hours, on Days 5 and 10. The result
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was considered positive if a pink or red colour appeared
within 10 days, with a negative result, the colour did
not appear. Data in the tables are presented as x £ SD
(standard deviation).

When working with animals, the provisions of
Article 26 of the Law of Ukraine No. 5456-VI “On the
Protection of Animals from Cruelty” dated 10/16/2012
(Law of Ukraine No. 3447-1V), “General Ethical Princi-
ples of Animal Experiments”, approved on The First
National Congress on Bioethics (Reznikov, 2003), the
requirements of the European Convention “On the Pro-
tection of Vertebrate Animals Used for Research and
Other Scientific Purposes” (European convention, 1986),
the Declaration “On the Humane Treatment of Animals”
(Universal Declaration, 2007).

RESULTS AND DISCUSSION

The introduction of a suspension of experimental my-
cobacteria to guinea pigs did not cause clinical and
pathological signs inherent in the course of tuberculo-
sis in any of the experimental groups, an ulcer was not
formed at the place of introduction of the suspension.
During the experiment, the animals were active and
gained weight (Fig. 1). When studying the sensitization
of experimental cultures, it was established that guinea
pigs do not respond to the administration of PPD-tu-
berculin in any of the experimental groups.

——Group No. 1
— Group No. 2
—— Group No. 3

Group No. 4
— Group No.5
— Group No.6
— Group No.7

Group No. 8

7 14 21 28 35 42 49 56 63 70 77 84 90
Day

Figure 1. Dynamics of changes in body weight of experimental guinea pigs during the experiment

Source: compiled by the authors

3 months after infection, the animals were eutha-
nized, and an anatomical pathology study was performed.
In the internal organs (lungs, liver, spleen) and lymph
nodes, no changes inherent in tuberculosis were detected.
The index of damage to the body of experimental guinea
pigs of all groups is O points. When inoculating the sus-
pension from organs and lymph nodes on Mordovsky
(“Nove”) nutrient medium, the growth of smooth, rounded,
even-edged orange colonies was observed, which were

morphologically identical to the dissociative forms of
M. bovis (passage 118) for 8-10 days from the organs of
guinea pigs of I-IV and VIl experimental groups. On Day 12,
no growth was detected from the organs of guinea pigs of
groups V-Vl in test tubes from the control group of animals.

At the next stage of the study, the viability of
microbial cells was established by calculating CFU. It
was found that the number of colonies that grew from
the original culture during the eighth dilution was

Scientific Horizons, 2022, Vol. 25, No. 11

23



Influence of Sitophilus Oryzae on Biological Properties of Mycobacterium Bovis

338.0 = 29.7,and from the culture obtained on Day 4 of
the experiment from the grain suspension - 321.0 £9.9;
onDay8-293.0%15.6 colonies in 6.4x10° mg of micro-
bial mass,i.e.,in 1 gram of culture 528125000.0=5.3x108,
501562500.0=5.0x108 and 457812500.0=4.6x108 viable
microorganisms, respectively.

Viable mycobacteria in the culture obtained from
the grain suspension on Day 12 of the experiment and
the culture from the homogenate of beetles on Day 30
was calculated during the seventh dilution. It was found

that the number of colonies was equal to 350.0 + 43.8
and 442.0 £ 32.5 in 3.2x10* mg of bacterial mass,
respectively. That is, 109375000.0=1.1x10%® and
138125000.0=1.4x108 bacteria in 1 g of culture.

The CFU of the cultures obtained from the grain
suspension Days 20 and 30 was calculated in the sixth
dilution. It was found that 1.6x10-* mg of microbial mass
contains 237.0 # 39.6 and 209.0 £ 24.0 microbial units,
i.e., 14812500.0=1.5x107 and 13062500.0=1.3x107 mi-
crobial units in 1 g of culture (Table 1).

Table 1. Evaluation of colony-forming units of the dissociative form of Mycobacterium bovis
(118 passages) in the dynamics of the experiment

Number of grown colonies on the nutrient medium The
I .. amount
Dilution multiplicity MEm of CFU
in1gof
| 1 1 \% \' Vi Vil VIl IX X bacterial
mass
s it S;rgplle c.g. c.g. c.g. c.g. c.g. c.g. c.g. 317 n.g. n.g.
ource culture : *108
(118 passage) | sample 338.0+29.7 | 5.3*10
No. 2 c.g. c.g. c.g. c.g. c.g. c.g. cg. 359 n.g. n.g.
Culture obtained S;mplle cg ¢cg cg cg cg cg cg 314 ng ng
from grain on 0. 321.0£99 | 50108
Day 4 of the Sample ’ ’ ’
experiment No. 2 c.g. c.g. c.g. c.g. c.g. c.g. c.g. 328 n.g. n.g.
Culture obtained S'a:lmplle cg. c¢g cg cg cg Cg cg 282 ng. ng
from grain on 0. 108
293.0+156 | 4.6"10
Day 8 of the Sample
experiment No. 2 cg. c¢g €cg. cg cg cg. cg. 304 ng ng
Culture obtained S;mplle cg. c¢g cg cg cg cg 319 ng ng ng
from grain on = 3500+ 43.8 | 1.1*10°
Day 12 ofthe | sample ' ' ’
experiment No. 2 cg. c¢g ¢cg. ¢cg cg cg. 381 ng. ng ng
Culture obtained Silmplle cg. ¢g cg cg cg 209 ng ng ng ng
from grain on o. 2370+39.6 | 1.5*107
Day 20 of the | sample ' ' '
experiment No. 2 cg. ¢g ¢cg. ¢cg. cg. 265 ng. ng. ng ng
Culture obtained S;mplle c¢g. ¢g ¢cg cg cg 192 ng ng ng ng
from grain on o. 107
209.0+24.0| 1.3*10
Day 30 of the Sample
experiment No. 2 c.g. c.g. c.g. c.g. c¢g. 226 ng. ng. ng ng
Culture Sample
obtained from No.pl c.g. c.g. c.g. c.g. c.g. cg. 419 n.g. n.g. n.g.
homogenized 442.0+325| 1.4*10¢
beetl Day 30 | Sample
ofiheeseggeri?gent No.p2 c.g. c.g. c.g. c.g. c.g. cg. 465 n.g. n.g. n.g.

Source: c.g. - continuous growth of colonies on nutrient medium; n.g. - no growth

It was found that beetles can reserve and secrete
viable mycobacteria and contaminate objects in the en-
vironment. At the same time, the authors observed a
tendency to decrease the viability of the pathogen iso-
lated by weevils over time. The number of colony-form-
ing units in cultures isolated from grain on Day 4 of the
experiment decreased by 5.03% compared to the initial
strain,on Day 8 - by 13.32%, on Day 12 - by 79.29%, on
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Day 20 - by 97.20%, on Day 30 - by 97.53%, respectively.
The viability of M. bovis in the body of beetles for 30 days
(in the homogenate) decreased by 73.85% from the ini-
tial culture. This may indicate that the body of the bee-
tle is a favourable environment for the reservation of
mycobacteria, and therefore rice weevils may contribute
to the activation of the epizootic process of tuberculo-
sis and mycobacterial infections of animals. As a result




of conducting a biochemical study, it was established that
indicators of the enzymatic activity of mycobacteria are
variable. Passage of dissociative forms of M. bovis through
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the body of the rice weevil led to an increase in the ac-
tivity of the following enzymes: dehydrogenase, nitrate
reductase, and the ability to hydrolyse Tween 80 (Table 2).

Table 2. Biochemical activity of the dissociative form of M. bovis (118 passages) in the dynamics of the experiment (n = 3)

Catalase activity | paroxidase Dehy:::gl?:ynase Nitrate Hydrolysis of Tween 80
activity 2 h reduF tase
15 min | 30 min 15-30 min | 24h | Atvity | 44 ‘ 5 days ‘ 10 days
Source culture (118 passage) ++ ++ - - - * - - +
Culture obtained from grain " -, _ B B . B _ .
on Day 4 of the experiment
Culture obtained from grain " " _ _ + + _ B N
on Day 8 of the experiment
Culture obtained from grain
on Day 12 of the experiment ++ = B - * * - - *
Culture obtained from grain _ _ N _ _
on Day 20 of the experiment ++ = - * *
Culture obtained from grain _ _ _ _
on Day 30 of the experiment * = * * *
Culture obtained from
homogenized beetles " -+ - - = + - - +

on Day 30 of the experiment

Note: + - positive reaction; - - negative reaction; * - doubtful reaction

Source: compiled by the authors

The principle of the catalase reaction lies in the
splitting of hydrogen peroxide under the action of the
catalase enzyme into water and atomic oxygen,which is
accompanied by the release of oxygen bubbles and the

transition of pyrogallol to purpurogallin in the presence
of hydrogen peroxide under peroxidase.All cultures under
study had moderate catalase activity (Fig. 2). Peroxidase
activity was negative in all experimental samples.

Figure 2. Calculation of catalase activity of experimental cultures: A - culture obtained from grain on Day 4,
B -onDay8,C-onDay12,D - on Day 20, E - on Day 30, F - from homogenate of beetles on Day 30

Source: photographed by the authors

When studying the activity of dehydrogenase,
no discolouration of the methylene blue solution was
found in any of the cultures after 15-30 minutes. The
dehydrogenase activity of the original culture and the
culture obtained from grain on Day 4 after 24 hours

was also negative. However, cultures obtained from the
homogenate of weevils on Day 30 of the experiment
and from the beetle-contaminated grain on Days 8, 12,
20, and 30 of the experiment partially decolorized the
solution in 24 hours (Fig. 3).
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Figure 3. Calculation of dehydrogenase activity of experimental cultures: A - culture obtained from grain on Day 4,
B -onDay8,C-onDay12,D - on Day 20,G - on Day 30,D - from homogenate of beetles on Day 30
Source: photographed by the authors

Nitrate reductase activity of mycobacteria lies in  the solution does not change. Investigating the activity
accounting for the reduction of nitrite from nitrate by vi-  of nitrate reduction, it was established that the result was
sual observation of the colour reaction with P-dimethyl-  questionable in the original culture and the culture ob-
aminobenzaldehyde, with a positive reaction, a yellow tained from grain on Day 4, while all other experimental
colour is formed, with a negative reaction, the colour of  cultures acquired the ability to reduce nitrates (Fig. 4).

Eas——— L e
— — —— . —— —— — ——

Figure 4. Calculation of nitrate reductase activity of experimental cultures: A - culture obtained from grain on Day 4,
B -onDay8,C-onDay12,D - on Day 20,G - on Day 30,D - from homogenate of beetles on Day 30
Source: photographed by the authors

The result of Tween 80 hydrolysis in all exper-  result (the formation of a pink-red colour) was found in
imental cultures was negative after 4 hours and after  all the samples under study (Fig. 5).
5 days. However, on Day 10 of observation, a positive

Figure 5. Calculation of hydrolysis reaction of Tween 80 in experimental cultures: A - culture obtained from grain
on Day 4,B - on Day 8, C-on Day 12,D - on Day 20, E - on Day 30, F - from homogenate of beetles on Day 30
Source: photographed by the authors
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Thus, the research results demonstrate that the
passage of mycobacteria through the body of the rice
weevil leads to certain changes in the biochemical prop-
erties of the bacterial cell. However, passage through
insects does not lead to restoration of virulent proper-
ties of dissociative forms of the pathogen. Therewith,
the number of viable cells in the mycobacteria isolated
from the homogenate of beetles and grain contaminated
by them decreases but stays sufficient to infect laboratory
animals.

This study determined the effect of the rice
weevil on the viability, pathogenicity, and biochemical
properties of a dissociative strain of M. bovis. The ob-
tained results demonstrate that the dissociative forms
of M. bovis are non-pathogenic for guinea pigs. The
animals did not develop an ulcer at the place of in-
troduction of the suspension of the original strain of
the pathogen and the cultures obtained as a result
of passage through the body of the rice weevil. Aller-
gic reaction to the introduction of PPD-tuberculin for
mammals and anatomical pathology changes were not
detected. The results of the experiment show that dis-
sociants do not restore virulent properties after passing
through a living organism, which indicates a persistent
loss of pathogenicity of the original strain. However,
despite the absence of visible clinical and anatomical
pathology changes in guinea pigs, it was possible to
isolate mycobacteria from their internal organs. The ob-
tained data do not contradict the study of Tkachenko
et al. (2020), which describes the absence of an infec-
tious process in laboratory animals infected with disso-
ciative forms of M. bovis after long-term storage. As is
known, mycobacteria that have lost their virulent prop-
erties can survive and replicate in the macroorganism
without causing immunopathological processes.

Scientific works of researchers have proven that
mycobacteria can change to adapt to their surrounding
environment and, accordingly, have a large number of
reservoirs and factors of disease transmission (Banuls
et al.,, 2015).Mycobacteria have high adaptive proper-
ties and can survive in adverse conditions (for instance,
in conditions of starvation) without showing growth for
up to two years with the ability to fully recover. When
studying the viability of microbial cells after passing
through the weevil, it was determined that mycobacte-
ria stay viable in the beetle’s body for a long time, and
therefore it is a favourable environment for the patho-
gen to be reserved and can potentially contribute to the
activation of the epizootic process of tuberculosis and
mycobacterial infections of animals. Mycobacteria, due
to the structure of the cell wall, are resistant to the ac-
tion of gastric enzymes of insects and can be released
by them with saliva and excrement. In addition, existing
data suggest that infected insects can be captured by
favourable animals. In their gastrointestinal tract, due
to the action of gastric juice, insects are digested, but
the acid-fast pathogen stays viable and can persist in
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the macroorganism or be released into the environ-
ment and contaminate it.Fischer et al. (2003) conducted
an experimental oral infection of Blatta orientalis cock-
roach nymphs with mycobacterial suspension and found
that the pathogen accumulated in the insect’s body and
was released into the environment. The researchers
isolated viable mycobacteria in cockroach excrement
3 days after infection, and in cockroach homogenate
after 10 days, which also indicates the ability to reserve
the pathogen for a long time.

Indicators of the enzymatic activity of mycobac-
teria are extremely important. Enzymes take part in
ensuring the energy metabolism of the microbial cell
and provide the protective function of the microbe and
contribute to its adaptation to environmental factors
(Arora et al., 2018).As a result of conducting a biochemical
study, it was established that indicators of the enzymatic
activity of mycobacteria are variable. Li et al. (1998) and
Manca et al. (1998) claim that catalase activity contrib-
utes to the resistance and survival of microorganisms
and suggest that this enzyme is a factor in the virulence
of mycobacteria. However, this study did not confirm
this assumption.

Dehydrogenase activity is based on the detec-
tion of the redox enzyme dehydrogenase and metabolic
products.This enzymeisresponsible for the protection of
the bacterial cell and adaptation in the conditions of the
macroorganism, takes part in ensuring the antioxidant
function of the microbe. The results confirm the existing
data, the activity of dehydrogenase increased after the
contact of mycobacteria with beetles. Comparable stud-
ies are demonstrated by other scientific papers indicat-
ing an increase in the activity of this enzyme after pass-
ing through a living organism (Tkachenko et al., 2021).

Fritz (2002) states on the example of M. bovis BCG
that nitrates are important for the metabolism of the
microbial cell and take part in providing it with energy;
moreover, they can maintain metabolism even without
oxygen. The results of research by a number of scientists
claim that the activity of nitrate reductase is partially re-
sponsible for the survival of mycobacteria in host cells
(Hayashi et al., 2010). The obtained results, according to
which non-pathogenicdissociative forms of mycobacteria
can stably reduce nitrates,do not contradict the studies of
Sohaskey & Modesti.(2009),who claim that only the viru-
lent strain of M. bovis has weak nitrate reductase activity.

Considering the opposite of the existing data, it
can be concluded that relying solely on the ability of
mycobacteria to reduce nitrates, it is not possible to
unambiguously characterize the pathogenicity of the
strain. It can be assumed that the activity of this enzyme
is not directly related to the virulence of the pathogen.
The ability of mycobacteria to hydrolyse Tween 80 is
provided by mycobacterial phospholipase A, which ca-
talyses lipid hydrolysis. The essence of the reaction is
that Tween 80 binds neutral red and before the reaction
the experimental solution has a straw-yellow colour, but
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due to the release of neutral red, the colour is restored
from pink to red (with a positive reaction). According
to the assumption of Deb et al. (2009), this activity can
contribute to the survival of the bacterial cell in condi-
tions of starvation and be used by the pathogen as a
carbon source.

The obtained data suggest that changes in the
biochemical parameters of mycobacteria occur as a re-
sult of increased survival and adaptation of the microbe
to new environmental conditions. Such assumptions do not
contradict other studies on the high degree of variability
of biological properties of M. bovis, including biochemical
activity. It is believed that mycobacteria in unfavourable
conditions of existence can maintain their viability for
more than 650 days. At the same time, a decrease in the
viability of the pathogen (decrease in CFU) is observed.
In this study, against the background of a decrease in
the number of CFUs in the microbial cell, the mecha-
nisms of adaptation to the change in habitat are acti-
vated, the activity of redox enzymes increases, and the
microbial cell is supplied with energy by increasing the
reduction of nitrates.

Therefore,analysing the results of this study and the
researchof otherscientists,it can be statedthatthe change
in the properties of mycobacteria is related to the adap-
tation and survival of the microbial cell in a new habitat.

CONCLUSIONS

Summarizing the obtained results, it becomes clear that
mycobacteria can change the properties of the bacterial
cell to adapt to existence in changed conditions. The
biochemical activity of the pathogen undergoes primary
changes, and this, in turn, may indicate that synthetase

systems, namely enzyme systems, are mainly responsi-
ble for the survival of the microbe. Enzymatic activity of
dissociative forms of mycobacteria is variable. Cultures
obtained after passage through the body of beetles ac-
quire the ability to decolorize methylene blue solution
in 24 hours (dehydrogenase activity) and have higher
nitrate reductase activity compared to the original strain.
Changes in the enzymatic activity of cultures after passing
through the body of the rice weevil are associated with
ensuring the adaptation of the microbial cell in a new
habitat.

Analyzing the pathogenic properties of the patho-
gen, it can be stated that mycobacteria have a stable
genome. Dissociative forms of M. bovis (118 passage,
240 generation) do not restore virulent properties after
passage through the body of beetles, which indicates
persistent changes in mycobacteria towards reduced
pathogenicity. Rice weevils are incapable of increasing
virulence. At the same time, it can be noted that disso-
ciative forms of M. bovis have a stable genotype with
loss of pathogenicity.

Estimating the number of CFU dissociants, we
observe a tendentious loss of viability in the dynam-
ics of the experiment. As a result of passage through
the organism of the rice weevil, the number of viable
mycobacteria decreased by 5.03-97.53% in grain con-
taminated with beetles during Days 8-30 after infection
compared to the original strain, and by 73.85% in the
homogenate from beetles after 30 days from the mo-
ment of infection. Prospects for further research are to
improve disinsection measures and develop ways to in-
terrupt the epizootic chain and prevent infected insects
from entering the safe territory.
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Influence of Sitophilus Oryzae on Biological Properties of Mycobacterium Bovis

Bnnus Sitophilus oryzae
Ha 6ionoriuHi BnacTusocTti Mycobacterium bovis

Bonoaumup Bonoaummuposuu 3axkapcbkuitl, Kipa BonoaumupisHa AnidpoHosal,
MapuHa BonoaumupisHa binan?, Hatanis IropisHa Kosak!, OkcaHa IBaHiBHa KacsiHeHKo?

1IHINpOBCbKMIA fEPXKABHMIA arpapHO-eKOHOMIYHWIA YHiBEpPCUTET
49051, syn. C. EdpemoBa, 25, M. JHiNpo, YkpaiHa

2CyMCbKMIA HaLiOHaNbHWI arpapHuKii yHiBepcuTeT
40000, Byn.I. Kongpatbesa, 160, M. Cymu, YkpaiHa

AHoTauif. AKTVBHe NoWwupeHHs TybepKynbo3y No BCbOMY CBIiTy € aKTyanbHOK NpobieMoto npoTsaroM 6aratbox 4ecaTuAiTb,
ane 1 fotenep HeMae [aHMX LWOLO BCiX HAsIBHMX METOAIB 3aHeCeHHs 30yaHMKa Ha paHile 6narononyyHy TepuTopito Ta
MeXaHi3MiB AisNbHOCTI MikobakTepil, a Le, B CBOK Yepry, YHEMOX/IMB/IOE NMOBHE BUMKOPIHEHHS XBOpobu. MeToto
[aHoi poboTu 6yno BU3HAYEHHS BNIMBY PUCOBOr0O LOBrOHOCKKA (naT. Sitophilus oryzae) Ha pucouiaTMBHI popmu
MikobakTepilt TybepKynbo3y, iX XWTTE3AATHICTb, BiOXiMiYHI BNACTMBOCTI Ta BiPYNEHTHICTb WASXOM MNaCaXKyBaHHS
30yAHMKa 4yepe3 OpraHiaM komaxu. [Ins pocsrHeHHs MeTu OynM 3acTOCOBaHi HACTyMHI MeToAM AOCHiAKEHHS:
6ionoriyHi (ekcneprMeHTanbHe iH)iKyBaHHS 1aBOPaTOPHUX TBAPWMH), MATONOrOAHATOMIYHI Ta BU3HAYEHHS XKUTTE3AATHOCTI
MikobaKTepili MeToooM MiApaxyHKY KOJIOHIEYTBOPHOKUYMX OAMHUUbL. Byno BM3HaueHO Ta y3araJibHEHO BMIMB Ha
NaToreHHi BNacTUBOCTI AMcoLiaTuBHUX popM Mycobacterium bovis (118-11 nacax) nicng nacaxyBaHHS Yepes OpraHism
pUCOBOr0 AOBrOHOCMKA B €KCMEPUMEHTI HA MOPCbKMX CBMHKAx. ONMCAHO TeHAEHUINHY 3MiHY XXMTTE3LATHOCTI
MiKoGaKTepil BULINeHNX y AMHAMILi 4OCNiLYy B MOPiBHAHHI 3 BUXiAHOM KyNbTypoto.[loBeAeHO NIACTUYHICTb BioXiMivHOI
aKTMBHOCTI 30yAHMKA MiCNS NPOXOMXKEHHS Yepe3 OpraHi3M Xyka Ta NpoaHanizoBaHO BMIMB MaKpOOPraHiamMy Ha
dhepMeHTaTMBHI BNAcTMBOCTI MikobakTepin Tybepkynbo3y. O6rpyHTOBAHO fBMLLA AKTMBI3aLii pepMeHTaTUBHUX
CUCTeM, SIKi NOB'AI3aHi 3 aAanTaLiern Ta BUKMBAHHAM MikobaKTepili B yMOBaX 3MiHEHOIO CepefoBMLLA iCHYBAHHS.
MpaKkTUYHa LiHHICTb poOOTM NONArae B YAOCKOHANEHI PO3YMiHHS NPOLECiB NOWMPEHHS MikobakTepii Ty6epKynbo3y
Ta BCTAHOBJEHI poni KOMax y nepepadi iHbekLii 3 nepcnekTMBoO po3pobKu 3axoaiB NpodinakTMku Ta 6opoTbbu 3
3aXBOPHBAHHSAM

Kntouosi cnoBa: MikobakTepii, pucoBmit JOBFOHOCUK, AMCOLLIATUBHMIA LUTaM, BiOXiMiYHiI BNACTMBOCTI, KONOHIEYTBOPHOHOUYI
OAMHMULL, MIHNUBICTb
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Identification of the Bioaerosol Microbiota in Veterinary Clinics
as the Key to Preventing Nosocomial Infection
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Article’s History: Abstract. Nosocomial infections are important in veterinary medicine clinics,
Received: 10/02/2022 as they can contaminate surfaces and infect animals through bioaerosol and
Revised: 11/11/2022 are the cause of ineffective antibiotic therapy. This paper presents a study
Accepted: 11/30/2022 of the effect of disinfection on the microbiota of bioaerozoic veterinary

clinics. The purpose of this study was to establish the composition of
Suggested Citation: the bioaerosol microbiota in veterinary clinic premises before and after
Mocherniuk M., Kukhtyn, M., Horiuk, Yu., disinfection with ultraviolet bactericidal lamps. Bioaerosol samples were
Savchuk, L., & Mizyk, V. (2022).Iden-  taken in the premises of veterinary clinics by sedimentation method.
tification of the bioaerosol microbiota Identification of the isolated microbiota was performed using classical
in veterinary clinics as the key to pre- methods involving commercial test systems for identifying microorganisms.
venting nosocomial infection. Scientific It was established that the permanent microbiota of the bioaerosol of
Horizons, 25(11), 31-40. veterinary clinics includes the following representatives of gram-positive

genera: Staphylococcus (coagulase-negative species), Streptococcus spp.,
Micrococcus spp., and Corynebacterium spp. These bacterial genera were
present in the bioaerosol of all rooms in 100% of cases. Gram-negative
species of bacteria were found in small quantities in the bioaerosol of
such rooms as for the primary examination and the manipulation area with
boxes for keeping sick animals. Representatives of gram-negative species
were detected in a considerably larger number from the bioaerosol of
the dental operating room during the day of the clinic. After disinfection
with bactericidal lamps, pathogens of nosocomial infections (S. aureus,
S. pseudintermedius, Acinetobacter baumani, P aeruginosa) were released in the
bioaerosol of such rooms as the primary examination, the manipulation
area with boxes for keeping sick animals, and the dental operating room.
This indicates that bioaerosol can serve as a medium for the spread of
nosocomial infections among animals in veterinary clinics. Thus, conducting
microbiological monitoring of bioaerosol in veterinary clinics will allow
identifying pathogens of nosocomial infections and introducing preventive
measures for the spread of pathogens
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INTRODUCTION

The control of nosocomial infection in medical and
veterinary institutions is crucial in the system of pre-
venting the spread of antibiotic-resistant strains among
patients and in the environment. Closed premises of
veterinary clinics often create conditions for the cir-
culation and transmission of nosocomial infection via
airborne bioaerosol (Jeong et al., 2022; Mocherniuk
et al., 2022; Zheng et al., 2023). Nosocomial infection
is considered a common cause of complications of the
underlying disease among companion animals in veteri-
nary clinics and quite often leads to mortality (Elnageh
et al., 2020). In addition, the infection of animals with
nosocomial pathogens leads to a long stay in clinics,
the use of a considerable range of antimicrobial prepa-
rations and the formation of pathogens with multi-re-
sistance to antibiotics (Morgado-Gamero et al., 2021).
Therefore, it is important that the microflora circulating
in the premises of veterinary clinics does not negatively
impact the health of patients, especially those who have
undergone surgery and are weakened (Sellera et al., 2021).
Therefore, microbiological monitoring of bioaerosol in
veterinary clinics can provide information about the
spread of nosocomial pathogens, transmission routes, and
the state of anti-epidemic measures.

Microorganisms can spread indoors by air-drop-
let, contact, and transfer by organisms (fleas, ticks, other
small animals) (Loncaric et al., 2019). Transmission of an
infection requires three elements: a source of pathogens,
a susceptible organism,and a route of transmission (Ber-
hilevych et al., 2021; Kisera et al., 2021). Such conditions
are created in veterinary clinics, since bioaerosols are air
pollutants. Bioaerosol is a collection of dead and living
pathogenicand non-pathogenic microorganisms,epithe-
lial cells, wool, hair, particles of plant origin, etc., which
are suspended in the air (Tsay et al., 2020). Exposure to
bioaerosol from the premises of veterinary clinics poses
a significant threat to the health of veterinary staff and
patient animals, as it can transmit pathogens of airborne
infections, acute toxic reactions, and allergies, according
to (Chen et al., 2022). Therefore, nosocomial pathogens
can contaminate instruments, implants, equipment, envi-
ronmental objects, and veterinary personnel by airborne
droplets. In this regard, the airborne route of trans-
mission of infections is an important one that needs to
be addressed (Fahlgren et al, 2010; Chai et al., 2021).

Researchers (Horiuk et al., 2020; Chueahiran et al,
2021; Tamakan & Gocmen, 2022) state that bacteria
inhabiting the mucous membranes of the nasal and
oral cavity and the skin can be easily transmitted by
airborne droplets, especially such dangerous bacteria
as methicillin-resistant Staphylococcus aureus (MRSA).
MRSA is one of the main organisms causing infections in
hospitalized animal patients in veterinary clinics or ani-
mal holding boxes (Elnageh et al., 2020). MRSA isolated
from companion animals (dogs, cats) cannot be distin-
guished from MRSA isolated from different biotopes of
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sick people. In addition, the authors (Chai et al.,2021 Lee
& Yoo, 2022) indicate that, apart from airborne trans-
mission, veterinary staff in hospitals are also at risk for
MRSA colonization and spreading this infection to other
people. Researchers (Song et al., 2021; Hamido et al.,
2022; Naziri et al., 2022) indicate that microorganisms
such as S. aureus, Escherichia spp., Klebsiella spp., Salmo-
nella spp., Serratia marcescens, Clostridium difficile and
Acinetobacter baumannii, were identified as pathogens
of nosocomial infections in hospitalized dogs and cats.
Specifically, they caused skin diseases, inflammation
of the ears, diseases of the urinary system, and com-
plicated the healing of wounds of various aetiologies.

Thus, the main pathogens of nosocomial infec-
tions of small animals are known and there are cer-
tain general recommendations for the prevention and
control of nosocomial pathogens. However, the study of
bioaerosol microflora of various objects in veterinary
clinics will provide a better insight into the sources of
infections, ways of transmission, and improve preventive
measures for the spread of nosocomial pathogens, both
among animals and veterinary personnel.

The purpose of this study was to determine the
species composition of bioaerosol microbiota in dif-
ferent premises of veterinary clinics before and after
disinfection using ultraviolet bactericidal lamps and to
figure out the possible role of bioaerosol in the trans-
mission of nosocomial pathogens.

MATERIALS AND METHODS

The study was conducted during 2021-2022 in veteri-
nary medicine clinics (n = 3) in Chernivtsi and Kolomyia
(Ukraine). 504 samples of bioaerosol from the premises
of veterinary clinics were investigated to determine
the effect of disinfection with bactericidal lamps on
the amount of residual microflora. Sanitation in these
clinics included daily evening wet cleaning of rooms
with bactericidal lamps and once every three days dis-
infection with a disinfectant with active substances:
N-(3-aminopropyl)-N-dodecylpropane-1,3-diamine and
N,N-didecyl-N,N-dimethylammonium chloride. Bacteri-
cidal lamps (15 W) were used for bioaerosol disinfec-
tion of premises, the duration of irradiation was 1 hour.

Bioaerosol (air) samples were taken in the prem-
ises of veterinary clinics by sedimentation method. For
this, open Petri dishes with blood agar and selective
media were placed in envelopes (four samples at the
corners and the fifth in the centre) at 0.5 m from the
wall and at a height of 1.6 m by 30 minutes, while the
windows and doors in the rooms were closed. After 30
minutes of exposure, the dishes were closed, placed in a
coolerbag,anddeliveredtothe laboratorywithin 2 hours.

To isolate microorganisms, inoculation was car-
ried out on the following media. Specifically, staphy-
lococci and micrococci were isolated on blood agar
containing 5% sodium chloride, enterococci - on Bile




Esculin Azide Agar, streptococci and corynebacteria - on
Streptococcus Selective Agar and blood agar. Mushrooms
were isolated on the Saburo medium. Enterobacteria
(Escherichia, Enterobacter, Citrobacter, Klebsiella, etc.)
were grown on Endo, Ploskirev, and Levin media. Pseu-
domonas were isolated on a medium containing acet-
amide, other non-fermenting bacteria (Acinetobacter
spp. and Alcaligenes spp.) — on MPA, with incubation at
20°C for 3 days. Cultures were incubated in a thermo-
stat at 37 = 1°C for 24-48 hours to isolate mesophilic
microorganisms, and fungi at +28 £ 1°C for 5 days. Isolated
cultures were identified according to morphological,
tinctorial, cultural, biochemical properties and signs of
pathogenicity, which are described in Bergey's Manual
of Systematic Bacteriology (Vos et al., 2011).

Statistical processing was performed by analysis
of variance using Fischer criteria (ANOVA). Data are pre-
sented as x*SD (mean*standard deviation). The signifi-
cance of the obtained data was assessed by the F-crite-
rion with a confidence level of P<0.05, P<0.01, P<0.001
(considering the Bonferroni correction).

Mocherniuk et al.

RESULTS AND DISCUSSION

Earlier studies (Mocherniuk et al., 2022) found that the
quantitative content of mesophilic bacteria in the bio-
aerosol of the premises of veterinary clinics increases
during the working day. Furthermore, there is a signif-
icant difference in the number of bacteria in different
rooms of the clinic, which depends on the intensity of
operation of the rooms and the therapeutic and preven-
tive manipulations that are carried out in them. It was
also found that microbial contamination of bioaerosol
increases considerably in winter, which can cause the
spread of nosocomial pathogens among patient ani-
mals that are overexposed around the clock. Therefore,
to establish the most common types of bacteria in the
bioaerosol of the premises of veterinary clinics, the iso-
lated microbiota were identified. Therewith, bioaerosol
samples were taken in the middle of the working day
and after sanitary measures were carried out in the eve-
ning, as described above. The results of identification
of isolated microorganisms before disinfection are pre-
sented in Table 1.

Table 1. Identification of bioaerosol microbiota of the premises of veterinary clinics (n = 3) selected during the working day, %

Frequency of m/o release from indoor bioaerosol:
- © -
Microorganisms g % _:, '§ ﬁ g‘ %__‘Fj ,g; E.J_ ; g\ﬁ ; géﬁ
ESE g = 2 A 55 £98  gE-
8cE 5 & ES5E e a8 3 c3
= © =1 = Nw oS o v o
Gram-positive:
CoNS 100 100 100 100 100 100 100
CoPS 16.3" 54" 2.7 194" 27.7" 0" 0"
Streptococcus spp. 100 100 100 100 100 100 100
Micrococcus spp. 100 100 100 100 100 100 100
Corynebacterium spp. 100 100 100 100 100 100 100
Enterococcus spp. 111 2.7 0 13.8 16.6° 0 0
Bacillus spp. 27.7 5.4 54 30.5 38.9° 8.3 5.4
Gram-negative:
Escherichia spp. 2.7 0 0 2.7 0 0
Enterobacter spp. 2.7 0 0 8.3 0 0
Acinetobacter spp. 111 0 0 8.3 194 0 0
Pseudomonas spp. 111 0 0 111 16.6° 0 0
Fungi 8.3 2.7 2.7 16.6 30.5° 0 0

Note: * - P<0.05, P<0.01 relative to the frequency of isolation of microorganisms from other rooms; *** - P<0.001
relative to the frequency of CoNS selection according to the F-criterion (considering the Bonferroni correction); CoNS -
coagulase-negative staphylococci; CoPS - coagulase-positive staphylococci

Source: compiled by the authors

The results of Table 1 show that the autoch-
thonous microbiota of the bioaerosol of veterinary
clinics includes the following genera of gram-positive

bacteria: Staphylococcus (coagulase-negative species),
Streptococcus spp., Micrococcus spp. and Corynebacterium

spp. These genera of bacteria were present in the
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bioaerosol of all rooms in 100% of cases. Although the
above types of bacteria are mostly non-pathogenic,
researchers (Naziri et al.,, 2022) indicate that they can
cause infections of the skin and genitourinary system in
companion animals. The high frequency of detection of
these microorganisms in the bioaerosol of all premises
during the working day (Smith et al., 2019) is associated
with the fact that they are common inhabitants of the
skin of dogs, cats, and people, and are easily released
into the environment on exfoliated epithelial cells,wool.

Bacillus spp. bacteria, which were isolated from
almost 30% of the examined samples of the rooms for
the primary examination and the manipulation zone
with boxes for keeping sick animals, were the second
most important in the composition of the gram-posi-
tive microbiota of the bioaerosol. Most often, species
of Bacillus spp. were emitted from the air during the
working day, especially from the dental operating room
in 38.9% of cases. Coagulase-positive species of staphy-
lococci were considerably less frequently isolated in the
bioaerosol of veterinary clinics (P<0.001) than coagu-
lase-negative species. They were not isolated from the
air of two operating rooms, while from the bioaerosol
of the premises of the ultrasound room and the X-ray
room, the frequency of their release was 5.4% and
2.7%, respectively. The most frequently isolated types
of coagulase-positive staphylococci were present in
the bioaerosol of the dental operating room - in 27.7%
of cases. The frequency of detection of these species
from the premises for primary examination and manip-
ulation zone with boxes for keeping sick animals was
16.3% and 19.4%, respectively. Considering this fact,
the presence of coagulase-positive species of staphy-
lococci in the bioaerosol of veterinary clinics can be a
serious source of spread of infection by airborne drop-
lets. Specifically, the transmission of pathogens most
often occurs in examination rooms, diagnostic rooms,
intensive care, holding boxes for sick animals, as well
as after contact with veterinary personnel (FeRler et al.,
2018; Krapf et al., 2019; Elnageh et al., 2020).

From the identified gram-positive coccal micro-
flora, Enterococcus spp.were least often released fromthe
bioaerosol of veterinary clinics during the working day.
Thus, from the air of the X-ray room and two operating
rooms, they were not released at all, and from the bio-
aerosol of the ultrasound room - in no more than 2.7%
of samples.Within 11.1-13.8% of the examined samples,
these types of bacteria were present in the bioaerosol of
the rooms for primary examination and the manipula-
tion area with boxes for keeping sick animals. The most
frequently isolated types were present in the bioaero-
sol of the dental operating room - in 16.6% of samples.
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The identification of gram-negative bioaerosol
microbiota of all premises of veterinary clinics indi-
cates that these microorganisms belong to the alloch-
thonous microflora of this research object. Since there
are no representatives of gram-negative bacteria that
would exceed 20% in terms of detection frequency.
That is, the frequency of detection of representatives of
gram-negative bacteria is significantly (P < 0.01) lower
than that of gram-positive species. The most frequently
identified gram-negative bacteria were Acinetobacter
spp. species, which were present in approximately 10%
of the bioaerosol samples of the premises for primary
examination and the manipulation area with boxes for
keeping sick animals. However, most often these spe-
cies were identified from the bioaerosol of the dental
operating room - in 19.4% of samples. Other represen-
tatives of gram-negative microbiota, namely Escherichia
spp. and Enterobacter spp., were detected only from the
bioaerosol of the premises for the primary examina-
tion and the dental operating room in 2.7% and 8.3%
of the samples, respectively. Types of Pseudomonas spp.
were also found in a few examined samples - 11.1% of
them were found in the primary examination room and
manipulation area with boxes for keeping sick animals.
However, most frequently — from the bioaerosol of the
dental operating room (16.6% of samples).

The minimum amount of fungal microflora from
the examined samples (2.7%) was detected from the
bioaerosol of the ultrasound room and the X-ray room.
An increase in the frequency of detection of fungi up to
8.3% was observed in the air of the room for primary
examination and up to 16.6% in the manipulation area
with boxes for keeping sick animals. Most often, these
microorganisms were present in the bioaerosol of the
dental operating room in 30.5% of the samples under
study. However, fungal microflora was not detected in
the bioaerosol of two operating rooms - orthopaedic
and soft tissues.

Therefore, the data of the study indicate that
the microbiota of the bioaerosol of veterinary clinics is
mainly represented by species of gram-positive coccal
microflora, which are isolated from almost all premises.
However, gram-negative bacterial species are found in
small amounts in the bioaerosol of such rooms as the room
for primary examination and the manipulation area
with boxes for holding sick animals. Representatives of
gram-negative species are detected in a considerably
larger number from the bioaerosol of the dental oper-
ating room during the day of the clinic. Table 2 shows the
results of a study on the detection and identification
of microbiota of bioaerosol of veterinary clinics after
disinfection using bactericidal lamps.
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Table 2. |dentification of bioaerosol microbiota of the premises of veterinary clinics (n = 3),
after disinfection with ultraviolet lamps, n = 36

Frequency of m/o release from indoor bioaerosol:
— [=)] >
Esm ©3 £ s%é* =2 §2% o8
. . Sl c 50 S8 ol A S TCo
Microorganisms -8c 3" om 8E-cc @ o © 2 o9
ot v o S = SS3 Qc Se = ac
- 9= c & > 23S o= o - -;OE‘ o
e® S E T c 23596 — £ Q0 £ K c
- S8 X FefE  Eg 52 £
SEg = ES5 S 8= g€ 3 °g
Gram-positive:
CoNS 100 83.3 83.3 100 100 86.1 83.3
CoPS 2.8 0 0 8.4 8.4 0 0
Streptococcus spp. 0 0 0 5.4 5.4 0 0
Micrococcus spp. 100 100 100 100 100 100 100
Corynebacterium spp. 100 0 0 100 100
Enterococcus spp. 0 0 0 2.8 5.4
Bacillus spp. 8.3 2.7 0 5.5 8.3 0 0
Gram-negative:
Escherichia spp. 0 0 0 0 0 0 0
Enterobacter spp. 0 0 0 0 0 0 0
Acinetobacter spp. 2.8 0 0 0 5.5 0 0
Pseudomonas spp. 0 0 0 2.7 0 0
Mushrooms 0 0 0 8.3 11.1° 0 0

Note: * - P<0.05 relative to the frequency of isolation of microorganisms from other premises according to the
F-criterion (considering the Bonferroni correction); CoNS - coagulase-negative staphylococci; CoPS - coagulase-positive

staphylococci
Source: compiled by the authors

It was established (Table 2) that after disinfec-
tion of premises with ultraviolet lamps, the frequency
of detection of microorganisms from bioaerosol signifi-
cantly decreased, or bacteria were not isolated at all.
Furthermore, gram-positive microorganisms of bio-
aerosol are more resistant to the influence of ultravio-
let rays of lamps, compared to gram-negative bacteria.
Therewith, among gram-positive bacteria, Micrococcus
spp. bacteria were in the first place in terms of frequen-
cy of isolation, which were detected in 100% of cases
from the bioaerosol of all premises after disinfection.
Coagulase-negative staphylococci, which were isolated
in 83.3-100% of samples, ranked second in frequency of
detection from bioaerosol after exposure to ultraviolet
rays. At the same time, coagulase-positive Staphylococ-
cus species were detected much less frequently in air
samples. Specifically, these species were found in 2.7%
of samples in the bioaerosol of rooms for primary examina-
tion and 8.3% of samples in the air of the manipulation
area with boxes for keeping sick animals and the dental
operating room. Bacteria of the species Corynebacteri-
um spp. were isolated in 100% of the samples under
study from the bioaerosol of the rooms for the primary
examination, the manipulation area with boxes for sick
animals and the dental operating room. They were not

emitted from the air of other premises of veterinary
clinics. The proposed disinfection with ultraviolet rays
had a rather harmful effect on bacteria of Streptococcus
spp. and Enterococcus spp., which were isolated only
from the bioaerosol of two rooms of the manipulation
area with boxes for keeping sick animals and the den-
tal operating room in 2.8-5.4% of samples. Spore-form-
ing bacteria species Bacillus spp. were released from
the bioaerosol of four premises with a frequency of no
more than 10%. Thus, bacteria were released from the
air of the room for the primary examination of animals
and the dental operating room in 8.3% of samples, and
from the bioaerosol of the ultrasound cabinet and ma-
nipulation area with boxes for keeping sick animals - in
2.7% and 5.5% of samples, respectively.

Among gram-negative bacteria from the bio-
aerosol of veterinary clinics after disinfection with bac-
tericidal lamps, only Acinetobacter spp. from two rooms:
for primary examination and dental operating room,
with a frequency of 2.8% and 5.5% of samples, respec-
tively. Pseudomonas spp. species were also isolated from
the bioaerosol of the dental operating room in the min-
imum amount from the tested samples - 2.7%. Fungal
microflora was present after treatment with ultraviolet
lamps only in the bioaerosol of the manipulation area
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with boxes for keeping sick animals and in the dental
operating room in 8.3 and 11.1% of samples, respectively.
No fungi were found in the air of other rooms.
Therefore, the identification of bioaerosol microbi-
ota of the premises of veterinary clinics after disinfection
with ultraviolet lamps established a significant decrease
in the frequency of detection of all microorganisms. At
the same time, in the bioaerosol of such premises as the
primary examination, the manipulation area with boxes
for keeping sick animals and the dental operating room,
types of gram-positive bacteria were distinguished, es-
pecially coagulase-positive staphylococci and fungi. This
suggests that under strong microbial contamination,
bacteria can survive in the suspended phase of bioaerosol
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and continue to be a source of infection. Therefore, the
authors of this paper believe that added disinfection mea-
sures should be taken to reduce the risk of the spread
of nosocomial pathogens in premises with an intensive
movement of animals, where frequent diagnostic manipu-
lations or dental treatments are carried out.

In general, gram-positive and gram-negative genera
of opportunistic pathogens, which can be a source of
nosocomial infection, were isolated from the bioaero-
sol of the premises of veterinary clinics. Figure 1 shows
the results of a study of the identification of gram-pos-
itive opportunistic microbiota of the bioaerosol of the
premises of veterinary clinics before and after disinfection
using bactericidal ultraviolet lamps.

=S, aureus

78.5 82.1

= S. pseudintermedius

= E. faecalis

E. faecium

215 4179

After disinfection

Figure 1. Identification of gram-positive opportunistic microorganisms from the bioaerosol
of the premises of veterinary clinics (n = 3)

Source: compiled by the authors

As Figure 1 shows, among the isolated coccal
bacteria from the bioaerosol before disinfection, coag-
ulase-positive staphylococci were represented by two
species: S. aureus and S. pseudintermedius. Therewith,
S. aureus accounted for 67.8 £ 2.1%, and S. pseudinter-
medius - 32.2 * 0.8%. According to (Murray et al., 2018),
S. pseudintermedius is a species that is mainly isolated
from dogs and cats and is the cause of diseases such
as pyoderma, otitis externa, etc. At the same time, S. au-
reus is a species that colonizes biotopes, both human
and animal ones (Berhilevych et al., 2021). Enterococci
before disinfection in the bioaerosol were mainly rep-
resented by the E. faecium species, which accounted for
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74.6 = 2.4% of the isolated cultures, and 25.4 £ 0.7%
belonged to E. faecalis.

Disinfection did not significantly change the ratio
between bacterial species, although greater resistance of
S.aureus and E. faecium to the action of ultraviolet radiation
was noted.The share of these species in disinfected air in-
creased by 10.7% and 7.5%, respectively. The detection of
coagulase-positive staphylococci and enterococci in the
bioaerosol of veterinary clinics after the action of bacteri-
cidal lamps indicates the imperfection of the introduced
system of combating infectious agents in these clinics.

The identification of gram-negative opportunistic
bacteria isolated from the bioaerosol is presented in Fig. 2.

92.4 = A. baurnanni

¥ Enterobacter spp.
= E. coli

P aeruginosa

76
0 O

After disinfection

Figure 2. |dentification of gram-negative opportunistic microorganisms from the bioaerosol
of the premises of veterinary clinics (n = 3)

Source: compiled by the authors
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It was established (Fig. 2) that among the bacte-
ria isolated from the bioaerosol before disinfection, the
largest share was Acinetobacter baumani - 47.7 £ 1.3%.
Enterobacter spp. accounted for 35.8 £ 1.1% of identi-
fied cultures, while the least were found for E. coli and
P aeruginosa - 10.4 = 0.4% and 6.1 £ 0.2%, respectively.

After a one-hour exposure to ultraviolet lamps,
E. coli and Enterobacter spp. cultures were not released
from the indoor bioaerosol, which indicates the bacte-
ricidal effect of this disinfection regimen on these types
of bacteria. At the same time, the cultures of Acineto-
bacter baumani stayed resistant to the action of ultravi-
olet rays, the share of which was 92.4 £ 3.8% of the iso-
lated gram-negative bacteria. In addition, P. aeruginosa
was isolated from the bioaerosol of some rooms after
disinfection, which accounted for 7.6 = 0.3% of cultures.

Therefore, the obtained data clearly shows that
representatives of gram-negative microflora are more
often released from the bioaerosol of the premises of
veterinary clinics with an intensive movement of an-
imals (examination room), where manipulations are
carried out with the possible splashing of tissue par-
ticles, tooth enamel (dental operating room), in boxes
for keeping sick animals, i.e., all this is connected with
biological secretions from animals. Such results are
consistent with research by (Sitkowska et al., 2015), that
the microbiota of the bioaerosol of veterinary clinics is
based on microorganisms that are representatives of the
normal microbiota of closed premises of the housing
stock, offices, i.e., gram-positive genera. Gram-negative
microflora is present in the air in most cases due to
violations of hygiene requirements, and in veterinary
clinics in the premises of long-term or permanent stay
of animals, for instance, in boxes after surgical inter-
vention (Pertegal et al., 2022).

Considering the data obtained, the authors of
this paper believe that the more frequent release of
gram-positive microflora from indoor bioaerosol, com-
pared to gram-negative, is explained by their greater re-
sistance to the action of ultraviolet rays. This fact is con-
firmed by (Fahlgren et al., 2010), who found increased
resistance of gram-positive microflora to strong sunlight
during long-term exposure, compared to gram-negative.
However, the survival of coagulase-positive staphylo-
cocci, enterococci, species of Acinetobacter spp., Pseu-
domonas spp. after air treatment with ultraviolet lamps
should be noted for such premises as the primary exam-
ination room,the manipulation area with boxes for keep-
ing sick animals, and the dental operating room. That
is, bacteria that, according (Hritcu et al, 2020; Elnageh
et al., 2020), are the cause of outbreaks of nosocomial
infections among animal patients in veterinary clinics.

Outbreaks of nosocomial infection in hospital-
ized animals caused by the multiresistant species Acine-
tobacter baumani are reported by researchers (Kempf
& Rolain, 2012). Therefore, it is necessary to pay atten-
tion to this type of bacteria in the practical activities of
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veterinary clinics. Researchers (Giannouli et al., 2013)
point to increased resistance to drying and the action of
ultraviolet radiation in Acinetobacter baumani, as they
can form dense biofilms on various surfaces and there-
by survive in the hospital environment. The obtained
studies indicate that some strains of opportunistic bac-
teria survive in the bioaerosol of the premises of veter-
inary clinics after exposure to ultraviolet rays of bacte-
ricidal lamps. This indicates that bioaerosol can serve
as a medium for the spread of nosocomial infections
among animals in veterinary clinics.

Therefore, today there is a considerable number
of recommendations for the prevention and control of
nosocomial infections in humane medicine, which are
based on practical experience (Zheng et al., 2023). At
the same time, there are no generally accepted rec-
ommendations or instructions for the supervision and
control of nosocomial pathogens in veterinary clinics
in Ukraine. This makes the system of preventive mea-
sures not too strong, since there are no stable, defined
indicators that need to be focused on, and accordingly
prevent the spread of nosocomial infection. Therefore,
the authors of the present study believe that the devel-
opment and implementation of a system for monitoring
nosocomial pathogens in veterinary medicine clinics in
Ukraine should complement the national strategy for
combating antibiotic resistance of microorganisms.
This will, firstly, reduce infection with resistant strains
of animals, secondly, reduce the use of broad-spectrum
antibiotics, and thirdly, prevent the spread of antibiot-
ic-resistant bacteria in the environment of veterinary
clinics between animals, between animals and veterinary
and service personnel, and between personnel and other
people and animals.

CONCLUSIONS

It was established that bacteria of the Micrococcus spp.,
Staphylococcus (coagulase-negative species), Streptococcus
spp. and Corynebacterium spp. species were released
from the bioaerosol of veterinary clinics during the
working day in 100% of cases. Coagulase-positive spe-
cies of staphylococci were present in indoor bioaero-
sols in 5.4-27.7% of samples. Gram-negative species
of bacteria: Escherichia spp., Enterobacter spp., Acineto-
bacter spp. and Pseudomonas spp. were present in the
bioaerosol of the dental operating room in 2.7-9.4% of
the samples, and these types of bacteria were practically
not isolated from the bioaerosol of other rooms. Thus,
gram-positive bacterial species make up the permanent
microflora of bioaerosol in veterinary clinics.
Disinfection with ultraviolet lamps ensured the
destruction of gram-negative bacteria, which were prac-
tically not released from the bioaerosol of the prem-
ises, except for the dental operating room, where up
to 5.5% of Acinetobacter spp. and Pseudomonas spp.
bacteria were released from the air. Gram-positive
microbiota was more resistant to the effects of ultraviolet
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rays, as bacteria of the Micrococcus spp., Staphylococcus

(coagulase-negative species) and Corynebacterium spp.

species were isolated from the bioaerosol in almost
100% of the samples.

The causative agents of nosocomial infections
were identified from the indoor bioaerosol: S. aureus
and S. pseudintermedius, Acinetobacter baumani and
P aeruginosa. This indicates that bioaerosol can serve as

a medium for the spread of pathogenic bacteria among
animals in veterinary clinics. In addition, this provides
a basis for the development of added sanitary mea-
sures to combat the spread of nosocomial pathogens.
Prospects for further research lie in determining the
sensitivity of the isolated microflora to antibacterial
preparations and establishing the presence of antibiotic
resistance plasmids.
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IlneHTNdiKauia MikpobioTu 6ioaeposonio
BeTepPUHAPHUX KJiHIK — 3anopykKa npodiflakTUKU HO30KOMiHaNbHOI iHpeKUii

Muxaitno Muxaiinosuy MouepHiok', Mukona MutpoBuy Kyxtun?,
KOnia BikTopiBHa lNopiok?, Jllo60B bpoHicnaeiBHa CaBuyk!, Bonoaumup Maenosuy Misuk!

13aknap BULWOi OCBiTH «[OAINbCbKMIA AEPXKABHUIA YHIBEPCUTET»
32316, Byn. LeByeHka, 12, M. KamaHeub-Tominbcbkmi, YKpaiHa

2TepHONINbCbKMI HALIOHANBbHWUIA TEXHIYHUI YHiBEpcUTET iMeHi IBaHa Myntos
46001, Byn. Pycbka, 56, M. TepHOnNinb, YKpaiHa

AHoTauif. BHYTpiWHbO NiKapHAHI iHbeKLin MalTb CYTTEBE 3HAYEHHS Y K/iHIKAX BETEPUHAPHOI MeauLMHMU,
OCKIIbKM MOXYTb KOHTaMiHYBaTW MOBEPXHI i 3apaxaTtn TBapuH yepe3 6ioaepo30nb Ta € NPUYMHOK HeedeKTUBHOI
aHTMbGioTMKOTEepanii.Y poboTi HaBeLeHO JOCNiIAXKEHHS BNAMBY Ae3iHDeKLii Ha MikpobioTy 6ioaepo30t0 BETepUHAPHUX
KniHik.MeTa poboTu nonsirana y BCTaHOB/EHHI Cklaay MikpobioTh 6ioaepo30/to NpuMiLLeHb BETEPUHAPHUX KNiHIK 0 Ta
nicns 3He3apaxeHHs ynsTpadioneToBnMm baktepmumaHuMm namnamu. lpobum bioaepo3onto BifdMpanu B NpUMiLLLEHHAX
BETEPUHAPHUX KNiHIK CEAMMEHTALIMHMM MeTOAOoM. |aeHTudiKaLio BuAiNeHoi MiKpobioTn NpoOBOAMAN KNACUYHUMM
METOAAMM i3 3aCTOCYBAHHSAM KOMEpLIiMHMUX TecT-cMcTeM Ans igeHTudikauii MikpoopraHismis. BctaHoBneHo, Wo Ao
NoCTiliHOi MikpobioTn Bioaepo30to BETEPUHAPHMX KITiHIK MOXHA BiHECTM HACTYMHI NPeACTaBHUKM FPaMNO3UTUBHUX
pogiB: Staphylococcus (koarynasoHeratuBHi BuAaM), Streptococcus spp., Micrococcus spp. Ta Corynebacterium spp.
[aHi poaun 6akTepint 6ynm HasBHI B Bioaepo3oni BCix npuMileHb y 100 % Bunagkis. [paMHeratmBHi BUau bakTepin
3yCTPIYaNMCa B HE3HAYHIM KiNibKOCTi B 6ioaepo30ni Taknx NPUMILLEHb, K AJ15 NEPBUHHOMO OrNSA4Y Ta MaHINYNALIAHINA
30Hi 3 BOKCaMK ANs NepeTpUMYBAHHS XBOPMX TBApUH. Y 3HAYHO BinbLuUii KinbKOCTi NpeACcTaBHUKM FpAaMHEraTMBHUX
BUAIB BUABNANMCS 3 6ioaepo30/10 CTOMATONONYHOI onepaLiiHoi NpoTaroM gHa pobotu kniHiku. Micna pesiHdekuii
HakTepuUMAHUMK NaMnamMu y 6ioaepo30i TaKMX NPUMILLEHb, IK NEPBMHHOIO OFNSNAY, MAHIMYyNsALiMHOI 30HM i3 Bokcamu
LN NepeTpyMyBaHHS XBOPWMX TBapWH Ta CTOMATOMIONYHOI OnepaLiiHoi BMAINSAUCS 30yAHMKM HO30KOMiHANBbHUX
iHdeKwin (S.aureus, S. pseudintermedius, Acinetobacter baumani, P. aeruginosa). Lle Bka3ye Ha Te, L0 6ioaepo3onb Moxe
CNyryBaTv CepesoBMLLEM A5 PO3MOBCIOAXKEHHS 30YAHMKIB HO30KOMiHANbHUX iH(DEKLiV cepep TBAPUH BETEPUHAPHUX
KniHik. OTxe, NpoBefeHHs Mikpo6ionoriYyHOro MOHITOpMHIy 6ioaepo30nl0 Y BeTEPUHAPHMUX KIiHIKaxX [03BONWTb
BUSIBUTU 30YOHMKIB HO30KOMiHaNbHUX IHDEKLIM Ta 3anpoBaguTH NPOdiNaKTUUHI 3aX0AM LWOA0 PO3MOBCHOAKEHHS
naToreHHiB

Kntouosi cnoBa: Mikpodnopa noBitps, Ae3iHPeKLiga ynbTpadioneToBUMM NaMnaMu, BHYTPILLHbONIKAPHSHI 306yAHUKM,
naToreHHi 6akrtepii
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Abstract. Winter wheat is one of the main food crops that ensures the
national food security of Ukraine with general production and high-quality
grain. The area of winter wheat sowing ranks first in Ukraine, and the
production of high-quality grain is of particular relevance. In the technology
of its cultivation, the selection of varieties is a decisive factor in increasing
yield and improving the quality of grain. The purpose of this study was to
determine the influence of weather conditions and variety characteristics
during the year on plant height, lodging resistance, and yield of winter
wheat. This paper presents data on the results of the research of 20 varieties
of soft winter wheat in the conditions of the Research-to-Practice Centre
of the Mykolaiv National Agrarian University from 2017 to 2022. During
the study, generally accepted methods were used: system approach, system
analysis, analysis and synthesis, field and statistical method. The study also
analysed the influence of variety characteristics and weather conditions in
the years under study on the yield of soft winter wheat. It was established
that the optimal plant height of winter wheat varieties ranged within
94.9-100.7 cm, at which the highest grain yield is formed, from 7.09 t/ha
in the Staleva variety to 7.73 t/ha in the Duma Odeska variety. An increase
in the height of the winter wheat varieties under study by 4.0-6.4% led to
a decrease in yield from 4.5 to 20.9%. It was established that the awned
varieties of soft winter wheat formed a higher grain yield, compared to
the thornless forms, which had a higher plant height and less lodging
resistance. The conducted studies confirmed that, on average, the resistance
to lodging was higher in the thornless forms of winter wheat plants, which
is 0.4 points higher than in the awned ones. The higher average grain yield
of soft winter wheat was formed by varieties of spiny forms, which is 5.8%
more than that of awned varieties. The obtained results will contribute to
the wide application of the varieties of soft winter wheat under study for
this soil and climate zone, which will further contribute to the increase in
yield and gross grain harvests

Keywords: soft winter wheat, lodging resistance, awned and awnless forms,
air temperature, precipitation amount
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INTRODUCTION

Food production is one of the strategic industries of any
country in the world. In modern economic conditions,
the importance of the agricultural sector in the economy is
growing, since the sale of agricultural products benefits
the competitiveness of Ukraine, i.e., its gross domestic
product. An essential part of agricultural production is
the production of food crops. For a long time, Ukraine
has been among the world’s top ten in terms of grain
production per capita.

The yield of winter wheat varieties is affected
by weather conditions during the growing years of the
crop and agricultural techniques. Thus, Zofajova et al.
(2017) and Berdnikova & Kucherak (2021) found that
genotype, year, and location substantially affect yield
and yield components. Nazarenko et al. (2020) and De-
mydov et al. (2021) compared winter wheat varieties of
Ukrainian and French selection, according to the results
of which 6 highly productive varieties were bred (Dyvo,
Metelytsia (first group), Vekha (second), Fihura, Manella,
Matrix (third)). Some varieties were bred in a separate
year without a predominance of the standard on av-
erage: varieties Laval, Dijon, Polisianka, Zorepad Bilot-
serkivskyi, Bodychek in the conditions of the 2016-2017
growing year; Nasnahy in the conditions of 2018-2019.
The Pamiati Hirka variety showed a higher yield under
conditions of two years of vegetation, without an ad-
vantage per the standard regarding three-year results.

Research by Bazalii et al. (2019) and Gamayunova
et al. (2022) proved that in the conditions of southern
Ukraine, it is necessary to grow plastic varieties of wheat
with increased yield stability (Khersonska awnless,
Khersonska 99, Znakhidka Odeska, Askaniiska, Klarysa),
if strict stress limits are expected in the environmental
conditions. Based on the results of research by L. Wu
& H.Zhatova (2022), wheat varieties with high-perfor-
mance parameters were selected. These are such vari-
eties as Okhtyrchanka Yuvileina, Svitanok Myronivskyi,
Melodiia Odeska, Kubok, Zorepad, Ovidii, Shchedra Nyva,
Oktava Odeska, and Slaven. In the studies of Markovska
et al. (2018), Gavrilyuk (2016) the Konka winter wheat
variety produced a seed yield of 3.59 t/ha, which is 8.2%
more than Khersonska 99.

Djaman et al. (2018) and Harkness et al. (2020)
established that grain yield depended on the variety
of winter wheat, decreased over the years and ranged
within 1.84-7.09 t/ha. TAM107 received the largest
grain yield. M.M. Korkhova (2019) conducted a com-
parative analysis of varieties of soft winter wheat and
spelt, which indicated that, on average, in 2016-2018,
a higher height of plants (130.7 cm) was formed in the
awnless variety Zoria Ukrainy compared to the awned
ones under study, which is 6.7% more than the Yevro-
pa variety, 25.9% more than the Vidrada variety, 32.9%
more than the Shestopalivka variety, and 33.7% more
than the Zysk variety However, the higher yield (5.53-
6.27) was formed by the awned varieties of wheat - Zysk,
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Shestopalivka, Vidrada, and Yevropa, which is 29.8-38.1%
more than the awnless variety Zoria Ukrainy.

Bondarenko & Nazarenko (2022), Panfilova (2021)
claim that high-yielding genotypes form yield due to
added spikes, have higher lodging resistance due to
lower plant height and grain mass in the spike, respec-
tively, and spend fewer nutrients on stem formation.
Zhupina et al. (2022) found that the growth of plant
height of hybrid populations of winter wheat leads to
a decrease in grain yield. Thus, there is no consensus
among scientists regarding the effect of plant height
on lodging resistance and the formation of grain yield
of soft winter wheat varieties of distinct morphological
characteristics, since the research was conducted in
years with different weather conditions. Furthermore,
with the advent of new varieties in production, this
issue requires more research.

The purpose of this paper was to establish varietal
characteristics and the influence of weather conditions
during the year on resistance to lodging and yield of
winter wheat, as well as on plant height.

MATERIALS AND METHODS

Experimental research was conducted for five years
(2017-2022) in the conditions of the Educational Re-
search-to-Practice Centre of the Mykolaiv National
Agrarian University (ERPC MNAU), which belongs to the
Southern Steppe zone of Ukraine. The experiment in-
cluded 20 variants (winter wheat varieties), which were
placed in the experimental field of the ERPC MNAU ac-
cording to the method of complete randomization in
threefold repetition. The area of the sowing plot was
70 m?, and the accounting plot was 35 m2 The agri-
cultural technique of conducting the experiments was
generally accepted for the existing zonal recommenda-
tions for the conditions of the Southern Steppe zone of
Ukraine. Winter wheat was sown in the first decade of
October, with a seeding rate of 4.5 million pcs./ha.

The soil of the experimental field is a typical
southern chernozem, residual slightly saline heavy loam
in the loess, humus content (0-30 cm) - 3.1-3.3%, soil
solution is neutral (pH 6.8-7.2). On average, the arable
layer contains 15-25 mobile forms of nitrates, 41-46
mobile phosphorus and 389-425 mg/kg exchangeable
potassium.

The material for research was 20 varieties of
soft winter wheat, the owners of which are leading
scientific institutions of Ukraine and the near abroad:
Ozerna, Staleva (Private Agricultural Breeding and Re-
search Enterprise “Bor”); Kvitka Poliv, Lehenda Bilot-
serkivska (Bila Tserkva Research and Breeding Station
of the Institute of Bioenergy Crops and Sugar Beet of
the National Academy of Agrarian Sciences of Ukraine);
Mudrist Odeska, Duma Odeska (Breeding and Genetics
Institute - National Centre for Seed Science and Vari-
etal Research); Koshova, Maria (Institute of Irrigated




Agriculture, NAASU); Zdobna, Dyvo (V. Ya. Yuriev Insti-
tute of Plant Breeding of the NAASU); MIP Assol, MIP
Valencia (V. M. Remeslo Myroniv Institute of Wheat of
the NAASU); Pamiati Hirka, Kraievyd (Institute of Ag-
riculture, NAASU); Katarina, Centurion (Viterra SEED -
Germany); Felix, PONTUKUS, Faustus, Glaucus (“Shtrube

Korkhova et al.

Ukraine GmbH” LLC), which are registered in the State
Register of Plant Varieties Suitable for Distribution in
Ukraine in 2013-2019 (State Register of Plant Variet-
ies..., 2022). Varieties of soft winter wheat were char-
acterized by morphological features, namely by height,
presence of awns or teeth, and maturity group (Table 1).

Table 1. Morpho-biological characteristics of soft winter wheat varieties

Plant: by height (stem and

Spike: awns or teeth of the

No. seq. Varieties spike) lower flower scales Ripeness group
1 Ozerna short-stemmed awns present mid-early
2 Staleva short-stemmed awns present mid-early
3 Kvitka Poliv medium-grown teeth present mid-early
4 Lehenda Bilotserkivska medium-grown teeth present mid-season
5 Mudrist Odeska short-stemmed awns present mid-early
6 Duma Odeska short-stemmed awns present short-season
7 Koshova short-stemmed awns present short-season
8 Maria short-stemmed awns present short-season
9 Zdobna short-stemmed awns present mid-early
10 Dyvo short-stemmed awns present mid-early
11 MIP Assol medium-grown teeth present mid-season
12 MIP Valencia semi-dwarfs awns present mid-season
13 Pamiati Hirka short-stemmed awns present mid-season
14 Kraievyd short-stemmed awns present mid-season
15 Katarina semi-dwarfs teeth present short-season
16 Centurion semi-dwarfs awns present mid-early
17 Felix semi-dwarfs teeth present short-season
18 PONTICUS semi-dwarfs teeth present short-season
19 Faustus semi-dwarfs teeth present short-season
20 Glaucus semi-dwarfs teeth present mid-season

Source: compiled by the authors

The analysis of agroclimatic conditions uses data
from the Pessl Instruments weather station (iMETOS),
manufactured in Austria, which not only provides highly
accurate local meteorological data, but also provides
6-day weather forecasts. Weather stations are equipped
with sensors that determine the following indicators:
amount of precipitation, air and soil temperature, air,
soil,and leaf humidity level, wind speed, etc. The height
of winter wheat plants was determined before har-
vesting on 100 plants permanently set aside for this
purpose, using a measuring ruler evenly placed on the
accounting area of each plot. The stems were measured
from the surface of the soil to the top of the plant. The
last indicator is the average height of plants on the plot.

Lodging resistance of soft winter wheat plants
was evaluated from the beginning of this phenomenon
to harvesting every 5-10 days (these observations could
reveal the properties of individual crops returning to
their previous vertical position) on a ten-point scale.Yield

was accounted continuously from the entire accounting
area. Soft winter wheat was harvested by a SAMPO-500
combine harvester. After threshing, the thresher of the
grain harvester was turned off at each plot, and the har-
vested grain was weighed and adjusted to the standard
humidity (14%) and purity (100%). The research results,
obtained in the form of analytical digital materials, are
processed statistically and mathematically according
using the methods of dispersion and variation analyses
with Microsoft Excel and Agrostat computer software.
The years of research differed substantially in
weather conditions. Thus, 2017/2018 and 2021/2022
agricultural years were moderately wet, during the
growing season 338.5 and 331.6 mm of precipitation
fell, respectively, while in 2019/2020 - 161.2 mm;
2018/2019 - 547.6 mm, and 2020/2021 - 603.7 mm.
2018/2019 and 2020/2021 were the most favourable
in terms of weather conditions, and 2019/2020 was the
least favourable. Such contrasting conditions allowed
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the authors to investigate the influence of weather con-
ditions on plant height, lodging resistance, and grain
yield of soft winter wheat.

RESULTS AND DISCUSSION

Plant height is a genetically inherited trait that charac-
terizes the ecological plasticity of genotypes in various
soil and climatic conditions and depends on weather
conditions. Plant resistance to lodging and grain yield
depends on the height and anatomical properties of the
wheat stem.

M.M. Gavrilyuk (2019) conventionally divides win-
ter wheat varieties by height into five types: dwarfs - un-
der 60 cm; semi-dwarfs - 60-85 cm, which include MIP
Valencia, Katarina, Centurion, Felix, PONTICUS, Faustus,
and Glaucus; short-stemmed - 85-105 cm (Ozerna,
Staleva, Mudrist Odeska, Duma Odeska, Koshova, Maria,

14 = temperature
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2017/2018
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2019/2020

Zdobna, Dyvo, Pamiati Hirka, Kraievyd); medium-sized -
105-120 cm (Kvitka Poliv, Lehenda Bilotserkivska, MIP
Assol), and tall - over 120 cm. Most of the varieties in-
cluded in the State Register (2022) belong to the short-
stemmed type, but the share of semi-dwarf varieties has
decreased. Most of the varieties of soft winter wheat
under study are classified as short-stemmed and semi-
dwarf, and only three are classified as medium-sized.

The formation of plant height was substantially
influenced by weather conditions during the years
of research. It was found that the greater precipita-
tion, the taller the winter wheat plants. Thus, in years
with a large amount of precipitation of 574.6 mm
(2018/2019) and 603.7 mm (2020/2021), the plant
height of the varieties of soft winter wheat under
study was formed at 70.6-118.2 and 73.5-125.5 cm,
respectively (Fig. 1).

—— precipitation 700

17 600
500
400
300
200

100

2020/2021 2021/2022

Figure 1. Average air temperature and precipitation (2017/2018-2021/2022)

Source: compiled by the authors

On average, by varieties, the lower height of winter
wheatplants (82.9and 82.5 cm)wasformedin2017/2018
and 2021/2022 with precipitation of 338.5 mm and
331.6 mm, respectively. It was found that winter wheat
plants of the varieties under study were formed lower
in height (55.4-94.3 cm) in 2019/2020, when only
161.2 mm of precipitation fell, and the average annual

air temperature was 9.7°C. Over five years of research
(2018-2022), the taller height of winter wheat plants
was formed by the varieties Kvitka Poliv (107.4 cm) and
Lehenda Bilotserkivska (106.5 cm), which is 6.2-40.2%
taller the other varieties under study. The lowest plant
height on average for 2018-2022 was formed by the
varieties Katarina (64.2 cm) and Felix (69.2 cm) (Table 2).

Table 2. Height of soft winter wheat plants depending on varietal characteristics and weather conditions, cm

No. . Years Average for
Varieties

seq. 2018 2019 2020 2021 2022 2018-2022
1 Ozerna 83.3 99.0 79.0 105.3 86.3 90.6
2 Staleva 81.8 94.9 73.7 101.0 80.6 86.4
3 Kvitka Poliv 100.4 118.2 91.0 125.5 101.7 107.4
Lehenda 1017 1152 943 1225 98.7 1065

Bilotserkivska

5  Mudrist Odeska 91.2 108.2 88.8 114.0 91.2 98.7
6 Duma Odeska 85.9 100.7 75.3 106.0 86.6 90.9
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Table 2, Continued

No. Varieties Years Average for

seq. 2018 2019 2020 2021 2022 2018-2022
7 Koshova 84.7 100.5 80.0 106.0 85.3 91.3

8 Maria 84.5 102.2 83.0 106.7 85.4 88.8

9 Zdobna 86.2 101.2 76.7 106.5 84.1 90.9

10 Dyvo 81.8 94.7 72.8 99.7 78.3 85.5

11 MIP Assol 96.4 1133 779 120.5 95.2 100.7
12 MIP Valencia 778 94.6 73.9 98.5 778 84.5

13 Pamiati Hirka 89.9 105.9 83.1 113.8 88.8 96.3

14 Kraievyd 874 103.8 80.9 109.3 86.5 93.6

15 Katarina 61.0 70.6 55.4 73.5 60.3 64.2

16 Centurion 76.1 89.8 68.6 94.0 75.0 80.7

17 Felix 66.5 76.0 59.5 79.2 64.7 69.2

18 PONTICUS 772 90.7 68.5 96.5 774 82.1

19 Faustus 73.2 85.0 68.0 91.5 723 78.0

20 Glaucus 71.6 83.7 66.3 87.3 72.8 76.3
Average by variety 82.9 97.4 75.8 102. 82.5 84.6
LSDg?;f(g:zz;ciir“al 1.38 2.87 2.88 291 3,51 0.74

Source: compiled by the authors

Thus, the highest plant height on average for
soft winter wheat varieties (102.7 cm) was formed in
2021, which is 19.3% more than in 2018, 5.2% more
than in 2019, 26 .2% more than in 2020, and 19.7%
more than in 2022. Based on the results of variance
analysis, it was found that the smallest significant

difference in factor A (Varieties) was 1.38 cm (2018),

2.87 cm (2019), 2.88 cm (2020), 2.91 cm (2021) and
3.51 cm (2022). Over the years of research, it was
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established that winter wheat varieties Ozerna, Staleva,
Katarina, Centurion, Felix, Ponticus, Faustus, Glaucus
had a very high resistance to lodging - 9 points, vari-
eties Maria, Dyvo, Kvitka Poliv, MIP Assol, MIP Valencia,
Pamiati Hirka, Kraievyd, Centurion - high resistance
(8.0-8.6 points), Mudrist Odeska variety - medium
resistance (7.8 points), and the varieties Lehenda Bi-
lotserkivska, Duma Odeska, Koshova, Zdobna - below
average (6.2-6.6 points) (Fig. 2).
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Figure 2. Resistance to lodging of soft winter wheat plants depending on the variety (average for 2018-2022), points

Source: compiled by the authors
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Previous studies by M. Korkhova & V. Mykolaic-
huk (2022) established that the yield of winter wheat
varieties is substantially influenced by weather condi-
tions in the years of research, namely the amount of
precipitation and air temperature. According to the

research results, the highest grain yield (6.88 t/ha) on
average for varieties was formed by winter wheat plants
in 2019, which is 20.1% more than in 2018, 31.0% more
than in 2020, 8.7% more than in 2021, and 21.8% more
than in 2022 (Table 3).

Table 3. Yield of soft winter wheat grain depending on varietal characteristics and the year of research, t/ha

No. seq. Varieties Years Average for
2018 2019 2020 2021 2022 2018-2022
1 Ozerna 5.34 7.52 5.57 6.53 5.87 6.17
2 Staleva 5.07 7.09 5.34 6.43 5.07 5.80
3 Kvitka Poliv 5.22 7.60 5.09 6.01 5.77 5.94
4 B”gfsh:r';?jska 472 6.15 4.56 6.23 573 5.48
5 Mudrist Odeska 6.07 7.61 497 6.21 512 6.00
6 Duma Odeska 5.42 7.7% 5.18 6.41 6.47 6.24
7 Koshova 6.11 7.52 5.08 6.34 495 6.00
8 Maria 6.25 7.21 491 6.02 5.02 5.88
9 Zdobna 5.81 7.18 476 6.19 5.97 5.98
10 Dyvo 5.50 6.84 471 6.08 5.11 5.65
11 MIP Assol 5.41 6.50 4.08 6.21 453 5.35
12 MIP Valencia 5.56 6.57 450 6.02 455 5.44
13 Pamiati Hirka 5.61 6.69 5.20 6.87 5.44 5.96
14 Kraievyd 5.50 6.59 5.08 6.48 6.00 5.93
15 Katarina 5.14 6.34 3.12 6.37 5.73 5.34
16 Centurion 5.37 6.48 4.87 6.02 5.39 5.63
17 Felix 5.67 6.70 401 6.12 459 5.42
18 PONTICUS 5.77 6.75 413 6.42 463 5.54
19 Faustus 5.12 6.24 429 6.26 5.75 5.53
20 Glaucus 5.34 6.37 4.92 6.41 5.97 5.80
Average yield by variety 5.50 6.88 4.75 6.28 5.38 5.76
15Dy, (t/ha), partial 0.22 0.25 0.20 0.24 0.26 0.07

differences

Source: compiled by the authors

Thus, in 2020, the lowest grain yield was ob-
tained - 4.75 t/ha on average for varieties. On average,
over five years of research, a higher yield (6.24 t/ha) was
obtained in the Duma Odeska variety, which is 1.1-14.4%
more than in other varieties under study. The lowest av-
erage grain yield was formed by the Katarina variety -
5.34 t/ha. In 2018, the best result in terms of yield was
shown by the Maria variety (6.25 t/ha), in 2019 - by the
Duma Odeska variety (7.73 t/ha), in 2020 - by the Ozerna
variety (5.57 t/ha),in 2021 - Pamiati Hirka (6.87 t/ha),and
in 2022 - the Duma Odeska variety (6.47 t/ha). The lowest
grain yield in the same years was formed by the following
varieties: Lehenda Bilotserkivska (4.72 t/ha and 6.15 t/
ha) in 2018 and 2019, Katarina (3.12 t/ha) in 2020, Kvitka
Poliv (6.01 t/ha) in 2021 and MIP Assol (4.53 t/ha) in 2022.

Scientific Horizons, 2022, Vol. 25, No. 11

However, for each variety, there is an optimal
plant height, at which it forms a higher grain yield. The
present study confirms this. Thus, the highest grain yield
(7.52 t/ha) was obtained in the Ozerna variety when the
plant height was 99.0 cm, while the lowest yield was
5.34 t/ha (2018) with a plant height of 83.3 cm. For
the Staleva variety, the optimal height of the plants, at
which the crop is formed at the level of 7.09 t/ha, is
94.9 cm. A further increase in plant height to 101 cm
(2021) led to a 9.3% decrease in yield. The varieties of
winter wheat Kvitka Poliv, Lehenda Bilotserkivska and
MIP Assol, which according to the height group are
medium-sized, formed a higher grain yield (7.60, 6.23,
and 6.50 t/ha, respectively), for plant heights of 113.3-
122.5 cm (Fig. 3).
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Figure 3. Optimum height and yield parameters of soft winter wheat varieties(average for 2018-2021), cm
Source: compiled by the authors

Optimum plant height parameters of wheat Maria, Zdobna, Dyvo, MIP Assol, MIP Valencia, Kraievyd,
varieties of the short-stemmed winter group (Ozerna, Centurion, Felix, Ponticus by 4.0-6.4% led to a decrease
Staleva, Mudrist Odeska, Duma Odeska, Koshova, Ma- in the yield level from 4.5 (MIP Assol) to 20.9% (Kvitka
ria, Zdobna, Dyvo, Pamiati Hirka, Kraievyd), for which  Poliv). Many years of research by W.P. Bruening (2019)
the grain yield was formed at 6.59-7.73 t/ha (2019 and  found that awned varieties of soft winter wheat formed
2021) were from 94.9 to 103.8 cm. Semi-dwarf variet-  a higher grain yield, compared to awnless forms, which
ies — Katarina, Felix, Ponticus, Faustus, MIP Valencia, had greater plant height and lesser lodging resistance.
Centurion, Glaucus - in 2021 produced a higher grain  The present study partially confirms. Thus, the average
yield (6.37-6.75 t/ha) at plant heights of 73.5-94.6 cm.  plant height of the winter wheat varieties of awned

An increase in the height of plants of the winter ~ forms was 89.9 cm, while in awnless ones - 85.6 cm,
wheat varieties Mudrist Odeska, Duma Odeska, Koshova,  which is 4.4 cm less (Table 4).

Table 4. Winter wheat grain yield depending on the morphological characteristics of the variety
(average for 2018-2022), t/ha

Varieties
Indicators
Awned Awnless
Average plant height, cm 89.9 85.6
Average lodging resistance, score 8.0 8.4
Yield, t/ha 5.89 5.55

Source: compiled by the authors

The average lodging resistance by varieties was  wheat under study, which were conditionally divided
higher in awnless forms and amounted to 8.4 points, into three groups according to the group of maturity,the
which is 0.4 points higher than in spinous forms of higher grain yield (5.88 t/ha) was formed by mid-early
winter wheat plants. It was found that among the win-  varieties (Ozerna, Staleva, Kvitka Poliv, Mudrist Odeska,
ter wheat varieties under study, awned forms formed a  Zdobna, Dyvo, Centurion), and the smallest - 5.66 t/ha -
higher grain yield (5.89 t/ha), which exceeded the yield by short-season varieties (Duma Odeska, Koshova, Maria,
of awnless forms by 5.8%. Among the varieties of winter ~ Katarina, Pontikus, Faustus, Felix (Table 5).
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Table 5. Grain yield of winter wheat depending on the maturity group of the variety
(average for 2018-2022), t/ha

Varieties
Indicators
Short-season Mid-early Mid-season
Average plant height, cm 80.7 91.5 93.0
Average lodging resistance, 8.2 8.2 8.2
score
Yield, t/ha 5.71 5.88 5.66

Source: compiled by the authors

Thus, it can be assumed that awned short-sea-
son forms have greater resistance to drought, which is
an essential indicator for the Southern Steppe zone of
Ukraine, where studies were conducted. Li et al. (2022),
Lollato et al. (2019) state that lodging resistance is highly
dependent on the plant height of each variety. There-
fore, the authors believe that this should be considered
when choosing a variety for different soil and climatic
conditions, predecessors, soil fertility. The present study
does not support this statement. Thus, the medium-
growing varieties Kvitka Poliv and MIP Assol, on average,
over the years of research, had a high lodging resis-
tance (8.0-8.2 points), while the short-stemmed ones
(Zdobna, Koshova, and Duma Odeska) had an average
resistance (6.2 points) and below average (6.0 points).

Research by Vlasenko et al. (2018) and Lavrinenko
etal. (2020) conducted with 50 varieties of winter wheat
found that the shorter the growing season of the gen-
otype, the shorter the plants, which is also confirmed
by the present study. It was found that among the 20
varieties under study, the highest plant height (76.3-
106.5 cm) was formed by medium-ripening varieties
Lehenda Bilotserkivska, MIP Assol, MIP Valencia, Pamiati
Hirka, Kraievyd, Glaucus, and the smallest (64.2-91.3 cm) -
Duma Odeska, Koshova, Maria, Katarina, Ponticus, Faustus,
and Felix.

Wang et al. (2022), Visioli et al. (2018) claim that
as the height of winter wheat plants decreases, their
productivity increases. Yes. Zaika (2021), F. Spolidorio (2019)
prove that short-stemmed winter wheat has various
sources of mechanisms affecting the redistribution of
plastic substances from the vegetative to the generative
part, so even tall varieties with high stem strength can
exceed short-stemmed ones in terms of yield. This is
confirmed by the present research.

Thus, on average, over the years of research
(2018-2022), the yield of the medium-grown winter
wheat variety Kvitka Poliv was 5.94 t/ha, which is 0.31-
0.60 t/ha more than that of the semi-dwarf varieties
Katarina, Centurion, Felix, Faustus, and Ponticus.

CONCLUSIONS

According to the results of five-year research (2018-2022) in
the conditions of the Southern Steppe of Ukraine with va-
rieties of soft winter wheat with distinct morphological
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characteristics, it was found that in the wet 2021,
the height of plants of the short-stemmed varieties
Mudrist Odeska (114.0 cm); Duma Odeska (106.0 cm);
Maria (106.7 cm); Zdobna (106.5 cm); Pamiati Hirka
(113.8 cm) and Kraievyd (109.3 cm) were formed as
medium-growing, while the varieties Kvitka Poliv and
Lehenda Bilotserkivska, which belong to the group of
medium-growing ones, formed a height of 125.5 and
122.5 cm,i.e.,as in tall-growing. In the dry year of 2020,
the semi-dwarf varieties Katarina (55.4 cm) and Felix
(59.5 cm) formed the height of plants as dwarfs, and
the short-stemmed ones - Ozerna (79.0 cm); Staleva
(73.7 cm); Duma Odeska (75.3 cm); Koshova (80.0 cm);
Maria (83.0 cm); Zdobna (77.6 cm); Dyvo (72.8 cm) - as
semi-dwarves. The soft winter wheat variety MIP Assol,
which in terms of height belongs to the medium-grow-
ing group, in 2020 formed the height of plants at the
level of semi-dwarf plants - 77.9 cm.

The short-stemmed and semi-dwarf varieties
Ozerna, Staleva, Katarina, Felix, Ponticus, Faustus, and
Glaucus were veryresistant to lodging (9 points),and the
least resistant (6.2-6.6 points) were the medium-grow-
ing (Lehenda Bilotserkivska) and short-stemmed variet-
ies (Duma Odeska,Koshova,Zdobna).The optimal height
of winter wheat plants (94.9-100.7 cm) was established,
at which a higher grain yield is formed at 7.09 t/ha in
the Staleva variety to 7.73 t/ha in the Duma Odeska va-
riety, which belong to groups of short-stemmed plants.

Thus, it was found that, on average, over five
years of research (2018-2022),among the 20 varieties of
winter wheat under study, spiny forms (Ozerna, Staleva,
Mudrist Odeska, Duma Odeska, Koshova, Maria, Zdob-
na, Dyvo, MIP Valencia, Pamiati Hirka, Kraievyd, Cen-
turion) formed a 4.8% higher plant height and a 5.8%
higher grain yield than awnless - Kvitka Poliova, Le-
henda Bilotserkivska, MIP Assol, Katarina, Felix, Ponti-
cus, Faustus, and Glaucus. Mid-season varieties (Ozerna,
Staleva, Kvitka Poliv, Mudrist Odeska, Zdobna, Dyvo,
and Centurion) produced 2.9% more grain yield than
short-season ones (Duma Odesa, Koshova, Maria, Kata-
rina, Ponticus, Faustus, and Felix) and 3.7% more than
mid-season ones (Lehenda Bilotserkivska, MIP Assol, MIP
Valencia, Pamiati Hirka, Kraievyd, and Glaucus). In the
future, it is planned to analyse the influence of weather
conditions on the duration of the main interphase
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periods, the coefficient of productive tillering, the num-  from 1 ear, which will give a more complete characteri-
ber of internodes, their length, and the weight of grain  zation of the winter wheat varieties under study.
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Ponb BUCOTU POC/IMH MNLUEHULI 03UMoi y ¢opMyBaHHi BpO)XXaHOCTI 3epHa
3a/1e)XHO Bif, COPTOBUX 0CO6MMBOCTEN Ta NOrogHMX YMOB

Maprapura MuxainisHa KopxoBa, AHTOHiHa BiktopiBHa [1po6iTbKo,
AHToHiIHa BikTopiBHa lMaHdinosa, IpuHa BiktopiBHa CMipHOBa

MMKONAiBCbKMI HALLIOHANbHMIA arpapHuUiA YHiBepCuTeT
54008, Byn. leopria foHraase, 9, M. Mukonais, YkpaiHa

AHoTauis. [MweHnLs 031Ma € OAHIEK 3 OCHOBHMX NMPOLOBOJIBYMX KYbTYP, LLO 3a6€e3neyYye HallioHanbHY NPOA0BObYY
6e3neky YkpaiHu 3arasbHUM BUPOOHMLTBOM Ta BMCOKOSIKICHMM 3epHOM. [nowa nociBy niueHuui o3MMoi 3aiMMae
nepLue Micue B YkpaiHi, a BUDOOHULITBO 3epHA BUCOKOI SIKOCTi MA€E aKTyabHE 3HAYEHHS. Y TEXHOMOTIi MOro BUPOLLYBaHHS
BMPIiLLANbHUM DAKTOPOM MiABULLEHHS BPOXAWHOCTI Ta NMOKPaLLEHHS SKOCTi 3epHa € fo6ip copTie. MeTot poboTtu
6yno BM3HAYMTM BMAMB MOTOAHWMX YMOB Ta 0COBAMBOCTENM COPTY MPOTArOM POKY Ha BMCOTY POC/MH, CTiMKiCTb A0
BUASIFAHHS Ta BPOXKAMHICTb MLWEHMLi 031MOi. Y CTaTTi HaBeAeHo AaHi NPo pe3ynbTati focnigkeHHs 20 copTiB nweHuL
MKOi 03MMOIi B yMOBax HaBuyanbHo-npaktuyHoro LeHTpy Mukonaiscbkoro HAY 3 2017 no 2022 poku. Y xofi AoCHiMKeHHS
BMKOPUCTOBYBANUCS 3arasbHONPUAHATI METOAM: CUCTEMHOIO MiAXOAY, CUCTEMHOIO aHani3y, aHani3 Ta CMHTE3, NOIbOBUM
Ta CTAaTUCTUYHMIA MeTop. [poaHani3oBaHO BNAMB 0COBAMBOCTEN COPTY T MOFOAHMX YMOB Y LOCHIAXKYBAHI POKM HA
BPOXaMHICTb MWeHULi M9Koi 03MMoi. BcTaHOBNEHO, Wo ONTMManbHa BMCOTA POCAMH COPTIB MLWEHMLI 03MMOT
konueanach Big 94,9 no 100,7 cM, 3a 9KOi POPMYETLCS HAMBULLMIA BPOXaAW 3epHa Ha piBHi Big 7,09 T/ra y copty
CraneBa no 7,73 1/ra y copty [lyMa ofecbka. 36iblUEHHS BUCOTU POC/IUH JOCIAXKYBAaHUX COPTIB MIUEHMUL 03MMOI Ha
4,0-6,4% npu3BOAMNO A0 3HMKEHHS PiBHS BpOXaWHOCTI Big 4,5 0o 20,9%. BctaHOBAEHO, WO OCTUCTI COPTU MLLEHMLL
MKOT 03MMoi hopMyBanu Binblly BPOXaiHICTb 3epHa, NOPiBHAHO 3 6e30CcTMMKM dpopMamu, SKi Manu Binbluy BUCOTY
POCAMH Ta MEHLY CTiMKiCTb A0 BuAsiraHHs. [poBeaeHMMM OOCNIIKEHHSIMM NIATBEPOXKEHO, WO Yy CEpeaHbOMY NO
COpTaM CTilKiCTb 4,0 BUNSIraHHSA Byna BMLLA caMe y 6e30CTUX POPM POC/IMH NIEHULL 031MOI, Lo Ha 0,4 6anu BuLLe, HiXX
y 0CTUCTUX. binblly cepeaHio ypoXKalHiCTb 3epHa NWEHUL MKOi 03MMOT CPOPMOBAHO COPTAMMU OCTUCTUX POPM, LLO
Ha 5,8% bBinbLue, HiXK y ocTUCTMX. OTpUMaHI HAayKOBI pe3ynbTaTi LOCNIAKEHb CNPUSTUMYTb LUMPOKOMY 3aCTOCYBAHHIO
[0CNIAKYBAHMX COPTIB NWeHMULI M'IKOi 03MMOi 419 AaHOT 'PYHTOBO-KNIMATUYHOI 30HMU, LLLO B NOAANbLIOMY CNIpUITUME
NiABULLEHHIO BPOXXaMHOCTi Ta BasoBMX 360piB 3epHa

Kniouosi cnoBa: nweHnus Maka 03nMa, CTiKKICTb 0 BUASATAHHS, OCTUCTI Ta 6e30cTi popmu, TeMnepaTypa noBiTps,
CyMa onagis
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INTRODUCTION
Establishment of optimal sowing dates for uninter-
rupted supply of marketable greens and consumption
during the spring-summer-autumn period in fresh form,
correlation between plant growth and productivity, de-
termines the relevance of this study. It is known from
research of Hospodarenko et al. (2008) that from early
to late sowing, the accumulation of dry matters and brix
consistently decreases. The intensity of the processes of
plant and stem death during the spring-summer vege-
tation period decreases. According to the research of
Ulianych et al. (2018), at the optimal sowing date plants
are programmed for high yield, but their productivity de-
creases both at early and at late sowing date. In the first
case, the plant forms a larger vegetative mass and, be-
cause of overgrowth, intensively uses reserve substances
and becomes less resistant to adverse conditions. In ad-
dition, the plant of the early sowing is more damaged
by pests, diseases, and is often weedier. Because weeds,
by their biological characteristics, are more competitive
with plants, they outgrow and shade them, take more
nutrients and moisture. All this leads to slowdown in
the growth of cultivated plants, thinning of crops and
a decrease in yield founded by Korniyenko et al. (2015).

Plants of the late sowing grow and develop more
slowly, do not have time to form a full-fledged rosette
and sufficient above-ground mass and secondary root
system shown in research of Ulianych et al. (2015).

The study of the dependence of the sowing date
on soil fertility of Galla et al. (2013) and Barcelos et
al. (2017) showed that it was necessary to sow earlier
on poor soils, and later fertile ones, so that the plants
did not overgrow. The optimal sowing date on fertilized
fields is shifted 10-15 days later, compared to sowing
on a less fertilized field mentioned in research of Gut-
tierrez-Rodriguez et al. (2013). Positive impact on yield
has organic fertilizers and sea weed extractions men-
tioned in researches of Kim et al. (2018), Xu & Leskovar
(2015) and Fan et al. (2013). Using of bio stimulants,
besides regular fertilizing has positive impact on yield
and leaves quality was found in research of Fiorentino
et al. (2018) and Kulkarni et al. (2019).

Sowing date is important as environmental tem-
perature influencing on plants. In autumn, and spring
the effect of the maximum, minimum and average
temperature was dominant, but in summer, only the
average and maximum temperature seemed significant
concluded in research of Zuska et al. (2019). The sowing
date varies depending on the biological characteristics
of the variety,and for classic varieties, the interval of the
optimal sowing period is longer. Studies of Khareba et
al. (2012) are recommending calendar dates for sowing
6-12 days later, compared to previously grown varieties,
which is due to the biological features of the modern
variety. And this is a shortened epicotyl, faster passage
of the interphase period, more intense formation of
plastic substances and formation of above-ground mass.
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The results of observations of the growth and
development of plants in the autumn period showed by
research of Golubkina et al. (2017). It showed that the
degree of plant development, especially the accumula-
tion of dry matter,was not directly related to the level of
adaptive characteristics. They are formed higher during
optimal and late sowing. Plants of different ages do not
equally consume water from the soil. Van Treuren et al.
(2012) shows then crops of early sowing, as they are
more physiologically old, use less water than plants of
optimal and late sowing.

For vegetables, in particular of spinach, the sowing
date is important, because the optimal sowing date will
help to increase the yield due to the full growth and de-
velopment of the plant mentioned by M. Pollock (2012).
Therefore, in order to obtain a high yield of green mass
several times during the growing season in the Southern
Steppe of Ukraine, research was conducted to study the
effectiveness of the sowing date for growing spinach.
As a result of the conducted experimental study, new
elements of the technology of growing spinach were
investigated. For the first time, in the study of by Panda
et al. (2017), the biological ability of new varieties of
spinach to form a high yield of marketable green mass
and their actual productivity has been theoretically
substantiated and experimentally proven.

The aim of the current research was to find the
optimal timing of sowing spinach seeds and obtaining
high yields.

MATERIALS AND METHODS

The research on determining the optimal sowing date
of spinach in the Southern Steppe of Ukraine was con-
ducted in 2019-2021 in open field conditions on a field
with drip irrigation. The influence of the sowing date on
the growth, development and yield of spinach varieties
Fantaziia and Malakhit was determined. The methodical
recommendations of Bondarenko and Yakovenko (2001)
were used.

In order to ensure a constant supply of fresh
products during the period from spring to autumn, the
following six sowing dates were studied: the 1% and
34 decades of April, the 2" decade of May, the 2" decade
of June, and the 1%t and 3 decades of August. The con-
trol variant was drilled in first decade of April. The re-
search was conducted on light sandy chornozems. The
humus horizon in the 0-20 cm soil layer contained 1%
of humus, and 0,6% of humus in the 20-40 cm soil layer.
Chemical characteristics of the soil: organic carbon -
2.1%, pH 6.9-7.4, P - 92 mg/kg-1, K - 101 mg/kg-1, N-
NO, - 17 mg/kg-1. The electrical conductivity (EC) of
the soil was measured by using a conductometer. P, K
were determined by the AB-DTPA method according to
Ryan et al. (2001). The sowing conducted by the density
of 150 000 seeds per hectare. The total acreage for the
experiment was 360 m?, for the single plot it was 60 m2,




The experiment was designed as a Full Randomized
with four replications.

Biometric research. The length and width of the
leaf, the surface of the leaf plate and the total leaf
surface of the plant were determined. The height of
the plant and the number of leaves on the plant were
count. The sowing dates of spinach, plant productivity,
vitamin C were studied. All analyses were performed in
four repetitions.

Plant material. Spinach (Spinacea oleraceae L.)
varieties Fantaziia and Malakhit.

The analysis of vitamin C was held as follows:
Lyophilized samples of leaves (0.2 g) were crushed and
adding to 30 ml of a 3% metaphosphoric acid solution
with followed homogenized at 11,000 rpm for 2 min
by using a homogenizer (T25 basic ULTRA-TURRAX -
IKAWerke GmbH. & Co. KG, Staufen, Germany). The vol-
ume was adjusted to 50 ml with a 3% solution of met-
aphosphoric acid. The 2 ml of extract was centrifuged
at 12000 rpm for 3 min. The supernatant was filtered
through polyvinylidene difluoride membrane filter of
0.45 um (Whatman International Ltd., Maidstone, UK).
The fresh samples were analysed by using an HPLC sys-
tem equipped with a PU (pump 2089),MD (2010 UV),AS
(autoinjector 2057) variable wavelength detector (JAS-
CO Corp., Tokyo, Japan). The separation made on a Crest
Pak C18S column (15094.6 mm, inner diameter, 5 pm,
JASCO Corp.). The peak was reading at 254 nm using
a UV detector. The quantification was determining by
external calibration with the ascorbic acid.

Weather conditions during the research years.
According to the data of the Nova Kakhovka hydro-
meteorological station (n.d.), the hydrometeorological
conditions of 2019 were characterized as a slightly
lower amount of precipitation compared to the aver-
age long-term indicators. The amount of precipitation
for this period in 2020 was significantly higher than in
2019. 2021 was the rainiest year. The most precipita-
tion fell in June, which allowed for better forming of
leaf mass the plants. The air temperature in 2019-2021
at the sowing time was slightly higher than the perennial
one, which had a positive effect on the development of
spinach plants.

Statistical analysis. The nutritional and chemical
compositions were analysed in four replications. Results
were expressed as averages. Chemical composition was
analysed using analysis of variance with P<0.05 for
yield, plant weight and productive moisture storage by
using the program of statistical analysis (SAS) v.9.1.3.

RESULTS AND DISCUSSION

The sowing of the spinach at different dates shows a
positive effect on the results of farming and allowed
obtaining reliable data on the plasticity of the crop in
terms of growing conditions. The assessment of the in-
fluence of the date of the seeds sowing on the growth
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and development of the spinach under the conditions
of growing in open field was conducted based on the
fixation of the duration of the phenological phases of
plant growth, their development and other indicators.
The analysis of the data obtained as a result of research
on the growth of the spinach plants and their develop-
ment in the Southern Steppe of Ukraine showed that
the duration of the periods from the germination to the
onset of the main phenological phases was the short-
est for sowing seeds in the | and Il decades of August,
regardless of the studied variety. The mass germination
appeared on the 8™ day in the control variety and on
the 7t day in the Malakhit variety due to sowing seeds
in the | decade of April. The mass germination of both
researched varieties was noted for 6 days due to sow-
ing seeds in the Il decade of April and Il decade of May,
as well as in the Fantasia variety due to sowing in the
Il decade of June. During the August sowing dates, mass
germination was recorded at 5™ day, regardless of the
studied variety, which can be associated with the influ-
ence of high environmental temperatures.

The phase of the appearance of the first true leaf
in spinach was recorded after 10-17 days, depending
on the variant of the experiment, and it was noted after
12-17 days for the Fantasia variety, and 10-15 days for
the Malakhit variety. The plants reached the technical
phase of maturity on the 40" day after the appearance
of germination in both studied varieties due to sowing
seeds in the Il decade of April and on the 41 day due
to sowing seeds in the Il decade of May. The summer
sowing date showed that the onset of the technical ma-
turity phase did not depend on the variety and occurred
on the 37™ and 38" day.

The study of the effect of the variety and date
of sowing seeds on the duration of the growth phases
proves that for all sowing dates the advantage is ob-
served in plants of the Malakhit variety - the phase of
technical maturity came 1-4 days earlier than in the
Fantaziia variety. In its turn, studies showed that the dif-
ference in the speed of passage of phenological phases
by spinach plants was more pronounced depending on
the date of sowing than on the variety.

The influence of the sowing date of spinach and
the variety is characterized by differences in biometric
indicators. The evaluation of the plants of the Fantaziia
and Malakhit varieties in the phase of the beginning
of rosette growth shows that plants had height of 6.3-
7.3 cm due to the sowing in the Il decade of April and
in the Il decade of May and were taller compared to the
plants of later sowing. This fact can be explained by the
fact that at lower temperatures the growing season is
longer. An exception to this pattern can be considered
the sowing period in the | decades of April, when at the
beginning of the growing season, low temperatures, on
the contrary, slowed down the growth and development
of spinach plants (Table 1).
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Table 1. The height of the spinach plant depends on the variety, cm

Beginning of rosette growth Technical maturity
Variety Sowing date
2019 ‘ 2020 ‘ 2021 2019-2021 2019 ‘ 2020 ‘ 2021 2019-2021
April | decade” 4.8 5.4 5.1 5.1 244 23.8 26.2 24.8
April Il decade 6.8 74 71 71 30.5 254 30.8 28.9
May Il decade 6.8 73 6.7 6.9 27.5 26.3 26.1 26.6
Fantaziia
June Il decade 6.7 6.3 6.5 6.5 19.3 19.7 19.2 19.4
August | decade 5.3 5.4 4.9 5.2 16.2 159 15.7 159
August Ill decade 5.4 5.6 7.1 6.0 174 16.7 16.9 17.0
April | decade 5.8 5.5 5.1 5.5 294 24.8 30.4 28.2
April Ill decade 7.4 72 72 73 255 26.4 25.2 25.7
May Il decade 5.7 7.1 6.2 6.3 24.8 28.5 26.3 26.5
Malakhit
June Il decade 4.8 5.4 5.1 5.1 21.1 22.8 18.6 20.8
August | decade 5.3 5.7 5.4 5.5 17.8 16.9 18.1 17.6
August Il decade 6.2 5.8 5.1 5.7 16.9 17.8 17.5 17.4
LSD 0.4 0.3 0.5 1.4 1.2 0.8

0.5

Note: * — control variant
Source: compiled by the authors

It was noted that the height of spinach plants de-
pended to a considerable extent on the sowing date and
not on the variety.On average, over the years of research,
the height of city spinach plants in the phase of green
technical maturity, was 24.8-28.2 cm, depending on the
variety due to sowing in the | decade of April. The re-
search indexes differed and in the Fantaziia variety they
increased to 26.6-28.9 cm, while in the Malakhit variety,

on the contrary, they decreased to 25.7-26.5 cm due to
the sowing of spinach in the Ill decade of April and in
the Il decade of May. The indexes of both studied variet-
ies exceeded the control by 1.8-4.1 cm and 0.9-1.7 cm,
respectively. It has been established that in spinach the
number of leaves per plant determines the potential
value of the yield, therefore, in the conducted observa-
tions, attached great importance to this index (Fig. 1).
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Figure 1. The dynamics of the leaves number increase of the spinach in different periods of growth and development
depending on the variety and sowing date (2019-2021)

Source: compiled by the authors

In the phase of the beginning of plant rosette
growth the number of leaves was, depending on the
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investigated variety, from 5.0 to 6.0 pcs/plant. Obser-
vations of 2019-2021 showed us that early sowing




dates, especially the Ill decade of April, the Il decade
of May and the Il decade of June, were more conducive
for the Fantaziia variety, as one plant formed a larger
number of leaves from 5.7 to 6.0 cs/plant. At the time
when a significantly lower number of leaves from 5.0
to 5.2 pcs/plant was observed due to late sowing and
sowing in the | decade of April. In its turn, in the Mal-
akhit variety, the number of leaves varied slightly re-
gardless of different sowing dates and ranged from 5.0
to 5.4 leaves per plant.

It was noted that the studied varieties had different
numbers of leaves at the phase of the beginning of the
rosette growth. High variability of the index was noted
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in the Fantaziia variety with the highest index due to the
sowing in the Il decade of May. During the studies of the
influence of the variety and sowing date on the number
of leaves and their growth throughout the growing sea-
son, it should be noted that at the harvesting date the
number of leaves increased by 2.5-3.5 times, from 5.0-
6.0 to 14-21 pcs/plant. One of the important indexes of
spinach plant growth, which determines their value as
a green plant, is the leaf surface and the total leaves
surface. The determination of these indexes depending
on the date of sowing was conducted at the beginning
of the rosette growth and in the phase of technical
maturity of the greenery before the bolting (Table 2).

Table 2. The spinach leaf surface in different mode of growth and development depending on the variety and sowing date, cm?

Beginning of rosette growth Technical maturity
Variety Sowing date
2019 ‘ 2020 ‘ 2021 ‘ 2019-2021 2019 2020 2021 ‘ 2019-2021

April | decade” 18.8 17.7 18.5 18.3 110.3 108.3 107.2 108.6
April Il decade 20.4 21.7 23.8 22.0 122.4 120.6 122.0 1217
Fantaziia May Il decade 21.5 20.8 19.9 20.7 128.5 128.7 1259 127.7
June Il decade 21.8 20.9 20.5 211 105.8 107.8 1114 108.3
August | decade 17.4 16.7 17.1 171 96.4 86.3 76.2 86.3
August Il decade 18.4 18.1 18.5 18.3 84.6 88.4 85.1 86.0
April | decade 24.1 213 21.7 224 120.1 110.6 115.2 115.3
April Ill decade 25.7 221 229 23.6 130.1 121.4 124.7 125.4
) May Il decade 223 21.5 22.2 220 115.7 110.5 116.5 114.2
Malakhit June Il decade 21.7 20.7 225 21.6 114.4 1177 118.0 116.7
August | decade 194 18.3 18.8 18.8 111.5 101.5 105.6 106.2
August 1ll decade 19.1 18.1 18.3 18.5 109.9 102.2 104.1 105.4

LSD 0.5 0.2 0.3 4.3 39 2.8

0.5

Note: * — control variant
Source: compiled by the authors

It was established that plants of the Fantaziia
variety had a larger leaf surface due to sowing in the
| decade of April - 22.0 cm? The smallest leaf surface
in the Fantaziia variety was found due to sowing seeds
in the | decade of August - 17.1 cm?2. At the same time,
in the Malakhit variety, the smallest leaf surface was
observed due to sowing in the last term - 18.5 cm?,and
the largest due to the Ill decade of April - 23.6 cm?
The study of the influence of sowing dates on the leaf
surface index proves that it is larger at the beginning of
growth due to sowing in the Ill decade of April and the
[l decade of May, regardless of the variety.

At the phase of technical maturity, before har-
vesting the spinach plant in both researched varieties, a
smaller leaf surface was observed in the August sowing
dates and was from 86.3 to 86.0 cm? due to the Fanta-
ziia variety and from 106.2 to 105.4 cm? due to the Mal-
akhit variety. At the technical maturity mode, plants of
the Fantaziia variety of spinach had a larger leaf surface
due to sowing in the Ill decade of April and Il decade of

May - 121.7 and 127.7 cm?, respectively,and in the Mal-
akhit variety due to sowing in the Ill decade of April -
125.4 cm?.The study of the influence of the sowing date
on this index proves that the surface of the leaf plate
in spinach plants had bigger values at the beginning
of growth in the early dates, apart from the first one.

During 2019-2021,the dynamics of the growth of
the leaf surface depending on the date of sowing were
studied in detail, and data were obtained and factors
that could influence the increase in the leaves surface
during the growing season and on the eve of harvest-
ing, depending on the variety and the date of sowing in
open field were analysed. The data received shows that
the leaves surface of the spinach plants in 2019-2021
at the beginning of growth was found to have a larger
the leaves surface of Fantaziia spinach plants that were
sown in the Il decade of May - 1.72 thousand m?%/ha,
which exceeded the control by 0.40 thousand m?/ha. In
the Malakhit variety, during the three early sowings, the
index almost did not vary and was in the range from
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1.71 to 1.73 thousand m%*/ha, which exceeded the con-
trol by 0.39-0.41 thousand m?/ha. A smaller leaves sur-
face was obtained in the summer sowing dates in both
studied varieties of spinach.

It was established that the August sowing dates
did not contribute to obtaining a large leaves surface,
and for sowing in the | and Ill decades of August it
amounted to 1.21-1.29 thousand m%/ha in the Fantaziia
variety, according to the sowing date, which was lower
than control by 0.11-0.03 thousand m%/ha. In plants of
the Malakhit variety, this index in August was 1.34 and
1.25 thousand m?/ha, respectively. At the technical matu-
rity mode, the leaf surface reached the value of 25.6 thou-
sand m?/ha of Fantaziia variety due to sowing in the
| decade of April. In the Malakhit variety during the early
sowing date the leaf surface was 23.9 thousand m?/ha,
which is lower than the control by 1.7 thousand m?/ha.

The larger leaves surface was formed by spinach
varieties Fantaziia and Malakhit due to the seeds sow-
ing in the Il decade of April - 30.8-33.4 thousand m?/ha,
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according to the variety, which exceeded the control
by 5.2-7.8 thousand m?/ha. In the second decade of
May plants had a leaf surface in this phase of 31.1-
32.3 thousand m?/ha, according to the variety, which
exceeded the control by 5.5-6.7 thousand m?/ha. The
leaves surface largely depended on the weather con-
ditions of the year. Thus, plants grown in 2020 had the
smallest leaf surface, which is explained by the unfa-
vourable weather conditions of the year, especially the
lack of moisture during the period of intensive plant
growth and development.

Observation of the growth and development of
plants showed that in the first period of growth, spin-
ach grows slowly and forms an insignificant leaf mass,
but during the period of technical maturity the plant
significantly increases in size. In the phase of intensive
growth, plants sown in the open field in the Ill decade
of April had a larger leaves surface, regardless to the
variety. At the time of the plant density forming the leaf
surface was from 28.9 to 32.9 thousand m?/ha (Figs.2; 3).
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Figure 2. The dynamics of the leaves surface increase on the beginning of rosette growth of spinach varieties Fantaziia
and Malakhit depending on the sowing date (2019-2021), thousand m?/ha

Source: compiled by the authors
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Figure 3. The dynamics of the leaves surface increase on the technical maturity phase of spinach varieties Fantaziia
and Malakhit depending on the sowing date (2019-2021), thousand m?/ha

Source: compiled by the authors
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The tendency of the leaves surface decreasing with
each next sowing in the variety Fantaziia was observed.
Thus, the leaves surface reached 33.4 thousand m?/ha
due to second sowing date in the |ll decade of April. It
decreased to 31.1 thousand m?/ha due to Il decade of
May and to 23.5 thousand m?/ha due to Il decade of
June. In the late summer sowing dates, the leaf sur-
face had a minimum value and amounted to 20.7 thou-
sand m?/ha due to sowing in the | decade of August,
and 21.9 thousand m%*/ha due to Il decade, which was
caused by high temperature conditions of growth.

In spinach varieties Fantaziia and Malakhit be-
fore harvesting the green mass, the plants had the
largest leaves surface after sowing in the Il decade of
April - 33.4-30.8 thousand m?/ha and 31.1-32.3 thou-
sand m?/ha in the Il decade of May. Plants of the Fanta-
ziia variety sown in the Il decade of May had a smaller
leaves surface on the plant - 31.1 thousand m?/ha. In the
late summer sowing dates, the leaves surface of Fanta-
sia variety was minimal and was 20.7 thousand m?/ha
during sowing in the Il decade of August,and 21.9 thou-
sand m%/ha in the IIl decade, which was caused by high
temperature conditions.

An index of the efficiency of varieties and growing
periods of spinach in the open field is the output from
one plant and from a unit of acreage. The results of the
conducted research show that the variety and sowing
date have a significant effect on the weight of the plant
since the connection between the yield of commercial
greens and the weight of one plant is quite high. It has
been proven that the largest weight of a spinach plant
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was obtained by using early sowing dates and when
sowing spinach in the | decade of April. At the begin-
ning of the rosette growth the mass of the Fantaziia
variety over the years of research reached 2.0 g, in the
[l decade of April - in the Il decade of May - 2.5-2.8 g.

In the Malakhit variety, in the | decade of April at
the beginning of rosette growth, the weight of the plant
reached 2.5 g.In the Ill decade of April and the Il decade
of May it reached from 2.7 to 2.8 g, respectively. Next
years the weight of the plant was on the level from 2.3
to 2.8 g in accordance to sowing date. With the use of
early sowing dates for sowing of spinach in the | decade
of April in the phase of technical maturity, the mass of
the Fantaziia plant over the years of research reached
57.5 g,in the Ill decade of April - Il decade of May - from
66.4 to 70.0 g. At the next years the plant weight index
was smaller and amounted to 60.5-65.0 g,depending on
the sowing date. In the Malakhit variety, in the | decade
of April in the phase of technical maturity, the weight of
the plant reached 57.0 g, in the Il decade of April and
the Il decade of Maywas from 62.4 to 67.3 g,respectively.

Therefore, later sowing dates in the Southern
Steppe of Ukraine coincide with high temperatures during
the growth of plants. It has a detrimental effect on
plants, and therefore, in later sowing dates, especially
in late summer, they were smaller in weight. The main
assessment of the level of influence of the variety and
sowing date on the growth and development of spinach
plants of the Fantaziia and Malakhit varieties is conducted
based on the results of the analysis of the productivity
of marketable green mass (Table 3).

Table 3. The yield of spinach depending on the variety and sowing date, t/ha

Variety Sowing date 2019 2020 2021 2019-2021 £ to control
April | decade® 19.6 20.5 18.9 19.7 0
April Il decade 20.9 24.7 23.3 23.0 33
May Il decade 21.7 23.8 23.2 229 3.2
Fantaziia
June Il decade 21.3 22.2 21.9 21.8 2.1
August | decade 19.9 21.8 21.5 211 1.4
August 1l decade 20.6 22.7 219 21.7 2.1
April | decade 19.8 22.8 19.6 20.7 1.1
April lll decade 22.5 25.5 23.6 239 4.2
May Il decade 20.4 24.7 24.9 23.3 3.7
Malakhit
June Il decade 20.8 22.8 22.7 22.1 2.4
August | decade 19.9 20.2 21.6 20.6 0.9
August 1l decade 20.6 21.6 22.8 217 2.0
Factor A 0.3 04 0.2
LSD,, Factor B 0.7 0.6 05
Interaction AB 14 13 1.1

Note: * - control variant
Source: compiled by the authors

According to the table data, it is possible to trace
the change in yield index of spinach depending on the

variety and date of sowing in open field and the year of re-
search, when the weather conditions were not the same
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and mostly dry in 2019. Accordingly, the yield analysis
shows that it was lower in 2019 by 19.6-22.5 t/ha, which
is explained by unfavourable weather conditions during
the growing season.The years 2020 and 2021 were char-
acterized by more favourable conditions, in which the
yield of marketable green mass was higher and during the
early sowing dates it reached the level of 23.2-24.7 t/ha
in spinach of the Fantaziia variety and 23.6-25.5 t/ha
in the Malakhit variety. It was received significant yield
growth at level from 3.3 to 6,0 t/ha. At the next sow-
ing dates in the Il decade of June and | and Il decades
of August, the productivity of the Fantaziia variety was
21.5-22.7 t/ha and Malakhit 20.2-22.8 t/ha respectively.

On average, over the years of research, the high-
est yield, depending on the variety, was obtained for
sowing in the Ill decade of April and the Il decade of
May in the Fantaziia variety — from 22.9 to 23.0 t/ha, in
the Malakhit variety - from 23,3 to 23.9 t/ha, which is

Other factors 9%

Cyear 49%

higher than the control by 3.3-4.2 t/ha. A low yield was
obtained from plants sown in the | decade of April and
in summertime. So, when sowing spinach varieties Fan-
taziia and Malakhit in the | decade of April, the yield was
only 18.9 and 19.6 t/ha, respectively, according to the
studied variety. In the Il decade of June, the yield of both
varieties decreased to the level of 21.8-22.1 t/ha, which
was higher than the control by 2.1-2.4 t/ha. During the
late summer sowing dates in August, the yield of com-
mercial greens was 20.6-21.7 t/ha, which is higher than
the control by 0.9-2.1 t/ha.

The LSD,, in quantitative terms, according to
factors A and B for spinach yield was 0.2-0.7 t/ha, which
indicates reliable values between their replications and
variants. Three factors together (year - 49%, genetical
potential of variety - 34%, sowing date - 8%) form 91%
of the spinach yield in the conditions of the Southern
Steppe of Ukraine (Fig. 4).

Avariety 34%

B sowing date 8%

Figure 3. The dynamics of the leaves surface increase on the technical maturity phase of spinach varieties Fantaziia
and Malakhit depending on the sowing date (2019-2021), thousand m?/ha

Source: compiled by the authors

As a result of the conducted research, there was
a need to establish important characteristics for spinach,

which was conducted on the basis of calculations of correla-
tions between biometric and productive indexes (Table 4).

Table 4. Matrix of correlation analysis of biometric and productive indexes of the spinach (2019-2021)

Index Plant height, cm

The leaves number, pcs/plant Plant weight, g

Plant height,cm -

The leaves number, pcs/plant 0.23 - -
Plant weight, g 0.33 0.98 -
Yield, t/ha 0.57 0.75 0.91

Source: compiled by the authors

It was found that there is a strong positive cor-
relation between plant weight and the number of leaves
(r=0.98), the yield of spinach and the plant weight (r=0.91).
In parallel with the study of productivity, an assessment
of the quality of products of spinach varieties was con-
ducted according to chemical parameters in commercial
products before harvesting,depending on the variety and
date of sowing in open field (Table 5). The analysis of the

Scientific Horizons, 2022, Vol. 25, No. 11

obtained data showed that the variety and sowing date
influenced the main indexes of the chemical composi-
tion of the green mass of the spinach varieties Fantaziia
and Malakhit. The higher content of chlorophyll (a+b) -
0.445 ml/l was observed in plants that were sown in
the 11l decade of April. The content of nitrates in spinach
plants was at a low levelin the range from 48 to 55 mg/kg
and did not exceed the MAC for green leaves of spinach.
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Table 5. Indexes of the chemical composition of spinach in different periods of growth
and development depending on the variety and date of sowing (2019-2021)

Variety Sowing date Brix,%  Chlorophyll (a+b), ml/l Nitrates, mg/kg Sugar, % Vitamin C,mg/100 g

April | decade” 6.3 0.449 51 2.2 55

April lll decade 6.7 0.449 52 2.3 61

) May Il decade 6.4 0.442 49 2.3 59
Fantaziia

June Il decade 6.4 0.429 53 2.2 55

August | decade 5.4 0.429 52 2.1 54

August Il decade 5.8 0.408 54 2.1 54

April | decade 6.1 0.440 47 2.1 53

April Il decade 6.2 0.442 51 2.2 57

May Il decade 5.2 0421 52 2.3 59
Malakhit

June Il decade 5.3 0.422 52 2.2 55

August | decade 5.3 0.420 52 2.1 54

August Il decade 5.5 0.421 53 2.1 55

Note: * — control variant
Source: compiled by the authors

The brix in spinach leaves of varieties Fantaziia
and Malakhit was at the level of 5.1-6.8% and was higher
than sowing in the Ill decade of April and Il decade of
May - 6.4-6.8%,which exceeded the control by 0.3-0.7%.
The mass share of sugars, depending on the variety and
date of sowing in open field, fluctuated between 2.1-
2.4% and was almost at the same level. Plants grown
during the early sowing dates were characterized by a
higher sugar content. The content of vitamin C was in
the range of 52-70 mg/100 g, depending on the date of
sowing. Moreover, the vitamin C content was dominated
by the sowing dates in the | and Il decade of April - 50-
60 mg/100 g and Il decade of May - 58-70 mg/100 g.
So, the date of sowing had a significant influence on
the main chemical parameters of the spinach varieties
Fantaziia and Malakhit, and in the leaves, the higher
parameters were noted for the dates of sowing in the IlI
decade of April and the Il decade of May, where the brix
reached the level of 6.4-6.8%, sugars content — 2.3-2.4%,
vitamin C content - 58-70 mg/100 g.

The sowing date has quite significant influence
on the plant’s phenotype. It was proved by conducted
research. The leaf surface and total leaves surface were
under attention in research as direct influencer on pro-
ductivity and result production in general. The leaf sur-
face depended on growing conditions and variety. The
general tendency was observed then due to mile tem-
perature conditions plants have more time for forming
big leaves and higher number of them. On the other
hand, increasing of temperatures of environment make
growing period shorter and leaves size smaller. The
research of Mudau et al. (2018) confirms than term of
growing is directly influencing on leaf size and as resalt
on biomass production itself. Longer growing time is
showing significant difference in leaf size and biomass
production. It needs to indicate than by research of Conte

et al. (2008) was proved than climatic conditions slightly
influenced visual quality of spinach leaves.

A. Bottino et al. (2009) and Gutiérrez-Rodriguez
et al. (2013) conclude that dry matter is a direct indica-
tor of leaves quality and their storage ability. The dry
maters were in scope of the conducted research. The
study showed that the degree of plant development, es-
pecially the accumulation of dry matter, was not direct-
ly related to the level of adaptive characteristics. The
influence of the sowing date on the dry matter content
was observed. It was found decreasing of their content
at latest sowing dates. The highest content was found at
Spring sowing and partly during Summer growing at hot
climatic conditions. It a bit contradictory with research
of V. Chernyshenko et al. (2017). The plants are forming
higher content of dry matter during optimal sowing. Dry
matter was depended on research variety as well in re-
search of Alessa et al. (2017). It was shown in current
research than varieties differently react on growing condi-
tions and general tendence was not observed.

The sowing date still under attention of Ukrainian
scientists and foreigners as well. The sowing date is
quite important because it can determine growing re-
sult can has significant impact on spinach plants’ pro-
ductivity. The tendency of increasing of plant habitus
and prolongation of the growing terms due to mild
growing conditions observed. Similar tendency was shown
by research of Polish scientist by E. Kunicki et al. (2010)
which was conducted in two sowing dates only. How-
ever, instead of sowing at Spring and Autumn were in-
vestigated late Spring and Summer sowing dates for
prolong possibility to obtain fresh greens during whole
open field season. It was risky to grow spinach at hot
conditions because yield can by decreased by 30% and
more what was found by research of Tai et al. (2020).
Conducted research partly confirmed such tendency.
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The decreasing of yield was observed with growth of
the day temperatures during the growing period for sum-
mer sowing dates. But decreasing was on the level not
mote then 10-14%. The higher impact on yield had cold
weather and wet soil at the earliest sowing date. It was
observed decreasing of yield more than 15% compere to
the best variant of research. Flood and water stress was
studies by C. Pereira et al. (2019) and M. Seymen (2021)
and reported than overwatered soil has negative effect
on the spinach plans’ characteristic and yield itself.

Studying the timing of sowing garden spinach,
we believe that in the conditions of the Steppe of
Ukraine, these issues are quite relevant because spring
and autumn allow to extend the timing of production
and obtain high yields.

CONCLUSIONS

The study of the influence of the sowing date on the
leaves number revealed that when sowing of spinach
varieties Fantaziia and Malakhit in the 3 decade of
April and the 2" decade of May formed a higher num-
ber of leaves. The Fantaziia variety had 18-19 pcs/plant
and Malakhit - 18-20 pcs/plant. More favourable con-
ditions in 2020 made it possible to obtain an additional
2-4 leaves per plant. Spinach plants of both varieties
had a larger leaf surface at the beginning of rosette
growth during the early sowing dates - 114.2-127.7 cm?.
Plants sown in August had a smaller leaf surface -
86.0-106.2 cm?,

Depending on the variety, the highest yield of
marketable green mass was obtained for sowing in the
3@ decade of April and the 2" decade of May in the Fan-
taziia variety — 22.9-23.0 t/ha, in the Malakhit variety -
23.3-23.9 t/ha, which was higher compared to control
by 3.2-4.2 t/ha. The LSD,, in quantitative expression
according to factors A and B for spinach yield was 0.2-0.7,
which indicates reliable values between their reps and
variants. Three factors together (year, variety and sowing
date) form 91.3% of the spinach yield.

It was established that the climatic and soil condi-
tions of the Southern Steppe of Ukraine were suitable for
sowing spinach in six sowing dates. The conveyor grow-
ing will ensure an uninterrupted supply of green products
from the third decade of April to the end of September. In
some years until mid-October. It will partially solve the
problem of overcoming seasonality in the consumption of
fresh green vegetables. The date of sowing had a signif-
icant influence on the main chemical parameters of spin-
ach varieties. The higher indexes were noted for the dates
of sowing in the 3" decade of April and the 2" decade of
May, where the brix reached the level of 6.4-6.8%, sugars
content - 2.3-2.4%, vitamin C content - 58-70 mg/100 g.

Taking into consideration the importance of fresh
greens consumption during full year and positive impact
on health, prospect research may be based on extension
of terms of receipt of the fresh greens on account of using
temporary tunnels in early spring and fixed tunnels and
greenhouse in autumn-winter growing seasons.
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E¢deKTUBHICTb CTPOKIB CiB6M LUNMHATY B yMoBax NiBaeHHoro Creny YKpaiHu

OneHa IBaHiBHa Ynsauuul, Bitaniit Metpoeuu Pepopenko?, Jiogmuna OnerisHa Ps6oBon?,
Kocrantun Mukonaiiosuu Weeuyk?, Nlinia IropisHa Boesopa*

1YMaHCbKMI HaLiOHaNbHWUI YHIBEPCUTET CafliBHULTBA
20300, Byn. IHcTUTYyTCbKA, 1, M. YMaHb, YKpaiHa

2|HCTUTYT 3axMCTy pocimH HauioHanbHOT akageMii arpapHMx Hayk YkpaiHu
03022, Byn. BacunbkiBcbka, 33, M. Kuis, YkpaiHa

AHoTauif. HaceneHHs YKpaiHi NOBUHHO OTPUMYBATKM CBiXY 3€M€Hb Bif paHHbOI BECHWU A0 OCEHI 3 BIAKPUTOrO IPYHTY i
CTPOKM BUPOLLYBaHHS WNWHATY 3a6e3MneyaTb NOCTaYaHHs CBiXOi 3eN1eHi. MeTor focnigkeHb 6yn10 BUBYEHHS MOXIMBOCTI
NOAOBXEHHA Nepiofy HAAXOLXKEHHS CBIXOI 3eM1eHi WNUHATY 3 BIAKPUTOrO MPYHTY 3@ PaXyHOK PO3LLUMPEHHS CTPOKIB
BMCIBaHHS HACiHHA Yy BiOKpUTOMY I'pyHTi. JocnimkeHHs nposoannnck y 2019-2021 pp. B ymoBax [liBaeHHoro Creny
YkpaiHn.Y pocnimxeHHi 6yno BUKOPUCTAHO NOMbOBI, CTAaTUCTUYHI, PO3PaXyHKOBO-aHaNITUYHI Ta 1abopaTopHi MeToAM.
HocnipxyBanucs coptu PaHTasis Ta Manaxit. BUB4anu noBemiHKy POCAUH 3aNeXHO Bif LWECTU CTPOKIB CiBOW.
KoHTponbHMM BapiaHToM 6yB copT PaHTasig 3a CTPOKOM ciBby | faekana KBiTHS. BuseneHo, wo pocivHmn 060x copTis
WNUHATY Manu BinbLuy MMCTKOBY MOBEPXHHIO 33 paHHiX CTpokiB ciBby 114,2-127,7 cM2 PocnnHu, ki BUCiBanu B cepnHi,
Manu MeHLUY NoLLy MCTKOBOT noBepxHi — 86,0-106,2 cM2 HalbinbLimnii ypoxkai TOBapHOI 3eN1€H0i Mack OTPUMaHO
3a ciBbu y Il pekapni kBiTHS Ta |l nekaai TpaBHa i copt MaHTasia 3abe3neuns 22,9-23,0 1/ra, a copT Manaxit - 23,3-
23,9 1/ra. CTpok ciB6M MaB 3HAYHMI BMMB HA OCHOBHI XiMiYHi MOKA3HMKM WNWHATY ropofHbOro copTiB MaHTasis i
ManaxiT i BULLMMM NOKA3HUKAMU Bif3HAYanucs CTpoku cisbum y I11-i nekani keitHA Ta |1-i nekani TpaBHs, ae BMicT
CyX0i PO3YMHHOI pevyoBMHM LOCAraB piBHA 6,4-6,8 %, MacoBa YacTka uUykpiB - 2,3-2,4 %, BMicT BiTaMiHy C -
58-70 mr/100 r. BctaHoBneHO, WO rpyHTOBO-KNiMaTUYHi ymMoBM [liaeHHoro Creny YkpaiHu npupaTHi ang cisbu
LUNMHATY FOPOAHbOIO Y WiCTb CTPOKIB i 3abe3neyaTb be3nepebiliHe HaaxomKeHHs npoaykuii 3 111-i nekaau KBiTHS 0
KiHLS BEpeCcHS BKNOYHO, a Y POKU 3 CNPUATANBUMM NOrogHUMK ymoBamu y |I-ri—111-i1 nekapax BepecHs 0o cepefmHu
YKOBTHS, LLO BUPILLIMTb NPOGEMY CE30HHOCTI Y CMOXMBAHHI CBiXXMX OBOYiB. PeKOMeHAYEMO CinbrocnBMpoOHMKaM
[OCNIoKEHI CTPOKM CiBOM LWNKUHATY, WO6 NPOAOBXKUTY TEPMiH OTPMMAHHS CBIXKOI 3€/1eHi 3 TPETbOI AeKaau KBITHS A0
KiHLS BEPECHS | B OKPEMi POKM A0 CEPEAUHM XKOBTHS

KntouoBi cnioBa: 3aranbHa nnowa AUCTKIB, KifbKiCTb IMCTKIB, BUCOTA POCIMHKU, Maca POCUHM, MOYATOK POCTY pO3ETKMH,
TEXHIYHa CTUMICTb
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INTRODUCTION

Pseudo cereals, such as amaranth, have an exceptional
nutritional as well as phytochemical profile with pro-
teins of good balanced amino acid content. Due to the
absence of gluten, these cereals can be included in the
diet of people with gluten intolerance. Dietary fibre,
vitamins, minerals, phenols, and other biologically
active compounds found in pseudocereals have the
potential to prevent chronic diseases such as cancer,
diabetes, hypertension, and cardiovascular disease.
Wheat bread is a staple food based on patent wheat
flour, which is a reliable source of energy but not of
high nutritional value. Thus, to explore the way of pro-
moting health attributes of such staple food by using
amaranth grain-derived products still underestimated
in XXI century could be very beneficial for food value
chain revaluation.

Baraniak & Kania-Dobrowolska (2022) highlight
the presence of bioactive compounds in pseudocereals,
and their great potential for diverse application in pro-
cessed food, such as e.g. bakery products. Guardianelli
et al. (2022) demonstrated that the nutritional properties
of wheat flour can be improved through mixing with
other functional ingredients, and amaranth grain-de-
rived products added to wheat flour brings considerable
health benefits to the nutritional value due to high protein
content, rich in lysine, precious dietary fibre, and lipids
composition.

Shevkani et al. (2022) state that amaranth flour
adds a light-yellow grain-like colour to the composite
flour, which is described as nutty, earthy, and grassy.
Amaranth flour protein receives high quality marks
due to its rich content of lysine and methionine. It is
also recognized as one of the best proteins of plant
origin which is close to the ideal protein. Studies con-
ducted by Castro-Martinez et al. (2012) testify that am-
aranth is one of the leaders among plants in terms of
the content of lysine, threonine, arginine, phenylala-
nine. In a two-year study, Hlinkova et al. (2013) pointed
out found that amaranth seeds were also rich in 77%
polyunsaturated fatty acids content, considerably pre-
sented by linoleic acid as a source of arachidonic acid,
which is used to the basis for the synthesis of prosta-
glandins in the body.

Amaranth proteins digestibility is close to the
digestibility of proteins of animal origin. Amaranth ex-
ceeds conventional crops by content lysine and methi-
onine. Alicia Martinez-Lopez et al. (2020) consider this
plant is a source of fibre, polyunsaturated acids, phy-
tosterols, phospholipids, squalene, vitamins C, E, PP, B2,
B1, A, folate, macro- and microelements (sodium, mag-
nesium, potassium, phosphorus, calcium, iron, copper),
which are crucial for the optimal functioning of the di-
gestive,immune, and endocrine systems, etc. The authors
indicate that 700-80% of amaranth grain tocopherols
are represented by B- and y-tocopherols, 20.0-25.0%
by 8-tocopherols, and 5.0-10.0% by a-tocopherols.
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Nauman Khalid et al. (2017) investigated safflower
oil as a source of magnesium, vitamins (B1, B2, PP, E,
B-tocopherol), which contains carotenoids. The oil ex-
tracted from the kernels of safflower seeds has a bitter
taste and a floral smell. In terms of the balanced com-
position of unsaturated fats, this oil is superior to sun-
flower oil and, moreover, suitable to be hydrogenated
to margarine of the best quality (Xin et al., 2022).

Prokopov et al. (2018) claim that onion powders
in confectionery, dairy, bakery, and pasta formulations
can enrich their techno-functional properties. Bae et al.
(2003) presented data on the quality characteristics of
wheat bread with the addition of 2-8% onion powder.
The colour index of bread with onion powder had lower
lightness and higher redness and yellowness than that
of the control bread. The specific volume of the onion
powder-added bread increased, and the texture measure-
ment showed that hardness, springiness, stickiness, and
chewiness decreased as the amount of onion powder
added was enlarged. Masood et al. (2020) was aimed to
improve the nutritional quality of bread by adding on-
ion peel extract (OPE) and onion powder (OP) at 1-7%
replacement of wheat flour. The obtained properties il-
lustrate that onion powder can serve as a good flavour
ingredient for baking wheat bread.

The purpose of this study is to evaluate the effect
of scalded amaranth grains on techno-functionality and
biological value of wheat bread enriched with onion
powder and safflower oil. The purpose was fulfilled by
solving the following tasks: to investigate the chemical
composition, technological properties of amaranth
groats; to assess the effect of scalded amaranth groats
on the breadmaking; to evaluate organoleptic, physico-
chemical indicators of the quality of bread enriched
with amaranth groats, onion powder and safflower oil;
to estimate the biological value of the developed bread
with scalded amaranth groats.

MATERIALS AND METHODS

The following types of raw materials were used for the
study: wheat flour; amaranth flour; amaranth groats;
onion powder; pressed bakery yeast and salt (Table 1).
Water was added to the formulations to dough moisture
content of 43.5%. The moisture content of raw materials
was determined by the thermogravimetric method ac-
cording to DSTU ISO 712:2015 (2015) using a SESH-3M
drying oven, Ukraine. Whiteness was determined as the
light reflation of flour with the use of RZ-BPL-CM, Ukraine,
according to DSTU 26361:2019 (2019). The flour water
absorption capacity was determined for 100 g of flour
during dough kneading by ISO 17718:2013 method (2013).
Falling number was analysed according to Perten method
of 1SO 3093:2009 (2009) with the use of PChP-99-2,
Ukraine. Autolytic activity was determined as the ability
of flour to form sugars during heating according to the
DSTU 3016-95 (1995) method.
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Table 1. Bread with scalded amaranth groats and vegetable additives

Quantity of raw materials in the recipe, g

Scalded

Sample . Onion
Wheat flour amaranth  Safflower oil Sugar Yeast Salt Water
powder
groats

1 600 0 18 24 24 18 9.6 365
2 600 72 18 24 24 18 9.6 312
3 600 144 18 24 24 18 9.6 259
4 600 216 18 24 24 18 9.6 206
5 600 288 18 24 24 18 9.6 153
6 600 360 18 24 24 18 9.6 100

Source: compiled by the authors

Baking loss of the bread was determined as the
ratio of the weight of the bread removed from the oven,
to the weight of the bread after 4 hours of storage at room
temperature, expressed in %. Drying loss was measured
as the ratio of the weight of the bread after 4 hours
of storage at room temperature, to the weight of the
bread after 24 hours of storage at room temperature,
expressed in %. Bread shape stability was determined
as the ratio of height to width of the central part of the
loaf. Bread specific volume was analysed by millet seed
replacement method according to AACC 10-05.01 (2000).
Bread crumb porosity was determined using Zhuravlov's
device (Hlinkova et al., 2013). Staleness of the bread
was assessed during three days of storage of the loaves
at room temperature. Moisture content of the crumb
was analysed by the thermogravimetric method as the
weight loss of 5 g of crushed bread crumb from the cen-
tral part of the loaf according to AACC 44-15.02 (1999).
Water absorption capacity of the crumb was determined
as the amount of water absorbed by the crushed crumb,
g per g of the dry crumb. Organoleptic properties of
bread samples were analysed by a panel of experts by
the following indicators: crust colour and smoothness;
crumb colour, porosity structure, and rheological proper-
ties; aroma, taste, and chewiness of crumb, expressed in
a five-point scale. The acidity of the bread crumb was
determined by the titrimetric method (DSTU 7045:20009,
2009).

Crude protein content was analysed by the Kjeldahl
method (DSTU 7169:2010, 2011). Crude fat content was
determined by the Soxhlet method (ISO 6492:1999,

1999). Crude fibre content was analysed by sequen-
tial solvent extraction (ISO 6865:2000, 2000). Crude
ash content was determined by burning the sample in
a muffle furnace according to I1SO 5984:2002 (2002).
Carbohydrate content was calculated according to FAO
recommendations. The amino acid composition was de-
termined by ion-exchange liquid column chromatogra-
phy on amino acid analyser T 339 (Mikrotechna, Czech
Republic). Total protein utility, amino acid composition
difference coefficient (AACDC) and protein utility (PU)
were calculated by the method presented by Martinez-
Lopez et al., 2020.

The fatty acid composition of flour and bread
samples was determined by gas chromatography on
Agilent 6890B (Agilent Technologies, USA), equipped
with the flame ionization detector (FID) and HP-Innowax
capillary column. Experiments were performed in 3-5-fold
repetition.

RESULTS AND DISCUSSION

Table 2 demonstrates that the amaranth flour presented
the lowest moisture content of 10%, while the onion
powder had the lowest whiteness. The highest falling
number was represented by wheat flour (610 s), which
needed to be increased for optimising the dough rheo-
logical characteristics, through mixing with such ingre-
dients as the amaranth grain-derived products. Water
absorption capacity of the studied samples was related
to the particle size distribution and chemical composition,
varying between 144% (amaranth flour) to 500% (onion
powder).

Table 2. Technological properties of composite flour ingredients

Water absorption

Ingredient Moisture content, % Whiteness, c.u. capacity, % Falling number, s Autolytic activity, %
Wheat flour 145%0.2 61.6%0.1 184.0+11.3 610.1£9.9 31.6%0.2
Amaranth flour 10£0.1 19.3+0.1 2241+12.1 70521 30.6+0.2
Amaranth groats 11.8+0.3 229%0.1 1440+9.1 61.1+0.9 171+0.2
Onion powder 12.5+0.2 11.8+0.1 500.2 #15.3 426.5+10.6 343+0.2

Source: compiled by the authors
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Figure 1 presents the developed samples of wheat
bread with scalded amaranth groats enriched with onion

2% AG

Control

4% AG

powder and safflower oil, when the technological char-
acteristics of the samples are demonstrated by Figure 2.

6% AG 10% AG

8% AG

Figure 1. Wheat bread with scalded amaranth groats (%), enriched with onion powder and safflower oil

Source: photographed by the authors
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Figure 2. Technological characteristics of wheat bread with scalded amaranth groats (%)

Source: compiled by the authors

Application of scalded amaranth groats into the
wheat bread formulations led to a specific volume in-
crease of 1.06-1.2 times with improved crumb colour,
taste and aroma of bread. Also, the use of scalded ama-
ranth groats as an ingredient in the bread formulations
promoted 5% higher porosity of the products.Taking into
account the change in the dough rheological character-
istics, shape stability of the loaves increased drastically
when 10% of scalded amaranth groats were introduced
to the product. Crumb acidity of the samples with 8-10%
of the amaranth grain-derived ingredient was slightly
lowered in comparison to the control sample due to
speedy proofing of the dough. Thus, scalded amaranth
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groats application intensified the wheat dough fermen-
tation which is in agreement with higher falling number
of amaranth groats (Table 2). Considering the obtained
effects, scalded amaranth groats could be a promising
ingredient of the wheat bread at 4-8% amaranth groats
content to the wheat flour in the formulation.

Moisture content and water absorption capacity
of the bread crumb tend to decrease with the loosing of
bread freshness indicating its staling. The scalded ama-
ranth groats application contributed to retaining more
water by the bread crumb (Fig. 3) with an effect pre-
dominately on water absorption capacity of the crumb
at 2-6% scalded amaranth groats after 3 days of storage.




. >0 mDayl mDay2 mDay3
£ 45
()
£
8 40
()
3
4 35
=
30 |

Control 2% 6% 10%
AG AG AG

Mykolenko et al. 67

§ 400 .Day'l mDéyZ |:|'Day_7>
g 350 i & I
S

c

S 300

a

IS

8 2504 || ||

(18]

T

g 200 | i |

Control 2% 6% 10%
AG AG AG

Figure 3. Effect of scalded amaranth groats (%) of freshness of wheat bread

Source: compiled by the authors

Table 3 shows the chemical composition of wheat
patent flour, amaranth groats, and the bread made with
their use following the developed formulations includ-
ing onion powder and safflower oil (Table 1). Such a
combination of the ingredients has the potential to
enrich the product with biologically active compounds

providing the quality of the product, which could meet
the high expectations of consumers. The last, but not
least benefit of using amaranth grain-derived products
is related to its sustainability as a drought and pest-re-
sistant crop capable to withstand climate change and
global warming issues.

Table 3. Nutritional profile of amaranth groats and wheat bread enriched
with scalded amaranth groats, onion powder and safflower oil

Wheat bread with

Wheat bread with onion scalded amaranth

Indicator Wheat flour Amaranth groats powder and safflower oil  groats, onion powder
and safflower oil
Crude protein, % 12.01+0.22 3.68+£0.22 12.01+0.16 1146 +0.12
Crude fat, % 1.82 £0.07 0.94 £ 0.06 1.55+0.20 1.22+0.17
Crude fibre, % 0.18 £0.02 0.06 = 0.02 0.24+0.01 0.23+0.01
Crude ash, % 0.64 +0.02 0.89+0.18 2.37+0.13 2.15+£0.08
Carbohydrate content, % 85.35+0.43 94.42 £0.40 83.83+0.58 84.94 £ 0.04

Source: compiled by the authors

Compared to wheat patent flour which is scarce in
bioactive compounds, amaranth groats as an ingredient
for breadmaking showed 4-fold less crude protein con-
tent, 2-3-fold less crude fat and fibre, but higher by 10-
50% total carbohydrates and ash content. This is related
to the distribution of nutrients in the amaranth grain and
thus, amaranth groats with removed fatty and proteinous
otter part of the seed during processing demonstrated
mostly starchy perisperm with well-distributed essential
mineral elements.To be emphasized,amaranth groats in-
troduction to the wheat bread formulations could bring
benefits to the consumer characteristics of the wheat
bread, and make the application of other non-traditional

ingredients, which are prone to deteriorate the quality of
the product, an appropriate option. Therefore, to deter-
mine the nutritional profile of the bread, the developed
formulations with onion powder and safflower oil were
used combined with 8% of scalded amaranth groats.

Only the difference in the chemical composition
of the experimental and control sample of bread is sta-
tistically significant for the content of crude protein,
which decreases by 5% for the experimental sample,
and available carbohydrates, which increases by 1%. As
Figure 4 shows, wheat flour has an inferior amino acid
composition, while the limiting essential amino acids
are isoleucine and valine.

Scientific Horizons, 2022, Vol. 25, No. 11
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The amino acid composition of raw materials
and bread made according to the developed recipe and
technology was studied (Fig. 5). Amaranth groats differ
substantially in their very high content of lysine (156%),
phenylalanine and tyrosine (125%) relative to ideal
protein and to wheat flour. Therewith, the contents of
threonine, valine, methionine, and cysteine in amaranth
groats are twice as high as for wheat flour,and are 75-85%.

Limiting are isoleucine and valine, as for wheat flour, but
their crusts are much higher. Even though the rates of
all essential amino acids are higher for amaranth groats
in raw form, the difference coefficient of the amino acid
rate is higher, the biological value is lower, as well as
the utility of the protein, so the use of the groats re-
quires its hydrothermal treatment to balance the amino
acid score (Fig. 5, Table 4).
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Figure 5. Amino acid composition of raw materials and bread made according to the developed recipe and technology

Source: compiled by the authors

Table 4. Amino acid composition of raw materials and developed functional bread

Wheat bread Wheat bread with scalded
Control (wheat flour) Amaranth groats (control) amaranthgroats (8%)
Amino acid
AGgo/ 190 9 Score, % AGgo/ 190 9 Score, % AG 9/1(.)0 9 Score, % AGg/ 190 9 Score, %
protein protein protein protein
Lysine 212 39 8.59 156 2.17 39 2.51 46
Histidine 1.07 - 249 - 1.16 - 1.46 -
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Table 4, Continued

Ao acd Control (wheat flour) Amaranth groats W?cia:tl:;f)ad Wg‘:;rg:etah‘;x:; s(csaoid)ed
AGP% :e?r? 9 Score, % AGP% tle(i)r? 9 Score, % AGp?c{tle(i)r? 9 Score, % AGP% :-e(i)r? 9 Score, %
Arginine 2.54 - 14.46 - 1.66 - 2.78 -
Aspartic acid 2.25 - 8.97 - 2.79 - 3.26 -
Threonine 1.47 37 3.30 82 1.60 40 2.40 60
Serine 3.02 - 4.36 - 3.25 - 4.17 -
Glutamic acid 23.05 - 10.24 - 24.29 - 30.35 -
Proline 7.64 - 6.82 - 8.71 - 9.93 -
Glycine 2.54 - 5.96 - 2.53 - 3.31 -
Alanine 2.11 - 5.87 - 1.80 - 2.75 -
Valine 1.68 34 3.76 75 1.64 33 241 48
Mfiics’t”iin”; 166 47 298 85 173 50 215 62
Isoleucine 1.20 30 1.67 42 0.96 24 171 43
Leucine 4.14 59 5.44 78 341 49 5.21 74
Phenylalanine + 15 74 752 125 3.53 59 5.50 92
+ Tyrosine
Total EAA 16.69 33.27 15.03 21.89
Biological value of protein
Total protein 0.63 044 0.56 0.68
utility
AACDC, % 15.47 50.14 17.90 1777
BV, % 84.53 49.86 82.10 82.23

Source: compiled by the authors

As Figure 5 shows, according to all indicators, the
control and experimental samples of the developed wheat
bread with different dosages of amaranth groats and onion
powder differ in the biological value of protein in favour
of the latter. The values of essential amino acids increase
by 1.1-1.45 times compared to the control without ama-
ranth cereals and the protein utility in the product increases

by 2.6 times, which indicates an increase in its digestibility
by the human body when using developed bread.

Lipids as fatty acids and their derivatives, as well
as substances biosynthetically or functionally related
to these compounds in the raw material and developed
wheat bread with different dosages of amaranth groats
and onion powder are presented in Table 5.

Table 5. Fatty acid composition of flour raw materials and bread

Sample
Fatty acid
Wheat flour Wheat flour Amaranth Onion bread with Onion bread with safflower oil
groats safflower oil and amaranth groats

C8:0 Caprylic 0.01 0.02 0.01 traces

C9:0 Pelargonic - 0.01 traces -

C10:0 Capric - 0.03 0.01 traces
C11:0 Undecylic - 0.03 0.01 0.01
C12:0 Isolauric - 0.01 traces -
C12:0 Lauric 0.03 0.37 0.04 0.02
C12:1 Lauroleic - 0.05 0.01 -
C13:0 Tridecylic - 0.13 0.01 -
C14:0 Myristic 0.13 0.88 0.29 0.21
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Table 5, Continued

Sample
Fatty acid X X X
Wheat flour Wheat flour Amaranth Onion bread with Onion bread with safflower oil
groats safflower oil and amaranth groats

C14:1 Myristoleic 0.02 0.38 0.02 0.04

C14:2 Tetradecadienoic - 0.05 - -

C15:0 Pentadecylic 0.07 0.19 0.11 -

C16:0 Isopalmitic - 0.15 0.06 -

C16:0 Palmitic 23.82 22.48 18.84 16.61

Clé6:1 Palmitoleic 0.29 0.89 0.64 0.45

C17:0 Margaric 0.13 0.70 0.27 0.08

C171 Heptadecenic 0.05 0.21 0.09 0.03

C18:0 Isostearic - 0.40 - -

C18:0 Stearic 1.87 3.88 5.99 4.59

C18:1 Oleic 18.15 31.35 25.58 24.63

C18:2 Linoleic 49.85 30.87 41.61 49.30

C18:3 Linolenic 2.58 0.44 1.58 0.96

C20:0 Arachidic 0.30 0.50 0.93 0.62

C20:1 Gondoic 0.61 0.52 0.72 0.45

C21:0 Heneicosylic 0.08 0.12 0.46 0.05

C20:2 Eicosadienoic 0.79 - 0.48 0.55

C20:4 Arachidonic 0.64 2.01 1.14 0.67

C22:0 Docosanoic 0.14 1.05 0.28 0.23

€223 Docosatrienic 0.06 0.30 0.04 0.02

C22:5 Docosapentaenoic 0.36 - 0.40 0.25

C22:6 Docosahexaenoic 0.03 - 0.38 0.19

C22:6 Docosahexaenoic - 1.40 - -

Source: compiled by the authors

Free fatty acids (Table 6), and especially linoleic
and linolenic acids, take part in the absorption of oxygen.
It is assumed that the mechanism of these processes
is the oxidation of free linoleic and linolenic acids of
flour with the combined oxidation of sulfhydryl groups

the loss of free fatty acids within 10 min, but not the
loss of other nonphosphorus lipids. Losses of free fatty
acids can occur through lipoxidase oxidation of essential
fatty acids and concomitant enzymatic oxidation of free
fatty acids (Mercier & Gélinas, 2001).

of gluten. Aerobic mixing of flour and water results in

Table 6. Features of the fatty acid composition of raw materials and bread with amaranth groats (8%) and vegetable additives

Fatty ?cig spectrum Wheat Amaranth  Bread enriched with onic.m Bread'enriched with amaranth grf)ats, Safflower oil
indicator flour groats powder and safflower oil onion powder and safflower oil
Saturated 26.57 30.95 27.32 22.44 8.10
Monounsaturated 19.11 33.40 27.06 25.58 11.20
Polyunsaturated 54.32 35.27 45.62 51.95 80.70
UZ;‘:;:;:;Zd 2.76 2.22 2.66 3.45 1135
Essential 1.15 0.88 0.80 -
Omega-3 4.40 3.85 397 2.63 0.30
Omega-6 4991 31.42 41.65 49.32 80.40
Omega 6:3 11.33 8.17 10.49 18.77 268.00
Omega-9 19.11 33.40 27.06 25.61 11.20

Source: compiled by the authors
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The obtained results from Table 6 are consistent
with the data presented by Aliieva et al. (2022) and Ruy-
varanetal.(2022),wheretheauthorsindicatethattheuse
ofamaranth grain processing products,namelyamaranth
groats, can have technological advantages along with
increasing the biological value of bread with their use.

Thakur et al. (2022) conducted a study of grinding
gluten-free amaranth grain into flour for nutrient com-
position, antinutrients, total and bioavailable minerals,
fatty acids and amino acids, acid profile and functional
properties of the flour. It was found that the fine frac-
tion,which is 44% of the total amount of amaranth flour,
contains more protein (19.7%), fat (8.54%), minerals
(3.46%) and dietary fibre content (20.09%), as well as a
higher total amino acid content with lysine as the main
essential amino acid. The content of linoleic acid in fine
flour was (44.8%). Coarsely ground flour was dominated
by linoleic acid (37.2-44.8%), which is a polyunsaturated
fatty acid, oleic acid (27.9-29.4%), and palmitic acid by
(26.5-29.6%). Differentially sifted flour of amaranth grain
fractions showed a wide distribution of nutrients and of
the finely dispersed fraction. In this way, to compensate
for the loss of free fatty acids in wheat flour during the
production of bread, Guardianelli et al. (2022) suggested
the use of amaranth flour with the indicated content of
nutrients, including free fatty acids.

Ballester-Sanchez et al. (2019) proved that wheat
flour has a very low falling number, indicating low al-
pha-amylase activity. In turn, Saubhik (2016) claimed
that amaranth flour and amaranth groats have highly
active alpha-amylase, which together with wheat flour
will activate the dough ripening processes due to the
breakdown of starch and the initiation of the release of
sufficient maltose to feed the yeast. The lowest autolytic
activity is inherent in amaranth groats.

Wolosik & Markowska (2019) analysed onion pow-
der and proved that it has anti-inflammatory and decon-
taminating properties; even after baking, onion powder
has a considerable part of useful substances. The paper
(Castro-Martinez, 2012) examines the nature and bio-
logical activity of onion thiosulphinates, as well as their
potential value as food preservatives for preserving food
and extending its shelf life, and their effectiveness as
food preservatives and chemical substitutes.

Comparing the research presented in this pa-
per with the results known from individual literature
sources, one can draw several important conclusions
that reflect the further research prospects started by
the authors to create fundamentally new varieties of
wheat bread enriched with useful components of ama-
ranth groats and plant additives. Firstly, the favourable
increase in the total number of drops of the composi-
tion of wheat and amaranth flour leads to the achieve-
ment of the creation of high-quality consumer bread
with high physical and chemical component indicators,
which ultimately cannot but attract a wide range of
Ukrainian consumers of the product with preventive and
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curative properties. Secondly, the saturation of developed
varieties of wheat bread, enriched by adding amaranth
groats and plant additives with a sufficient amount of
useful minerals, vitamins, flavour enhancers due to high-
quality lipid components can create the conditions for
placing such bread products in the range of the greatest
consumer demand, provided effective management and
quality control production. Thirdly, an attractive, readily
available raw material environment will have a favour-
able effect on the improved production technology of
a qualitatively new mass consumption product without
any conversion of technological lines to produce new
types of bread.

CONCLUSIONS

It was established that the use of amaranth groats as a
component of wheat bread, provided that it is hydrother-
mally processed and introduced into the dough recipe
in the form of porridge, leads to the improvement of the
technological properties of semifinished products during
the ripening of the products and gives the products im-
proved technological qualities. The use of amaranth groats
as an ingredient in the recipe of bread enriched with
onion powder and safflower oil substantially affects the
growth of the dimensional stability of bread from 0.25
to 0.45, the increase in the specific volume of products
by 6-20% and its porosity by 5%, subject to improvement
the colour of the pulp,a more pronounced taste and aroma
of bread with a slight decrease in the acidity of the pulp.
The optimal introduction of amaranth groats in the form
of porridge to the recipe of bread with onion powder and
safflower oil is 4-8% by weight of wheat flour.

Amaranth groats differ substantially in their high
content of lysine (156%), phenylalanine, and tyrosine
(125%) relative to the amino acid scores of wheat flour.
Therewith, the contents of threonine, valine, metheonine,
and cysteine in amaranth groats are twice as high as
for wheat flour,and amount to 75-85%. Bread made ac-
cording to the developed recipes with amaranth groats
has a rate of essential amino acids 1.1-1.45 times higher
than for the developed bread without amaranth groats,
and 2.6 times higher protein utility in the product, which
indicates an increase in its digestibility by the human
body when using the developed bread.

Considering the fatty acid composition of the
product, the proven improvement of the amino acid
composition of the products as a result of enrichment
with all essential amino acids and the growth of pro-
tein utility, the developed recipe and technologies are
promising for introduction at enterprises of various power
levels, which allows them to produce more competitive
health products.

To increase the functional status of the devel-
oped bread with amaranth groats and plant additives
in towards their enrichment with organic acids and
increase the assimilation of essential metals that are part
of amaranth grain processing products, further research
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aimed at the development of bread based on sour-milk by the Ministry of Education and Science of Ukraine

sourdough of spontaneous fermentation is relevant. (No. 0120U100322). The authors would like to acknowl-
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TexHoNoriyHi Ta Xxap4yoBi NepeBarn Kpynu aMmapaHTy B xnlibonevyeHHi

CsitnaHa lOpiiBHa MukoneHko, Onbra KOpiiBHa AnieBa,
EnbuuH baxtusap ornu Anies, Onekcanap AHapiiosuu lNiBoBapos

[HINpOBCbKMI AepXKaBHWUIA arpapHO-eKOHOMIYHUI YHIBEpCUTET
49600, syn. C. Eppemosa, 25, M. IHinpo, YkpaiHa

AHotauiq. [iguLLeHHS 6ioN0riYHOI LLiHHOCTI NWEHUYHOro X1iba 33 paxyHOK BUKOPUCTAHHS HETPALMLIMHOT GOPOLLUHSHOI
CUPOBUHM, BaraToi Ha BiONOriYHO LiHHI KOMMOHEHTH, K MPOAYKTY MacoBOro CMOXWBaHHSA MA€ BiAMNOBiLATM BUMOram
BMCOKOI SIKOCTi MOr0 CMOXMBYMX BNACTMBOCTEN. MeTa poboTu — [OCNIMKEHHS BNIMBY aMapaHTOBOI KPYnu HA TEXHOJOTiYHi
SKOCTi | 6i0NOriYHY LLiHHICTb MWEHUYHOro XNiba,36arayeHoro TakMm POCIMHHUMM [,06aBKaMMU, SIK LMBYNeBuiA MOpOLLIOK
i cadbnopoBa onisg. Bnive aMapaHToBOi Kpynu Ha GOPMYBAHHS SKOCTI xJ1i6a BU3HAYaNM LWASXOM BUKOPUCTAHHS
TEXHONOTIYHUX, Pi3UYHUX, XIMIYHMX, IHCTPYMEHTANbHUX | PO3PaXyHKOBUX METOAIB aHani3y CMPOBUHM i po3pobneHnx
BMPO6iB. 3aCTOCYBAHHSA NPOAYKTIB NepepobKu 3epHa aMapaHTy i cadnopy K LLiHHOT TPOA0BO/BYOT POC/IMHHOT CUPOBUHM
y peLenTypi NWeHUYHOro Xiba NpuU3BOAMIO A0 MOMIMWEHHS CNOXMBYMX SKOCTEN XJiba 3a yMoBM 4-8 % BBELEHHS
aMapaHToBOi Kpynu. 3abe3neyeHHs iHTeHcudikauii LO3piBaHHS TiCTOBMX HaniBPabpukaTiB CynpoBOAXKYBanoCs
NONINWEeHHSM OpraHoNenTUYHMX BaactuBocTen BUpobiB, 6-20 % 3pocTaHHAM nuToMoro obemy. BcraHoBneHo, wo
aMapaHTOBa Kpyna Masna BUCOKMIA aMiHOKMCIIOTHUIA CKOp 3a Ni3uHoM (156 %), deHiHanaHiHOM i Tpo3uHoM (125 %), a
CKOPM 3a TPEOHIHOM, BaNiHOM i LUMCTEIHOM Bynu yABiYi BULLMMM MOPIBHAHO 3 MEeHWYHUM BOpOLIHOM, 36igHEHUM Ha
6i0N0riYyHO LjiHHI peyoBMHU. Po3pobneHnii nweHUYHo-aMapaHToOBMIA X1i6 MaB MONIMWEHUIA aMiHOKUCIOTHUI CKNag,
32 paxyHOK 3pOCTaHHS CKOPiB He3aMiHHMX aMiHOKMCNOT, y 2,6 pasiB BULLOI YTUAITAPHOCTI BifKy, WO MOXe CnpusTy
Moro 3acBotBaAHOCTI. OCHOBHUM YMHHWUKOM 3MiHU XXMPHOKMCNOTHOTO CKNady BUPOBGiB BUCTYNano BBEAEHHS A0 CKAaLy
NpoAyKTy cadpniopoBoi 0/1ii 3 BUCOKMM BMICTOM NiHONEBOT KMCNOTH. [pakTUYHa LiHHICTb pOBOTM BU3HAYAETLCS TUM, LLO
Takuii xni6 Ma€e BCi 03HaKM NPodiNakTMYHO-NiKyBabHOIO i 0340POBYOr0 NPOAYKTY

KniouoBi cnoBa: amapaHToBa Kpyna, 3aBaptoBaHHSA, cad®nopoBa onis, unbyneBuit NMopoLLOK, MWEHUYHUIA XNi6,
AMIHOKMCIOTHUM CKNAA, XMPHOKUCAOTHWUI CKNaz
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Abstract. Studying structural and functional biodiversity in relation to various
environmental factors is currently extremely relevant because aquatic ecosystems
are a significant source of biological diversity and make up a significant part of
the biological productivity of the Earth, they perform many functions, and they
are valuable and important for the stability of biotic communities. With this in
mind, the task to determine the floristic composition of the Teteriv ecological
corridor as a prototypical river landscape in the northern part of Ukraine,
to analyse the structural and functional features of the species diversity of
macrophytes therein, and to dissect this diversity into its component parts
accordingtoits place of origin, its life form,and its relationship to environmental
factors was set. The number of species and their predicted coverage in areas
with different anthropogenic pressures within the Teteriv ecological corridor
were analysed within ecological zones based on the study’s findings. It was
demonstrated that the integrated ecological indicator of water quality was
crucial to the growth of phytocenoses in high-anthropogenic-load regions.
The communities may survive in environments where dissolved oxygen is low,
muddy sediments are abundant, and anaerobic processes predominate in the
transformation of substances. Additionally, they can propagate in floodplains,
wet swampy ecotopes, and other environments where water is present for
extended periods of time. Most of these communities are not picky about their
habitat, as they may thrive in a variety of situations, including slightly acidic or
neutral substrates, varying amounts of nitrogen and minerals in the soil, and
mild salinization of the plant life. An increase in the number of representatives
of individual ecogroups can attest to changes in the ecological state of
aquatic ecosystems and have practical significance in detecting increased
anthropogenic pressure on aquatic ecosystems
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INTRODUCTION
Ecological monitoring of surface waters based on mac-
rophyte reactions, as well as the study of the impact of
various environmental factors on their diversitological
and physiological indicators, is a common and proven
area of hydrobiological research. The study of the reac-
tion of macrophytes to the influence of anthropogenic
factors can be attributed to the same direction. For ex-
ample, using a diversitological approach to look at how
stable the growth of higher aquatic plants is when water
bodies get saltier may show early signs of deterioration.

Aquatic flora is a sensitive component of eco-
systems that respond not only to environmental degra-
dation but also to improvement (Elo et al., 2018). This
is because, as the effects of humans on river ecosys-
tems are lessened, the original species mix of macro-
phyte groups is brought back, and at the same time,
some species whose growth was once caused by the
displacement of more sensitive species from ecological
niches are brought back.

Determining the diversity of organisms and any
shifts in their physiological and morphological charac-
teristics is an important part of evaluating the health
of aquatic ecosystems. Phytoindicators are useful be-
cause they can, according to some sources, (2) react to
relatively weak loads because of the effect of dose
accumulation; (b) account for the total effect of vari-
ous anthropogenic factors; (c) record an abundance of
chemical and physical parameters that characterize
the state of the environment; (d) establish the rate at
which environmental changes are occurring; (e) track
the evolution of biogeocenoses; and (e) pinpoint the
entry points of toxicants (Isaienko et al., 2019; Hajek et al.,
2020; Fedonyuk et al., 2020; Hu et al., 2021).

Due to varying methodological techniques and
distinct natural environments in which this research was
conducted, several writers ambiguously interpret the
suggestive features of higher aquatic plants and their
groups. Submerged macrophytes, or plants most closely
associated with the aquatic environment, respond to
changes in the composition of the water very quickly
(O'Hareetal.,2018; Gurnell etal.,2020; Dong et al.,2022).

Species diversity is the main criterion for the
state of aquatic ecosystems (Tanwir et al., 2020; Fedo-
niuk et al., 2020). Similar work was carried out in other
parts of the world. Thus, similar studies noted the im-
portant role of imaging methods in the analysis of envi-
ronmental quality (Fedoniuk et al., 2019; Xu et al., 2020).

The presence of Isoétes lacustris L., I. echinospora
Durieu, Lobelia dortmanna L. and Miriophyllum alterni-
florum DC indicate the purity and oligotrophy of natu-
ral waters. Potamogeton pussilus, P. trichoides. Cham. et
Schltdl., P.gramineus L.grow in the same water (Lindholm
etal.,2021).

Areas of water bodies that do not currently un-
dergo anthropogenic eutrophication are overgrown with
Catabrosa aquatica (L.) Beauv., Elatine alsinastrum L.,

Fedoniuk et al.

Ceratophyllum submersum L., and reservoirs character-
ized by relatively clean water - Gliceria plicata Fries.
Aschers, Potamogeton alpinus Balb., and P. trichoides
Cham. Et Schlecht. The same group of plants includes
Potamogeton lucens L. (Sand-Jensen et al., 2017). Ac-
cording to some sources, Miriophyllum spicatum L. very
sensitive to industrial and municipal effluents (Ra-
meshkumar et al., 2019; Ceschin et al., 2021). That is
why other authors defined it as an indicator of res-
ervoirs with high mineral content that were subject
to strong anthropogenic eutrophication (Vardanyan &
De, 2021; Lin et al., 2021).

The group of indicator plants that indicate the
mesotrophic and eutrophic nature of water bodies is
quite significant (Gil et al., 2020). Other groups of me-
sotrophic species include Sparganium emersum Rehm.,
eutrophic species — Equisetum fluviatile L., Typha angus-
tifolia L., T. latifolia L., Potamogeton natans L., Sagittaria
sagittifolia L., Utricularia australis etc. (Roth et al., 2020;
Orlov et al., 2021; Szpakowska et al., 2021). The rapid
growth of duckweed could be a sign that pollution from
agriculture and industry is hurting aquatic ecosystems
(Fedoniuk et al., 2022).

The indicator potential of aquatic macrophytes
is highly ambiguous (Fares et al., 2020). However, the
prevalence of macrophytes - plant species with wide
geographical ranges that may require various environ-
mental conditions even within their range - cannot be
relied upon as a reliable predictor of a certain degree
of the environmental component. In phytocenoses, far
fewer macrophytes than eurytopic ones often serve as
accurate markers of any given natural situation. The de-
velopment of an understanding of the level of water
body pollution by the structure of macrophyte groups,
the set of species, and their productivity appears to be
the most promising route in light of this (Joniak et al.,
2017; Reid et al., 2019; Kataki et al., 2021). Biomonitoring
the dynamics of littoral overgrowth later can say a lot
about how water quality changes both in the past and
in the present.

The goal of this work was to figure out the struc-
ture and function of species diversity in the Teteriv eco-
logical corridor in areas with different levels of devel-
opment of the floodplain of the river landscape, and to
find the most important ecogroups and biomorphs in
relation to different environmental factors.

MATERIALS AND METHODS

The study was carried out from 2011 to 2020 in 78
sites within the wooded part of the ecological corri-
dors of the Teteriv-River cascade. From among differ-
ent types of water basins, the following rivers were
chosen: the Teteriv River and its tributaries - the Gny-
lopiat, the Irsha, the Guiva, the Zdvyzh, as well as rather
big water reservoirs — Chudniv, Vidsichne, Zhytomyr,
Irshansk, Malyn (Fig. 1).
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Figure 1. The distribution of higher aquatic vegetation metering points on the territory of Ukraine
Source: Google Earth 6.2.2.6613 (n.d.), aerial photo with author's tags

Water samples were taken at the 78 points de-
scribed above. The choice of research points was based
on the following criteria: places of wastewater discharge
and intensive surface runoff, etc.). The structural charac-
teristics of the typical river ecosystems of the ecologi-
cal corridors of the Teteriv-River cascade were analysed
in the first stage of research. Retrospective data from
the Ukrainian Hydrometeorological Center (n.d.) and
the State Agency of Water Resources of Ukraine (n.d.) in
the Zhytomyr region (from 1975 to 2010), as well as hy-
dro-chemical and hydro-physical studies in the period
2011-2020, were used to conduct this research, obtained
at monitoring sites No 1-01...1-10,1-21...1-28,1-31...1-34,
1-37...1-42, 2-01...2-04, 4-01...4-06 together with the
State Agency of Water Resources of Ukraine (n.d.), sur-
vey data in points 1-11...1-13, 1-04, 1-15...1-20, 1-29,
1-30, 1-35, 1-36, 2-05, 2-06, 3-01 obtained individually.

At the same points as water sampling, descrip-
tions of the species composition of plant organisms were
carried out. Woodwiss's method (Woodiwiss, 1964) was
used for research. When analysing a sample of higher
aquatic plants from the accounting points, the data was
compared with the list of indicator species, in which
certain species have a certain class of water purity.

Life forms of macrophytes-indicators were ana-
lysed according to the classical classification of Hejny
(1960). The distribution of aquatic macrophyte species
by habitat type was carried out according to Meusel et
al. (1965). Classification of aquatic macrophytes in re-
lation to environmental factors was carried out based

Scientific Horizons, 2022, Vol. 25, No. 11

on indicator scales of Ellenberg et al. (1967) and unified
scales of Didukh & Plyuta (1994), which are adapted to
the geographical and territorial conditions of Ukraine,
according to which the grouping of species was based
on the value of ecological indices of plants in relation
to light, thermal regime, continentality, humidity, acid,
nitrogen and salt regimes.

RESULTS AND DISCUSSION

The structure and function of aquatic phytocenoses are
an important way to figure out how stable they are.From
2011-2020, a study of some small rivers in the Zhyto-
myr region was conducted.As already mentioned, within the
observation points, 43 species were described, which in
total, from the point of view of taxonomy, belonged to
3 divisions, the most numerous of which was Magno-
liophyta, which included 41 species. One species was
observed within the Equisetophyta and Filicophyta di-
visions. 95.3% of the species in the Teteriv Ecological
Corridor (TEC) belong to the Magnoliophyta division.
When it comes to higher aquatic plants, this region has
only one species of fern and one species of horsetail in
its phytocenoses. This is in line with general trends in
the development of higher aquatic plants in temperate-
cool climates.

At the same time, the number of species in each
department is about the same. There are 15 species in
the class Liliopsida and 14 species in the class Magnoliop-
sida.The Equisetophyta and Filicophyta divisions remain
with one species in each of these divisions (Table 1).




Table 1. Systematics of aquatic flora within the TEC
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Division Class Order Family Genus Number of species
. Alisma L. 1
Alismataceae Vent. .
Sagittaria L. 1
Araceae Juss. Acorus L. 1
Butomaceae Rich. Butomus L. 1
. . Elodea Michx.* 1
Alismatales Hydrocharitaceae Juss. i
Hydrocharis L. 1
Lemna L. 2
Lemnaceae SF Gray 3 -
I Spirodela Schleid. 1
Liliopsida -
Monocotyledons Potamogetonaceae Potamogeton 6
Dumort.
Carex L. 4
Cyperaceae Juss. )
Scirpus L. 2
Poaceae Glyceria R.Br. 1
Poales - .
Poaceae Barnhart Phragmites Adans. 1
i _ Sparganium L. 1
Magnoliophyta Typhaceae Juss. parg
Angiosperms Typha L. 2
Asparagus Iridaceae Juss. Iris L. 1
Asterales Asteraceae Dumort. Bidens L. 1
Brassicales Brassicaceae Burnett Rorippa Scop. 1
Saxifragales Haloragaceae R.Br. Myriophyllum L. 2
Lamiales Lamiaceae LindL Lycopus L. 1
Lythrum L. 1
Myrtales Lythraceae Jaume
Trapa L. 1
Magnoliopsida
Dicotyledons Caryophyllales Polygonaceae Juss Polygonum L. 1
Ranunculales Ranunculaceae Juss. Ranunculus L. 2
Malpighiales Salicaceae Mirb. Salix L. 1
Ceratophyllales Ceratopg;l;ceae SF Ceratophyllum L. 1
. Nuphar Smith. 1
Nymphaeales Melanthiaceae Batsch.
Nymphaea L. 1
Equisetophyta - Equisetopsida - . Equisetaceae Rich. . )
Horsetail Horsetail Equisetales ex DC. Equisetum L. !
Filicophyta - Ferns Polyplc:);jrlsspsda i Salviniales Salviniaceae Dumort. Salvinia Seguier 1

Source: compiled by the authors

The most numerous, in terms of the number of
species within the TEC, was the order Alismatales, within
which 6 families and 9 genera were noted, which are
represented by a total of 15 species. The order Poales,
with 4 families and 6 genera, within which 11 species
were recorded, was also numerous. It should be noted
that both orders belong to the class Liliopsida. Within
the class Magnoliopsida, orders Saxifragales, Ranunculales,
Nymphaeales,and Myrtales are presented in the number
of 2 species each. All other orders were counted within
the studied phytocenoses of one species.

Thus, the distribution of hydrophytes by taxonomic
parameters to identify general trends observed within
the plant groups of temperate latitudes on the Eurasian
continent was allowed (Dubina & Shelyag-Sosonko, 1984).

The distribution of species represented by the minimum
number within families and genera indicates the ab-
sence of polymorphism in the studied biocenoses, and
biomorphs of the described species were practically not
observed. In general, according to the species composition
of vascular plants, most are angiosperms.

The species diversity of the TEC s spread out based
on how closely they are related to growing conditions. The
group of surface-water-air species is the most common,
making up about 53.8% of all species. It should be noted
that 100% of surface-water-air species were rooted plants.
The group of flood-water-air plants was less numerous,
occupying a total of 23.1%. Unlike the last group, this one
had both rooted and floating species (10.3% and 12.8%
of the total number of species, respectively). Submerged
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plants within the TEC were also represented only by
rooted species (20.5%).And the least numerous was the
group of submerged plants - 2.6%.

The distribution of species diversity of the TEC
according to the spectrum of zonal chorological groups
proposed by Meusel & Jager (1989) showed that most
phytocenoses belong to the boreo-meridional chor-
ological group - 34.5%, plurizonal species - 25.6%,
boreal-meridional - 18%, and submerdional type was
about 10%. Three types of latitudinal areas: tempera-
ture-meridional, temperature-boreal, and boreal-tropical,
are occupied by 7.7% and temperature-tropical type -
about 5%. According to regional chorological groups
by longitudinal habitats, the group of species with a
circumpolar type of habitat was the most numerouss -
53.8,the chorological Euro-Asian group - 25.6%, and the
European group - 10.3%.

Important, in terms of understanding the patterns
of spatial distribution of aquatic macrophytes, is their
classification by life forms. However, one of the most
comprehensive and accurate, in authors’ opinion, is the
classification of Dubina et al. (1993), which optimally
reflects the features of natural-territorial complexes
within which the studied phytocenoses are formed,
namely considering fluctuations in river ecosystems and
floodplain drainage, several ecological and biological
features of the ontogenesis of macrophytic species, etc.
This classification assumes the division of macrophytes
into deep-water, littoral shallow-water, limous marsh,
and terrastic terrestrial ecotopes.

According to this classification, 5 groups and
9 types of biomorphs were noted within the TEC. The

group of hydromorphic species turned out to be the
most numerous, covering about 53.85% of all biomorphs
belonging to it. The most numerous types (25.6%) of
biomorphs within this class are aerohydatophytes (Iris
pseudacorus, Lycopus europaeus L., Myriophyllum spica-
tum L., M. verticillatum etc.), which take place in the lim-
nophase and coastal ecophase. The other two types of
biomorphs of this class are quite numerous: euhydato-
phytes occupy 12.8% and pleistophytes - 15.38%.

The gelomorphic group of biomorphs occupies a
smaller share of the total amount of species diversity -
38.5%. However, it should be noted that this group con-
tains the most numerous types of biomorph-ochtohy-
drophytes - in which most of their existence is associ-
ated with coastal, swamp, and terrestrial ecophases and
only for a short time - with the limnophase. This type
covers about 31% of the entire species diversity of the
TEC. The other two types of biomorphs of the gelomor-
phic group are present in small quantities: hydrochto-
phytes - 2 species and efochtophytes - 1.

The most common for the analysis of macro-
phytes are the Ellenberg indicator scales (1967) and the
Didukh scales (2011), both adapted to the natural and
climatic conditions of Ukraine. According to the distri-
bution on the thermoclimatic scale of Ellenberg, almost
three times fewer shares were occupied by species with
ecological index 5 (Alisma plantago-aquatica L., Lemna
minor L., Lythrum salicaria L., etc), - 23% of the species
diversity of phytocenoses. A significantly smaller share
was occupied by species with ecological indices 7 and
8-15% (Ceratophyllum demersum L., Schoenoplectus mucro-
natus (L,) Palla, Typha angustifolia L., etc) (Fig. 2).
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Figure 2. Distribution of species diversity of the TEC according to the thermoclimatic scale, Tm

Source: compiled by the authors
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According to the Didukh scale, the largest share  biomorphs of species characteristic of temperate lati-
was occupied by species with tolerance ranges of 3-13  tudes with a wide range of tolerance to thermoclimatic
(9.76%), 4-13 (9.76%), and 4-14 (9.76%) (Myriophyllum  regimes (stenotic species were not observed at all). Al-
verticillatum L., Potamogeton pectinatus L., Typha an-  most 77% of the total number of species are hemievry-
gustifolia L.). The distribution of the obtained data by topic and eurytopic species.
ecogroups shows a significant predominance of subme- Thus, the development of submicrothermal spe-
sothermic species, which occupied a total of 55%, with  cies (Equisetum palustre L., Myriophyllum spicatum L.,
a larger share in this group occupied by hemievrytopic  Myriophyllum verticillatum L., Potamogeton pectinatus L.,
species (32.5%) than by eurytopic and hemistenotopic  etc.) is suppressed by the deterioration of the overall
(10 and 12.5%, respectively). The group of submicro- integrated water quality index, with a clear tendency
thermal hemievrytopic organisms was also significant  to reduce the coverage area of the observed species
(17.5%). Within the study area there are ecogroups and  (r =-0.294) and their number (r =-0.506), (Table 2).

Table 2. Analysis of the relationship between the temperature patterns
of macrophyte ecogroups and an integrated ecological index of water quality (N=5)

Correlation t Correlation Correlation t Correlation
Ecogroup coefficient Student’s” conclusion coefficient Student’s” conclusion
by projective coating by the number of species
Submicrotherms -0.294 -2,264 reverse -0.506 -4,312 reverse
Submesotherms -0.249 -1,886 missing -0.611 -5,677 reverse
Mesotherms 0.097 0.717 missing 0.033 0.243 missing

Note: *in this table and all the following ones the weight of the relationship on the effectiveness of the feature is equated
to the critical tabular value t, . .=2.00
Source: compiled by the authors

A decrease in the number of species under the  pollution caused byhumans,and there wasnosignificant
influence of anthropogenic pressure occurs in the dependence on environmental degradation reactions.
ecogroup of submesothermic species. However, unlike The ombroregime is one of the most important
the previous ecogroup of submicrothermal species,in  environmental factors, which integrates the impact of
this one, projective coverage does not vary significant-  precipitation, evaporation from the soil surface, and
ly due to the presence of more tolerant species. How-  thermal resources of the territory. Most species of the
ever, it should be noted that anthropogenic pressure  TEC have a wide range of tolerance to the ombroregime.
has a clearly defined negative impact on the number  Thus, more than half of the species have such values
of species in this ecogroup, which is confirmed by a  for the upper and lower limits, the difference between
close inverse correlation (r = -0.611). Mesothermal spe-  which exceeds 10 units (Elodea canadensis Michx.,Lemna
cies had the most stable growth in the presence of trisulca L., Ceratophyllum demersum L., etc.), (Fig. 3).
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Figure 3. Distribution of species diversity of the TEC according to the thermoclimatic scale, Tm
Source: compiled by the authors
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Based on the ombre regime scale, all of the species
in the TEC were put into 5 ecogroups. Of these, mesoa-
ridophytes (20%), subaridophytes (37.5%), and subum-
brophytes (27.5%) were the most common. In most eco-
groups, the aridity-humidity of the climate did not cause

significant changes, except for the mesoaridophyte ecogroup,
where the overall decrease in projective coverage
(r =-0.310) was accompanied by the loss of phytocenoses
of some species (Typha anphastifolia L., Typha angustitifia L.,
Potamogeton pectinatus L., etc.) (r =-0.210) (Table 3).

Table 3. Analysis of the relationship between the aridity-humidity patterns
of macrophyte ecogroups and an integrated ecological index of water quality (N=5)

Correlation

Correlation

Correlation Correlation

Ecogroup coefficient students conclusion coefficient Lstudents conclusion
by projective coating by the number of species
Semiaridophytes -0.258 -1,961 missing -0.490 -4,126 missing
Mesoaridophytes -0.310 -2,397 reverse -0.280 -2,140 reverse
Subaridophytes -0.254 -1,931 missing -0.501 -4,249 reverse
Subombrophytes -0.101 -0.745 missing -0.316 -2,445 missing
Semiombrophytes 0.009 0.063 missing 0.046 0.339 missing

Source: compiled by the authors

In the subaridophyte ecogroup, the decrease in
the number of species (r = -0.501) occurred against the
background of the stability of projective coatings due
to the presence of species sufficiently resistant to an-
thropogenic pollution species, which quickly filled
the ecological niches freed from more sensitive spe-
cies (Potamogeton natans L., Potamogeton perfoliatus L.,
Schoenoplectus lacustris (L.) Palla, Carex acuta L. etc). For

other ecogroups, no significant dependencies on water
quality were found. In terms of natural and climatic con-
ditions, the Polissya region is a zone of significant tem-
perature differences. This is especially true in the winter
when sub-zero temperatures cause the formation of ice
cover and cannot but affect the conservation of aquatic
macrophytes. That is why their attitude to the cryoregime
of the study area is also very important (Fig. 4).

The species diversity of the Teteriv Ecological Corridor in the severity of winters scale, Cr
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Figure 4. The species diversity of the TEC in the severity of winters scale, Cr (cryoregime)

Source: compiled by the authors

Thus, in accordance with the Didukh scale, most
species were characterized by a significant range of tol-
erance to cryotherapy: 1-15 (Ceratophyllum demersum L.,
Elodea canadensis Michx., Lemna trisulca L., Phragmites
australis (Cav.) Trin. Ex Steud., Polygonum hydropiper L.,
etc) - 23.08%, 1-13 (Alisma plantago-aquatica L., Lyco-
pus europaeus L., Sparganium erectum L., Myriophyllum
spicatum L.) - 10.26%, 5-12 (Potamogeton acutifolius,
Potamogeton lucens L. etc) - 10.26%.
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The distribution of species diversity by ecogroups
in relation to the cryotherapy showed that most species
have a high amplitude, so the largest share in species di-
versity was occupied by subcryophytes — 53.84%, of which
eurytopic species — 33.33 % and hemievrytopic - 17.95%.
Slightly fewer hemievrytopic hemicryophytes - 12.82%
and hemievrytopic cryophytes and acriophytes - 5.13% in
each ecogroup, which are indicators of moderate and mild
winter periods. In general, 97% of the species belong to




the eco-groups of species, which can store seeds or other
parts at very low temperatures and have a wide range of
tolerance to the cryo-regime. According to research, the

Fedoniuk et al.

projective areas of the main ecogroups of macrophytes in
relation to cryoregime did not vary under the influence of
anthropogenic pressure on aquatic ecosystems (Table 4).

Table 4. Analysis of the relationship between the cryotherapy patterns of macrophyte ecogroups
and an integrated ecological index of water quality (N = 55)

Correlation

Correlation

Correlation Correlation

Ecogroup coefficient Eudents conclusion coefficient Eudents conclusion
by projective coating by the number of species
Cryophytes -0.132 -0.976 missing -0.117 -0.866 missing
Subcryophytes -0.197 -1,479 missing -0.457 -3,777 reverse
Hemicryophytes -0.165 -1,231 missing -0.298 -2,297 reverse

Source: compiled by the authors

However, there is a pronounced negative impact of
anthropogenic pressure and deterioration of water qual-
ity on ecological groups of subcryophytes and hemicryo-
phytes, which is confirmed by the presence of close in-
verse correlations (r=-0.457 and r =-0.298, respectively).
The decrease in the total number of species and the sta-
bility of coverage areas show that space is being taken
up by species that are less affected by human activities.
Many hemievrytopic (41.03%) and eurytopic (33.33%)

species play a big part in these changes. According to
Ellenberg’s ecological scale, the range of scores ranged
from 1 to 4. More than half of the species had a score of
4-51.5%, i.e., they were characterized by a wide range
of tolerance to the continental climate. According to the
Didukh scale,a similar trend was noted. The largest share
of species was characterized by a wide range of tolerance:
1-17 (Alisma plantago-aquatica L., Butomus umbellatus L.,
Ceratophyllum demersum L., etc) - 35% and others (Fig. 5).
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Source:compiled by the authors

In general, according to the continental scale, all
species diversity in the TEC covered 4 ecogroups. The
largest share of species belonged to the eco-group of
hemicontinentals - 70.0%, less-homo-oceanic - 20.0%,
and sub-oceanic and subcontinental together accounted
for about 10%. In terms of ecological amplitude, the ab-
sence of stenotic species across all ecogroups should
be noted. The largest share in both ecogroups was
occupied by eurytopic species - 60% within the hemi-
continental ecogroup and 10% by hemioceanists.

Hemievritopic species accounted for 7.5%, 5%, and 5% of
hemicontinentals, hemioceanists, and subcontinentals,
respectively.

The influence of anthropogenic factors on pro-
jective coverings in terms of ecogroups on a conti-
nental scale did not show a consistent pattern. How-
ever, there was still a negative impact on the number
of species (Table 5). Thus, it was most pronounced in
the ecogroups of hemioceans and hemicontinentals
(r =-0.461 and r =-0.581, respectively). The presence
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of a significant proportion of eurytopic species, which
allows them to occupy free ecological niches in the
fall of more sensitive to anthropogenic factors species,

plays a significant role in maintaining the total number
of individuals in terms of ecogroups, as it did in the
previously described groups.

Table 5. Analysis of the relationship between the continentality patterns
of macrophyte ecogroups and an integrated ecological index of water quality (N = 55)

Correlation

Correlation

Correlation Correlation

Ecogroup coefficient Esadents conclusion coefficient Esadents conclusion
by projective coating by the number of species
Hemioceanists -0.137 -1,016 missing -0.461 -3,817 reverse
Hemicontinentals -0.249 -1,893 missing -0.581 -5,244 reverse
Subcontinental -0.201 -1,508 missing -0.155 -1,156 missing

Source: compiled by the authors

Aeration is an important indicator that deter-
mines the nature of physicochemical processes in sub-
strates. For the aquatic environment, this indicator is
usually important because it determines the oxidation

of organic and mineral substances, and thus determines
the intensity of the self-cleaning processes. The most
numerous groups of species with a tolerance range
were: 12-15-17.5% (Fig. 6).
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Figure 6. The species diversity of the TEC on the scale of substrate aeration, Ae

Source:compiled by the authors

All species of macrophyte diversity within the
TEC in terms of substrate aeration were divided into
6 ecogroups. The largest share was occupied by stenotic
hyperaerophobes - 48.8%, which indicates a low level
of dissolved oxygen in water, the presence of silty de-
posits and the predominance of anaerobic processes of
transformation of substances.

This is supported by data from hydrochemical
analyses of water,where Biological Oxygen demand (BOD)
and Chemical Oxygen Demand (COD) values exceeded
the corresponding maximum permissible concentra-
tion (MPC) by 1.5-2.3 times in some cases. The share of
subaerophobes, aerophobes, and megaaerophobes was
significant in the studied phytoceoses - 9.8%, 19.5%,

Scientific Horizons, 2022, Vol. 25, No. 11

and 14.7%, respectively. The presence of these species
is due to the processes of glaciation of coastal soils and
constant excessive moisture of the territory with an un-
satisfactory aeration regime, which inevitably leads to
waterlogging of the floodplain. The total share of species
adapted to exist in sufficient aeration regimes - sub-
aerophiles and hemiaerophiles, accounted for a small
share — just over 7%. All species diversity had a rather
narrow range of ecological amplitude, as evidenced by
a significant percentage of stenotic (53.7%) and hemis-
tenotopic (46.3%). In response to anthropogenic pollu-
tion of aquatic ecosystems, the parameters of different
ecogroups in relation to the aeration of the substrate
varied differently (Table 6).
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Table 6. Analysis of the relationship between the substrate aeration (Ae) patterns
of macrophyte ecogroups and an integrated ecological index of water quality (N = 55)

Correlation

Correlation

Correlation Correlation

Ecogroup coefficient Esadents conclusion coefficient Esadents conclusion
by projective coating by the number of species

Subaerophiles -0.443 -3,631 reverse -0.499 -4,236 reverse
Hemiaerophobes -0.501 -4,257 reverse -0.424 -3,444 reverse
Subaerophobic -0.033 -0.242 missing -0.142 -1,054 missing
Aerophobic -0.382 -3,042 reverse -0.313 -2,423 reverse
Megaaerophobes -0.148 -1,102 missing -0.251 -1,905 missing
Hyperaerophobic -0.056 -0.411 missing -0.379 -3,009 reverse

Source: compiled by the authors

Close correlation with inverse links and negative
effects have been established between the deterioration
of water quality and the number of subaerophiles, hemi-
aerophobes, and aerophobes, which manifested itself in
both a general reduction in the number of species and a
general suppression of populations as well as a reduction
in the overall projective coverage of relevant ecogroups.
Under conditions of anthropogenic pressure, the physi-
cochemical composition of the habitat of species is of

great importance. Thus, especially in places of wastewa-
ter inflow, there are significant variations in the pH of
the aquatic environment. The largest share of species of
aquatic phytocenoses had the Ellenberg scale values in-
dices 6, 7,and 8, which indicate the confinement of such
species to neutral, slightly alkaline, and alkaline sub-
strates. Their share was almost 90% of all species' diver-
sity. The values of ecological indices according to Didykh
acidity scale showed a wide range of changes (Fig. 7).
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Figure 7. The species diversity in the TEC according to the substrate acidity scale

Source:compiled by the authors

Most species had a wide range of tolerance to
environmental acidity - from 5 to 9 points, or 17 %. Al-
though a retrospective analysis of water quality data
for the period since 1947 showed an average pH value
of 749 and the presence of a significant proportion of
hemistenotopic subacidophiles (26.3%), the negative
impact of contaminated effluents associated with sig-
nificant pH variations within the study area. It should
be noted that most of the species in these ecogroups
are hemistenotopic and hemievrytopic biomorphs. The

presence of neutrophilic and basophilic species is more
like how the conditions and chemical properties of water
have changed over time. The inflow of acidified waste-
water in recent decades has significantly adjusted the
diversity of this area, and thus the sensitivity of individual
ecogroups to the acidity of the substrate is obvious. As
the correlation analysis of the relationships between
total projective coverings and the number of species
of individual ecogroups showed, they all changed due
to the transformation of the aquatic environment under
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the influence of anthropogenic factors. In particular, sub-
acidophiles and basophiles saw a decrease in the total

projective cover (Table 7), as well as a decrease in the
number of species (r=-0.519 and r =-0.284, respectively).

Table 7. Analysis of the relationship between the substrate acidity (Rc) patterns
of macrophyte ecogroups and an integrated ecological index of water quality (N = 55)

Correlation

Correlation

Correlation Correlation

Ecogroup coefficient Eadents conclusion coefficient Eadents conclusion
by projective coating by the number of species
subacidophiles -0.371 -2,936 reverse -0.519 -4,458 reverse
neutrophils -0.122 -0.904 missing -0.516 -4,430 reverse
basophils -0.271 -2,071 reverse -0.284 -2,179 reverse

Source: compiled by the authors

In the neutrophil ecogroup, where the projective
cover was stable, there was a decrease in the number
of species and an increase in species that were less af-
fected by pollution from humans, such as Potamogeton
lucens L., Potamogeton perfoliatus L, Elodea canadensis
Michx, etc. Aquatic plant species with a significant range
of ecological indices in relation to the nitrogen supply
of the environment have been recorded. According to
the Ellenberg scale, the most numerous were groups of

plants with indices 6, 7,and 8 (27.0%, 29.7%, and 27.0%).
An oligotrophic type of nutrition is observed for almost
8% of species (2 and 3 ecological indices). According to
the Didukh tolerance scale JP (2011), most species had
narrow ranges: 3-7 - 14.6%, 5-10 - 19.5% (Fig. 8). The
distribution of species by ecogroups in relation to nitro-
gen supply showed that the largest shares are nitrophils
(61%) and heminitrophils (37.8%), which tend to place
with high concentrations of nitrogen compounds in water.

The species diversity of the Teteriv Ecological Corridor on the scale of nitrogen supply of the
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Figure 8. The species diversity of the TEC on the scale of nitrogen supply of the substrate

Source:compiled by the authors

Hemievritopic species occupy the largest share
within both ecogroups, at 63.41%. The presence of
species belonging to such a variety of ecogroups in
terms of nitrogen supply indicates a significant vari-
ation in plant living conditions on this indicator of
significant anthropogenic pressure within the TEC,
namely intensive agricultural production, and waste-
water from urban areas. The ecogroups of geminitro-
philes and nitrophiles were the most sensitive to the
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influence of anthropogenic factors, but the nature of
reactions within these ecogroups differed. In hemi-
nitrophils with deteriorating water quality, there is a
decrease in the number of species (r =-0.352) against
the background of stability of the total projective cover
of the ecogroup. In nitrophiles, the general decrease of
species (r =-0.555) with deterioration of water quality
was accompanied by a decrease in projective cover-
ings (r =-0.391) (Table 8).
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Table 8. Analysis of the relationship between the ratio of digestible forms
of nitrogen in the substrate of macrophyte ecogroups and an integrated ecological index of water quality (N=55)

Correlation ¢

Correlation

Correlation Correlation

t

Ecogroup coefficient Students conclusion coefficient Student's conclusion
by projective coating by the number of species
Heminitrophils -0.069 -0.507 missing -0.352 -2,765 reverse
Nitrophiles -0.391 -3,117 reverse -0.555 -4,902 reverse
Eunitrophiles -0.056 -0.413 missing -0.183 -1,366 missing

Source: compiled by the authors

Analysis of species diversity on a scale relative
to the salt regime showed that a significant proportion

of species have a wide range of tolerances: 5-11 - 8.2%
and 5-13 - 8.2% (Fig.9).

The species diversity of the Teteriv Ecological Corridor on the scale of salt composition of the
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Figure 9. The species diversity of the TEC on the scale of salt composition of the substrate, Sl

Source:compiled by the authors

Based on how the plant ecogroups were spread
out in relation to the salt content in the TEC, semiev-
trophs (22.0%) and eutrophs (58.6%) were the most
common,which tend to have high salt concentrations in
their substrates. In both groups, hemistenotopic species
occupy a larger share (56.1%) than less-hemievrytopic
(31.7%). Eurytopic species are represented only within
the eutrophic ecogroup (4.9%), stenotic-only within the
eutrophic (4.9%), and glycotrophic (2.4%).

A small share of the total species diversity was oc-
cupied by species that tend to salt-poor substrates or me-
sotrophic substrates —12.2%. In general, the distribution of
macrophyte species by industry shows that species adapt-
ed to existence in mineral-rich substrates predominate,

and the presence of subglycotrophic and glycotrophic
species indicates the presence of excess HCO3- SO42-
and Cl-salts and traces of salt salinity in the substrate.

Different ecogroups of macrophytes were af-
fected by the deterioration of water quality in different
ways, according to the industry. Projective coverage of
ecogroups varied slightly, except for subglycotrophs and
glycotrophs. In particular, the first group showed a de-
crease in the total projective coverage of the ecogroup
(r =-0.271) against the background of a stable num-
ber of species, and for the second, the deterioration of
water quality led to an increase in the number of spe-
cies (r = 0.567) and the expansion of their projective
coverage (r = 0.607) (Table 9).
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Table 9. Analysis of the relationship between the salt regime of the substrate (SI)
of macrophyte ecogroups and an integrated ecological index of water quality (N=55)

Correlation
Ecogroup t

Correlation

Correlation Correlation

t

coefficient Student’s conclusion coefficient Student’s conclusion
Mesotrophs -0.179 -1,338 missing -0.219 -1,645 missing
Semievtrophs -0.169 -1,263 missing -0.323 -2,509 reverse
Eutrophies -0.242 -1,833 missing -0.550 -4,842 reverse
Subglycotrophs -0.271 -2,071 reverse -0.250 -1,897 missing
Glycotrophs 0.607 5,618 direct 0.567 5,056 direct

Source: compiled by the authors

For semieutrophic and eutrophic ecogroups, the
deterioration of water quality led to a decrease in the
number of species against the background of insignif-
icant variations in the total groups of projective coat-
ings. Mesotrophs were found to be the least sensitive
to anthropogenic pressure, with no significant depen-
dencies on the number of species or their projective

coatings within the study area. The information on the
distribution of macrophyte species diversity in relation
to soil carbonate content is intriguing. Most species
have narrow ranges of ecological valence to this factor.
And the most represented ranges, 4-7 and 4-9, cover al-
most 30% of species (Fig. 10). Carbonatephobes (2.44%)
and hemicarbonaphobes (68.29%) are prevalent.

The species diversity of the Teteriv Ecological Corridor by carbonate content in the substrate,

12

Ca

10

8

g =
Sa 2388028858885 882E¢E
E~EF533,=20 cSS8SSo6= =
E 8382 ,3T835E23888
5, S8 58938 o8 eeS8883
S 4 © 3
S8 oS53 8E8es23E883:2%
2 c 3 S T T = @ Eu)
> [¢) s = S v 6 @ & = S
8283 g SELEaII§YES
E3RE 2X38a0g 433§
3578 E8ggis- §I53
S kS £3 g
(=t 3 Q. O X 9 &
ge @& §sg¥sg ¥ 5§
2g S8 o8 Sh !
<3 8 s
3 ©g &t =
© = S
Q 2 3
1%
?
s
£
<
O
w

Nuphar lutea (L.) Sm.
Nymphaea alba L.

T i EdddddiE049S8I8 i35
3Q§mwmmmw5“mm<ﬁ(\ﬂﬁgq‘)
250355222085 23%Y%2L 55 %
3 BRG] 3 EFITF 8¢
s858SEL5893E85,d3d¢89%
S BEAFGTL O = s
STS555588s858 g888:<¢8
EE3308 0 ccl8sSag 28TS5Sceo
K > S 3558 383N
~ & > 3 SSod v s @ OIS =0
5652828500l 8353855 §
828583835355 S3288%8%
TSI L SEESR S ISESEF o
2@ 328255858 %§5s8as
o Il S © S Q& SE S [}
= s [0 = S 9 s
5 I a < 98 Q
a x 2 c 2 9o
3 5 $§88 3§
o
8 £55 ¢
= U)g")
S S
> 1%]
g
Q

Figure 10. The species diversity of the TEC by carbonate content in the substrate

Source:compiled by the authors

Stenotic and hemistenotopic biomorphs are
more common in ecogroups, which also shows that
carbonate salinization isn't allowed in the study area.

Different ecogroups were affected by deteriorating wa-
ter quality in relation to the presence of carbonates.
(Table 10).

Table 10. Analysis of the relationship between the carbonate content in the substrate (Ca)
of macrophyte ecogroups and an integrated ecological index of water quality (N = 55)

Correlation

Ecogroup tStudent’s

Correlation

Correlation Correlation

tStudent's

coefficient conclusion coefficient conclusion
Carbonatophobes -0.118 -0.875 missing -0.118 -0.875 missing
Hemicarbonatephobes -0.331 -2,581 reverse -0.578 -5,211 reverse
Acarbonate -0.128 -0.950 missing -0.323 -2,510 reverse
Hemicarbonate -0.196 -1,469 missing -0.116 -0.863 missing

Source: compiled by the authors
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Thus, the most sensitive group was the hemicar-
bonate ecogroup, where, along with a decrease in the
number of species, there was a decrease in their pro-
jective coverage. On the other hand, in the acarbonate
group, the loss of water-sensitive Rorippa sylvestris (L.)

0,8
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Besser was accompanied by overgrowth of Potamogeton
lucens L. and Schoenoplectus mucronatus (L.) Palla. So,
research has shown that there are a few ecogroups
and species that have changed the most in response to
changes in water quality (Fig. 11).
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Figure 11. Correlation relationships (r) of macrophyte distribution in terms of projected coverage based on the
integrated environmental water quality index (IE)

Source:compiled by the authors

Thus, the negative impact and close feedback
between these indicators for the species Trapa natans L.
(Michx.) Torr. & A. Gray, Myriophyllum verticillatum L.,
Rorippa sylvestris (L) Besser, Salix Sp. etc. In addition,
the positive effect of deteriorating water quality on
the increase of projective coatings of some species of
macrophytes, in particular, Hydrocharis morsus-gapae L.,
Potamogeton perfoliatus L., Salvinia natans L., Schoeno-
plectus lacustris L. etc.

Wetlands are vital, self-sufficient ecosystems that
aid in the dispersal of a wide variety of plant life. Re-
lated research supports this claim (Finlay et al., 2020;
Cruz et al., 2020). According to Vestergaard et al. (2000),
these aquatic communities play a crucial role in con-
servation efforts over the long run. Wetlands operate
as natural pollution filters and store water after heavy
rains, so it's no surprise that Khan et al. (2022) found
that they also help reduce pollution.

Wetland vascular plant diversity has been cat-
egorized in numerous ways based on the findings of
different studies. For instance, Khan et al. (2022) cate-
gorized wetland plants using Cook's (1996a) taxonomy.
Although Ellenberg’s systems are widely recognized for
the European region, they are missing several of the
species that was discovered in the research. As a result,
Didukh's system was heavily utilized, albeit modified to
better suit Polissya Ukraine.

Members of the Potamogetonaceae and Cyper-
aceae families, which thrive in open places because to
favourable factors like strong light, are disproportion-
ately common, according to certain authors (De Oliveira
et al., 2020; Haq et al., 2021). This research uncovered
similar patterns.

Through this investigation, it was possible to
deduce the relationships between species' ecological
characteristics and their growing environment. There
is a lack of research on this problem in wetlands, even
though it is generally accepted that ecological devel-
opment conditions affect species richness through
decreased nutrient availability and slower rates of ni-
trogen mineralization and nitrification (Rajilesh et al.,
2016; Cruz et al., 2020). The relevance of water com-
position and lighting conditions for their maintenance
was highlighted by the current study, which showed a
correlation between practically all ecogroups of macro-
phytes and the ecological parameters of locales. Vester-
gaard and Sand-Jensen (2000), two other authors, validate
these findings as well.

Analysis of species distribution patterns revealed
that aquatic habitats, home to species with a wide vari-
ety of thermoregime, ombroregime, continentality, and
cryoregime tolerances, was predominant in the Teteriv
ecological corridor. They are adaptable to a wide variety
of environments, including those with a constant over
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wetting of the floodplain, wet swamp ecotopes, and
places with temporary over wetting, low levels of dis-
solved oxygen in the water, the presence of muddy
sediments, the predominance of anaerobic processes
of transformation of neutral or, in some cases, slightly
acidified substrates, a diverse supply of nitrogen and
mineral composition, and the presence of traces of
phosphorus. The following ecogroups are particularly
vulnerable because of the degree to which their evo-
lution is altered by the effect of anthropogenic factors.

CONCLUSIONS

The conducted studies showed the presence of species
belonging to 3 divisions, and Magnoliophyta was the
most numerous (41 species). The number of species
is distributed almost evenly among the divisions - 15
and 14 species within the classes Liliopsida and Mag-
noliopsida. The group of surface-aquatic-aerial species
was the most numerous, accounting for about 53.8%
of the total number of species. Most phytocenoses be-
long to the boreo-meridional chorological group with a
circumpolar range type. Thus, because of phytoindica-
tion analysis of macrophytes, a significant diversity of
ecomorphs and groups of species in response to major
abiotic environmental factors, formed mainly on nutri-
ent-rich, acid-neutral, and nitrogen-rich substrates. The
analysis of the distribution of species diversity showed
that the Teteriv ecological corridor is dominated by
aquatic ecosystems inhabited by species with wide
ranges of tolerance to thermoregime, ombroregime,
continentality, and cryoregime, which are able to exist
in ecotopes of constant over wetting of the floodplain,

wet swamp ecotopes, and places with temporary over
wetting, a low level of dissolved oxygen in the water,
the presence of muddy sediments and the predomi-
nance of anaerobic processes of transformation of sub-
stances neutral in acidity, and in some cases slightly
acidified substrates, with a significant range of nitrogen
supply and mineral composition, with the presence of
traces of salt salinization of the substrate, but unable to
exist in the conditions carbonate salinity.

The development of various ecological groups
is significantly adjusted by the influence of anthropo-
genic factors, so the ecogroups are defined as sensitive:
in relation to the thermal regime - submicrothermal
and submesothermal; by aridity-humidity — mesoarido-
phytes and subaridophytes; in relation to the cryore-
gime - subcryophytes and hemicryophytes; according
to the scale of continentality — hemioceanists and hemi-
continentals; according to soil moisture - hygromeso-
phytes, hydrophytes, hygrophytes and subhydrophytes;
in relation to aeration of the substrate - subaerophiles,
hemiaerophobes and aerophobes, hyperaerophobes;
according to the reaction of the environment - neu-
trophils, heminitrophils and nitrophils; according to
substrate branching - subglycotrophs, glycotrophs,
semieutrophs and eutrophs; according to the content
of carbonates in the substrate - hemicarbonatophobes
and acarbonatophiles.

The prospects of further research are related to
the determination of morphological features of species
belonging to different ecogroups, which can be used
for bioindication of anthropogenic pressure on aquatic
ecosystems.
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IHAUKaLUiINHI 0cO6MBOCTi MaKpodIiTHUX yrpynoBaHb
B OLLiHLi aHTPONOreHHOro HaBaHTaXXeHHS Ha BOAHI eKOCUCTEMM

TetaHa MaeniBHa MenoHIoK, AHacTacia AHaToniiBHa 3uMapoeBa, Biktop Mukonaitiosuu Masnu,
Hartanisa BikropiBHa MenbHuk, Bonogumup Maenosuu Bnacrok

MonicbKMi HaLioOHaNbHWIA YHIBEPCUTET
10008, 6-p Crapui, 7, M. Xutomup, YkpaiHa

AHorTaujifi. BuByYeHHs CTpyKTypHO-(YHKLIOHANbHOTO HGiOPi3HOMAHITTS Y B3AEMO3B'A3KY 3 Pi3HUMM EKONMOTYHUMMU YMHHUKAMK
Hapasi € HaA3BMYaAMHO aKTyaNbHUM, OCKIiNIbKM BOLHI €KOCUCTEMU € BAaroMUM AKepenoM BioNoriyHoro pisHoOMaHITTS i
CKNa[atTb 3HAYHY YaCTUHY Bi0NOriYHOI NPOAYKTUBHOCTI 3eMi, BUKOHYIOTb 6arato dyHKLi, € LIHHUMU | BRXKTMBUMM
NS CTabinbHOCTI BIOTMYHMX YrpynoBaHb. 3 OrNaAy Ha Le, 6yno NoCTaBneHO 3aBAAHHS BU3HAUUTU DNOPUCTUUHUIA CKNAL,
TeTepiBCbKOro €KONOriYHOro KOpWMAOpPY $SK MPOTOTMMNOBOrO PiYKOBOro NaHAwadTy MiBHIYHOI YaCTMHM YKpaiHu,
NpoaHanisyBaTu CTPYKTYPHO-(YHKLiOHaNbHI 0COBIMBOCTI BUAOBOrO Pi3HOMAHITT Makpo®IiTiB Y HbOMY Ta pO34/IeHyBaTH
Le Pi3HOMAHITTS Ha CKNAAOoBi YACTUHM 33 MICLLEM MOXOOXKEHHS, XUTTEBOK (POPMOIO Ta BiAHOLWEHHAM A0 (aKTOpiB
cepenoBuLa. 3a pesynbTatamMu AOCNIIKEHHS NMPOAHaNi30BaHO KifbKiCTb BMAIB Ta X MPOrHO30BaHe MOKPUTTS Ha
LiNgHKax 3 pisHUM aHTPOMOreHHUM HABAHTAXKEHHSAM B MeXaxX TeTepiBCbKOro eKonoriYHoro Kopuaopy B po3pisi
€KOoNorivyHuX 30H. [TokasaHo, WO iHTErpaNbHUI EKONOTYHUIM MOKA3HWMK SAKOCTI BOAM € BU3HAYANbHUM ANS 3POCTaHHS
(diTOLLEHO3IB Y perioHax 3 BUCOKMM aHTPOMOrE€HHUM HABAHTAKEHHSM. YTpYyMOBaHHS MOXYTb BMXMBATWM B YMOBAX
HWM3bKOrO BMiCTY PO34YMHEHOTO KUCHHO, BENIMKOI KifIbKOCTi MyNMCTUX BiKNAAIB Ta NepeBaXaHHa aHaepobHMX NpoLeciB
y NepeTBOPEHHI pe4yoBuMH. KpiM TOro, BOHM MOXYTb MOLIMPIOBATUACS B 3aM1aBax pivyok, BOOrMX 6010TUCTUX eKOTONaxX
Ta iHWKWX CepefoBMULLAX, e BOAA MPUCYTHS NPOTAroM TPMBANIOro Yacy. binblicTe LUMxX yrpynoBaHb He BUGArnmBi 4o
cepenoBMLLA iCHYBAHHS, OCKINIbKM MOXYTb MPOLBITATH B Pi3HUX CUTYaLLigX, BKIOYAOUM CN1abokucni abo HelTpanbHi
cybcTpaTy, pi3HMI BMICT a30Ty Ta MiHEPANbHUX PEYOBMH Y FPYHTI, @ TAKOX NMOMipHE 3aCO/IeHHS POC/IMHHOMO NOKPUBY.
36inblIEHHS YMCeNbHOCTI NPeACTaBHUKIB OKPEMUX €KOYrpyrnoBaHb MOXE CBIAYUTM MPO 3MiHW €KONOTIYHOro CTaHy
BOAHMX €KOCMCTEM Ta MAaTWU NPAKTUYHE 3HAYEHHS MPU BUSBMAEHHI MOCUIEHHS AHTPOMOreHHOro TUCKY Ha BOAHI
ekocucTemu

Kntouosi cnoBa: iHankaTopu, GiToLeHo3n, 6iopisHOMaHITTS, BUAM, EKOYrPYyNOBaHHS
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INTRODUCTION

Military equipment in today's world is an important is-
sue for all countries. However, when it is placed into
the water, it leads to dangerous ecological impacts on
humans and the environment. Also, most munitions are
sources of mercury, filling the marine environment with
its concentrations. Mostly after military equipment has
been used, surplus ammunition is being dumped it into
the sea, rivers and also into groundwater. The risk of
explosion with this type of disposal cannot be excluded.
In recent years, the impact of chemical munitions ag-
gregate emissions, their corrosion, and their influence
on public health and ecosystem has become an ever-in-
creasing issue. Munitions contain large amounts of sub-
stances (mainly heavy metals, also trinitrotoluene (TNT)
or hexanitrodiphenylamine) which can be dangerous
for the environment. Corrosion processes are also the
cause for the rate of ejection of hazardous materials
(explosives) that may threat the aquatic ecosystem, and
after all may enter the food chain, and human body
during water consumption. Moreover, considering the
fact that the only source of drinking water in Donetsk
region is the Siversky Donets-Donbas Channel.

Also, according to the source (Using groundwater
in..., 2020), there is a high content of chemical and toxic
elements in groundwater in Donetsk region. Various
factors influence the corrosion process. For example,
the speed and rate of the process may differ depend-
ing on the time under water, and the type of munition
material. The thickness and quality of coating materials
are also important. When assessing the corrosion of the
material, attention should also be given to the level of
penetration into the sediment (Silva & Chock, 2016).
Toxic substances potentially released from dumped
munitions are added to the total mass of pollutants
present in the aquatic ecosystem. There is uncertainty
about what kind of large-scale threat humanity might
face and what would be the most cost-effective methods
of remediation or beneficial impacts in different dis-
posal areas (Betdowski et al., 2020). The possibility of
people coming into contact with hazardous waste of
military origin is now extremely high. However, there
are also suggestions to find replacements for toxic sub-
stances used in munitions production to reduce the
impact on the environment.

For example, in (Ferreira et al., 2016), the authors
evaluated and equate the environmental and toxico-
logical influences related to the life cycle of four 9 mm
ammunition: a combination of two types of shells with
two types of primer (lead primer; non-lead primer).
Moreover, opportunities have been identified to en-
hance the environmental indicators of these munitions.
The results showed that projectile and primer alterna-
tives reduced exposure, mainly toxicity to humans due
to the replacement of lead. However, alternative ammu-
nition (with composite projectile) demonstrates a higher
influence on ecotoxicity because of copper emissions,
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perhaps associated with the erosion of the projectile in
the barrel of the weapon. Improper disposal of ammu-
nition can affect a number of areas, affecting the econ-
omy of Ukraine, in particular: sea communication lines
(trade); marine infrastructure, transmission through the
gas lines, and oil pipelines; fishing; bases of the North
Atlantic Treaty Organisation (NATO), etc. The dumping
of munitions poses a direct hazard to all living things,
and the degree of the threat depends on the condition
the hazard sources themselves have been in for as long
as they have spent in a corrosive water environment
(Mietkiewicz, 2020).

Alboloushi et al. (2020) studied the environmental
pollution situation in the Gulf of Kuwait as a result of
military operations in the Persian Gulf region in 1991.
Scientists determined that only natural uranium re-
mained in the seawater, while depleted uranium has
not been detected. It is thus clear that even in the case
of the decomposition of uranium-containing munitions,
it is possible to for the ecosystem to fully from radioac-
tive substances, although this requires some time. The
study by Beck et al. (2022) examines the damage from
munitions that have been present in the coastal waters
of the southwestern Baltic Sea since the two world
wars. Scientists claim that from explosives contained
in munitions, marine biota accumulates toxic elements.
Biota is food for larger marine life, such as commer-
cial fish species (flounder). Even outside the munitions
dump, TNT was found in the fish. At this stage, the toxic
substances in marine inhabitants consumed by humans
do not pose a threat to health and life, but researchers
focus on the continued corrosion of the walls of muni-
tions, which will significantly increase the number of
harmful substances in coastal waters and organisms that
live there.

Scharsack et al. (2021) in addition to studying
the effects of munitions in marine waters considered
climate change as one of the reasons for the increased
harmfulness of toxic substances to marine organisms.
Wars are not only a danger to the environment, but
also a danger to the habitat. Global warming entails a
chain of other climate changes that can lead to envi-
ronmental disasters. In the face of massive storms, ty-
phoons, and volcanic eruptions, the corrosion of muni-
tions in the water will accelerate exponentially, as will
the overall damage from the toxins entering the water.
However, there is a positive trend in this process: due to
an increase in the temperature of the water, the process
of processing biota chemicals munitions will be signifi-
cantly accelerated. Zhang et al. (2021) team also inves-
tigated the environmental impact of depleted uranium
munitions, but the burials were not in water but in soil.
The focus of the study was to establish a link between
the toxicity of munitions and soil moisture levels. The
corrosion started in corner cracks, edges, and small pits
of ammunition, and accelerated with increasing soil
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moisture. The results of this study show the influence
of soil moisture on the corrosion rate and the migration
rate of DU metal.

A. Souchen (2022) conducted a study on the pro-
cess of disposing of the Canadian state of surplus am-
munition and military equipment used in World War II.
The need for disposal triggered three main reasons,
among which are the post-war recycling crisis, the de-
sire to prevent deflation of the economy, and the unprof-
itability of leftovers. Military materials were processed
and used in the production of products for a peaceful
life. The positive side of the policy was also negative:
often the prices of reproducible products were overval-
ued and sales were artificially reduced. Ferreira et al.
(2019) in their research proposed an alternative model
of ammunition processing, which has a much smaller
impact on the environment. Scientists speak about the
use of energy material in ammunition in the production
of explosive materials for civilian use. This approach to
recycling is seen as a replacement for the usual com-
bustion processes in complex waste incineration plants,
as it has limitations on the capacity of the incinerator,
electricity consumption, and high cost.

Thus, the purpose of this research is to address
the environmental issue associated with ammunition
dumping in groundwater. The study also considers the
impact of progressive corrosion of notorious munitions
and analyses safe and cost-effective methods of disposal.

MATERIALS AND METHODS

Within the framework of this study, the features of the
Donetsk region were studied as an example of a region
of active hostilities. The data to create the work was
collected between 2019 and 2021. As research methods,
articles in scientific journals from such databases as
ScienceDirect, Science, Nature Publishing Group, Taylor
and Francis, Science, and SpringerLink were analysed.
Ukrainian news portals were also used, providing open
sources and data on the state of groundwater, issues of
drinking water for the Donetsk region population, and
questions about the imminent disposal of unsuitable
ammunition for the storage of new batches. Through
the media, it was possible to identify the main health
concern of the Donetsk region population - the lack
of clean drinking water and the impact of military ac-
tion on the population. The Ukrainian Ministry of De-
fence, together with the British charity and American
non-profit organisation HALO Trust, demonstrated a
map (Figure 1) of Donetsk region with information on
areas contaminated by mines and explosive remnants
of war (The Ministry of Defense presented..., 2018). The
marked bright circles indicate how the terrain is filled
with munitions, minefields, etc. The ‘cleanest” spaces
are mostly in the eastern and Western parts of the Do-
netsk and Luhansk regions, making the results in am-
munition disposal methods considered to be of concern
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to this area on account of their safety. Furthermore,
the disposal requires underground and buried storage
and landfill sites away from the public and potentially
unsafe areas. In Ukraine, an ammunition recycling pro-
gramme was already introduced in 2008-2017, where
474 thousand tons of ammunition had to be processed.
To conduct the research following scientific methods
were used: methods of analysis to identify the main
toxic materials from the munitions in the region; de-
duction to assess the level of the environmental dan-
ger of such toxic materials for the villages; synthesis to
select the most effective ways to minimize a negative
influence to the Donetsk and Luhansk regions’ water
ecology; and formalization method to illustrate the cor-
rosion and dissolution of depleted uranium processes
as a chemical expressions.

o Berdiansk I

Figure 1. Donentsk and Luhansk regions territory
information map
Source: The Ministry of Defense presented..., 2018

The following section is divided into two main
stages where important aspects of the study are ad-
dressed. Firstly, the process of munitions corrosion and
its impact on water, the environment and the population
were considered. Studies listing the elements that can be
formed by ammunition corrosion have been cited. Such
elements include: uranium (including its oxides), mercury,
lead, copper, tungsten, arsenic, and zinc. All of these ele-
ments can have negative consequences and affect human
health and vital activity and environmental safety. This
paper also reviewed studies in analysing the behaviour
of munitions corrosion in water in general, including
oceans, sea, rivers, groundwater, etc., as the species of
bacteria found in oceans, freshwater, etc., are very similar.




The second stage dealt with the area of ammuni-
tion disposal methods. Classifications were given and
the latest innovative technologies proposed by various
authors, such as thermal salt recovery, oxidation, sol-
vent extraction, biodegradation, alkaline hydrolysis and
green technology, were listed. When searching for key-
words related to this work, the results show a number
of concerns expressed by the population of Donetsk re-
gion regarding a large amount of ammunition disposal,
military activities and flooding of mines, which have a
detrimental impact on livelihoods. The cited case stud-
ies can be used as a basis for further investigations. All
of the analysed studies involving ammunition disposal
can be implemented at any location.

RESULTS AND DISCUSSION

Corrosion of ammunition. In the traditional classification,
two types of underwater ammunition are distinguished:
those that contain dangerous elements and those that
do not. Hazardous elements are various types of deto-
nators, explosives, chemical warfare agents, and fuses.
When items are thrown with a specific purpose during
an event, they are defined as detonators and are classi-
fied as Unexpected Ordnance Disposal (UOD). Corrosion
of ammunition in water occurs due to the flow of en-
vironmental, electrochemical, and microbiological pro-
cesses. First, there is an ejection of soluble metal cat-
ions (electrolyte) and the passage of electrons through
the metal, to the neighbouring cathode sections of the
metal surface. Here the consumption process happens,
due to which the amount of diluted oxygen and water
molecules at the cathode is reduced in order to form
hydroxide ions. The electrochemical cell obtained as
a result of the described process leads to corrosion of
the solid metal at the anode sites. This is because of
the ejection of metal ions into the mud, due to which
localized holes are formed on the surface, and the re-
action products of soluble metal cations and hydroxide
anions are also precipitated. The described process has
the form of amorphous metal hydroxides and oxyhy-
droxides in neighbouring large cathode surfaces. The
described process is called general or “homogeneous”
corrosion. The overall corrosion rate is determined
by the presence of dissolved oxygen and the level of
electron consumption that occurs during the reaction
to ensure charge balance (Silva & Chock, 2016). Sul-
phide-reducing bacteria (SRB) found in waters should
be investigated very carefully, just like bottom sedi-
ments. Due to them, biofilms form on metal surfaces,
which can make the corrosion process more difficult.
This process is called microbiologically influenced cor-
rosion (MIC). The intensification and potential of corro-
sion processes are determined by the presence of such
bacteria and their populations (Cybulska et al., 2020).

The improvement of military hardware and the
increased usage of projectiles with urbanisation dis-
rupt infrastructure development. However, the removal
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of ammunition can be fraught with technical risks that
may cause even greater harm and threat to the en-
vironment, and in some cases, for example, for large
unexploded ordnance, it is considered an impracticable
option using currently available disposal methods. Do-
netsk region has a single source of water supply - the
Siverskyi Donets River. In the research (Nikolopoulou
et al., 2022), the authors assessed the pollution of this
artery. Patterns of new pollutants along with nutrients
and metals have been explored in surface water and
groundwater samples. The results thus show that war-
fare and mine flooding have had harmful impact on
the population. This requires groundwater pumping to
avoid the ingress of toxic substances into the ground-
water, at the very least, and also to avoid groundwater
seepages. Previously, groundwater has already been
investigated by means of an ecological-geological sur-
vey in the Donetsk region at a distance of 30 km from
Donetsk (Water of questionable quality..., 2019). The
results showed that all elements of the periodic table
were present in the soil. This is already a sign that cor-
rosion together with improper disposal has significantly
affected the environment. For example, in the village
of Yaremivka, the results of water analyses show high
levels of nitrates along with sulphate shale (Special
project, 2021). Negative results are also shown near To-
retsk and in the village of Novhorodske - the samples
contain high salinity, which already implies that it is no
longer suitable for drinking (JCCC: Toretsk threatens...,
2017). It is also worth noting that in the village of Sol-
netsvka, as in many other villages in the region, there is
no centralised water supply, residents complain about
water quality, which is confirmed by the results of analy-
ses (Humenyuk & Nazarov, 2018).

For villages in Donetsk region, there is no other
water source than the Siversky Donets-Donbas (Danger-
ous water and soil..., 2019), and given that all ground-
water is saturated with toxic elements, it cannot be
used. Ignoring this issue will lead to an environmental
catastrophe, the consequences of which cannot be re-
versed. In work Betdowski et al. (2019) the results show
that flooded munitions in the water are sources of mer-
cury deposited as bottom sediments. Betdowski et al.
(2016a) investigated the disposal site of chemical mu-
nitions within the Gotland Basin. The findings suggest
that the analysed area may be characterised by huge
number of objects and that these sediments might con-
tribute to the spreading of pollutants in the bottom
sediments. Military training activities, especially those
involving munitions, can have a negative impact on the
surface soil as they deposit metals such as Pb, Sb, Cu, As,
Zn and W that pose risks to human health and the safe-
ty of the environment. Military projectiles mainly con-
sist of a steel penetrating element, followed by a Pb/Sb
bullet coated with a Cu, Zn and Pb alloy shell (Barker et
al., 2021). However, it is important to consider that the
toxic, weakly radioactive element uranium U is widely
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used in munitions during wartime conflicts. Flooded
uranium is a co-product of the Uranium-235 fortifi-
cation process, which is used in nuclear reactors and
weapons. The production of 1 kg of fuel from enriched
uranium containing 235U yields approximately 5 kg of
depleted uranium waste. Depleted uranium is used in
many areas, such as in counterweights for aircraft, in
the capacity of catalysts in the oil and gas sectors and
for radiation protection. Depleted U is thermodynami-
cally volatile and thus prone to corrosion in the natural
environment. The corrosion and dissolution of depleted
uranium occur as follows:

U, +2H,0—U0,(s)+2H, 1)

U,+0,-U0, )
U0, +2H™10,—-U0Z +H, (3)
U0, +2H,0+10,—U0,-2H,0, 4)
UO,.2H,0,+2H+—UOZ, +3H,0 (5)

The level of depleted uranium corrosion is much
higher in water than in the air. However, the content
of water in the soil influence on the erosion mecha-
nism of depleted uranium, but it is important to con-
sider activity parameters such as soil pH. Thus, it was
shown by Lotufo et al. (2021) that the corrosion level
of depleted uranium was influenced by the soil's wa-
ter content. From the perspective of influence on soil
micro- and macrofauna, depleted uranium corrosion
causes a marked decrease in the variety of the microbial
community. In the material written by Papageorgiou
et al. (2022) there are samples from groundwater have
been examined and the results show that approximately
10% of the groundwater has a uranium concentration
exceeding the World Health Organization provisional
norm of 30 pg/L for drinking water. Explosions of de-
pleted uranium release particles of uranium oxide, such
as UO, and UO,, which spread into the air for about
10 km, thus increasing the contamination radius with
long-lasting effects on animals, insects, water, food and
air. The study conducted by M.R. Joyce and K.H. Holton
(2020) outlines four possible ways of ingestion: inhala-
tion of depleted uranium powder, swallowing through
infected food products and liquids, shrapnel injuries
or dermal suction of dust. The same data are reported
by the author of the research work “Metals/Metalloids:
Environmental Exposure and Health Effects” (Danesi,
2019) - depleted uranium weapons leave fragmented
or undamaged penetrating particles along with dust,
which, if inhaled, are highly likely to be acquired, es-
pecially by persons spending some time in vehicles af-
fected by the ammunition. All the studies carried out so
far showed that exposure doses in the open air were so
low that they did not pose a significant risk. For those
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spending at least 10 hours a year in vehicles affected
by depleted uranium munitions, the risk of fatal cancer
is slightly higher (~0.2%).

Plaza et al. (2018) report that ammunition is an
underestimated source of lead. That is, pollution by
lead through bioaccumulation and lack of biodegrada-
tion should be expected to become a worldwide issue
that affects the health of all living beings. Lead is ex-
tremely toxic for humans, and the presence in food of
the rest emissions could be very dangerous for health.
T. Schupp (2021) investigated areas where relatively
high Pb inputs to soil had previously been observed.
The results show that such areas require long-lasting
groundwater monitoring, even if Pb accumulation is
considered insignificant. In the work created by Straumer
et al. (2020) the relationship between impact of fish to
dumped munitions and histopathological changes in
the liver is investigated. Fish from the “reference (clean)
site” showed less pathology compared to those from
the area where munitions were disposed of. The study
of corrosion products from the decomposition of am-
munition, which have been under water for more than
60 years, was carried out by Li et al. (2016). To conduct
the study, scientists used various technologies, including
EDXA (energy dispersive X-ray spectroscopy) combined
with XRD (X-ray structural analysis) and Raman spec-
troscopy. p-Fe2(OH)3Cl together with Fe304 and B-Fe
OOH - this is how the primary phase was determined
after treatment of the inner layer. The researchers found
a thick layer of nodule that was outside the iron hydroxy-
chloride layer. The nodule layer consisted of an outer
greyish-white layer of CaCO3 and an internal black lay-
er of FeCo3. The authors of the study attribute the for-
mation of FeCo3 to the exchange process of Fe2+ ions
with Ca2+ ions in the CaCO3 layer. The exchange pro-
cess occurred during the movement of Fe2+ ions to the
external coral sheet from the corroding steel.

Findings of Betdowski et al. (2016b) show that
dumped munitions can degrade to inorganic arsenic
and that the disposal areas studied contain high levels
of arsenic compared to the reference areas. Thus, the
materials that make up ammunition are generally highly
susceptible to oxidation and corrosion (e.g., uranium is
highly sensitive to hydrogen, oxygen, carbon and nitro-
gen), which requires preventive treatment. The dissolu-
tion of harmful substances in water is considered an im-
portant, first stage in their decomposition. Corrosion of
munitions refers to a phenomenon in which the object
itself and the environment are subjected to chemical,
electrochemical or physical attack, resulting primarily
in deterioration of the environment and the release of
toxic substances. Preventing and controlling such a sit-
uation means that methods and technical measures for
prevention and long-term protection must be applied,
based on a study of corrosion principles and the reac-
tion mechanism of munitions in the environment. In
worst-case situations of chemical weapons corrosion,




specific instructions on how to avoid contact or how to
handle military items need to be developed. The pres-
ence of munitions on sediments also adversely affects
cables, main gas and oil pipelines, etc.

Groundwater is an important component of the
natural water cycle. It connects the Earth's surface and
surface receiving waters. The Earth's population, fauna
and flora, i.e., its entire environment, attract negative
consequences due to the pollution of groundwater and
soil through the corrosion of munitions. The ground-
water of Donetsk region has poor water quality. It can
no longer be used as a drinking source. It is directly
involved in the process of leaching ammunition parts,
which forms a plume of contamination. The speed of
the corrosion process and extrication all of the chemical
and toxic materials later are depend on the conditions
in which the munition lies. Usually, the oxygen and
entraining current encourage the destruction of the
weapons. That is, the corrosion of the munitions and the
associated possible leakage into oxygen-containing lay-
ers of water and sediments leads to a diffuse release of
the explosive substances and chemical warfare agents
they contain. Conventional munitions, especially those
containing trinitrotoluene, are poisonous to microorgan-
isms and aquatic vegetation.

That is, different toxic substances are released
during the corrosion process, depending on the am-
munition material. When water contacts with the toxic
substances, it could be a dissolvent or suspending sub-
stance. Therefore, chemicals seep into the ecology sys-
tem, initially spreading pointwise, probably entering
into an equilibrium process of sorption/desorption in
sediments and eventually spreading more widely be-
cause of water processes and humans’ activities. Inges-
tion and inhalation of corrosion products are potential
routes of radiation exposure. Thus, drinking water and
consuming food contaminated with the substances listed
above is harmful to human health. It is therefore worth
focusing on the purity of groundwater used for public
consumption. Also, as effective measures to reduce the
entry of such toxic substances into the soil, measures
should be taken to reduce their Pb content, and the
use of depleted uranium in ammunition construction
should be banned. Munitions require corrosion protection
methods and techniques at all stages: design, construction,
operation and disposal.

Disposal of ammunition. The most common and
long-standing methods of ammunition disposal are:

1. Open burning is one of the most common disposal
methods, carried out in especially remote locations
(e.g., military landfills). The process is carried out as fol-
lows: the ammunition is burned on the ground using fuel.
The combustion temperature does not exceed 500°C,
there may be residues of waste products.

2.0pen detonation is also a frequently used method
of disposal, but there are some Llimits to its applicability.
The process is carried out by detonating the munition
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with an explosive charge, resulting in the complete
chemical decomposition of the object, but particles of
heavy materials may remain, which are detrimental to
the quality of the air and soil.

3. Closed detonation, similar to the open detonation
method, but with the advantage of controlling emissions
to the environment (Zhu et al., 2021).

Ammunition storage, and its safe disposal at
Ukrainian military bases, is a pressing issue. Pavlograd
Chemical Plant is one of the leading enterprises in
Ukraine engaged in ammunition disposal. The company
contributed to the development and implementation of
integrated processes for the disposal of ammunition,
which have a favourable impact on the country’s economy,
and the development of recycling technologies for ma-
terial resources such as metals, plastics, etc. Zhu et al.
(2021) presented a detailed study on the dangers of six
different methods of ammunition disposal. The results
showed that the closed detonation method brought
about the highest hazard and the highest risk, followed
by open burning and open detonation. There are also
disposal methods that have been used for quite a long
time. The basic principles of such techniques are briefly
outlined below. The mechanical disassembly method
(designed for large calibre ammunition) - the idea is to
separate the shell from the casings using pulling ma-
chines or by breaking them out. Disposal method using
an electric arg, i.e., the direct impact of an electric arc
on a cartridge case, with further destruction of the am-
munition cartridges. The firing method has advantages
such as security, cost-effectiveness, etc. An electric in-
cinerator is the most economical yet effective method
of disposing of munitions. Its high efficiency in handling
ammunition is due to the fact that the disposal process
is fully automated for small arms and has a reserve of
recyclable material from individual items (casings, shell
casings, etc.). Moreover, the operation of this furnace is
not dangerous for the personnel (Yang et al., 2019).

At each stage of the munitions manufacturing
process — production, transport, storage, distribution
and disposal - environmental degradation occurs through
the introduction of explosive contaminants in the form of
pure liquid or solid particles due to leaching, trace par-
ticles, contaminant spills, fully or partially detonated
and unexploded munitions. Wastewater from ammuni-
tion is generated during the production and disposal
of ammunition containing residual energetic substances.
Despite the necessity of removing energy pollutants
from munitions wastewater, practical treatment faces
three obstacles. The first obstacle is that energy sub-
stances are biochemically unstable. The second is that
the physiological destruction of these nitro elements
releases nitrates (NO,-) and/or nitrites (NO,-), which
causes secondary contamination. The third obstacle
is that such substances usually coexist in the waste-
water of ammunition and must be removed. The study
by Zheng et al. (2022) has succeeded in developing a
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technology that is two to three orders of magnitude su-
perior to other methods. The authors of another study
(Pirzadah et al., 2022) propose a method of phytoreme-
diation, which involves the inherent ability of plants to
bind these explosive compounds in their original forms
or to modify and decompose them into inert forms. In
response to the need for safe disposal, plasma arc tech-
nology with the ability to safely dispose of munitions
in an environmentally acceptable manner is given in
work created by Gongalves et al. (2022). This technology
has been installed and operated in the Western District,
North Carolina since 2001.

Thermal saline disposal, solvent extraction, oxi-
dation, alkaline hydrolysis, and biodegradation are be-
coming more and more common as new methods of
ammunition disposal. The alkaline hydrolysis method
can rightly be considered the most popular among all
the above mentioned approaches. This method is the
removal of nitro groups from nitrocellulose, followed
by the formation of nitrites and nitrates. The formation
of the latter becomes possible due to the course of
chemical reactions such as substitution and hydrolysis
(Li et al., 2019). S.A. de Oliveira et al. (2018) compared
the influence of three ways of disposing of ammunition
on the environment. Among the three methods analysed
were open blasting; a combination of incineration in-
cluding the air pollution control, open burning, recu-
peration of some energy materials, and recycling of the
metal; burning in a stationary incinerator with control
of the air pollution level combined with the recycling
of metal. The results indicate that the biggest impact is
the recycling of munition and minimizing the extending
of air pollution after incineration. The lowest degree of
satisfaction with disposal tasks was traced as a result
of the open detonation.

Corrosion processes are now also taking place for
metal shells of ammunition once thrown into the water.
It is impossible to determine the exact duration of the
complete completion of the corrosion process. However,
complete corrosion has a number of disadvantages. For
example, it is very difficult to determine the fact of lost
ammunition due to the absence of metal cases as such.
Or high levels of chemical release from decomposition
into the environment. Also, one should not ignore the
change in climatic conditions, which reduces the pos-
sibility of predicting the future fate of the ammunition
being dropped to zero. The solubility of the object, water
temperature, oxidation, and hydrolysis are of paramount
importance in determining the bioavailability and con-
tinued residence of chemicals in the water, which as a
result can affect the ecosystem as a whole. The location
of the munitions dump is also a fact that deserves atten-
tion, as it has certain environmental parameters, similar
to the types and quantities of chemical and conventional
munitions dumped. The creation of a monitoring system
by drilling deep wells at the disposal site can solve the
problem of monitoring the state of groundwater pollution.

Scientific Horizons, 2022, Vol. 25, No. 11

It is also worth considering the possibility that
explosive residues could be washed away by rain, which
would affect groundwater. This issue can also be solved
by the introduction of treatment plant systems. How-
ever, the popular physical and chemical approaches to
cleaning up polluted areas are costly. There is a growing
trend of munitions waste management towards the use
of ‘green’ technologies that will benefit water, soil, etc.
One such alternative is the plant and microbe clean-up
method, which has the benefits of being low-cost, highly
efficient, environmentally friendly and also cost-effective.
Microbes are unique, characterised by versatile and pro-
lific decomposition functioning systems that promote
favourable degradation and recycling of toxic substances
as energy resources, adapting well to changes in the
environment. Plants absorb harmful substances from
groundwater and are subsequently converted.

There are two categories of green technologies
with which it is possible to dispose of toxic substances
that are contained in the soil. The first one is ex situ
technologies (with soil removal). The second is known
asinsitu technologies (without soil removal). The biore-
mediation processes of the first technology require the
extraction of soil that has been contaminated or the
extraction of groundwater that has been contaminat-
ed. The in-situ technology makes it possible to process
contaminated objects directly at their location.S.Anand
& S.M.Celin (2017) demonstrated the positive results of
an attempt to use microbes in the purification process,
including them in ammunition. The safety of the pro-
cess of neutralizing toxic materials using this technol-
ogy was ensured. The gradual reduction process of TNT,
which resulted in the formation of hydroxy-amino-di-
nitrotoluene (C7H7N305), 4-amino-2, 6-dinitrotoluene,
2-amino-4, 6-dinitrotoluenes, various azox compounds,
2,6-aminonitrotoluenes and 2, 4-diaminonitrotoluenes,
was preceded by the inclusion of the bacterial organ-
isms Pseudomonas putida GG04 and Bacillus SF in the
munitions. The latter process was carried out in order
to improve the bioremediation of 2,4, 6-trinitrotoluene
remains. A description of the experience of using plants
during processing is also present by Zheng et al. (2022).

Thus, the use of “‘green” technologies is popular,
effective, and most importantly environmental in the
disposal of ammunition for cleaning from toxic sub-
stances. Microbes are widely used in the restoration of
heavy metals on contaminated sites. This technology is
expected to gain traction and displace chemical pro-
cesses, but a further extensive investigation is needed
to achieve this. Such techniques need to be introduced
into Donetsk and Luhansk regions, as much of the area
is already occupied by minefields and munitions, mak-
ing disposal difficult. While all disposal options have
advantages and disadvantages, they must be preceded
by a thorough risk assessment, both of the potential
proliferation of the munitions and of the consequences
of the various disposal options.




CONCLUSIONS
The widespread and significant effects of soil contamina-
tion due to munitions waste from military operations in
Donetsk and Luhansk regions contribute significantly to
the global loss of productive soils and landscapes. The
danger posed by the dumping of munitions in ground-
water from various quarters should be considered. The
accumulation of harmful substances in different parts
of the food chain, as well as their direct toxicity, should
be considered in the risk assessment to the same extent
as the adverse effects of direct exposure to substances.
The study found that industrial processes, military activ-
ities, disposal processes using old methods such as open
burning, open detonation, and the release of munitions
in inappropriately designated areas generate and release
large quantities of explosive and toxic substances. The
discharge and detonation of these explosive chemicals
pose a danger to natural resources and living beings,
polluting the soil and groundwater. The study also has
pointed to the underestimation of the disposal of mu-
nitions, leading to the conclusion that the issue until
now has been poorly studied and remains overlooked.
The lack of studies on conventional munitions can be a
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serious obstacle to further risk assessments for human-
ity. Underestimating the issue can have unpredictable
environmental and economic consequences.

Donetsk and Luhansk regions need to introduce
a system of monitoring and cleaning the condition of
the soil, and groundwater. State programmes must be
implemented, considering the selection of areas outside
of military operations, and wellfields. Each method of
ammunition disposal leads to a negative impact on the
environment both in the short and long term. There-
fore, it is important to pay attention to the method of
treating the effects of munitions disposal using plants
and indigenous microbes. Successful use of ‘green”
technological concepts will reduce the risks to the en-
vironment and the population of Donetsk region. The
studies on the replacement of ammunition calibres with
more environmentally friendly calibres are also worth
paying attention to. This requires the following measures
to be taken: reduction of energy required for production;
replacing traditional cartridges (which use brass) with
plastic, cardboard or, eventually, using ammunition without
cartridge cases; replacing copper and nylon as materials
for the composite projectile.
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Bnnue npouecis Kopo3ii 6oenpunacie Ha 3abpyaHEeHHS 'PYHTOBUX BOA, i METOAUKM
iXHbOi 6e3neYHOoi Ta eKOHOMIYHO BUIigHOI yTUNi3auii: aHani3 npuknaaie cena

Oner Muxaitnosnuy CemeHeHko, CtaHicnas CemeHoBuY Tpery6eHko,
Metpo BacunboBuu OHodpiriuyK, AHapin IBaHoBuY LLnrnaa, Bonogumup Bonoaummnposuu Pemes

LleHTpanbHUM HayKOBO-AOCNIAHWUIA IHCTUTYT 36poriHux Cun YkpaiHu
03049, NoBiTpodnoTcbkunit npocnekT, 28b, M. Kuig, YkpaiHa

AHoTauif. AKTyanbHICTb AOCNIMKEHHS NONSrae B ToMy, Wwo 6oenpunacu, ki notpanuau B Nia3emMHi Bogm (rube
250 M), B pe3ynbTaTi ix yTuni3auii, CTBOpIOKOTb CEPIO3HI 3arpo3un Ans Bciei akBaTopii [JoHeubkoi obnacti. MeTtoto
pobotu Byno gocnifmMTM BNAMB KOpO3ii BOENpMNaciB Ha BOAHE CepefoBuLLE Ta PO3MSAHYTM Halbinbw edeKkTUBHI
Ta ekonoriyHo 6e3neyHi MeToaM ix ytunisauii. [lns npoBeneHHs [oCnifXeHb 6ynM BUKOPUCTaHiI HACTYMHi HAyKOBi
METOAM: METOAM aHanisy, Aenykuii, cMHTesy Ta MeToa dopManisauii. BctaHOBNEHO, WO KOXeH MeToA, yTuaisauii
6oenpunacis Npu3BOAMTL [0 HEFATUBHOIO BM/IMBY HA HABKOJIMLLUHE CEpenoBULLE SK Y KOPOTKOCTPOKOBIN, Tak i B
[OBroCTpoKOBii nepcnekTuei. [lpoaHanizoBaHo niTepaTypHi AKepena o0CTaHHiX po3poboK 3 NMTaHb Kopo3ii 6boenpunacis
Ta yTunisauii 6oenpunaciB. Y3aranbHeHo, WO iCHYE HarasbHa noTpeba y BMNPOBAMKEHHI CUCTEMU OUULLEHHS
3abpyaHEHUX TEPUTOPI, 3aNPOBAAXKEHHI KOHTPOJIHO 33 BUKOHAHHSAM 3aKOHOA,ABUYMX €KOSTOTYHUX HOPM, BUKOPUCTAHHI
HOBMX BionorivHMx MeToAiB AN NiKBiaLii HacniakiB BNAMBY GOENPUNACiB HA EKOCUCTEMY perioHy Ta Nepexoay Ha
6inbll ekonoriyHo 6e3neyHi BMAM 030pOEHb. [pakTUUHE 3HAUYEHHS CTATTi NONAraE y MOWYKY LWASXiB 3anobiraHHs
€KOJIorYHIM Ta ryMaHiTapHii katacTpodi B 30Hi 60MoBUX i Ha Cxopni YKpaiHu

KniouoBi cnoBa: BifKkpuTe CnantoBaHHS, ypaH, 3aX0OPOHEHHS, TOKCUYHI pe4YoBUHM, 3a6pyAHEHHS BOAM Ta I'PYHTY
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INTRODUCTION

Timely identification and prevention of problems in
the public financial control system are necessary to
overcome the current crisis situation and develop the
overall Ukrainian financial system efficiency (Che-
beryako & Ryabokon, 2016). The execution of local
budgets in Ukraine has some problematic issues. The
identification of such features, as well as tools and
ways to eliminate them, is an urgent research vector
under the current conditions of socio-economic un-
certainty. In this regard, it is advisable to make a sci-
entific assessment of the Ukrainian and international
experience in the execution of local budgets, effective
mechanisms, and practices used in budget regulation.
In recent years, the attention of many Ukrainian and
international researchers has been directed towards
the investigation of control systems, public financial
management, and municipal financial management.
The main promising vector of development identified
in the course of research is the creation of an integrated
financial system. A system that would ensure the mini-
misation of the cost and maximisation of revenues to
the municipal budget.

Modern theoretical approaches to the develop-
ment of financial control of the state were studied by
such researchers in the field of financial management
as J. Keynes (2017), ). Koltaia et al. (2021), Gibbons et al.
(2021), I. Schumpeter (2007). The problem of the im-
provement of financial control at the macro and micro
levels, and the execution of local budgets, was investi-
gated by I. Alekseev and N.Yaroshevich (2007), A. Goray
(2018), E. Gutzeit (2008), V. Malyshko et al. (2017). The
analysis of the papers (Roberts & Kwon, 2022; Kozarenko,
2015) showed that they were based on a fairly exten-
sive existing theoretical and methodological base,
but the need for systematic development of the issues
under study in the context of new challenges and so-
cio-economic instability was traced.

The novelty of the research is conditioned by
the analysis of the object of the study in the context
of modern global challenges and socio-economic in-
stability in the world (Lavezzolo et al., 2018). Difficult so-
cio-economic conditions in 2020 were created by the
significant impact of the COVID-19 pandemic. During
this period, systemic changes took place in the entire
global economy,and there was a need for mechanisms
to develop the effectiveness of government financial
control and the execution of local budgets (Seregin,
2016; Starostenko & Bulgakov, 2006). Therefore, new
research, scientific refinement of mechanisms and
tools to develop the efficiency of government finan-
cial control and the execution of local budgets are
needed.

The aim of the research is to evaluate the effec-
tiveness of local budget execution and calculate the
main problems of financial control of the state. Disclosure
of the goal implies the solution of several tasks:
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- to investigate the national and successful interna-
tional experience in the execution of local budgets and
state financial control;

- to analyse scientific methods and approaches to
the study of financial control of the government and
budget execution;

- to examine statistical indicators that reflect the
dynamics of development public state financial control
system and execution of local budgets;

- to disclose issues and perspectives for improving
the system of public financial control and execution of
local budgets;

- To identify opportunities and areas to improve an
effectiveness of the system of public financial control
and execution of local budgets in terms of socio-economic
uncertainty.

MATERIALS AND METHODS

The following methods were used to achieve the goal:
dialectical, systematisation and generalisation, concre-
tisation, and terminological, analysis, synthesis, statis-
tical analysis, statistical comparisons, comparative law
method (used in the adaptation of effective world prac-
tices to Ukrainian conditions). Empirical methods used
in the study included observation and system monitoring.
The study pays considerable attention to identifying
gaps in theory and practice, due to the increase in acute
crisis socio-economic conditions in the world. Using the
methods of concretisation and generalisation, the main
problems and gaps in research and theory of government
financial control and execution of local budgets were
identified.

The dynamics of the national experience in the
execution of local budgets and state financial control has
been studied over the past three years (over 10 years
according to some indicators). The analysis of the reve-
nue structure of local budgets of European countries
and Ukraine (in comparison) is carried out.

During the research, the following data were stud-
ied: statistical data of the State Treasury Service of
Ukraine (2022),the State Statistics Service of Ukraine
(2022), the Ministry of Finance of Ukraine (2022), and
the European Commission (2022). The research was
done in several stages. At the first stage, the analysis of
methodological approaches to the problem of state
financial control and execution of local budgets was
held. The purpose, tasks, and methods were defined,
and the main hypothesis was put forward. The expe-
diency of using a synergetic approach in improving
financial control has been investigated. At the sec-
ond stage, sources of information were selected and
data reflecting the provision of state financial control
and local budget implementation were analysed: the
dynamics of incomes and costs of local budgets of
Ukraine, the proportion of own incomes of regional
budgets in incomes of Ukrainian consolidated budget,
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the amount of budgets of regions of Ukraine, the vol-
ume of controlled fiscal and material resources, the
structure of violations, the structure of incomes to
local budgets of Ukraine and European countries. At
the third stage the analysis was carried out and the-
oretical and applied conclusions were formed. The
experience of Ukrainian financial control in Ukraine,
features and efficiency of execution of local budgets
in Ukraine and some European countries was system-
atized and generalized. The study results can be used
by employees of state and financial management
bodies, and specialists of local municipal self-govern-
ment.
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RESULTS AND DISCUSSION
Most of the government's fiscal resources are concentrated
in the national and local budgets. System of Ukrainian
budget is structured as follows: two blocks - the state
budget and the local budget. Local budgets include re-
gional budgets, district budgets, and district budgets of
local self-government. Accordingly, local government
budgets include: territorial community budgets, village
budgets, city budgets, budgets of associations (villages
and towns), and budgets of districts in cities. Ukrainian
local budget structure: “General Fund’, “Special Fund”
and additional “Reserve Fund”. To assess the dynamics
of incomes of Ukrainian local budgets, we chose indices
for a significant time series: from 2011 to 2020 (Fig. 1).

286.8 288
5

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Figure 1. Dynamics of incomes of local budgets of Ukraine, billion UAH for 2011-2020 (excluding inter-budget transfers)

Source: compiled by the authors

An investigation of the dynamics of local budget
incomes for the period from 2011 to 2020 showed a
trend of slight growth from 2011 to 2020 and a trend
of active growth since 2016 (Fig. 1). From 2011 to 2015,
the amount of local budget revenues increased by UAH
33.3 billion, and for the period from 2016 to 2020 - by
UAH 117.2 billion. In 2021, the trend of active growth
of local budget revenues has continued. Moreover, for
9 months of 2021 (compared to the same period in
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2020), local budget revenues increased by 20.1%. This
amounts to 248 billion UAH. In 2021, the increase in
the amount of personal tax income was 19.5%, the land
fee was 14.9%, the real estate tax was 38.3%, and the
single tax was 21.1%. Inter-budget transfers to local
budgets for 9 months of 2021 - UAH 120 billion
872.8 million, which is 95.3% of the planned. Analysis
of cost dynamics of local budgets of Ukraine for the
period from 2011 to 2020 is presented in Figure 2.

563.3 591.9
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Figure 2. Dynamics of expenditures of local budgets of Ukraine for 2011-2020, UAH billion (excluding inter-budget transfers)

Source: compiled by the authors
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In the dynamics of local budget costs there is a
correlation with the dynamics of local budget incomes
for the same period. A slight increase from 2011 to
2015 - from 178.3 billion UAH to 277 billion UAH. From
2016 to 2019 - from 346.3 billion UAH to 591.9 billion
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UAH. But in 2020 recorded a decrease in local budget
expenditures, which amounted to 482.1 billion UAH.
The dynamics of the proportion of own incomes of local
budgets in consolidated budget revenues in Ukraine for
the period from 2010 to 2020 is presented in Table 1.

Table 1. Proportion of own incomes of local budgets in revenues of the consolidated budget in Ukraine, %

Year Fraction, %
2010 27.3
2011 21.1
2012 22.6
2013 23.3
2014 22.2
2015 18
2016 21.8
2017 22.6
2018 22.2
2019 22.3
2020 23.4

Source: compiled by the authors

As shown in Table 1, the highest rate was in
2010 - 27.3%, and the lowest in 2015 - 18%. In other
years the share of own incomes of local budgets fluc-
tuated between 21-23%. It is this indicator that reflects
the self-sufficiency and the possibility of socio-economic
growths of the territories of the country. Implementation
of local budgets in the legal aspect is the responsibility
of the state local administration, the executive bodies of
the relevant local councils or village heads. General or-
ganization and management of local budget execution,
coordination of activities of participants of the budget

process on issues of budget execution are carried out
by local financial bodies. A local financial authority is an
institution that, in accordance with Ukrainian legislation,
performs the functions of drafting and implementation
of local budgets, control over the expenditure of funds
by administrators of budgetary funds and other functions
associated with the administration of local budget funds.
In the execution of local budgets, the treasury service of
budgetary funds is applied. The body empowered to keep
records and prepare reports on the execution of local
budgets in Ukraine is the treasury body (Table 2).

Table 2. The size of the budgets of the regions of Ukraine in 2020

Area

Income (million UAH)

Expenses (mln UAH)

Dnipropetrovsk Oblast 9266.7 9266.6
Kharkiv Oblast 5881.9 5881.9
Lviv Oblast 5134.6 5134.6

Kyiv Oblast 4992.3 4995.3
Odesa Oblast 4824.6 4827.2
Donetsk Oblast 4566.2 4566.2
Zaporizhia Oblast 4439.1 4439.1
Vinnytsia Oblast 4309.6 4302.6
Poltava Oblast 4238.0 4297.2
Zhytomyr Oblast 3290.0 3287.2
Khmelnytskyi Oblast 2843.2 2842.9
Sumy Oblast 2821.6 2821.6
Cherkasy Oblast 2677.0 2673.6
Mykolaiv Oblast 2619.2 2611.2
Ivano-Frankivsk Oblast 25235 25154
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Table 2, Continued

Area

Income (million UAH)

Expenses (mln UAH)

Kirovohrad Oblast 2523.2 2695.1
Chernihiv Oblast (project) 25204 25174
Volyn Oblast (project) 2410.9 2410.9
Rivne Oblast 2400.0 2400.0
Kherson Oblast 21934 2187.3
Zakarpattia Oblast 2084.0 2069.4
Ternopil Oblast 2086.2 2086.0
Luhansk Oblast 1925.0 1925.0
Chernivtsi Oblast 1682.3 1679.8

Source: prepared by the authors on the basis of the source Ministry of Finance of Ukraine (2022)

Analysis of the size of regional budgets of Ukraine
in 2021 showed that the Dnipropetrovsk Oblast has the
largest budget - revenues of UAH 9 billion 266.7 million,
and expenditures of UAH 9 billion 266.6 million (Table 2).
The Dnipropetrovsk Oblast has allocated UAH 2.4 billion
from the state budget, which will be spent on road re-
pairs (UAH 847 million) and education (UAH 767 million).
In the region, ~UAH 130 million has been allocated for
measures to combat COVID-19. For various development
projects — more than UAH 1.5 billion. The second largest
budget region in Ukraine is the Kharkiv Oblast. Revenues
and expenses at the beginning of 2021 were planned in
the amount of UAH 6 billion 881.9 million. About UAH
2 billion has been allocated for education, almost UAH
485 million for healthcare, and UAH 548 million for
social protection and welfare. In the Lviv Oblast, in the
budget for 2021, revenues and expenses are planned in
the range of UAH 5 billion 134.6 million. Of these, UAH
277 million has been allocated for state investment
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projects, and 1.4 billion UAH for the implementation
of regional programmes. Regions with budget deficits:
Poltava Oblast (59.2 million), Odesa Oblast (2.6 million),
Kirovohrad Oblast (171.9 million), and Kyiv Oblast
(3.0 million). The largest budget deficit, with a significant
gap from other deficit regions, in the Kirovohrad Oblast is
171.9 million UAH (Ministry of Finance of Ukraine, 2022).

In 2021, the State Audit Service completed 10.9
thousand inspections. Including: 1.4 thousand - audits
and inspections, procurement monitoring - 9.3 thou-
sand events, and state financial audit - 151. Organisa-
tions, state-owned and municipal enterprises have es-
timated the loss of income owed to them to be almost
5.5 billion UAH. Of these, budgets - about 3.8 billion
UAH, which is 40.1% of the total amount of violations
related to the use of state and municipal resources
(Ministry of Finance of Ukraine, 2022). The volume of
financial and material resources covered by the control
in January - December 2019-2020 is shown in Figure 3.

Volume of monitored financial and material
resources, billion UAH

® Per 1 inspected object, million UAH

835.2 825.3

2020

Figure 3. The volume of financial and material resources covered by the control in January-December 2019-2020
Source: compiled by the authors based on the source The state of financial and budgetary discipline in the use of budget
funds, state and municipal property for 2020, 2019 and 2018 (2022)

The total volume of financial and material re-
sources covered by the control in 2019, compared to
2018, increased from UAH 680 billion to UAH 895.2
billion. But in 2020, there was a slight decrease in
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this indicator: from UAH 895.2 billion to UAH 835.2 bil-
lion. And based on 1 verified object, the volume of
resources for the same years decreased significantly
(from UAH 1778.8 million to UAH 599.6 million), and
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then increased slightly to UAH 825.3 in 2020 (Ministry  material resources for more than UAH 154.4 billion.The
of Finance of Ukraine, 2022). In general, the results of  structure of violations that led to resource losses for
audits and inspections revealed losses of financial and 2018, 2019, and 2020 is shown in Table 3.

Table 3. The structure of violations that caused the loss of financial and material resources identified by the State Audit
Service of Ukraine in January-December 2018-2020, in %

2018 2019 2020

Lost financial resources 42.5 23.8 98.2
Inappropriate spending of resources 2.9 5.8 0.1
Illegal spending of resources 52.5 64.2 0.2
Lack of resources 2.1 6.2 1.5

Source: prepared by the authors on the basis of the source State of financial and budgetary discipline in the use
of budgetary funds, state and municipal property for 2020, 2019 and 2018 (2022)

The highest % of violations occurred in the group  resources increased to 98.2%. In 2018 and 2019, the
of illegal spending of resources: in 2018 - 52.5%,and  share of lost financial resources was high, but not as
in 2019 - 64.2%. But in 2020, the percentage ratio is much as in 2020.1n 2018 - 42.5%, and in 2019 - 23.8%.
changing dramatically - non-targeted expenses began  Structure of incomes to Ukrainian local budgets for
to account for 0.1% of violations, and the lost financial 2018, 2019, and 2020 is presented in Table 4.

Table 4. The structure of revenues to local budgets of Ukraine for 2018, 2019, 2020, million UAH

2018 2019 2020
Tax revenue 85385 94811 95970
Non-tax revenues 29129 26105 21752
Transfers 304672 260302 163846
Other 3308 3575 5136

Source: made by the authors on the basis of the source State of financial and budgetary discipline in the use of budgetary
funds, state and municipal property for 2020, 2019 and 2018 (2022)

Table 4 shows that the main source of revenues to  years. Moreover, the volume of transfers has almost halved
local budgets are tax revenues, which have increased byap- by 2020. In this regard,a comparative analysis with a similar
proximately 10 million UAH over the analysed years.Non-  structure of incomes to the local budget of Ukraine and
tax revenues and transfers have been decreasing for three  some European countries will be informative (Table 5).

Table 5. The structure of revenues to local budgets of Ukraine and European countries, in %

Country Tax revenues Non-tax revenues Transfers Other
Ukraine 34 7 57 1
Sweden 74 20 3 1
France 45 33 18 4
United Kingdom 15 13 70 2
Switzerland 48 26 15 11
Norway 44 38 18 0
Netherlands 13 67 20 0
Italy 38 49 12 1
Germany 60 26 14 0
Denmark 53 38 7 2

Source: compiled by the authors based on data of European Commission (2022)
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As can be seen from Table 5, the structure of the
sources of income of local states in Europe is dominated
by tax and non-tax revenues, which approximately
account for 81% to 95% of all sources of income. The
United Kingdom is an exception in this situation - the
share of transfers is 70% and these transfers are usually
targeted grants for the performance of specific tasks by
municipal authorities. The main sources of tax revenues
of most countries are personal income tax and income
tax. Another significant source of income are property
taxes (Roberts & Kwon, 2022). Among all the analysed
countries, with the exception of the UK, Ukraine leads
in terms of attracted transfers - 57% (2020) and has the
lowest non-tax revenue - 7% (2020).

The role of state financial control has significantly
increased in the context of new global challenges and
socio-economic uncertainty. Control in the sphere of public
administration is of particular importance (Alekseev &
Yaroshevich, 2007). This is conditioned by the fact that
financial security and national economic development
overall depend on the effectiveness of its functioning.
Theoretically, the definition of control has many manifes-
tations. But in economic theory, control is increasingly
being studied from a systemic perspective, since this
concept is a complex and multilevel system that de-
velops according to the basic laws of the functioning
of economic systems. The systematic approach allows
considering the financial control system as an organic
unity of its types: state, public, audit, and internal. The
new theoretical substantiation of financial control focuses
on the development of the concept of its systemic or-
ganisation (entrepreneurs) (Vygovskaya, 2013).

When solving the key issues in the financial con-
trol system development, some researchers suggest
using synergetic mechanisms, the possession of which,
in their opinion, helps to choose the optimal path of de-
velopment (Vygovskaya, 2013). Synergetics is the doctrine
of interaction, applicable in almost all spheres (Bogt
ter & van Helden, 2021). In the context of control, this
works as follows: for a more effective functioning of
systemic financial control, it is advisable to develop a
functional non-interference of state, public, audit, and
internal control, which together form the national sys-
tem of financial control. The synergistic effect can be
not only positive, but also negative (in the case when
the factors that combine contradict each other). There-
fore, there is a difficulty in planning the effects and
their implementation. In the financial control system,
to achieve synergetic effects, it is advisable to have an
agreed system of goals of its participants for the har-
monisation of the control process (Financial System
Soundness, 2021). Therefore, the problems of contra-
dictions between state and internal financial control
can be solved using approaches that are not mutually
exclusive, that is, they can be applied in a complex (syn-
ergistically).
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Approach 1. Development of the legislative fi-
nancial control framework and development of a con-
cept for the development of a balanced Ukrainian of
financial control system in, standardisation of all types
of control, considering the emergence of new condi-
tions of socio-economic instability. Moreover, the con-
cept of state financial control is the main one, that is, it
is advisable to develop partial concepts in relation to it:
public control, internal control, and audit.

Approach 2. Development of the public financial
control system and improvement of interaction and
coordination of its individual units. In modern Ukraine,
there remains a situation of incompleteness in the for-
mation of the regulatory framework of state control,
which leads to the concentration of the efforts of the
control bodies exclusively on their own departmental
interests, and this, in turn, entails duplication of func-
tions by the subjects of control. This disadvantage can
be offset by ensuring systematic control. And to achieve
a synergistic impact and improve the coordination of
control bodies, it is advisable to finalise the concept of
Ukrainian of financial control system and a law (Law
of Ukraine..., 1993) with provisions (special section) on
the procedure for the interaction of subjects of state
financial control with other controlling organisations.

Approach 3. Improvement and modernisation of
internal financial control systems of enterprises. That
is, the development of internal control systems not
only to undergo a further external audit, but also to im-
prove the management of internal business processes.
In economically developed countries, in state financial
control systems, control units that have a higher status
focus precisely on the results of audits and evaluation
of the activities of lower controlling structures than
directly on their own control.

Approach 4.The use of audit and public financial
control systems in order to minimise and eliminate dis-
agreements. Under the circumstances of modern global
challenges and socio-economic instability, these types
of control are of particular importance.

The priority condition for improvement of eco-
nomic systems sustainability, is the harmonisation of
the objectives of the entire system and its individual
elements (Widanaputra & Mimba, 2014). The finan-
cial control system allows receiving information about
the presence of contradictions, which would allow
purposefully eliminating them. This is conditioned by
the increased mutual responsibility of various control
subjects to ensure the objectivity and quality of con-
trol reports, a large number of control objects, limited
resources for control, and the common problems of dif-
ferent types of financial control (Gutzeit, 2008). Various
types of control (state, public, external audit, internal)
have a lot in common. Therefore, it is possible to iden-
tify common problems that require solutions within the
improvement of the general theory of control: firstly, the




problem of evaluating the effectiveness of control sys-
tems; secondly, the problem of standardisation; thirdly,
the problem of increasing the level of objectivity and
independence of control.

CONCLUSIONS

The hypothesis suggested in the present research was
proved about the significantly increasing need to develop
public financial control system and create prerequisites
for efficiency improvements of local budget execution.
In the system of public financial control in conditions of
socio-economic instability, it is advisable to ameliorate
the regulatory and legislative framework and develop a
balanced system of control. The recommendation is to
create a system of standardization of all types of state
financial control. This is particularly required under the
conditions of increasing global socio-economic chal-
lenges and instability. The most important direction to
improve efficiency of public financial control and exe-
cution of local budgets is to minimize the public debt,
which significantly reduces the efficiency of budgets
at various levels and is a significant constraint on their
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development. The presence of debt forms a policy of re-
ducing expenditure items for budgets of all levels, there-
fore, an effective measure to prevent an imbalance is a
policy of actively increasing budget revenues-tax and
non-tax (which in Ukraine, as the analysis showed, are
among the lowest among European countries).

It is advisable to enhance the effectiveness of local
budget execution in Ukraine and the management of
municipal finances through the following measures.
Firstly, increase the share of tax and non-tax incomes to
local budgets (focusing on the average indicators of de-
veloped European countries). Secondly, assist public ad-
ministration bodies in the improvement of the quality
of management of regional and local finances (budgets).
Thirdly, ensure the development of programme-targeted
methods of budget management at the regional level.
Another priority is the improvement of the controlling
part of the state financial policy. Namely: bringing control
to a level that allows reducing high rates of violations
that cause losses of financial and material resources -
illegal spending of resources and shortfall of financial
resources.
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NMpo6nemMun Ta NnepcneKTUBU Aep)XaBHOro piHAHCOBOro KOHTPOJIO
Ta aHanisy BUKOHaHHSA MicueBuX 6loa)KeTiB

OkcaHa NpuropiBHa Pa6uyk, Onbra BikropiBHa MaHactok, Bonogumup AHatoniioBuy TapalueHko,
TeraHa BonogumupisHa bino6poseHko, KatepuHa AmutpieHa CanssMoH-MixeeBa

[epxaBHuii NOOATKOBUI YHiBEpCUTET
08205, Byn. YHiBepcuTeTCcbKa, 31, M. IpniHb, YkpaiHa

AHoTauis. B yMoBax NocTiMHOro HAapOCTaHHS MobanbHMUX BUK/IUKIB Ta COLianbHO-eKOHOMIYHOI HecTabinbHOCTi npobnema
edeKTUBHOCTI AepxaBHOro ¢iHaHCOBOrO KOHTPOJIKO € OAHIEK 3 LEHTPanbHUX ANS CyvyacHoi YkpaiHu. MeTa cTaTTi
nonsirana B ToMy, o6 BUSIBUTM OCHOBHI NpObnemMu fep>KaBHOMO GiHaHCOBOrO KOHTPOJIO Ta MPOBECTM OLiHKY BUKOHAHHS
MicueBux 6roaxeTiB. OCHOBHI METOAM [0 AOCNIAXKEHHS 3aSBNEHOI Yy CTATTi NPob6AeMU: TEOPETUYHI MigxXoam (aHani3
YKPAiHCbKMX Ta MIXKHApPOAHWX TEOPETUYHMUX MOOXKEHDB), aHANMI3 i CMHTE3, CTAaTUCTUYHUI aHaNi3, CMCTEMATUYHUI
aHani3, TepMiHOMOrIYHMI aHani3, MeToA, rpadivyHOro NpeacTaBaAeHHS CTAaTUCTUYHUX AAHMX, aHANI3 3aKOHOA4ABUMX i
NpOrpaMHUX AOKYMEHTIB.Y pe3ynbTaTi NpoBeaeHoro 4oCNiMKeHHS NiATBEPAMNACS BUCYHYTA aBTOPOM rinoTe3a npo 3HaYHO
3poCTatyy HeobXiaHICTb YAOCKOHANEHHS, MOCUIEHHS] CUCTEMU AEPXKABHOMO (GiHAHCOBOr0 KOHTPOJIIO T3 CTBOPEHHS
nepesymMoB AN NiABUWEHHS edeKTUBHOCTI BMKOHAHHS MicueBux OwopxeTiB. BuasneHo Heponiku, npobnemu,
nepeLwKkoam, 06MeXeHHs Ta NepCcnekTUBU PO3BUTKY AEPXKABHOIO (PiHAHCOBOrO KOHTPOJO Ta BUKOHAHHS MiCLLEBUX
6ropkeTiB. OTpUMaHi pe3ynbTaTt MakTb TEOPETUYHY Ta NMPAKTUYHY 3HAYYLLiCTb. 3aCTOCYBaHHSA TEOPETUYHUX MiAXOLIB
npu AOCNIAKEHHI AOMOBHIOE TEOPETUYHI NMONOXKEHHS AEPXABHOIMO PiHAHCOBOro KOHTPOAH. [1pakTUUHY 3HAYyLWiCTb
MaloTb pe3ynbTaTh 0cobMBO MpU NPOBEAEHHI HALLIOHANbHOT NONITUKKM Y cdepi AepKaBHOrO GiHAHCOBOrO KOHTPOSIHO
B YMOBaXx KpU3u, CMPUYMHEHOI NaHAEMIEI Ta ii couianbHO-eKOHOMIYHMX HACNiAKIB. 3@ pe3ynbTaTaMu AOCNIAKEHHS
chopMynbOBaHO MPONO3MLii WOAO0 BAOCKOHANEHHS CUCTEMU AEPXKABHOr0 GiHAaHCOBOrO KOHTPOJIO Ta BUKOHAHHS
MicueBumx BooxeTiB

KniouoBi cnoBa: MexaHi3Mu aepxKaBHOro hiHaHCOBOrO KOHTPOJIHO, HALLiOHAIbHA PiHAHCOBA CUCTEMA, MiCLLEBUI Broaxer,
diHaHcoBa be3neka nepxasu, piHaHCcOBa be3neka gepxKasu
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INTRODUCTION

The food industry of Azerbaijan has a great potential in
the national economy. After the collapse of the Union of
Soviet Socialist Republics, Azerbaijan received raw ma-
terial resources, which have already been depleted by
now, and the country needs to use the existing potential
to develop the non-resource of economy branch. There
are internal as well as external factors that influence
the urgency of the food sector development. Azerbaijan
is an industrial-agrarian state, and the food industry oc-
cupies a leading position among the republic's process-
ing industries. The insufficient development level of the
food industry, due to low competitiveness, is evidenced
by the ranking of the states of the world community
when it comes gross domestic product, in which Azer-
baijan ranks 76™ (Food Safety Agency..., 2022). This sit-
uation is explained by the low level of competitiveness
of food industry enterprises, which have practically not
been modernized over the years of Azerbaijan's inde-
pendence, suspended their activities on a large scale, and
reduced production volumes.

It should be pointed out that the development of
the food industry is one of the main directions for the
strategic development of the economy in the Republic
of Azerbaijan in “State Program for the Social and Eco-
nomic Development of the Regions of the Republic of
Azerbaijan in 2019-2023" (Decree of the..., 2019), which
is currently being implemented. At the same time, state
resources for financing the modernization of equipment
of food industry enterprises, the development and im-
plementation of innovative technologies for processing
food products, and training the personnel of food in-
dustry enterprises in Azerbaijan were virtually not al-
located. Since the enterprises of the food industry in
Azerbaijan are privately owned, the search for funds to
increase competitive advantages falls on the owners.

The need to develop the competitiveness of the
food sector in the country is due to the current world
economy situation, which has faced the problem of hun-
ger in developing countries. This problem has become
especially acute against the backdrop of the war waged
by Russia against Ukraine, as a result of which food
products produced in Ukraine are not supplied to the
world market. To solve the problem of the food crisis,
Azerbaijan needs to attract investments to increase the
competitive advantages of produced food in the coun-
try in a short time, since in order to import food prod-
ucts produced in Azerbaijan, these products must meet
international quality standards. According to the head of
the Small and Medium Business Development Agency
(SMBDA) of the Republic of Azerbaijan (2022) 0. Mamma-
dov, the export potential of the food industry is huge; it
is justified by the fact that approximately 10 thousand
business entities are registered in Azerbaijan every year;
and their activities are carried out in the food produc-
tion market. Therefore, the study of the possibility of
using various sources of financing for the food industry
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in Azerbaijan, aimed at increasing the level of competi-
tiveness of the industry's enterprises, is relevant.

The importance of increasing the competitiveness
of Azerbaijan’s food industry enterprises has been widely
studied by various authors. The high level of signifi-
cance of involvement of the country in the food industry
development in the state has been determined. But, at
the same time, the main bias is made on the need and
importance of the formation of new enterprises for the
processing of agricultural products, without at all con-
sidering the possibility of attracting various investment
funds for the development of the industry (Babayeva,
2018). There is evidence of the possibility of reducing
the level of resource costs in the agricultural sector, but
the financial support of the innovative technologies is
still not provided (Hajiyeva, 2021). In addition, the is-
sues of financing the agrarian economy branch in the
state are not considered in article of A.D. Iskenderova
et al. (2021). At the same time, this study proved the
feasibility of increasing the level of competitiveness of
food industry enterprises by optimizing supply chains.
The article of N.R. Aliyeva (2021) proved the necessity
and effectiveness of developing the food sector in the
Republic of Azerbaijan through the introduction of green
technologies. The disadvantage of the article is that it
does not present calculations for the financing of the
proposed innovations. The article of M. Suleymanov (2022)
presents evidence of the importance and necessity of
introducing the ideas of the scientific and technological
innovations - innovative developments in order to
achieve an enhance in the share, in the overall volume
of the regional gross product of the Nakhichevan Auton-
omous Republic, enterprises and organizations involved
in the production of food products; issues of financing
the proposed directions for increasing competitive ad-
vantage are not considered.

Based on the above mentioned facts, it can be
concluded that by now, a broad ground has been de-
veloped for conducting research on the expediency of
using various sources of financing to increase the food
field competitivity in the Republic of Azerbaijan. The
purpose of the article to study the possibility of using
various sources of financing, and which are required to
increase the competitivity of the food industry in Azer-
baijan, is finally justified.

MATERIALS AND METHODS

To carry out this research the process was divided into
separate stages. Collection of the statistical reporting
data was done at the first stage. This data was presented
on the official websites State Statistics Committee of
the Republic of Azerbaijan (2022), Small and Medium
Business Development Agency (SMBDA) of the Republic of
Azerbaijan (2022), Food Safety Agency of the Republic
of Azerbaijan (2022) over the last 15 years. Since the
study involves the collection of a large amount of data,




the method of summary and grouping was used, which
is the most appropriate at this stage.

An analysis of the collected material was carried
out at the next stage; an insufficient level of use of the
competitive potential of food industry enterprises was
proved via using data analysis methods (Kelley, 2022).
The method of analysis was used at this stage of the
study, since there is a need for a detailed consideration
of the object of the study, practical decomposition of
the collected data into components to track existing
trends. It was possible to prove the necessity and expe-
diency of considering various sources of financing for
the food branch development in state on the basis of the
above-mentioned method.

The third stage of the study is to consider the pos-
sibility of using internal sources of financing, consisting
of the financial resources of the budgetary and non-bud-
getary funds of Azerbaijan, the funds of the Azerbaijani
population, the own funds of Azerbaijani enterprises
and organizations, which will be used later to increase
the competitiveness of Azerbaijan's food industry en-
terprises. It should be pointed out that the presented
article considers several sources of funding, in addition
to internal sources, external and joint sources are also
considered. External sources of financing include funds
received from foreign partners. Joint sources of financ-
ing for the sector development in the state include
funds from international associations and corporations
operating in various countries, including Azerbaijan.

It is explained by the functioning of the market
model of the Azerbaijani economy, which involves the
selection of the optimal ratio of funds raised and the
result obtained. The induction methods were used at
this stage (Yang et al., 2022). The validity of using this
research method is explained by the fact that, given the
results of the analysis of the indicators of competitivity
of Azerbaijan's food sector business, it is required to de-
termine the possibility of using internal, external and
joint investments.

The fourth stage of the research involves the use
of method of analysis to calculate the volume and share
ratio of the use of various investment sources. Since in-
ternal funding may not be enough for the introduction
of innovative production technologies, staff training,
and the establishment of new companies, then by using
the deduction method, it will be possible to select other
sources of financing, which include exclusively external
and joint sources (Bradford & Weisberger, 2021). Fur-
thermore, a review of the ongoing situation of the global
financial marketplace was carried out at this stage of
study, which makes it possible to consider and assess
the opportunity of attracting investment funds to the
food industry in Azerbaijan from various sources, taking
into consideration financial market analysis data.

The deduction method was used at the fifth stage
of the study, which helped in drawing conclusions based
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on logical conclusions that rely on the results of the data
obtained in the previous stages of the study (Javed, 2022).
The need to use this particular research method is sub-
stantiated by the need to obtain one's own conclusions,
which were drawn after carrying out analytical and gen-
eralizing procedures, indicating the possibility and ne-
cessity of using internal, external, joint sources of financ-
ing for food industry enterprises, directions for increasing
the level of competitiveness of these enterprises.

RESULTS

Among the sectors of the Azerbaijani economy, the
non-primary sector is developed more actively by the
government nowadays, in view of the depletion of nat-
ural resources. To this end, Development Concept “Azer-
baijan 2020: A look into the future” (Decree of the...,
2012) has already been implemented, and “State pro-
gram for the Social and Economic Development of the
Regions of the Republic of Azerbaijan in 2019-2023"
(Decree of the..., 2019) is currently being implemented,
one of its priority tasks is to enhance the competitive-
ness level of food industry business. According to Small
and Medium Business Development Agency (SMBDA) of
the Republic of Azerbaijan (2022) 75.6% of the overall
number of food industry businesses of the republic are
micro and small enterprises, which influence the activity
of these enterprises in the implementation of measures
to increase their competitiveness in a positive way, in-
cluding innovative activity. The need to stimulate an
increase in the level of competitiveness of enterprises
of food industry in Azerbaijan is evidenced by statistical
data, according to which, 180 enterprises of food indus-
try were liquidated in 2016-2021 due to the influence
of subjective and objective reasons, while 20% of the
overall number of companies working in the market,
small, micro and medium-sized enterprises operate in
the red - the number of total losses in 2021 was 1063
million manats. According to Food Safety Agency of the
Republic of Azerbaijan (2022), the first place among the
countries pursuing an active investment policy is actu-
ally occupied by the United Kingdom, which invested
$1234759000 in the economy of Azerbaijan in 2021.
It is followed by Turkey - $530051000, United States
of America - $410960000, Malaysia - $324857000,
Cyprus - $231309000, Japan - $215820000, Iran -
$209390000, Norway - $121722000, Georgia -
$74264000, United Arab Emirates - $48222000.

The low rate of implementation of measures to
increase competitiveness by food industry enterprises
indicates the need to search for various sources of in-
vestment, which are required for the improving and re-
alization of measures dedicated at increasing the com-
petitiveness of the food industry in Azerbaijan. These
directions should not be limited solely to the upgrading
production and the implementation of innovative devel-
opments in production activities that require constant
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updating due to rapid wear and tear. The measures to
improve the quality of work of labor resources, such as
timely training of personnel, full-fledged motivation
of personnel, and the prevention of internal labor con-
flicts, which also have a negative impact on the com-
petitiveness of enterprises, should also be included. Thus,
according to the Food Safety Agency of the Republic
of Azerbaijan (2022), during 2006-2021, the quality of
products decreased by 40% at 25% of food industry en-
terprises in Azerbaijan due to a low level of employee
motivation,and the level of competitiveness of products
decreased by 28% at 45% of food industry enterprises

in Azerbaijan as a result of internal labor conflicts. The
mentioned facts influence the economic sustainability
of Azerbaijan's food industry enterprises in a negative
way and are a significant obstacle to the realization of
Azerbaijan's export potential in international markets,
where the level of competition is quite high.

As a result of the data analysis on investing in
measures to increase the competitivity of food industry
enterprises in 2021 relative to the data of 2006, financing
of the non-state sector at the expense of internal funds
increased by 44.43 times, external financing increased
by 21.36 times, joint financing — by 30.38 times (Table 1).

Table 1. Volumes of investment in increasing the competitiveness of food industry enterprises

Internal funds External sources Joint investment

Volume of  Growth rate ir?r;g:gl Volume of Growth rate  Share in Volume of Growth rate  Share in

Years |investments, over the domestic investments, overthe total foreign investments, compared to total joint
million previous investment million previous  investment million  the previous investments
manats year (%) (%) manats year (%) (%) manats year (%) (%)

2006 57.11 110.10 4413 82.02 88.3 35.99 1391 101.30 38.88
2007 72.51 126.96 56.42 105.69 128.86 46.38 17.82 128.08 49.80
2008 86.50 119.30 66.56 157.87 149.38 69.27 24.44 137.14 68.29
2009 134.29 155.24 33.30 247.90 157.02 10.88 38.22 156.39 106.80
2010 155.32 115.66 29.13 341.26 137.66 14.97 49.66 129.93 138.77
2011 198.97 128.10 53.10 562.67 164.88 24.69 76.16 153.38 21.28
2012 284.33 142.90 28.78 1223.90 217.52 53.71 150.82 198.02 42.15
2013 384.74 135.31 29.04 245441 200.54 10.77 283.91 188.24 79.34
2014 815.58 2.1 times 27.56 3115.38 126.93 13.67 393.10 138.46 10.98
2015 1152.45 141.30 67.60 3101.30 99.55 13.61 425.37 108.21 11.89
2016 1105.98 95.97 51.01 2672.91 86.19 11.73 377.89 88.84 10.56
2017 93711 84.73 72.07 2303.22 86.17 10.11 324.03 85.75 90.55
2018 1743.90 186.09 41.89 176748 76.74 77.56 351.14 108.36 98.12
2019 1636.71 93.85 59.39 1158.34 65.54 50.83 279.51 79.60 78.11
2020 1693.21 103.45 62.86 1743.02 150.47 76.48 343.62 122.94 96.02
2021 2537.39 149.86 5243 1751.90 100.51 76.87 428.93 124.83 11.99

Source: compiled by the author in accordance with data provided by Food Safety Agency of the Republic of Azerbaijan (2022)

In 2022 $19.7 billion was attracted from all
sources of financing as a result of internal labor con-
flicts, to increase the competitiveness of Azerbaijan's
food industry enterprises, which is 18% more than in
2021. 42% micro, small and medium enterprises are
among these food industry enterprises. The sources

of financing for ensuring the competitivity of the
food sector are the funds of enterprises, the bud-
get and extra-budgetary funds of the country, cred-
it funds of banking institutions, personal savings of
Azerbaijani citizens, more detailed figures are shown
below (Table 2).

Table 2. Funding for enhancing the competitiveness of the food industry by investment source

Years ent:r;::?sse;fand Ow'r; J::giizfnthe Bank loans Budget resources EXt"aftl’:::jQSEtary Joint investment
organizations
2006 71.2 4.7 136 2.9 0.9 6.7
2014 82.6 5.7 5.4 3.4 13 1.6
2015 70.7 3.8 5.8 14.2 4.1 14
2016 59.8 3.4 5.3 24.8 5.4 1.3
2017 47.6 3 6 28.9 76 6.9
2018 49.4 5 74 233 72 77
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Table 2, Continued

Years ent:r;"ijssecs)fand Own funds-of the Bank loans Budget resources Extrabudgetary Joint investment
organizations population funds

2019 50.9 3.8 6.5 32.9 5.7 0.2

2020 45 2.7 6.3 42.7 3.1 0.2

2021 44.6 2.6 4.9 43.8 3.7 0.4

Source: compiled by the author given the data provided by Food Safety Agency of the Republic of Azerbaijan (2022)

Due to the data presented in Table 2, 71.2%
were attracted from the own funds of enterprises,
13.6% were investors from banking institutions, 4.7%
of measures to enhance the level of food industry com-
panies were financed at the expense of the population,
2.9% - extrabudgetary funds, 6.7% - joint investments
in 2006. By 2014, the share of own funds of enterpris-
es accounted for 82.6%, the share of own funds of the
population — 5.7%, the share of bank loans - 5.4%, the
share of extra-budgetary funds - 1.3%, and joint in-
vestments 1.6%. In 2021, the share of investments by
enterprises and organizations in improving the com-
petitiveness of the food industry decreased to 44.6%,
the share of own funds of the population decreased to
2.6%, the bank loans share reduced to 4.9%, the share
of budget funds in financing the increase in the com-
petitiveness of the food economy sector increased to
43.8%, the share of extra-budgetary funds was 3.7%,
the share of joint investments was 0.4%. The data al-
low noting the upward trend in the budgetary funds
of the Republic of Azerbaijan as a source of financing,
while the share ratio of other sources of financing
showed a downward trend. At the same time, the total
indicator of sources of financing showed growth, with
the exception of bank loans.

This trend is explained by the fact that over the
past 15 years, the Government of Azerbaijan has devel-
oped and adopted more than 70 programs of a national
and narrow sectoral format for implementation. The |
and |l State Programs for the social and economic re-
gions development in Azerbaijan, which were imple-
mented in 2004-2013, should be highlighted separately.
More financial resources were attracted from domestic
sources, the amount of which was equal to $65 billion
by 2012 in order to realize their implementation. Over
the period from 2006 to 2021, funding for developing
the food industry increased by 9.7 times, to a level ex-
ceeding $3 billion. The effectiveness of the implement-
ed measures can be judged by the creation of 1.2 million
additional jobs in the food industry in Azerbaijan (Ibra-
himli, 2022). According to Small and Medium Business
Development Agency (SMBDA) of the Republic of Azer-
baijan (2022), a significant role in the process of forma-
tion of internal sources of financing for increasing the
competitiveness of food industry enterprises belonged
to small and medium-sized companies. Meanwhile, only
60% of small and medium-sized companies in the food
industry in the state were profitable, the volume of in-
vestments is dedicated to enhance the competitivity of
the food industry has grown every year (Table 3).

Table 3. Financial resources allocated by small, medium and large food industry enterprises to increase the
competitiveness of their enterprises (million manats)

Years Small business enterprises Medium and large enterprises
2006 233 92.5
2016 23.0 89.3
2017 53.7 246.2
2018 114.1 281.1
2019 44.5 309.7
2020 86.4 4237
2021 261.4 586.5

2021 to 2006 at 11.2 times at 6.3 times

Growth rate -
2021 to 2020 2 times by 138.4%

Source: compiled by the author given the data provided by Food Safety Agency of the Republic of Azerbaijan (2022)

The data presented in Table 3 indicates that
small businesses operating in the food economy sector
in 2021 compared to the data of 2006 increased the
amount of funding allocated to increase their competi-
tiveness by 11.2 times, while the growth of investment
funds allocated for the specified goals, by enterprises

of large and medium-sized businesses amounted to
6.3 times. The increase in funding for building competi-
tive advantages by large and medium-sized enterprises
amounted to 138.4% relative to the data of 2020, and
small enterprises allocated 3 times more financial re-
sources. Considering the total number of food industry
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enterprises in Azerbaijan from 2006 to 2021, it should
be emphasized that the overall number of operating
enterprises decreased by 235, medium and large en-
terprises decreased by 99 units. The food industry of
Azerbaijan in 2021 structurally consisted of 79.3% of
small enterprises. According to the data of 2022, funds
were allocated to the improvement of the food sector
in the amount of $7.3 billion during the period from
January to May. Thus, the growth of financial resources
amounted to 27.4%, comparatively with the same peri-
od in 2021. Domestic sources of funding accounted for
73.4%.1n 2006-2021, the food industry market of Azer-
baijan was actively developing, as a result, factories for
the production of ice cream in the Absheron region, the
cultivation and processing of Aspi winery grapes were
built and put into operation. The Azersun Holding and
Gilan Holding enterprises continued their work, pro-
ducing more than 120 types of food products exported
to 40 countries of the world (Ibrahimli, 2022).

According to the assessment of the effectiveness of
the financial resources usage allocated to increase the
competitiveness of the food industry in the country in
2021, the enterprises restructured 2.1 times more than
the sold products, the value growth of fixed produc-
tion assets was 160.6%, business profitability increased
17.9 times, net profit increased 18.4 times compared to
2006. During the specified period, the indicator of the
average level of renewal of fixed production assets was
fixed at the level of 5.96% (Ranking of countries ..., 2021).
Meanwhile, the high depreciation level of fixed produc-
tion assets of food industry enterprises in Azerbaijan
should be noted, which in 2006-2020 fluctuated at the
level of 51.4-56.9%, the level of capital productivity -
1.04-1.46 manats, demonstrating an upward trend in
2020-2021. Given these factors, it can be affirmed that
the financial resources are not used effectively enough,
despite some improvements. There is still a need for fi-
nancial sponsorship and other types of financial support
which will enhance the competitiveness of the food
economy sector in Azerbaijan with an enhancement in
the share of investment from foreign funds (ElShazly,
2020; Lingnau et al., 2022).

DISCUSSION

To solve the low competitivity of the food sector prob-
lem in Azerbaijan, it is necessary to introduce innovative
technologies for processing agricultural products of
Azerbaijan without taking into account financial needs,
which must be attracted to build up competitive advan-
tages that are not limited solely to the modernization
of agricultural products in Azerbaijan. It is also required
to use the results of earlier marketing research and
monitor the state and needs of the market at the pres-
ent stage of development by conducting new marketing
research that will reveal the actual needs of the market
that are not yet satisfied or the level of competitivity
of the food sector in Azerbaijan is insufficient, and will
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help to determine the directions in which it is required
to invest attracted financial resources (Babayeva, 2018).
Given the fact that until now the leadership of the food
industry in Azerbaijan has not been able to independently
cope with the problem of increasing their competitive-
ness, it is required to think about attracting external
consultants. Since more than 70% of food industry en-
terprises in Azerbaijan are small and medium-sized
ones, the use of external consulting can be considered
appropriate (Azerbaijan — Competitiveness List, 2022).

A.D. Iskenderova et al. (2021) believe that it is
required to enhance the competitive advantages of
the food economy sector in Azerbaijan through the in-
troduction of resource and energy-efficient technolo-
gies in the agricultural sector of Azerbaijan, which is a
significant structural component of the food industry in
Azerbaijan. Since scientists A.D. Iskenderova et al. (2021)
do not consider at all the sources of financing of the
directions, which they proposed to solve issues of the
food industry in Azerbaijan, it can be assumed that they
also share the opinion that financing should come from
domestic sources, which contradicts the results of the
study presented in this article. It is also impossible to
agree that it is required to introduce only resource-and
energy-saving technologies developed in Azerbaijan.
Since the world community is an interconnected mech-
anism and Azerbaijan occupies a significant place in
the global food market, in order to successfully com-
pete with international companies, enterprises and or-
ganizations of the food industry in Azerbaijan need to
introduce innovative technologies developed in other
countries, the effectiveness of which has already been
proved by the example of enterprises and food industry
organizations of other countries. It is necessary to en-
sure the joint development of the food industry and
the oil sector of Azerbaijan. The Azerbaijan economy
is resource-oriented, and internal funding for the food
industry in Azerbaijan is carried out at the expense of
funds received by the country after the sale of oil, gas,
refined products (Djella et al., 2019).

N.R. Aliyeva (2021) disagrees with the statement
drawn from the results of this study presented in this
article that for increasing the competitivity of the food
economy sector in Azerbaijan, it is required to take mea-
sures to increase the share of external sources of financ-
ing.N.R.Aliyeva (2021) believes that in order to increase
the competitive advantages of enterprises and organi-
zations of the food industry in Azerbaijan, it is necessary
to attract more domestic resources to the tasks that are
addressed in the state programs implemented by the
Azerbaijani government. The results of the study pre-
sented in this article show that the domestic financial
resources are not enough, it is required to develop such
areas as co-financing and develop relationships with
international partners to attract external sources of fi-
nancing. At the same time, these steps should be imple-
mented at the level of individual companies operating




in the food industry of Azerbaijan. Although the impor-
tance of the adopted state programs of Azerbaijan can-
not be underestimated, their implementation contrib-
utes to the improvement of the investment climate of
the entire state, because precisely the favorable invest-
ment climate of the state influence positively on the in-
ternational cooperation development, and also helps to
attract foreign financial resources. The implementation
of government state programs is required to be coordi-
nated with the actions of the heads of enterprises and
organizations of the food sector in Azerbaijan. All ac-
tions together should be effective in order to increase
the share of external and joint sources of financing.

A.D. Iskenderova et al. (2021) do not see the need
to improve the investment climate in Azerbaijan, use var-
ious sources of financing aimed at increasing the com-
petitive advantages of Azerbaijan's food industry enter-
prises, but focus on the development of supply chains
in the agrarian sector of Azerbaijan and, due to this, in-
crease the profitability of the agrarian sector enterprises
as a structural element of the food industry in Azerbai-
jan. Despite the fact that the optimization of the logistics
component has a beneficial effect on the level of com-
petitiveness of enterprises and organizations in the Azer-
baijani agricultural sector and the entire food industry in
Azerbaijan, this is not enough.An obligatory condition for
the growth of the competitiveness of enterprises and or-
ganizations of the food industry in Azerbaijan is the use
of various sources of financing for measures to increase
the competitivity of the food industry in Azerbaijan.

M. Suleymanov (2022) supports A.D. Iskenderova
et al. (2021), does not support the results of the study
presented in this article, and believes that funds should
be invested in innovative developments. The effective-
ness of their research M. Suleymanov (2022) proves on
the example of the Nakhichevan Autonomous Republic.
He does not see the need to develop commercial rela-
tions in the field of finding various sources of financ-
ing for other areas of developing the food industry in
Azerbaijan. Given this, it can be affirmed that M. Suley-
manov (2022) does not agree with the need to conduct
research in this direction and considers it inappropriate
to continue developments aimed at finding means of
attracting investments aimed at improving the invest-
ment attractiveness of the food industry companies and
organizations in Azerbaijan.

R.N. Sultanova (2020) can be considered a sup-
porter of the results of the study, since the scientist con-
ducts research in the field of ensuring the food security
in Azerbaijan through the formation of a competitive
consumer market in Azerbaijan. But this support is par-
tial, since the food industry is only a part of the consum-
er market,and it is impossible to ensure comprehensive
food security for the entire country only in this way. And
since in order to ensure food security it is required to
build effective international relations, as a result of which
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it will be possible to attract financial resources aimed
at increasing the competitiveness of consumer market
enterprises in general and the food industry in particu-
lar, it can be affirmed that R.N. Sultanova (2020) agrees
with the gained results of this research. It can be con-
cluded that the food sector development will allow the
economy of Azerbaijan to reorient itself to a non-raw
material model of the economy, and to this end it is nec-
essary to increase competitiveness (Overview foreign
economic ..., 2022).

CONCLUSIONS

According to the results of the presented research, it
can be summarized that as a result of the state pro-
grams being implemented by the government of Azer-
baijan in the field of developing areas of non-resource-
based economy, it was possible to track that attracting
exclusively domestic financial resources to develop the
enterprises and organizations of the food industry in
Azerbaijan is not enough. In 2006, 71.2% was financed
from own funds of enterprises, 13.6% from bank loans,
4.7% from state funds, 2.9% from extra-budgetary
funds and 6.7% from co-investment. By 2014, 82.6%
was financed from the own funds of enterprises, 5.7%
from state self-financing, 5.4% from bank loans, 1.3%
from extra-budgetary funds and 6.7% from co-investment.
Investments - 1.6%; in 2021, the share of investments
of enterprises and organizations in improving the
competitiveness of the food industry will decrease to
44.6%, the share of own funds of the population - to
2.6%, the share of bank loans - to 4.9%, the share of
financial resources in improving the competitiveness of
the food industry will increase to 43.8%, extra-budgetary
funds - 3.7%, co-investment - 0.4%.

Investments of foreign partners and joint invest-
ments should be more widely used as sources of financing
in Azerbaijan. Another source that will expand the op-
portunities for increasing the competitivity of the food
economy branch in the state is the issuance of corpo-
rate securities by enterprises and organizations operating
in the food market of Azerbaijan with their subsequent
sale in the securities market. To attract financial re-
sources, it is necessary to expand the network of joint
ventures and foreign organizations, as well as create
new holding companies, financial and industrial groups,
special economic zones, technology parks, industrial
centers and innovation infrastructures in the main cit-
ies of the Republic of Azerbaijan. The above mentioned
actions will contribute to the innovative activity of food
industry enterprises and organizations and increase
their attractiveness as objects for financial investment.
The study of the rating attractiveness of Azerbaijan's
foreign partners is promising research for the feasibil-
ity of developing partnerships in the field of attracting
investments in the food industry of Azerbaijan, it is a
continuation of the study.
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D)xepena ¢piHaHCyBaHHS ANA NiABULLEHHA KOHKYPEHTOCMNPOMOXXHOCTI
Xap4oBOi MPOMMUCNOBOCTiI B Asep6anpxaHi

®apia babaes

[HCTUTYT ekoHoMikn HAH Aszep6anokaHy
AZ1143, npocn. [. Qxasiga, 115, M. baky, AsepbarigxkaHcbka Pecnybnika

AHoTtauis. [lepxxaBHa nonituka ypsay AsepbaiakaHy CnpsiMoBaHa Ha rany3eBy AnBepcudikaLito EKOHOMIKM KpaiHu,
3HaYHe MicLe B 5Kiii 3aiMaEe xap4oBa NpoMMcNoBicTb. OCKinbky TpuBanmii Yac B A3epbaiixaHi icHyBana CMpoBMHHA
Mofenb eKOHOMIKM, IHBECTULiAHI KOLTK He CNPSMOBYBANMCS Ha MNiABULLEHHS KOHKYPEHTOCMPOMOXHOCTI Xap4oBoi
NPOMMCNOBOCTI AN8 YCMilWHOT pob0TH Ha CBITOBOMY pUHKY. OCHOBHOK METOH AOCHIIKEHHS € BUBYEHHS MOXK/TMBOCTI
BMKOPWUCTAHHS Pi3HUX mxepen (QiHaHCYBaHHSA, HEOOXiAHUX ONS NiABULLEHHS KOHKYPEHTOCMPOMOXHOCTI Xap4oBOi
npomucnosocTi Asepbangxany. [1ng AOCArHEHHS MOCTaBNEHOT MEeTU BUMKOPUCTOBYBAAMCA METOAM 3BEAEHHS Ta
rpynyBaHHS, aHanisy, CMHTE3Y, iHAYKLIi, AenyKuii. Byno nokasaHo, WwWo XxapyoBy NMPOMMCIOBICTb Y AepXaBi MOXHa
NMOKPALLUTYM LWNSAXOM 30iNbLIEHHS KNIMAaTUYHUX iHBECTULLIM Ta YACTKM 30BHILWHIX Ta CNiNbHUX IyKepen GiHaHCYBaHHS.
Y xofi NpoBeAEHOro JOCNigKeHHS 6yNo BCTAHOBNEHO, WO 3a OCTaHHI 15 pokiB ypaa AsepbaifxaHy peanisyBas
noHag 70 HauioHanbHMX i ranysesux nporpam. Y poboTi okpeMo BiA3HavatoTbcs [epxaBHi nporpamu | i Il 3
€KOHOMIYHOrO i CoLianbHOro po3BUTKY pErioHiB, aki 6ynu BeeseHi B nepiof 3 2004 no 2013 pik. [lns nigBuLweHHs
KOHKYPEHTOCMPOMOXHOCTI Xap4yoBOro cektopa B AsepbaixaHi Oynv BuAaineHi onatkosi GiHAHCOBI pecypcu, ki
pocarnu 65 minbapais ponapis CLUA. 2012, 6ynm 3anyyeHi B KpaiHi; KpeanUTH Ha MOCUIEHHS KOHKYPEHTOCNPOMOXHOCTI
Xap4yoBoi npoMucnoBocTi 3pocan B 9,7 pa3u B nepiog 3 2006 no 2021 poku, a B pe3ynbrati obcar iHBeCTULin
nepesnwmnTb $3 Mnpa. Mo3UTUBHUIA BMNMB BXWUTMX 3axOLiB BiLoBpasuBCs y CTBOPEHHI A04aTKoBMX 1,2 MJH
poboumnx Micub Yy Xap4oBii npomMucnoBocTi AsepbaixaHcbkoi Pecnybniku. Pe3ynbtat focnigxkeHHs nokasanu,
WO y GiHaHCYBaHHI Xap4yoBOi MPOMMCNOBOCTI KpaiHM HAbiNbLUy YaCTKy 3aiMMatoTb BHYTPILLHI [)Xepena, a po3BUTKY
Mi>XHapOAHOI cniBMpaLi, CNpsMOBAHOI Ha 30iNblUEHHS 30BHILIHIX Ta CMiNbHUX AXepen dhiHaHCYBaHHS, He MPULINAETbCA
HanexHoi yBaru. [pakTMyHe 3HaYeHHs HAaBEAEHWUX Yy CTATTi Pe3ynbTaTiB AOCNILKEHHS MONSraE B TOMY, WO BOHU
CTaHYTb OCHOBOIO A1 HACTYNMHWUX HAaNPSIMKIiB JOCIMKEHHS TEMMU, LLIO PO3MNSLAETHCS, @ TAKOX CTaHYTb OCHOBOK A4
pO3pobKM AepKaBHUX NPOrpaM yAOCKOHANEHHS Xap4Y0BOi MPOMMCIOBOCTI A3epbaiiaxaHy

KntouoBi cnoBa: CnoOXMBYMIA PUHOK, KNIEHTOOPIEHTOBAHICTb, IHBECTULLIT, MDKHApOAHA KOooMnepaLis, HepecypcHa eKOHOMIKa
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INTRODUCTION
The decentralization reform gave impetus to the transfor-
mation of the system of territorial organization of power
by uniting territorial communities and focused attention
on local development as the basis of the socio-economic
progress of the state. Communities received a wider
range of powers in managerial decision-making, as well
as other opportunities for the development and use of
financial resources. Despite certain positive changes in
the system of financial support of territorial commu-
nities, the problems of low income and considerable
amounts of local budget expenditures, the absence of
an effective system for managing financial resources,
which does not allow local authorities to fully imple-
ment the functions assigned to them and reveal the
financial potential of the community, are still relevant.

The military aggression that began on February 24,
2022 on the part of the russian federation forced to
change the vector of development of territorial com-
munities and management of their financial potential.
The problem worsened because with the beginning
of hostilities, numerous territorial communities found
themselves under temporary occupation, with some
of them suffering varying degrees of destruction. The
introduction of martial law by the country's central
government forced a change in the system of relations
between state and local authorities to ensure the coor-
dination of the actions of all power structures for the
fastest liberation and restoration of the country. In the
conditions of martial law, the tasks of local authori-
ties have expanded significantly. Apart from the direct
performance of its key functions aimed at meeting the
needs of the population of territorial communities, the
issues of social and household services for internally
displaced people, the formation of food reserves, the
application of measures to protect the community, etc.,
were brought up to date. Territorial communities are
becoming financially more dependent on the state
budget. At the same time, despite the continuation of
martial law, it is necessary to have a clear plan for the
recovery and growth of the financial potential of terri-
torial communities to promptly rebuild the destroyed
territories and to facilitate the return of citizens to their
permanent places of residence. In such conditions, the
issue of managing the financial potential of territorial
communities, as the basis of their sustainable develop-
ment, becomes particularly relevant.

The purpose of this study is to develop theoretical
and methodological approaches to the justification of
promising areas for managing the financial potential
of sustainable development of territorial communities.
The tasks of this study are as follows: to establish fac-
tors influencing the financial potential of territorial
communities based on the analysis of the publications
of Ukrainian and foreign scientist; to assess the im-
pact of key factors on the financial potential of ter-
ritorial communities using methods of economic and
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mathematical modelling; to propose a recovery algo-
rithm and point to promising areas for managing the
financial potential of territorial communities.

LITERATURE REVIEW

Even in the pre-war period, the territorial communities
of Ukraine differed in the level of economic develop-
ment, financial and human potential. Even though the
decentralization reform contributed to the filling of local
budgets with added amounts of financial resources, the
regions of Ukraine continued to show a different level
of progress. As a result, numerous territories managed
to fulfil their financial potential and achieved a consid-
erable degree of financial capacity (the ability to inde-
pendently finance the needs of the community); others,
onthe contrary,could not getrid of financial dependence.
In this context of the issue under study, the papers of
leading scientists, which cover the theoretical founda-
tions of managing the financial potential of territorial
communities and the factors that have the principal in-
fluence on their development, deserve special attention.

Methodological approaches to the assessment
of influencing factors on the financial and economic
potential of regions are laid down by classical and
neoclassical economic theories. The main sources of
growth of the region's economy, as a key component
of its financial potential. According to these theories,
there is an increase in labour and capital,an increase in
labour productivity and technological advance. Corre-
sponding models of economic growth were developed
in the studies of T. Malthus (1895) and J. Hicks (1939).
The progress of these fundamental theories took place
in the papers of the American economist E. Denison
(1984), who substantiated that financial and economic
growth is determined not so much by the number of
spent factors of production, but by the growth of their
quality and, above all, by the improvement of the quality
of the workforce. J. Barney (1991) and K. Wilkinson (1991)
covered the issue of managing the financial potential
of territories. L. Van de Pole (2015) substantiated the
importance of modelling for stimulating the economic
growth of rural areas. Ukrainian researcher M. Skrypny-
chenko (2007) developed an original model construc-
tion of economic development based on endogenous
factors as indices of integral indicators. The studies of
S. Karpets (2012) illustrate the models of socio-eco-
nomic development of Ukraine. Theoretical and ap-
plied aspects of the influence of various factors on the
development of territorial communities for modelling
their socio-economic development are outlined by
R. Bihun, V. Lytvyn, and N. Oleksiv (2021). The analysis
of the mentioned sources proved that such factors in-
fluencing the development of the financial potential of
territorial communities as the income of local budgets,
investments in economic development, employment
of the population of the respective territory, etc., stay
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outside the focus of leading researchers and confirmed
the importance of further investigation in this area.

K.Andersson et al. (2015) investigated other aspects
of the development of territorial communities, namely
the issue of territorial decentralization. The influence
of financial decentralization on the development of
rural areas was studied by O. Dyakonenko (2018). Fea-
tures of the development of financial resources of the
regions became the subject of research by M. Brady and
K. Walker (2018). V. Semianovskyi (2018) theoretically
justified the development of the intellectual potential
of territorial communities. A. Dvigun (2020) investigat-
ed new opportunities for communities that opened up
during the decentralization in Ukraine. The problems of
territorial communities’ access to financing are covered
in the papers by E. Girolami et al. (2022). O. Levchenko,
N.Velychko, and L. Kovshun (2018) investigated and de-
scribed the administrative mechanisms of community
development as the basis for the growth of their financial
and economic potential. M. Olchak (2020) proposed the
application of an integrated approach to managing
the sustainable development of territorial communi-
ties, considering the key aspects of their functioning:
economic, social, and environmental. V. Dovzhenko,
A.Voytenko, and M. Plotnikova proposed the use of Eu-
ropean management experience for planning the de-
velopment of territorial communities (2020). T. Zinchuk
and M. Patynska-Popeta (2020) developed the innova-
tive model of united territorial communities, which pro-
motes business development in rural areas. The study
by M. Datsyshyn (2022) covers the issues of restoring
local self-government after the war. The analysis of the
above-mentioned studies suggests that financial po-
tential is a complex concept, under which one should
understand the ability, opportunities, and prospects
of attracting and using the available and potential re-
sources of the territorial community to ensure its sus-
tainable development. At the same time, the conducted
study proved that the promising areas of managing its
development are still understudied and poorly described
in literary sources.

0. Borodina and I. Prokopa (2019) considerably
contributed to shaping the national paradigm for the
development of rural territorial communities. D. Dema,
[. Abramova, and L. Nedilska (2019) investigated the fi-
nancial and economic conditions of the development
of rural areas. National regional financial policy and
its influence on rural development were investigated
by L. Dorokhova and N. Kurovska (2019). S. Obushnyi
(2019) studied the issues concerning the improvement
of financing of social services in rural territorial commu-
nities. Improvement of access to public services in the
countryside, as well as institutional aspects of the in-
volvement of rural communities in the inclusive devel-
opment of territorial communities, found further devel-
opment in the works of I. Prokopa (2022), O. Shkuratoyv,
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0. Khohulyak, and T. Kushniruk (2022) investigated the
financial provision of rural areas. Despite a consider-
able number of studies justifying various aspects of the
development of territorial communities, including rural
ones, the unsatisfactory state of their financial potential
and the lack of effective mechanisms for its manage-
ment indicate the need for separate research in this area.

MATERIALS AND METHODS

To fulfil the purpose of this study and to solve its tasks,
both general scientific and special methods of cogni-
tion were applied, namely: scientific synthesis, compari-
son,and systematization - to substantiate the economic
content of the concepts and categories; abstract-logical -
to summarize the theoretical and methodological prin-
ciples of managing the financial potential of territorial
communities based on sustainable development; sta-
tistical and economic - to find the specific features of
fulfilling the financial potential of territorial communi-
ties; correlation-regression analysis - to determine the
influence of various factors on the financial potential
of territorial communities; comparative analysis and
synthesis - to develop promising areas for managing
the financial potential of territorial communities based
on sustainability; logical generalization - to substanti-
ate conclusions and formulate proposals; tabular and
graphic - for visualization of the results obtained. The
information basis of this study included the papers of
Ukrainian and foreign authors; regulatory and reference
materials; official materials of the State Statistics Ser-
vice of Ukraine (2020), the Ministry of Development of
Communities and Territories of Ukraine (2021; 2022),
electronic publications and Internet resources on the
topic under study, etc.

RESULTS AND DISCUSSION

Assessment of the influence of key factors on the financial
potential of territorial communities

Based on a critical analysis of scientific literature and
the author's personal generalizations, it was established
that the income of local budgets per 1 person of the
population of the respective territorial unit should be
considered the indicator of the state of development of
the financial potential of territorial communities. It is
assumed that this indicator should be assessed con-
sidering numerous factors, among which the principal
ones were singled out as follows: the volume of capi-
tal investments (except for investments from the state
budget), the unemployment rate of the working popu-
lation, the disposable income of the population, labour
productivity, gross regional product, the number popula-
tion of working age, etc. This hypothesis was confirmed
using methods of economic and mathematical modelling.
During the study, such factors as gross regional prod-
uct, the number of the working-age population, labour
productivity, the number of small and medium-sized




business entities, etc., showed a fairly close correlation
with the result indicator (correlation coefficient R*>0.9)
and were not included in the model. At the same time,
such indicators as the index of industrial production,
the volume of export of goods, and some others are
low (correlation coefficient R?<0.2), which became the
reason for their deviation.

Proceeding from this, the following independent
variables served as the basis for the construction of the
correlation-regression model:

X, - volumes of capital investments (except for in-
vestments from the state budget) calculated per 1 person
of the population in thous. UAH;
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40
30

20
10 ° &%

10 0 5 10 15 20

Linear dependence of local incomes on the
volume of capital investments (excluding
investments from the state budget)

20 14,2196-0.053xR?=0.5696
15 ° o
10 0'.‘0 °
o T rre—
5 , @ ttreeendd )
0
0 5 10 15 20

Exponential dependence of local incomes
on the unemployment rate of the population
aged 15-70

Patynska-Popeta and Zinchuk

X, - the unemployment rate of the population aged
15-70in % to the economically active population of the
corresponding age;

X, —disposable income of the population per person.

The modelwas constructed based on data from the
monitoring of socio-economic development of regions
for 2020, which was performed by the State Statistics
Committee of Ukraine and the Ministry of Development
of Communities and Territories of Ukraine. Calculations
were performed using the Microsoft Excel software
package. Using graphical visualization, the paired interde-
pendence of local budget revenues (excluding transfers)
with the selected indicators was proved (Fig. 1).
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Figure 1. Pairwise interdependence of local budget revenues (excluding transfers) with selected indicators

Source: developed by the authors based on source data

It was established that the revenues of local
budgets (dependent variable Y) have a high degree of
correlation with factor characteristic X,, the correlation
coefficient R?=0.8325, a linear correlation between the
variables is observed. When graphically visualizing the
linear dependence of the Y variable on the X, factor,
the correlation coefficient R?=0.2383% showed a weak
relationship between the features, while the construc-
tion of the exponential trend line proved a sufficient

degree of dependence between them (R?=0.5696). The
dependent variable Y revealed a high degree of linear
correlation on factor X, (R*= 0.8704).

Graphical calculations regarding the presence
of correlation between variables will be confirmed by
constructing a correlation matrix, where the number of
observations is n = 25, and the number of independent
variables is 3. Considering the variable Y, the dimension
of the matrix equals 5 (Table 1).
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Table 1. Correlation matrix showing the degree of dependence between variables

Variables Y X, X;
Y 1 0.8124 -0.4882 0.903
X, 0.8124 -0.3674 0.8302
X, -0.4882 -0.3674 1 -0.5707
X 0.903 0.8302 -0.5707 1

Source: developed by the authors based on source data

The data presented in the table indicate a strong
positive linear correlation, when the increase of one
value affects the growth of another, between the vari-
ables: X, and Y, X, and Y, X; and ¥, X, and X, X, and X,
X, and X,; the data also indicates the average negative
closeness of connection, when an increase in one value
leads to a decrease in another, between variables: X,
and Y, X, and X, X; and X..

The regression equation in the model under
study took the following form:

¥=2.6452+0.09963X,-0.02015X,+0.05143X, (1)

The economic content of the obtained correla-
tion-regression equation is as follows:

- the volumes of local budget revenues (without
considering transfers from the state budget) per 1 per-
son of the population of the respective administrative
territorial unit (resultative indicator Y) in the absence of
X.would amount to 2.6452 thous. UAH,

- coefficient b, shows that with an increase in the
volume of capital investments (excluding investments
from the state budget) calculated per 1 person of the
population (X)) by 1 thous. UAH, the resulting indicator
Y increases by 0.09963 thous. UAH;

- coefficient b, indicates that with an increase in
the unemployment rate of the working-age population
aged 15-70 in % to the economically active population
of the corresponding age (X) by 1%, the resulting indi-
cator decreases by 0.02015%;

- coefficient b, proves that with an increase in the
available income of the population per 1 person (X;) by
1 thous. UAH, Y increases by 0.05143 thous. UAH.

Based on the maximum coefficient $,=0.099, it can
be concluded that factor X, has the greatest influence on
the result Y. That is, the obtained correlation-regression
equation proves that capital investment in the develop-
ment of the economy of territorial regions has a consid-
erable impact on one of the effective indicators of their
financial potential, namely the income of local budgets.

The next stage of the study was the analysis of
the reliability and adequacy of the constructed model.
For this purpose, the multicollinearity of the factors em-
bedded in the model was verified. The indicator was cal-
culated using Microsoft Excel software. The calculation
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results showed that r(X,X,) have |r|>0.7, which indicates
the multicollinearity of factors X, and X,. For the rest
of the factors |r|<0.7, which indicates the absence of
multicollinearity between them. However, the obtained
data are insufficient to formulate final conclusions.

Further statistical analysis of the obtained re-
gression equation, which involved verifying the signif-
icance of the equation and its coefficients, showed as
follows: the average error of approximation is 10.22%,
which is within the permissible values and indicates
the good quality of the model; the variance estimate
is 14.738, which indicates a normal distribution of the
model data; the unbiased variance estimate is 0.7018;
the standard error of Y estimate is 0.838, indicating a
low degree of standard error.

A critical component of a qualitative regression
analysis is the determination of autocorrelation, which
guarantees the absence of correlation between any re-
siduals (deviations) of the model. To determine the de-
gree of autocorrelation of the model under study, the
autocorrelation coefficient was calculated, and its sig-
nificance was verified using the standard error criterion.

Using the calculation table, we get as follows:

Xe €., —3.583 0.243 5
¥ Tz T 4738 @)

Since -0.483<r,=-0.243<0.483, the property of
independence of residuals is fulfilled. There is no auto-
correlation in the model under study.

The Durbin-Watson test is best known for con-
firming the absence or presence of autocorrelation
between model data. For the model under study, the
Darbin-Watson exponent will be as follows:

W=—— =243 (3)

Autocorrelation of residuals is absent if the con-
dition: 1.5<DW<2.5 is fulfilled. Since for the constructed
model 1.5<2.43<2.5, it can be concluded that there is
no autocorrelation of the residuals.

The closeness of the joint influence of the factors
on the resulting feature was estimated using the mul-
tiple correlation coefficient. For the model under study,
calculations were made using known linear pair cor-
relation values and B-coefficients.
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R= \/0.912 -0.356 + (—0.488) - (—0.0207) + 0.933 - 0.59 = v0.885 = 0.941 4)

The obtained values of the multiple correlation
coefficient R=0.941, as well as the adjusted correlation
coefficient:

R2=1—(1-0.8854) - =0.869 (5)

25-3-1
testify to the high quality of the model.
The determination coefficient R?=0.8854 was
found, which proved the high quality of the model.
s2 14.738
RR=1l-"——"—-=1—"—7"
E(y; —y)? 128.59
The hypothesis about the overall significance
of the model was tested using the F-criterion (ka):

=0.8854 (6)

R? n-m—-1_

Fei ™ m = .
__ 08854 25-3-1 )
"~ 1-0.8854 3 T

It was established that since the real value of F
is greater than the tabular one, the determination co-
efficient is statistically significant, and the regression
equation is statistically reliable in the model under
study (i.e., the b, coefficients are jointly significant).

Thus, the conducted study allowed building a
multiple regression equation Y=2.6452+0.09963X-
-0.02015X,+0.05143X_, the economic content of which
is as follows: an increase in the volume of capital in-
vestments by 1 thous. UAH per 1 person of the pop-
ulation leads to the income growth of the budgets of
territorial communities by 0.09963 thous. UAH; with an
increase in the unemployment rate of the working-age
population by 1%, the corresponding revenues of local
budgets decrease by 0.02015%; with an increase in the
available income of the population by UAH 1 thous.,
the effective indicator increases by 0.05143 thous. UAH.
The calculations proved that the greatest influence on
the incomes of local budgets has such a factor as the
available incomes of the population in the calculation
per 1 person. The statistical significance of the equa-
tion was confirmed using the determination coefficient
and the F-criterion. It is proved that in the constructed
model, 88.54% of the total variation of the outcome
characteristic Y is explained by the change in factors Xj.

Considering the conclusions obtained as a re-
sult of correlation-regression modelling, the advance
of the financial potential of territorial communities
both during the martial law and in the post-war period

will depend on capital investments in the economy
development, the growth of the employment of the
able-bodied population, as well as increase in its in-
come as the main source for forming the financial
base of local budgets. Therewith, the differentiation
between the degrees of development of territorial
communities intensified with the beginning of military
operations on the territory of Ukraine. Local authorities
of the temporarily occupied territorial communities or
those in the zone of active military operations have
completely or partially lost the opportunity to develop
and use financial resources to meet even the primary
needs of the population living there. Some, already
liberated territories, have a greater or lesser degree
of destruction of infrastructure, production facilities,
are more manageable. Here, local self-government is
slowly starting to resume work, using all available re-
sources to meet the needs of communities and ensure
their financial capacity. Some territorial communities,
mainly in the western regions of Ukraine, suffered much
less, but their financial and economic potential also
changed. So far, they have sheltered millions of internally
displaced people and assumed responsibility for their
socio-economic protection.

Algorithm for restoring the financial potential of territorial
communities

Prior to the outbreak of the war, |. Prokopa (2022) formu-
lated the conceptual principles of identifying territories
not by administrative, but by functional characteristics,
and methodologically approached the classification of
territorial communities of Ukraine according to func-
tional types with a predominantly urban, urban-rural,
and predominantly rural population. The key need for
such identification was caused by the fact that com-
munities are entrusted with the responsibility for the
development of their territories, and this, according to
the scientist, corresponds to one of the goals of the na-
tional regional policy. The state of war and the need
for post-war reconstruction of territorial communities
actualizes the issue of their division depending on the
degree of human, infrastructural, and economic losses.
Such gradation allows developing an algorithm for manag-
ing the financial potential of sustainable development
of territorial communities depending on their immedi-
ate needs and requests (the tentative structure of which
is illustrated in Figure 2), and for state authorities and
management bodies to promptly find the necessary
amounts of financial and other support.
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( )
Assessment of damages caused to territorial communities as a result of military operations
. J
( I
Assessment of the financial potential of territorial communities depending on the degree
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( )
Restoration of vertical and horizontal communication between state and local authorities,

L the population, and other institutions )
( \
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( \
Sufficient financial potential for the sustainable development of territorial communities
in the context of European integration prospects

Figure 2. Algorithm for restoring the financial potential of territorial communities

Source: developed by the authors

Specialists of state authorities and local self-gov-
ernments are developing methodical approaches to the
assessment of damage caused to territorial communi-
ties as a result of the military aggression of the russian
federation. In these processes, the reference point is
mainly made on the inventory and assessment of the
value of the lost property. To form a holistic mechanism
for managing financial potential and development of
territorial communities, the authors of this study sug-
gest focusing attention on the loss of human potential,
which underlies or the economic activity of any enter-
prise and is the main payer of personal income tax - a
key source of income for local budgets. This refers to
the fact that territorial communities have suffered var-
ious human losses from death, departure abroad or to
other, safer, regions of Ukraine. Therefore, it is worth
developing tools and creating conditions for the fastest
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possible return of refugees and internally displaced
people to their permanent places of residence.

To restore the financial potential of territorial com-
munities, it is important to focus on the direct assessment
of economic losses, not so much on property losses as on
the losses of a certain set of benefits that enterprises
could have,but did not,as a result of military actions.Here,
it is important to focus on identifying lost and forming
new logistics relationships with suppliers and contrac-
tors, buyers and customers, etc. Undoubtedly, the search
vector should be shifted towards the member states of
the European Union, completely moving away from eco-
nomic dependence on the russian federation, Belarus, etc.

The proposed approaches should become the basis
for assessing the financial potential of territorial com-
munities depending on the degree of damage, losses of
economic and human potential, etc. (Fig. 3).




Patynska-Popeta and Zinchuk
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Figure 3. System for assessing the financial potential of territorial communities

Source: compiled by the authors

Promising areas of financial potential management of
territorial communities
Determination of key indicators for assessment, collec-
tion, analysis, and processing of received information,
determination of the level of lost financial potential
of territorial communities should become the basis for
formulating a system of goals and measures necessary
for its restoration, as well as the formation of a complex
management mechanism. A key component of such a
mechanism can be participative strategic planning, which
opens the possibility of involving a wide range of stake-
holders, conducting analysis and assessment of the state
of business development and the financial potential of
the community. While planning, it is worth clarifying the
interdependence of such factors as the reorientation of
business structures to European sales markets and the
growth of the gross regional product - the basis of the
revenue base of local budgets. Attention should also
be paid to the possibility of community participation in
programs of grant support by EU countries, and their
impact on the future infrastructural development of the
regions should be assessed.

It is necessary to strategically calculate how the
introduction of EU standards will affect the profitabil-
ity of business, since a significant increase in the cost

of products is expected, which in the conditions of low
solvent demand of the population and economically
unstable business can become a financial burden both
for the population of communities and for entrepre-
neurs. Labour migration to EU countries may cause la-
bour shortages and raising social standards will require
added costs from local budgets for their implementation.
Improving social standards - the quality of education,
medicine, and other social services - will require added ex-
penditures from local budgets. Considering the outlined
proposals and provisions of the Association Agreement
with the EU, each community can conduct its own stra-
tegic analysis, factoring in individual socio-economic
features of development, resource and labour potential,
and other factors.

An important European practice is participatory
budgeting, during which the formation and implemen-
tation of local budgets takes place with the involve-
ment of citizens. The population takes part in the de-
velopment of recommendations for the distribution of
the community budget, monitors and controls the use
of funds. Participatory budgeting is a manifestation of
democracy. At the same time, it strengthens the respon-
sibility of local bodies and citizens to each other. The
population of the community, involved in managing
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budget funds, has an interest in more efficient use of
available resources, and local self-government bodies
have added motivation to use them more transparently.

In Ukraine, in parallel with the decentralization
reform, an initiative to create participatory budgets was
launched. The content of the project lies in providing
an opportunity for any resident to take part in the al-
location of local budget funds through the creation of
projects for the improvement of the city or voting for
them. Residents of the community can submit a project
related to improving life in the city, take part in the
competition and monitor its implementation. Together
with foreign partners, an online platform “Public Proj-
ect”was created in Ukraine, where project initiatives are
displayed. Currently, most large cities of Ukraine have
their own public budget. Predictive indicators of public
budgets can become a component of the strategy for
developing the financial potential of communities.

An important aspect of managing the financial
potential of territorial communities is the restoration
of vertical and horizontal communication between state
and local self-government bodies, the population, busi-
ness structures, and other institutions in the liberated
and temporarily occupied territories. Presently, the
primary task is the return of control of the Ukrainian
authorities over the entire territory of Ukraine and the
establishment of cooperation with the legitimate repre-
sentatives of the territorial authorities. The restoration
or formation of horizontal cooperation between local
self-government bodies should be based on the princi-
ples of comprehensive mutual assistance and support,
including financial one. Territorial communities less
affected as a result of the war, in conditions where
the state budget for 2023 prioritizes the financing of
security and defence complexes of Ukraine, should
maximally aid the recovery of more affected regions.
Financial support for displaced people from affected
communities, creation of conditions for business relo-
cation, search for specialists capable of filling a niche in
the workforce, investment in the reconstruction and de-
velopment of the economy of these territories - these

are the tools that will ensure the integrity, sovereignty,
and financial stability of Ukraine in the future.

CONCLUSIONS

The analysis of the studies of leading researchers allows
concluding that financial potential of a territorial com-
munity is a complex concept, under which one should
understand the ability, opportunities, and prospects of
attracting and using the available and potential re-
sources of the territorial community to ensure its sus-
tainable development. It is proven that the definition of
the system of goals and objectives for the restoration of
the financial potential of territorial communities should
be correlated with the conceptual approaches to the
country's restoration strategy laid down by the govern-
ment. It is argued that in this process it is important
to predict and establish the necessary complementary
changes in the economic environment, which will allow
increasing the financial potential of territorial commu-
nities through the ability to effectively form and dis-
tribute not only their resources, but also the financial
support of European partners.

The creation of a solid basis for the sustainable
development of territorial communities in the post-war
period through the formation of an open, competitive,
socially responsible economy integrated into the Euro-
pean community is considered relevant. Territorial com-
munities - safe and comfortable for people to live in.
The outlined goals and tasks should underlie the devel-
opment of conceptual approaches to the formation of
a complex management mechanism for the restoration
of the financial potential of communities synchronized
with the EU accession plan. The implementation of the
proposed measures will create the basis for an effective
mechanism for managing the financial potential for the
sustainable development of territorial communities.
As a result, growth of the local economy and financial
self-sufficiency of territorial communities, improvement
of the level and quality of life of the population of com-
munities, maintenance of ecological balance, preserva-
tion, and improvement of local territories are expected.
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MepcneKTnBHI HaNpPSMU ynpasniHHA PiHAHCOBUM NOTEHLUiaIoM
CTanoro po3BUTKY TepuUTOpianbHUX rpoMap,
MapuHa MuxaiinisHa MatuHcbKa-MoneTa, TeTaHa OnekciiBHa 3iHuyK

Nonicbkui HaLiOHaNbHWIA YHIBEPCUTET
10008, 6-p Crapu#, 7, M. Xutomup, YkpaiHa

AHoTauif. Hu3bkuit piBeHb LOXOAIB M 3HAYHI 00CArM BUTPAT MiCLLEBUX OHOIKETIB, 3aN€XHICTb Bif, MXOOAKETHUX
TpaHcdepTiB, BIACYTHICTb ePeKTUBHOI CUCTEMU YNpaBAiHHS GIHAHCOBMMM pecypcamu He [03BOJISE OpraHaM MicLeBoi
B/IaAM NOBHOKO MipOt0 peani3oByBaTV NOKAAAEHI HA HUX byHKLIT 1 po3KpuTH diHaHCOBWIM NoTeHuian rpoMaau. B Takomy
KOHTEKCTI NOLWYK NepCneKTUBHMX HaMNpsIMiB ynpasniHHA GiHAHCOBMM NOTEHLiaN0M CTaNIOro pO3BUTKY TEPUTOPIaNbHUX
rpoMaj,B6ava€eTbCs 0C06IMBO aKTyanbHUM. METO CTaTTi ETEOPETUKO-METOL0JIOTiYHE 0OrPYHTYBAHHS MEPCNEKTUBHUX
HanpsMiB ynpasBniHHA iHAaHCOBMM MOTEHLiaNOM CTasoro po3BUTKY TEpUTOpianbHUX rpoMad. BctaHoBneHo, Wo B
YMOBax BOEHHOTO CTaHY 3aBAAHHS MICLLEBMX OpPraHiB BAaAM 3HAYHO PO3LUMPUIIUCS, A CAMEe aKTyani3yBanucs NUTaHHS
couianbHo-nobyToBOro 06CNyroByBaHHS BHYTPIilIHbO-NepPeMilleHnX 0Cib, GopMyBaHHS NPOAOBONbYMX PE3EepBiB,
3aCTOCOBYBAHHS 6€3NEKOBMX 3aX0AiB 415 3aXMCTY FPOMAAM, BUKOHAHHSA SIKUX NOTPEeOYTb HANEXXHOIO iHaHCYBaHHSI.
[oBeneHo, WO A0X0AN MicLeBUX BHOOXKETIB € KAHOYOBMM iHAMKATOPOM (iHAHCOBOrO MOTEHLUiany TepUTopianbHMUX
rpomMag, 3 BUKOPUCTAHHSM METOAY eKOHOMIKO-MaTeMaTUYHOIO MOAENOBAHHS apryMEeHTOBAHO, WO NocTyn ¢iHaHCOBOro
noTeHLiany TepUTOpianbHMX FPOMAS, SK Mifg, YaC BOEHHOMO CTaHy, Tak i B MOBOEHHMI Nepiog, 3anexaTume Bif KaniTafbHUX
iHBECTULIM Y PO3BMTOK EKOHOMIKM, 3pOCTAHHS 3aMHATOCTI NPALLE34ATHOrO0 HACeNEeHHSs, @ TakoX 30iNblUeHHs 1oro
[lOXO0[iB, IK OCHOBHOrO mxkepena ¢hopMyBaHHS diHaHCOBOI 6a3u MicueBux brogkeTiB. EMNipnyHo niaTBepaxeHo,
O BiMCbKOBMI CTaH Ta HEOOXiAHICTb MOBOEHHOI BifOYA0BM TepUTOpianbHUX rpoMan noTpebye ix knacudikauii
3aNeXHO Bif, CTyNneHs NOACbKUX, IHDPACTPYKTYPHUX Ta EKOHOMIYHMX BTpaT. JoBeaeHo, Wo Taka rpagalis 403BOAUTb
pO3pOOUTU anropuT™ ynpaBfiHHA QiHAHCOBUM MOTEHLANIOM CTaNIor0 PO3BUTKY TEPUTOPiaNlbHUX FTPOMAL, 3aNeXHO
Bif ix 6e3nocepenHix NoTped Ta 3anuTiB, 3 OpraHam Lepy)KaBHOi BNaAM Ta YNpaBiHHA — SKOMOra WBMALLE 39CYBaTU
HeobxigHi obcarn diHaHCOBOI Ta iHWOI NiATPUMKKU. ApryMeHTOBaHO HeobXifgHiCTb po3pobKM KOHLeNTyanbHUX
niaxoais A0 GOPMYBaHHA KOMMIEKCHOIO MEXaHi3My ynpaBniHHS BiAHOBNEHHAM (iHAaHCOBOrO NoTeHLiany rpomag
CMHXPOHI30BaHOIO 3 MIAHOM HabyTTs uneHcTea y €C. Taki nifAxonn MOXyYTb BUKOPUCTOBYBATM OPraHU MiCLLEBOi Bfaau Ta
yNpaBJiHHS NpU po3pobLi CTpaTeriYHMX NIAHIB CTaNOro pO3BUTKY TEPUTOpPiaNbHUX rpoMas, GOpMyBaHHI GiHAHCOBOrO
NoTeHLiany CNPOMOXHOIo 3a6e3neunTi peani3aLito 3aX04iB 3 yNpaBiHHS iX EKOHOMIYHWM, COLLIAIbHUM 1 €KONTOTIYHUM
nocTynom

KniouoBi cnoBa: geueHTpanisadis, ¢iHaHCOBI pecypcu, CTaiMi pO3BUTOK, BOEHHMUI CTaH, LOXOAM MicLLeBMX DIOOXKETIB
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INTRODUCTION
The development of entrepreneurship is the key to the
economic growth of a country with a market economy,
which determines the relevance and necessity of the
formation of a comprehensive ecosystem of entrepre-
neurship development. Its important condition is the
creation of not just new firms and start-ups, but rather
high-growth firms (HGFs),which cannot be ensured with-
out using an ecosystem approach to entrepreneurship.

Turning to the sources of the mentioned approach,
the very term ‘ecosystem” came into economic circulation
from biology. It was first mentioned in the economic
context in the work of James Moore (1993), who coined
the term “entrepreneurial ecosystem” and believed that
the ecosystem includes both the internal and external
environment. Thus, apart from owners and employees,
adding government agencies, competitors, suppliers,
etc. In their study, E. Stam and B. Spiegel (2016) con-
sider the entrepreneurial ecosystem as “a set of inter-
dependent actors and factors that are coordinated in
such a way as to ensure productive entrepreneurship
in a certain territory”, while not identifying with them
clusters and innovative systems. What is important is
the emphasis that these scientists put — the spread to a
certain territory and the shift of attention to entrepre-
neurship as a whole, rather than the concentration on
an individual subject.

The entrepreneurship ecosystem includes such
‘elements as individuals, organizations, and institutions
outside of entrepreneurship that encourage or hinder
a person’s decision to be an entrepreneur or influence
their success in starting an entrepreneurial activity” (Ali-
abadi et al.,2022).This definition focuses on certain com-
ponents of the ecosystem that should interact with each
other. Therewith, the emphasis is on starting one’s own
business, and not on its growth in the form of the exis-
tence of fast-growing companiesthat cause development.

An interesting idea (Porev, 2018) is that the pres-
ence of entrepreneurial structures in the economic sys-
tem ensures the presence of entrepreneurial ecosystems
as an environment for the growth of firms.R. Brown and
K.Mason (2017) do not limit the role of entrepreneurial
ecosystems to the development of start-ups and believe
that the role of large firms is to attract skilled labour,
build human potential capable of start-up activities.

In addition, the development of entrepreneurial
ecosystems was considered in the studies of O’Connor
et al. (2018), as well as Haustov et al. (2022). Thus, an
entrepreneurial ecosystem can be considered as a cer-
tain interacting set of institutions and organizations
that enter into an interdependent relationship, creating
an environment for the successful start, operation,and
rapid growth of enterprises.

Further research of the scientific heritage indi-
cates the relevance of investigating start-up ecosys-
tems and their development vectors. Thus, according to
Creating a Future-Ready Start-up Ecosystem (2022), the
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authors identified the obstacles that prevent the start-up
ecosystem from reaching its full potential, identified
new opportunities,and developed actionable strategies
that can help the ecosystem reach new heights. (Agni-
hotri, 2018) described the modern start-up ecosystem
and proved that start-up creation makes “business” a
career worthy of attention outside the conventional
trade community, a political path for start-up creation
and success in scale improvement, combining simplicity
and efficient execution with results based on contin-
uous improvement. The authors (Cukier & Kon, 2018)
proposed a maturity model for start-up ecosystems that
helps understand their evolution and dynamics. More-
over, such a system can serve as a basis for stakeholders
in less mature ecosystems to analyse their environment,
identify weaknesses, and suggest policies and practical
actions to improve their ecosystems after some time.

According to (Segers, 2019), the entrepreneurial
start-up ecosystem as a concept appeared quite recently
and serves as a framework that allows understanding the
environment and its favourable characteristics for entre-
preneurial prosperity. An essential element of the new
regional entrepreneurship ecosystem is Student Start
UP, a joint venture between the University of Applied
Sciences and Hasselt University that focuses on student
entrepreneurship.Authors such as (Jacobides et al., 2018)
note two approaches to understanding the start-up eco-
system. In the first approach, the ecosystem is perceived
as a group of organizations that are largely interdepen-
dent in relation to factors of production and output; in
the second - as a system of interdependent technol-
ogies. These approaches define two areas of research
related to ecosystem analysis: 1) in the field of strategic
management; 2) in the field of technology management.

The purpose of this study: to establish the vectors
of development of the modern start-up ecosystem of
countries based on economic and mathematical mod-
elling to ensure the development of entrepreneurship.
The task of the research: to cover the essence and
components of the start-up ecosystem; to determine
dynamic changes in the ranking of countries in terms
of the components of the Global Start-up Ecosystem
Index from Start-up Blink, which reflects the country’s
start-up ecosystem (quantitative component, qualitative
component, business environment); to build mathematical
models that describe the influence of each component
of the start-up ecosystem on the change in the ranking
position.

MATERIALS AND METHODS

The data of the Global Start-up Ecosystem Index 2021
according to Start-up Blink (2021), which is the larg-
est comprehensive rating of start-up ecosystems of
100 countries and 1,000 cities of the world since 2013,
formed the information base of this study. It presents the
ranking of countries, where the Total Score (corresponds




to the position in the ranking) and Rank Change (shows
the change in the ranking in 2021 relative to 2020) are
noted. The choice of this particular rating is conditioned
upon the presence of a structured start-up ecosystem,
which is described by components containing appro-
priate indicators and descriptions. The methodology for
calculating the start-up ecosystem index Start-up Blink
contains 3 components: quantitative, qualitative indi-
cators, and assessment of the business environment.
The quantitative component shows the level of
activity of the ecosystem through its stakeholders and
other indicators, such as the number of start-ups, the
number of coworking spaces, the number of accelera-
tors, the number of meetings related to start-ups, which
allows establishing the level of activity of the start-up
ecosystem. The qualitative component of the rating
examines the parameters that indicate the qualitative
results achieved by the ecosystem. These parameters
include an analysis of the popularity of the best start-
ups in the ecosystem: traffic, domain rating, customer
base; availability of branches and research centres; in-
ternational technology corporations; branches of mul-
tinational companies; investment volume; number of
start-up employees; availability of unicorn companies,
exit companies, and pantheons. The business environ-
ment assessment component combines business and
economic indicators at the national level, which focus
on overall indicators related to infrastructure, the busi-
ness environment, and the ability of start-up founders
to work freely in each country. The main components of
the business environment component are: ease of doing
business and registering companies; availability of the
internet and its speed; investment in R&D; availability
of various technological services (payment portals, travel
exchange programs, cryptocurrencies); number of patents
per capita; level of English language proficiency, etc.
The methodology of this study is based on statis-
tical methods, namely dynamic analysis, which is used

Dymchenko et al.

to investigate the absolute change in the ranks of coun-
tries in the Global Start-up Ecosystem Index ranking
from Start-up Blink, which allows determining dynamic
changes by year (2021 to 2020), as well as structural
shifts that led to such changes, in terms of components
of the index (quantitative component, qualitative com-
ponent, and business environment).

The dynamics were investigated in terms of
groups of countries, which were unified using cluster
analysis, which allowed forming 5 clusters, presented in
detailinthe studies (Dymchenko etal.,2022;Kyzym et al.,
2022).To assess the impact of changes in each compo-
nent of the start-up ecosystem, a regression-correlation
analysis was chosen, which allows finding the impact of
factors on the final indicator. For the best understand-
ing of how the selected indicators affect the resulting
indicator (y), a single multivariate regression equation
is constructed, which has the following form (1):

y=f (B, x)*e (1)

where x=x(x,,x,,...x) is the vector of independent (explan-
atory) variables; S is the vector of parameters that fall
under the definition; ¢ is the random error (deviation);
y is the dependent variable (the one that is explained).

The calculated coefficients S near the arguments
show that when the variable x increases by one, the
average value of y will increase by the corresponding
value of the coefficient . The “+” sign next to B shows
a direct relationship between the corresponding argu-
ments and the occupied value, the “’sign is the opposite.

The constructed model is verified for authentic-
ity. The most general assessment in this case was pro-
vided by correlation and determination coefficients. The
relationship between the factors (x) and the result (y) is
evaluated using the multiple correlation coefficient (R)
and the coefficient of determination (R?) according to
the Chaddock scale (Table 1).

Table 1. Chaddock scale

The magnitude of the absolute value
of the correlation coefficient

Characteristics of the linear relationship between random
variables

up to 0.3 Almost absent
0.31-0.5 Weak
0.51-0.7 Noticeable
0.71-0.9 Strong
0.91-0.99 Very strong

Source: (Kushnir & Zavalniuk, 2018)

Within the framework of this study, the influencing
factors are as follows: quantitative component (x,), quali-
tative component (x,); business environment (x,),and the

resulting indicator (y) is Change ranking.According to the
given methodology, a regression-correlation analysis is
performed for each cluster, which allows determining
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the influence of factors for different types of start-up
ecosystems. In addition, within each cluster of start-up
ecosystems of the countries included in the rating, a
model is built, and its reliability is verified. To general-
ize the results, a tabular method is also used, which al-
lows visually presenting the changes in the constituent
factors and the performance indicator; generalize the
model and indicators of its significance and reliability.

RESULTS AND DISCUSSION

To find the influence of each component (quantitative,
qualitative, and business environment) on the overall
result and the rating and in the cluster, the dynamics of
their change were analysed. The results for clusters are
presented in Tables 2-6.Thus, Cluster 1 will be analysed
in more detail, which includes only one country that is
the absolute rating leader — the USA (Table 2).

Table 2. Dynamics of changes in start-up ecosystems in Cluster 1 countries

Quantitative

n
Country component

Rating change

Business
environment

Qualitative

I mm
component Overall summary

United States 0 -0.33

1.29 0.3 1,253

Source: compiled by the authors

Analysis of Cluster 1 proved that the United
States still dominates the global start-up ecosystem
between 2020 and 2021. In 2021, the USA maintained
a significant gap between itself and the rest of the
world. Therewith, the gap in the overall score slightly
decreased between the United States and lower-ranked
countries. If one analyses each component in more de-
tail, it is clearly visible in Table 2 that the quantitative
component characterizes a downward trend by -0.33,
while other components show growth. Thus, the absolute
growth rate in 2021 was 1.253.

It is also important to note that according to
the Global Start-up Ecosystem Index 2021 (Start-up
Blink,2021),12 US cities are in the top 30 cities of this
rating, and 267 US cities are in the top 1000 (in 2021,
28 new cities appeared in the global ranking). The
world leader in innovation is still San Francisco (first

place in the rating, 328,996 points), which is home to
the world’s largest innovation centre, Silicon Valley. US
dominance is observed in several industries: e-com-
merce and retail technology, marketing and sales tech-
nology, healthcare, and social and leisure. The global
open Internet, the dominance of the English language
in the world, opportunities for financing and support
from both private and public entities, and immediate
access to global markets allow the United States to
stay a leading country, according to the Enterprise
Development Fund (2022).

Therefore, the analysis of Cluster 1 suggests that
the USA is still the land of opportunity, which most viv-
idly represents the world’s innovative and breakthrough
technological opportunities. Next, the study analysed
the ecosystems of the countries included in Cluster 2,
which is presented in Table 3.

Table 3. Dynamics of changes in start-up ecosystems in Cluster 2 countries

Quantitative

Qualitative Business

Country Rating change component component environment Overall summary
United Kingdom 0 0.99 2.95 0.37 4.313
Israel 0 1.56 6.81 0 8.333
Canada 0 0.25 1.8 0.11 2.156
Germany 0 0.62 2.57 0.09 3.283
Australia -2 -0.16 2 0.01 1.855
Sweden -0.41 441 0.1 4.1
China 7 0.8 5.13 0.23 6.156
Switzerland 1.01 2.75 -0.14 3.62
Singapore 6 1.5 3.97 -0.28 5.176
The Netherlands -5 0.69 -0.04 -0.01 0.648
France 0 0.83 2.62 0.22 3.67
Estonia -2 0.39 1.46 0.48 2.325
Finland -1 0.43 1.6 0.24 2.278
Spain -6 0.54 -0.49 0.27 0.325
Lithuania -1 0.49 0.38 0.52 1.376
Russia 0 0.23 0.8 0.27 1.288
Ireland 0 0.32 2.35 0.33 -2.997

Source: compiled by the authors
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Cluster 2 includes 17 leading countries that have
moderate both positive and negative changes in rank,
including no change in rank. Cluster 2 analysis showed
that in 2021, it was Spain that underwent substantial
negative changes, which, after leaving the top 10, took
the 15" place in the world, i.e., it has a drop in rank by
6 positions. Such negative changes occurred due to a
drop in the qualitative component (-0.49), while other
components have a slight increase. The Netherlands
also has a negative trend, with its rating falling by 5
positions, which was negatively affected by the qual-
ity component (-0.04) and the business environment
(-0.01). Therewith, the quantitative component and overall
result have improved.

A positive trend of +7 positions is occupied by
the start-up ecosystem of China, where all components
have considerable improvements. Thus, the overall re-
sult increased by as much as 6.156. Such a sharp jump
speaks of China’s transition from a low-tech developing
country to an advanced technological powerhouse that
should inspire any other country with similar aspirations.

Dymchenko et al.

Singapore’s ecosystem is also showing a positive trend.
This country has risen 6 steps from 16" place in the
world in 2020 to 10" in 2021. Such a considerable in-
crease in rank demonstrates how fast Singapore’s start-
up ecosystem is developing. Its start-up ecosystem has
a high quantitative and qualitative component, but the
business environment has a rather low value and is
characterized by a drop (-0.28) compared to most other
countries in the top ten (excluding China).

Most of the start-up ecosystems of the world’s
countries (Great Britain, Israel, Canada, Germany, Swit-
zerland, France, Ireland) stayed in the same place as
they were in 2020, but their components have some
negative and positive trends. Thus, for instance, Ireland
has consistently ranked 18™, the components of its
start-up ecosystem are improving, but, with such pos-
itive changes, its overall result has a drop of (-2.997).
The results of the dynamic analysis of indicators that
characterize the country’s place in the ranking and the
components of its start-up ecosystem according to
cluster 3 are presented in Table 4.

Table 4. Dynamics of changes in start-up ecosystems in Cluster 3 countries

Country Rating change %z:‘;i’t::‘": S‘)u;g;a:;‘:ﬁ enl‘;,li‘rs;:::m Overall summary
South Korea 0 0.33 1.87 0.12 2.325
India 3 0.25 2.24 0.66 3.135
Japan 0 0.66 2.04 -0.19 2.508
Denmark 0 0.69 1.76 -0.14 2.299
Belgium 1 0.82 0.95 -0.04 1.727
Brazil -4 -0.03 0.97 0.04 0.968
Taiwan 4 0.59 0.58 0.73 1.902
Portugal -0.07 1.93 0.04 1.898
Austria 0 0.47 1.08 0.31 1.856
Italy -4 0.17 0.67 0.21 1.045
Poland -3 0.21 0.81 0.34 1.346
Norway 2 0.27 1.35 0.09 1.719
Bulgaria -3 -0.11 0.05 0.37 0.31
Chile -2 -0.27 0.48 0.3 0.503
Croatia 2 -0.16 0.86 0.29 0.984
Mexico 3 0.1 0.58 0.34 1.018
Argentina -1 0.14 0.23 0.19 0.558
Romania 4 -0.16 0.7 0.18 0.723
Luxembourg -3 0.27 0.23 -0.41 0.09
Turkey 5 -0.04 0.5 0.1 0.557
Colombia =1 -0.03 0.39 -0.07 0.284
South Africa 0.16 0.52 -0.04 0.622
Thailand 0 0 0.15 -0.01 0.133
Philippines 1 0.1 0.09 -0.12 0.063
Iceland 3 0.2 0.27 -0.01 0.47
Cyprus -2 -0.03 0.13 -0.63 -0.543
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Table 4, Continued

Country Rating change %g:‘;::::: S)u;g::;ﬁ enl\gltijrﬂ:emsesnt Overall summary
North Macedonia 2 -0.08 0.52 0.11 0.553
Vietnam 0 0.09 0.15 -0.06 0.177
Malta 1 0.28 0.09 0.05 0.411
Kenya 1 -0.02 0.33 0.08 0.384
Nigeria 5 0.03 0.48 0.17 0.674
Jordan 3 0.02 0.21 0.02 0.258
Liechtenstein 1 0.13 0.06 -0.02 0.165
Lebanon 0 0.09 0.02 -0.11 0.006
Jamaica -3 0 0.06 -0.09 -0.029
Georgia -1 0.01 0.05 -0.06 0.001
Ghana 4 0.02 0.09 0.05 0.166
Panama 4 0.04 0.05 0.05 0.138
Qatar 0 0.04 0.05 0.03 0.119
Cape Verde 4 0.1 0.03 0 0.136
Mongolia 5 0.06 0.03 0.04 0.143

Kuwait 2 0 0.06 0.02 0.08

Bangladesh 5 0.04 0.06 0.04 0.132
Somalia 1 0.05 0.03 -0.03 0.059
Nepal 2 0.03 0.02 0.02 0.071

Source: compiled by the authors

The ecosystems of Cluster 3 countries are almost  business environment. The countries that had an increase
entirely characterized by an increase in absolute value, inall components and,accordingly,an increase in the total,
except for Cyprus (-0.543) and Jamaica (-0.029); as well  also had a negative change in the rating (Argentina, Italy,
as positive shifts in the quality component. Downward  Poland).An analysis of the dynamics of changes in start-up
changes occur in the quantitative component and in the  ecosystems in Cluster 4 countries is presented in Table 5.

Table 5. Dynamics of changes in start-up ecosystems in Cluster 4 countries

Country Rating change %z:;:::i:f :%ur:::f:::ﬁ enl\gllijrsci:::nt Overall summary

United Arab -18 0.38 2.24 0.72 3.338
Emirates

New Zealand -14 0.46 0.96 1.21 2.622
Malaysia -8 0.31 0.59 0.31 1.216
Indonesia -9 0.1 0.67 0.4 1.172
Uruguay -15 0.07 1.08 0.99 2141
Bahrain =9 0.14 0.09 0.22 0.458
Egypt -11 0.1 0.22 0.21 0.535
Saudi Arabia -17 0.18 0.15 0.33 0.655
Pakistan 7/ 0.01 0.07 0.05 0.136
Kazakhstan -10 0.08 0.06 0.1 0.235
Sri Lanka -7 0.07 0.02 0.06 0.141

Source: compiled by the authors

The growth of the start-up ecosystems of the the improvement of quantitative, qualitative indicators,
countries of the Cluster 4 in 2021 occurred as a result of ~ and business environment indicators. Considering each
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of the countries where rapid growth took place sepa-
rately, today the UAE ranks 2" in the level of innova-
tion development in the Middle East, and Dubai entered
the world’s top 50 in terms of innovation software and
data and a high concentration of technological innova-
tion. There was also a significant increase in Abu Dhabi,
which rose 146 positions in the ranking of 1000 cities of
the World Ecosystem Index and ranked 169™". Among the

Dymchenko et al.

UAE’s successful start-ups is the Middle East’s first uni-
corn, Careem, which was sold to Uber for nearly 3 billion
USD. Another positive element is the constant reform of
business by the government, and the adoption of laws that
favour entrepreneurs and the banking system, which en-
sures the development of innovations (Dymchenko et al.,
2022).An analysis of the dynamics of changes in start-up
ecosystems in Cluster 5 countries is presented in Table 6.

Table 6. Dynamics of changes in start-up ecosystems in Cluster 5 countries

Quantitative

Qualitative Business

Country Rating change component component environment Overall summary
Czech Republic -6 0.08 0.54 0.14 0.806
Ukraine. -5 0.17 -0.09 0.46 0.648
Latvia -6 0 0.17 -0.23 -0.063
Slovenia -11 -0.12 0.09 -0.76 -0.797
Hungary -12 0.06 0.03 -0.76 -0.659
Serbia -11 -0.2 0.1 -0.83 -0.934
Greece -10 -0.18 0.09 -0.94 -1.023
Slovakia =5 -0.05 0.08 -0.9 -0.876
Peru -6 0.09 -0.04 -0.47 -0.409
Armenia -8 -0.15 0.07 -0.67 -0.751
Belarus -4 -0.02 0.03 -0.11 -0.102
Rwanda -4 0.01 0.1 -0.08 0.046
Moldova -13 -0.09 0.04 -0.4 -0.444
Albania -6 -0.01 0.05 -0.1 -0.059
Tunisia -5 0.02 0.04 -0.1 -0.043
HBe";ZS‘Of‘/?fa -12 -0.04 0.04 -0.15 -0.149
Ecuador -15 -0.03 0.01 -0.16 -0.183
Azerbaijan -19 -0.05 0.02 -0.2 -0.23
Paraguay -11 -0.03 0.04 -0.1 -0.107
Morocco -12 0 0.03 -0.05 -0.036
Dominican Republic -18 -0.09 0.02 -0.15 -0.211
Uganda -8 0 0.02 -0.05 -0.027

Source: compiled by the authors

The analysis of Cluster 5 countries shows some
ambiguity, despite the only general trend - a consider-
able drop in the overall ranking of countries (from -5 to
-19). Foremost, the Czech Republic should be singled out,
which, having a drop of 6 positions in the overall rating,
shows an increase in the absolute indicator by 0.806,
which is due to the growth of all three components. A
similar situation is observed in the start-up ecosystems
of two countries of the cluster — Ukraine and Rwanda,
which have an absolute growth rate that is due to the
growth of two of the three components. Ukraine has an
absolute growth of 0.648 due to the growth of the qual-
itative component (+0.17) and the improvement of the
business environment (+0.46) and a slight reduction in
the qualitative component (-0.09). All countries of the

cluster, except the Czech Republic and Ukraine, show a
deterioration in the business environment. Only 5 start-up
ecosystems of the cluster countries have an increase in
the quantitative component (Czech Republic, Ukraine,
Peru,Rwanda,Tunisia) and 3 countries do not have chang-
es in this component (Latvia, Morocco, Uganda). Only two
start-up ecosystems of this cluster’s countries have a de-
crease in the quality component - Ukraine and Peru. All
other countries show growth according to this indicator.

To assess the impact of changes in each com-
ponent of the country’s start-up ecosystem (x, - quan-
titative component; x, - qualitative component; x, -
business environment) on the change in rating for each
cluster, a regression analysis was conducted, the results
of which are summarized in Table 7.
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Table 7. The results of the regression analysis for the start-up ecosystems of the countries of Clusters 2-5

Cluster Model R R? F
2 y=1.73-141x, - 0.34x,+4.67x, 0.76275 0.58179 20.86752
3 y=40.58-9.83x -14.83x,+10.16x 0.36834 0.13567 6.74993
4 y=-841-0.14x - 2.31x,-3.8%, 0.717234 0.51442 247192
5 y=-10.04+28.43x +7.89x,-3.04x, 0.48585 0.23605 1.85394

Source: compiled by the authors

Table 7 shows that start-up ecosystems of clus-
ter countries have different values of R and R?, which
demonstrate a rather low correlation (R?<0.4 is charac-
terized as low). The coefficients near x show different
strength and direction of influence on the change rating.

Cluster 2 is the most closely correlated
(R?=0.58179), while x, and x, are inversely correlated
and have a weak effect on y. In Cluster 4, R?=0.5144, and
all coefficients have an inverse effect on the change
in rating (y). Thus, it is recommended for the countries
of Cluster 2 to develop the quantitative and qualita-
tive components that, albeit insignificantly (indicators
near x have low values), but adversely affect changes in
the rating, and to maintain the development of a busi-
ness environment that has the maximum impact on the
change in positions in the rating. For the development
of the start-up ecosystems of Cluster 4 countries, it is
necessary to develop all components more intensively
to ensure the growth of positions in the rating.

Thus, the mathematical models built based on
regression-correlation analysis, which describe the in-
fluence of the country’s start-up ecosystem components
on the change in the ranking positions in the section
of four clusters demonstrate a strong connection be-
tween the factors and the result according to the Chad-
dock scale (Cluster 2 and 4 with values R=0.76275 and
R=0.717234,respectively); weak connection for start-up
ecosystems of Cluster 3 and 5 countries. The latter in-
dicates the dependence of the development of start-up
ecosystems on other factors that are not considered in
the description of the start-up ecosystem and which
affect the development of start-ups and entrepreneur-
ship in the countries of Clusters 3 and 5.

First of all, the proposed clustering of start-up eco-
systems of countries has nothing to do with the formation
of clusters as a combination of several homogeneous ele-
ments that can be considered as a separate unit with cer-
tain properties. Groups of countries formed based on clus-
tering have similar characteristics of start-up ecosystems,
which can be considered for adopting best practices, forming
strategic development documents by the governments
of countries to improve individual start-up ecosystems.

Proceeding from the research results of P.T. Roundy
and L. Burke-Smalley (2021), the development of en-
trepreneurial ecosystems should be based on a holis-
tic approach from political institutions (governments
of countries) and include: subjects of entrepreneurial
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activity in the ecosystem; resource providers in the eco-
system; business connections in the ecosystem and the
business environment of the ecosystem; development
of indicators to find the strengths and weaknesses of
individual ecosystems and approaches to measurement.

R. Brown and K. Mason (2017), emphasizing the
uniqueness of ecosystems, generally speak about the
lack of a standard development strategy. At the same
time, the study indicates that there are signs that start-up
ecosystems in different countries can be grouped to-
gether and have common development vectors. Thus, it
can be concluded that the start-up ecosystem of each
country is unique, but has common trends that hinder
or, on the contrary, help it grow in the current rankings,
which allows developing recommendations for improving
the ecosystem for a cluster of countries.

The results of this study can be considered to
a certain extent as a continuation and substantiation
of the prerequisites for the development of entrepre-
neurial ecosystems (Roundy PT. and Burke-Smalley, L.,
2021) in terms of the intervention of the governments
of countries in the formation of a favourable environ-
ment, the creation of prerequisites for rapid growth and
the provision of general vectors of development indi-
vidual firms and start-ups. The relevance of this issue
is reflected in the set of programs and legal acts aimed
at promoting the development of entrepreneurship at
various levels - from international to regional. At the
international level, according to the European Commis-
sion (2022), numerous projects are presented that help
start a business in the EU: Start-up Europe (2022), Start-
up Europe Partnership (2022), InvestEU Portal (2022).
This also includes information on obtaining financing,
establishing a European company, taxes on companies
in the EU, digitalization of business and sales in the EU.

The work of the Entrepreneurship Development
Fund (2022), which helps businesses in cooperation
with banks in obtaining financing, was intensified, and
the Ukrainian Start-up Fund (2022) was launched. The
latest initiative is preconditioned by the fact that start-ups,
as a special form of starting one’s individual business
based on innovative solutions, directly play a substantial
role in the development of entrepreneurship. This al-
lows discussing the start-up ecosystem. It is the afore-
mentioned that predetermines the need to investigate
the issue of modelling the start-up ecosystem as a pre-
requisite for increasing entrepreneurial activity.




CONCLUSIONS

The start-up ecosystem is understood as an interacting
and interdependent set of institutions whose activities
create an environment for qualitative and quantitative
growth of start-ups as subjects of innovative entrepre-
neurship development. The components of the start-up
ecosystem include the environment, qualitative and quan-
titative characteristics that correlate with the vision of
the components in the Global Start-up Ecosystem Index
from Start-up Blink.

The use of statistical analysis methods for the
data of the countries, which were grouped into 5 clus-
ters, allowed determining the absolute changes in the
values of the Global Start-up Ecosystem Index rating in-
dicators from Start-up Blink: rating change, quantitative
component, qualitative component, business environ-
ment, general summary. In Cluster 1, the United States
is a single country, and the position of its ecosystem
is characterized by leadership and a considerable gap
from others. The start-up ecosystem of almost all coun-
tries in Cluster 2 demonstrate positive dynamic shifts in
all components, which lead to the growth of the over-
all result. Ecosystems of Cluster 3 countries are almost
completely described by the growth of the overall total,
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which is entirely conditioned upon the growth of the quali-
tative component with various dynamic changes in other
components of the country’s ecosystem, which leads to
positive shifts in the rating. The ecosystems of Cluster 4
countries are described by the growth of all components
of the ecosystem, but insufficient to change their po-
sitions in the rating. Ecosystems of Cluster 5 countries
have a drop in the rating with an increase in the quali-
tative component and a reduction in other components.

Mathematical models built based on regres-
sion-correlation analysis, which describe the influence
of the components of the country’s ecosystem on the
change in the ranking positions in four clusters demon-
strate: a strong connection between factors and the
result (Clusters 2, 4); weak connection for countries in
Cluster 3,5.The latter testifies to the dependence of the
development of start-up ecosystems on other factors
that are not considered in their description and which
affect the development of start-ups and entrepreneur-
ship in countries of Cluster 3, 5. These results are the
basis for developing recommendations, start-ups and
plans for the development of start-up ecosystems at
the national and regional levels as prerequisites for the
activation of entrepreneurial activity.
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MopenioBaHHS BMNJIUBY CK/TaAOBUX CTapTan eKoOCUCTeMM: ﬂiﬂaneMHMubKMﬁ acnekKT

OneHa BonogumupieHa umueHko, BanentuHa BonogumupisHa CMauuno,
Onbra OnekcaHgpiBHa PypaueHko, Onekciit OpitoBuu MananT, EBreHin Bnapucnasosuu Kucenbrog

XapKiBCbKMI HaLiOHANbHUI YHiBEPCUTET MiCbKOro rocnogapcrea imeHi O. M. bekeToBa
61002, Byn. Mapwana baxaHosa, 17, M. XapkiB, YkpaiHa

AHoTauif. BusHaueHHsa 3acaf po3BMTKY CTapTan eKOCUCTEM KpaiHW SK OCHOBM akTWBi3auil MiANPUEMHMUTBA €
HarasbHUM 3aBAAHHAM BifOYL0BM €KOHOMIKM KpaiHW. MeTa poboTu MONArae y BM3HAYEHHS LUNAXiB MOKPALLEHHS
CTapTan eKOCUCTEMU KPAiHM Ha OCHOBI NOOYA0BM €KOHOMIKO-MaTeEMaTUYHUX MOAENeN NS aKTUBI3aLii NiLNPUEMHULIBKOT
nianbHocTi. B ocHOBY MeTOA0M10riT AOCAIAKEHHS NOKNAAEHO CTAaTUCTUYHI MeToAM AOCNIXKEHHS, a caMe: aHanis
LMHAMIKK; AN OUIHKM CUAM BMNAMBY KOXKHOI KOMMOHEHTM CTapTan eKOCUCTEMM Ha 3MiHY NO3uLii B peiTuHry byno
0bpaHo perpeciiHo-KOpensuiiHWUIA aHanis, SKMi1 AO3BONSIE BUSBUTH CUNTY BNAMBY PAKTOPIB Ha KiHLLEBWUI NOKA3HUK.
[ocnigpkeHO CKNafoBi eKOCUCTEMUM CTapTaniB, Mif KO PO3YMIETbCS B3aEMOAIOYA Ta B3aEMO3ANIEXKHA CYKYMHICTb
IHCTUTYLLIN, BiSNBHICTb SKMX CTBOPHOE CEpefoBULLE AN AKICHOTO Ta KiNbKiCHOMO 3pOCTaHHS CTapTaniB K CyOEKTiB
iHHOBALIMHOro po3BUTKY NiANPUEMHULTBA; BUKOPUCTAHHS METOLIB CTAaTUCTUYHOIO aHanily Ao AaHUX KpaiH, aKi 6yno
3rpynoBaHo B 5 knactepis, LO3BONUIO BU3HAUUTM aBCONKOTHI 3MiHWM BENMUYMH MOKA3HMKIB perTuHry Global Startup
Ecosystem Index Big StartupBlink: 3mMiHa peliTUHrY, KinbKiCHa CKNafoBa, SKiCHa CKNafoBa, Hi3HeC cepenosuLLe,
3arasibHMi NiacyMoK; NobyL0BaHO HA OCHOBI perpeciiHo-KOpensiLiMHoro aHanisy eKoHoOMiKo-MaTeMaTUyHi Moaeni,
SKi OMWUCYKOTb BNAMB CKMALOBUX €KOCUCTEMM KPAiHM HA 3MiHY MO3MULIA PENTUHIY B PO3pi3i YOTMPbLOX KacTepis
[LeMOHCTPYIOTb: CUIbHUI 3BA30K MiXK PakTopaMu Ta pe3ynbTaToM (Knactepu 2,4); cnabkui 38'930K A9 KpaiH Knactepy
3,5, 0CTaHHE CBIAYMTb MPO 3aNEXHICTb PO3BUTKY CTapTan eKOCUCTEM Bif, iHWIMX PaKTOPIB, AKi HE BpaxOBaHi B iX ONMCi
Ta sKi BNIMBAKOTb HA PO3BMUTOK CTApTaniB Ta NiANPUEMHULTBA B KpaiHax knactepiB 3, 5. [pakTuyHa LiHHICTb poboTyH
nongra€e B TOMY, WO pe3ynbTatM poboTu € 6a3ncom Ang GOpMyBaHHS CTpATeEri poO3BUTKY CTapTan eKOCUCTEM Ha
HaLiOHaNbHOMY Ta perioHasbHOMY PiBHi OpraHaMu MiCLEeBOI Ta AePXXaBHOI BNaau

KniouoBi cnoBa: ctaptan, ekocucreMa KpaiHu, eKOHOMIKO-MaTeMaTUYHa Moaenb, NiANPUEMHULTBO, PEUTUHT
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